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Abstract 

A review of the design literature that focuses on design thinking reveals some 

common and consistent themes and key words. These are as follows: Creation­

Synthesis-Manipulation-Visual Thinking. The act of drawing is also considered to aid 

the design thinking process, with the expectation of emergent ideas. A great deal of 

the views expressed in the design literature were based on introspection and anecdotal 

evidence, conversely this research examined design issues of creativity, mental 

synthesis, and drawing by conducting two experiments. These experiments used 

empirical methodologies, comparing and contrasting 3D designers, 2D designers, and 

Non-designers. 

The first experiment investigated if designers were more creative than non-designers 

when given either 2D or 3D creative mental synthesis tasks. The results revealed they 

were. Additionally, with respect to 2D creative mental synthesis tasks, this first 

experiment examined issues of correspondence between a written description of a 

form and a drawn image of the form. With respect to 3D creative mental synthesis 

tasks, this first experiment also examined issues relating to the practicality of 

inventions. The results revealed design abilities may be in part tied to familiarity with 

sets of forms characteristic of the disciplines concerned. 

The second experiment investigated the relationship of drawing and creative mental 

synthesis. Contrary to the widely held views expressed in the design literature, 

mentally resolving creative mental synthesis problems is more potent than generally 

given credit. Using the expert strategy of separating ideas from the embodiment of 

ideas substantially increases creative output for all subjects. Consequently, the results 



revealed that how and when drawing is used in the design thinking process is very 

important. This has implications for design in that drawing and design representation 

appears to play a central role in the design thinking process. 

Keywords. Mental synthesis, creativity, drawing, design, design representation, 

design-thinking research 
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Chapter 1 Introduction 

This research will build upon the body of knowledge relating to design thinking and 

the design thinking process. Central to the design process is an ability to mentally 

formulate a plan or solution to a design problem. Using an internal visual language 

that represents external forms, a designer manipulates these representations as a way 

of reasoning solutions to a design problem. These internal visual manipulations are 

thought to play a key role in design problem resolution. 
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It can be argued that design happens in the mind. In a range of design professions it is 

a generally accepted view that designers must be able to visualize their work in their 

minds. There are also indications that designers are able to manipulate mental images 

as a way of developing a design. In the creation of new forms and artefacts, designers 

visualize in the mind the design of the form! object and parts of the object. This seems 

to involve storing, retrieving, and manipulating a repertoire of mental images of 

shapes and forms in order to synthesise them thus creating a new form!object. 

Essentially this can be termed creative mental synthesis. However, while this has been 

a generally accepted view for sometime, it does not imply that it has been empirically 

validated. On the contrary, a great deal of the design literature discussing design 

thinking is based on introspection and anecdotal evidence. Consequently, there is a 

need to use a more systematic methodology in order to validate the views expressed in 

the design literature relating to creative mental synthesis. Muller (1989) suggested an 

educational need to investigate the capabilities of designers with respect to the mental 

manipulation of shapes in design. 



In addition, the design literature reveals strongly held views that the act of drawing 

assists creative mental synthesis. That is to say, designers, using the act of drawing, 

can mentally manipulate imagined forms, and generate new creative forms based on 

these imagined forms. This should be explored using more empirical methods. 

The reliance a designer places on the act or drawing was described by Schon & 

Wiggins (1992), who state the following: 

" A designer sees, moves and sees again. Working in some visual medium -
drawing, in our examples - the designer sees what is 'there' in some 
representation of the site, draws in relation to it, and sees what has been 
drawn, thereby informing further designing." (Page 135) 

The statement above suggests the designer not only generates an internal 

representation of what is visually presented, but via drawing responds to what is 

visually presented and is able to generate an external representation of what is seen. 
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Designers place a heavy reliance on the visual language of drawing. It is important in 

that drawings are representations of the internal imagery that is generated. 

Others believe that drawing, visual thinking, and visual reasoning play a major role in 

the design process. Tovey (1989) contends the following: 

" Seeing involves receiving visual information and interpreting it according 
to certain codes, conventions and stereotypes. Imagining is an internalized 
vision of seeing, using similar codes and conventions. Drawing is an 
externalized equivalent of imagining and seeing. The three activities work 
together complementing each other and encouraging purposeful and 
productive visual thinking." (Page 25) 
" Drawings and 3D models are languages for handling design ideas. The 
actual process of creating design ideas goes on in the mind, and the drawings 
and 3D models are attempts to reproduce the designer's mental 
images. "(Page 25) 

A similar view is held by Muller (1989) when he states the following: 
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" The design phase of the product development process can be considered the 
stage in which verbal starting points are transformed into an initial physical 
representation. This tentative definition of solutions requires visio-spacial 
thinking expressed in images resulting both from and in representations of a 
two-and three-dimensional nature. Sketches, drawings and models are 
indispensable elements in this stage, though as a design-technical means the 
emphasis is on their effective use in order to generate and develop solutions. 
A certain ability for the rendering of three-dimensional representation must 
therefore be seen as an indispensable skill for a designer." (Page 14) 

This visual type of communication seems to play a pivotal role in the working life of 

designers for use in two-dimensional and three-dimensional representations of their 

thoughts. The drawings are a means of communication with themselves [designers] 

and others while developing a design. The design literature suggests ideas flow from 

observing drawings. 

Design research relating to visual thinking and creative mental synthesis has relied on 

anecdotal evidence. Since by definition cognitive processes are central to design 

thinking, the area of cognitive psychology should be reviewed with the aim of 

adapting and adopting the research findings and the more rigorous research methods 

used. 

Over the past thirty years, extensive research in the area of perceptual psychology that 

addresses mental manipulation, visual thinking, and creative mental synthesis has 

been conducted. In a sense it has been travelling parallel to design research, in that 

some research in these fields address some of the issues in design thinking. 

Developing a detailed understanding of creative mental synthesis will serve to support 

design education, and therefore the improvement of design practice. Cognitive 

processes are central to the process and practice of design. Consequently, it is 

important that some of these cognitive processes be identified and understood. 
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In order to explore the role of drawing in design and how effectively drawing might 

support creative mental synthesis, a systematic approach needs to be applied in lieu of 

the anecdotal evidence provided in the design literature, which is generally based on 

the personal experiences of designers. 

Equipped with an empirical method [adopted from the area of cognitive psychology] 

for understanding a designer's creative mental synthesis abilities and strategies, 

assistance can be rendered to individuals to maximise their potential as a designer. 

Consequently, this study can contribute significantly to education, in that the 

methodology developed may be useful as a tool that would assist in moving novice 

designers [students] towards becoming experts. 

1.1 Scope of 

This study will draw upon and review relevant literature from a number of sources 

around the world which relate to design thinking and the design thinking process. 

When conducting experiments the subjects used will be drawn from various 

universities and design schools from around Australia. 

While it is understood that some very complex design problems can be considered 

long-terlll design projects, this study will focus on short-term creative mental 

synthesis activities and problems. Further, a core purpose of this study was to locate 

and adopt/adapt appropriate empirical research methodologies from beyond the design 

literature, which did not require protocol analysis [Specifically thjs study used 
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creative mental synthesis methodologies], and place them in a focused design context. 

Consequently, Two basic types of design type problems [creative mentals synthesis 

problems] will be used [20 problems and 30 problems]. 

1.2 Method 

In order to systematically investigate the creative mental synthesis abilities of 

designers and non-designers, an initial experiment is proposed. The basic research 

strategy is to combine the experimental research methods in cognitive psychology 

[specifically tile methods of Finke & Slayton (1988) and Finke (1990)] using a mix of 
-

subjects from different backgrounds [Industrial design - Visual Communications -

Law]. A study using all three types of subjects would allow a comparison between 

and among designers who are practiced in two-dimensional work, designers who are 

practiced in three-dimensional work, and non-designers. In addition to the using three 

types of subjects, the study included two different types of problems (20 &30), as 

there are two-dimensional designers and three-dimensional designers. However, in 

adapting the methods of Finke & Slayton (1988) and Finke (1990) some aspects of the 

metllods needed modification. 

In order to systematically investigate tile relationship between drawing and creative 

mental synthesis a second experiment was proposed, again using designers and non­

designers. In their work Anderson & Helstrup (1993) found virtually no difference in 

the number of creative figures when subjects were allowed to use drawing to aid in 

creative mental synthesis tasks and when they were to use mental imagery alone. This 

is contrary to strongly held views found within the des.ign literature. This would 

suggest that drawing does not aid in solving creative mental synthesis problems. 
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However, they [Anderson & Helstrup (1993)] did not investigate the nature of the 

drawing strategies used by the subjects. Therefore the basic research strategy in the 

second experiment will be to combine the experimental research methods in cognitive 

psychology [specifically the methods of Finke & Slay ton (1988), Finke (1990) & 

Anderson & Helstrup (1993)] using a mix of subjects from different backgrounds 

[Industrial design - Visual Communications - Law 1 and drawing strategies. The main 

difference will be the explicit directions of how and when drawing is used to aid in 

creative mental synthesis tasks. In order to investigate different drawing strategies and 

creative mental synthesis, various drawing instructions will be developed in order to 

control how and when the drawing activity occurs. 

If some of the subjects were practiced, by virtue of their university training, and some 

were not trained and therefore less practiced in using drawing to aid in creative mental 

synthesis, differences should be expected in creative mental synthesis abilities and 

drawing strategies between the different groups of subjects. 

1.3 Objectives of the Research 

The purpose of this study is to research, develop, and use a systematic and empirical 

approach while investigating core issues in the design thinking process. This study 

will focus on the core issues of creative mental synthesis and drawing. By adopting 

and adapting accepted research methodologies from specific areas within cognitive 

psychology this thesis will demonstrate the importance of using these methods in 

order to move design-thinking research forward beyond introspection and anecdotal 

evidence. 
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The objective measures used will reveal findings, relating to themes commonly found 

in the design literature concerned with design thinking. In doing so this thesis will 

extend the debate regarding core issues in design thinking in a rigorous way, thereby 

adding to the body of knowledge on the subject of design thinking. This thesis will 

suggest future areas of research and possible experiments that may overcome 

limitations that may arise. 

1.4 Thesis Outline 

Chapter two presents and discusses the literature that offers a relevant background and 

framework to this study. In order to progress this research it was necessary review the 

relevant literature in both design thinking and cognitive psychology. While chapter 

two is divided into six sections or parts. the review focused on these two main bodies 

of literature. 

Chapter three describes and details the design of the first experiment. The first 

experiment was based on empirical methodologies found within specific areas of 

cognitive psychology. The experimental design was adapted and modified from the 

original study in order to suit this study. 

Chapter four presents the results of the first experiment. In reviewing the results, 

issues with respect judging the responses generated by the subjects were identified. As 

a consequence the responses needed to be rejudged by a new set of judges, with new 

judging criteria and new judging instructions. The results based on the new 

judgements are also presented. 
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Chapter five discusses the results of the post-trial questionnaires issued to the subjects 

in the first experiment. The questions related to the thinking techniques the subjects 

thought they used when resolving the creative mental synthesis problems. 

Chapter six describes and discusses the rejudging of experiment one using new sets of 

judges. An analysis of correlation between the judgements of these new judges and 

the results of the earlier judgments is presented. The purpose of this was to investigate 

the reliability of consensual agreement techniques. In general there was correlation in 

judgments. 

Chapter seven discusses and details the design of the second experiment. The second 

experiment was also based on empirical methodologies found within specific areas of 

cognitive psychology. The experimental design was adapted and modified from the 

original studies in order to suit this study. This second experiment investigated issues 

that focused on the relationship between drawing strategies and creative mental 

synthesis. 

Chapter eight presents the results of the second experiment in the form of frequency 

tables. Issues relating to rules of classification and the layout of the spreadsheet are 

also discussed. 

Chapter nine discusses the results of the post-trial questionnaires issued to the subjects 

in the second experiment. The questions related to the thinking techniques the subjects 

thought they used when resolving the creative mental synthesis problems. 
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Chapter ten, in general tenns, discusses the findings, implications, and limitations of 

this study. In addition, chapter ten discusses possible future studies and presents some 

concluding remarks relating to this study. 



20 

Chapter 2 Literature Review 

2.1 Introduction 

The purpose of the literature review is to draw upon a wide range of literature from 

apparently diverse subject areas, thereby establishing the background context for the 

research to be presented. Synthesising the common elements of that literature serves 

to lay a foundation for the research to be reported. 

In reviewing the design literature it is clear there is virtually no work, which 

integrates and empirically investigates issues of creativity, mental imagery, mental 
. 

synthesis, alld drawing, with respect to creating new designs. These central themes in 

the design literature, generally exist either alone, as separate issues, or as a 

combination of two themes (i.e. Creativity & Drawing), depending on the context of 

the research. Consequently, the search for relevant literature had to be widened. 

Several diverse domains of research contain relevant studies. However, the primary 

literature is the design research pertaining to the design thinking process. This is 

particularly true of the design studies with their focus on visual thinking. Since a 

major part of the visual thinking process in design is drawing, it is seen as a relevant 

issue and included in this literature survey. 

Since topics such as visual thinking and design thinking suggest some underlying 

intemal mental process, the cognitive psychology literature was considered as a 

potential source of infollllation relevant to this research. 
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These fields of research have a bearing on this research, as the intent is to develop a 

clearer understanding of the visual thinking processes utilised by designers and non­

designers. This in turn will aid in advancing the design activity in general, (and 

design education specifically). Understanding the visual thinking abilities and 

strategies utilised by designers and non-designers as they create objects remains a key 

area in need of research. 

While the central interest of this research was creative mental synthesis, the following 

serves to highlight how several supporting themes, found within the subsequent 

literature review, are related. To begin with, design is believed by many to be a 

creative and synthetic activity. This activity generally involves mentally combining 

shapes to create new shapes, which often are not predictable or predetermined. In 

order to aid in this process of mentally synthesising shapes, it is thought that 

visual/mental imagery abilities combined with drawing are necessary in the 

development or discovery of shapes in designs. Designers provide only anecdotal 

evidence of this, based on experience. This holds true for designers who work with 

predominantly two-dimensional shapes [graphic designers, cartoon animators, 

artist/painters] and designers who work with three-dimensional shapes [industrial 

designers, architects, engineers, interior designers]. Mental imagery and mental 

synthesis abilities as well as drawing abilities that support the creation of new shapes, 

are seen as central in the design thinking process. However, these abilities to 

designers have not been explored and researched empirically using systematic 

methodologies. 
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2.2 Design 

2.2.1 Creative Mental Synthesis & Design (anecdotal evidence) 

A tetlll borrowed from research in cognitive psychology [see Thompson & Klatzky 

(1975; 1978)] mental synthesis is described as imagining the assembly of a final 

object or system from component parts. This requires visual/mental imagery abilities 

or visual imagination. In creating a design solution it is believed that designers use 

mental synthes is in the design thinking process. Writing about design thinking, 

La wson (1980) states: 

Design involves a highly organised mental process capable ofmanipulating 
many kinds of information, blending rhem all into a coherent set of ideas and 
finally generating some realisation of those ideas. [my emphasis not Lawson]. 
(Page 6) 

While the realisation of the design ideas generally results in a tangible artefact, 

throughout his text he refers to design not in tellns of product, but process. This belief 

in a creative, mental, manjpulative, synthesising process is consistently found in the 

design literature. While these are shared views within much of the design literature, 

they are essentially anecdotal in nature. That is to say they are largely based on 

designers thinking about, and speculating on, their personal experiences. In addition, 

the authors generally present these views through case studies, reasoned argument, or 

the more systematic protocol studies. 

For example, in taking a systems approach to their work on the conceptual 

foundations of design problem solving, Smith & Browne (1993) while applying 

design tlleory to systems and management science, develop the argument that design 

research is concerned with human creations or "artefacts." These artefacts are 
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obtained by a person exploring "alternatives". These are seen as being precursors to 

solutions; they are mentally envisaged possibilities that problem solvers identify and 

evaluate. Further they suggest that a designer forms a mental representation ("mental 

picture ") of aspects of reality in the course of developing and producing the real 

artefact. This iterative process of exploring alternatives by utilising a mental 

synthesis-creation cycle was described by Hertz (1992), while seeking to develop a 

coherent description of the design process. Earlier, Lawson (1980), suggested that the 

mental synthesis process is central in design thinking, and that the output of the design 

process is generally two-dimensional drawings. However, the designed artefact could 

be either two-dimensional or three-dimensional. 

In her work discussing design intelligence, Cross (1986) had shown that the peculiar 

ways in which designers think is fused in a visual thinking process. She argued that 

the use of the nonverbal codes or languages (e.g. drawings or three dimensional 

models), acquired by practice and used by designers, should be recognised as a 

separate and distinctive type of intelligence in its own right. 

Consistently throughout his work presenting case studies of design concerning design 

thinking, Tovey (1984); (1986); & (1989) indicates this visual thinking process is 

widely used by designers and plays a major role in the whole design process. Visual 

thinking forms a part of the creative process of generating new ideas, which leads to 

the generation of the embodiment of those ideas. He contends that in order to specify 

and generate a physical form (the embodiment of ideas), an internal visual 

thinking/spatial transformation process is a necessity. Further he suggests some 

problems are impossible to solve without visual thinking abilities. He contends that 



during the mental activity of thinking our brains manipulate and combine various 

pieces of information, which have generally been gained through the use of senses 

(sight sound touch etc ... ). Hence, he delineates the activity of visual thinking, as 

thinking which uses visual information. He further explains, visual imagination is 

creative thinking, which uses visual information to form new mental images, 

essentially imagining in the literal and precise sense. 
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This suggests the same creative mental synthesis theoretical construct that Lawson 

(1980) uses. Echoing this view is Muller (1989), in his discussion of the design 

discipline and the significance of visuo-spatial thinking which posited the notion that 

the design phase in a product development process requires visuo-spatial thinking 

resulting in two-dimensional or three-dimensional representations. In writing about 

visual design thinking in architecture, Goldschmidt (1991); (1994) sees visual 

thinking as central to all designers in many diverse fields from the arts to engineering. 

Her focus was on the production of ideas, and the visual reasoning driving the ideas, 

which bring about the creation of a tangible form. 

As a way of promoting the notion of visual design thinking, Goldschmidt (1994) 

presented a case study of an architecture student working on a kindergarten building. 

The student started with a blank piece of paper. Then they began by writing their 

signature. This was done several times. The student then noticed an interesting 

interplay between two curved lines and interpreted them as a possible form the 

building could take. The next step was to explore these possible forms in conjunction 

with the L shaped sloping site, followed by the development of the structure of the 

building, and the stairs etc ... Next the student began to develop the three dimensional 
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aspects of the building and entered a modelling phase. This case served to illustrate 

the relationship between the figural and conceptual (in cognitive psychology terms 

analogue and propositional) nature of the design process. The student's internal 

cognitive process moving the design forward to completion was heavily reliant on a 

visual means of communication. However, it was not the drawing that most interested 

Goldschmidt, but the visual thinking process that took place. The drawings were 

milestones on the mental journey the student took to solve the design problem. It was 

the internal visual representations and manipulations that ultimately generated the 

design solution. These internal representations developed into a three-dimensional 

model. The three-dimensional form of the -building did not exist before the student 

generated it internally. This suggests a visual reasoning ability and some type of 

strategy to combine forms to make new forms. This ability to mentally combine forms 

to make new forms is by definition mental synthesis. Sometimes the resulting and 

unexpected new forms created are considered to be creative by others who 

review/observe them. Therefore, this process can be defined as creative mental 

synthesis. 

When exploring the literature other than that of architecture or design generally, 

visual thinking is deemed to be important in other fields. In writing about teaching 

visualisation skills to planning students, Cunningham (1995) laments the lack of 

confidence some planning students have in their abilities to " visualise" . He sees this 

thinking skill as one of the core activities in design. He accepts that in and of itself it 

does not constitute design. On the basis of studio work with planning students, he 

contends that design is the ability to create tangible worlds in the imagination 

(synthesise/construct worlds mentally) and realise them in practice (construct in the 
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real world). In the field of engineering Ferguson ( 1993) argues throughout his work 

that visual thought is an intrinsic and inseparable part of engineering, despite the fact 

it seems to hold a low academic statu". 

There are common reoccurring tel ms/themes throughout the I iterature. These are 

presented in Table I below. Reading across the rows in the table are terms/themes 

attributed to an author. At the bottom of each column is a term, which best describes 

the common themes from the authors listed. Whether the authors are writing about 

problems with planning students, the thought processes of archi tects, the thought 

processes of industri al des igners , or the thought processes of engineers, the common 

threads that run through all of their work are as follows: Synthesis-Creation-

Manipulation-Visual thinking. 

Lawson (1980) Blending Generating Manipulating 

Smith & Browne Producing Construction Transfomlations 
(1993) 

lIer!z (1992) Synthesis Creation Registration 

Tovey (1989) Combine Creative Juxtapose 

Goldschmidt Synthesis Creation Transfonnation 
(1994) 

Cunningham Synthetic Crearing Arranging 
(1995) Thinking 

(1993) Combinations Creativity Arranging 

Synthesis Create Manipulate 

TABLE 1: COMMONTIt EMES 

Mental Image 
Visual 
Representations 

Mental Picture 

Visual Thinking 

Visual Thinking 

Visualisation 

Visual Thinking 

Visual 
Thinking 
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The collective view is that a core ability to imagine the assembly of a final part (two 

dimensional or three dimensional) from component parts is important in design 

thinking. Hence, creating new fOllllS and using mental synthesis abilities (which 

includes visual thinking) are important in design. However, these views are only 

supported by anecdotal evidence, which is evidence based on the experience of 

individual designers or the authors themselves. 

2.2.2 Design Thinking and Design 

The task of design educators is to help a novice designer (student) become an expert 

designer (professional) . Mathias (1993) found that there were marked differences in 

the problem solving strategies employed by novice and expert designers. One of these 

was in the way drawings are used while solving design problems. In his protocol 

study Mathias found: 

* Novice designers tend to use conceptual solution drawings. They focus on holistic 

solutions early in their work. Conversely, experts tend to use drawing as an aid in 

analysis and the development of first ideas. In later stages of the design process 

experts use drawing and modelling for synthesis. 

* Expert designers tend to use sophisticated drawing and modelling techniques. 

Novice designers use unsophisticated techniques. 

Research by Kimbell et al. (1991) concerning secondary education students [novice 

designers] supports the view that as soon as we begin to perceive the outline of a task, 

pictures or images of solutions begin to appear in our minds. Kimbell et al. (199 I) 

graphically depict the design thinking /design representation process throughout their 

work as reflected in Figure 1 below. At first these images or ideas are not well 



defined and need to undergo considerable development. Then as thinking moves 

toward a solution, innumerable possible routes and ideas are investigated in moving 

toward an optimal solution. They refer to this detell nined change as modeUing. 

IMAGL~G AND MODELLI NG 
INSIDE TIlE HEAD 

Hazy Impressions 

Speculating and (i/Ii 
Exploring 

Clarifying and 
Validating 

Critica l 
Appraisal 

CONFRONTING REALITY 
OlITSIDE THE IlEAD 

d' Discussion Drawings, 
Sketches. Dingrams, 
Notes. Graphs. Numbers 

d' Modelli ng in Solid 
to predict or 
represent reality 

d' Prolotyping or 
provision of 
Solutions 

FIGURE I: INTERACTION BETWEEN MIND AND n AND ( KIM RELL ET AL., 1991 ) 
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They believe the design process to be a conscious capacity that can be based on both 

thought and practical activity. They support the notion that this interaction of ideas in 

the mind with their expression in the concrete world is a common feature of the 

design thinking process. 

Thus far, the literature review has provided a vruiety of autJlors who incrementally 

add to our understanding of tJle design thinking / design representation body of 

knowledge. However, at this juncture a detailed theoretical framework is necessary 

for three reasons, 1. To provide an overarching context, 2. Suggest a way forward for 

more rigorous examinations of design thinking research other than anecdotal evidence 

3. Reinforce our understanding of the design thinking/design representations 

relationship. To that end, Akin (1991 ) has attempted to develop a detailed theoretical 

framework for the design thinking process that appears to parallel the work of 
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Kimbell et al. (1991). His detailed research, based on an analysis of the design 

process, also demonstrates the notion of progressing a design by moving between 

internal and external representations. 

The following detailed presentation of Akin (1991) serves as a typical example of 

research concerning design thinking, found within the design literature, and as an 

example of how internal and external representations are typically utilised in the 

design thinking process. 

Akin examined in detail previous research from various fields that sought to address 

the issues of design thinking and found them lacking. He identified three reasons for 

this: 

1. There was a lack of clarity in the research. 

2. There was a lack of shared tools, methods and theories. 

3. There seemed no common purpose between the studies. 

He further argues that previous studies which lay claim to a theoretical foundation for 

design thinking are either derived from outside the area of design thinking, or the 

theories are so specific they cover only a very narrow aspect of design thinking. Akin 

contends that a strong theoretical framework should be developed. These were the 

motivating factors that led him to develop a theoretical framework for design 

thinking. The parameters he set for the theoretical framework were as follows: 

1.) That it be explicitly based on design phenomena and involve the 
manipulation of design information by a designer during a design related 
task including some of the basic subtasks of design. 

2.) That it is operational, representing all aspects of information 
manipulation found under design thinking and allows for formal 



descriptions of the phenomena including computation, algorithms or 
formal proofs. 

3.) That it is extendable to all important aspects of design including 
generation, evaluation, and selection of designs,formulation of design 

problems, and so on. (Akin 1991) 

To understand clearly Akin's work let us review some of his definitions of key 

phrases at this point. He defines design thinking as the totality of the cognitive 
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activities that occur during design. His view is that design reasoning is distinguished 

from intuition by the conscious, predictable use of rules of inference for the purposes 

of manipulating design information. Design intuition, which is another facet of 

design thinking, implies manipulations-of a subconscious kind, where the rules of 

manipulation are not explicit. As design thinking is a comprehensive concept and 

intuition is in the realm of the subconscious, Akin makes it clear he is concerned with 

design reasoning. 

As a way of exploring design reasoning in order to develop a design thinking 

theoretical framework, he conducted a protocol experiment. Four senior designers in 

architecture were given what Akin calls reasoning tasks. The tasks consisted of sets 

of architectural drawings of modest size buildings that contained nine errors. Three of 

the nine errors were errors of commission (modified bracing, structural beams, or 

insulation errors), there were errors of omission (eg. missing elements of the building) 

and there were operational errors (eg. doors or windows inappropriately placed with 

regard to clearances and which could not operate). The subjects had to identify the 

errors in the drawings. While the subjects were doing this they were to "think aloud" 

to reveal their mental process. In addition the subjects could make sketches and mark 

the sets of drawings they were given. To further capture the subjects' reasoning 



process they were videotaped for later analysis. The dialogue of the subjects was 

transcribed as a list of statements, with each statement constituting a single idea. 
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Analysis of the transcribed statements revealed two major groupings into which the 

statements could be categorised. The first category is the mental process of 

evaluating old designs (unaltered drawings and designs). The next category is the 

mental process of generating new designs (changed drawings and designs). It was 

noted that in either the generative or evaluative sections of the transcripts, each 

statement contributed to the generation of new information based on previous 

statements. The subjects built sequences of inferences, constructing ultimately a 

reasoned explanation of a solution to the problem. 

Further analysis of the transcripts indicated what Akin called different domains of 

reasoning. He isolated three such domains, the objective domain, the representation 

domain, and the construction domain. The objective domain is taken to mean that 

knowledge which is brought into the reasoning process. That is, knowledge that 

consists of principles of the objective world. What Akin called the representation 

domain deals with representations brought into the reasoning process such as 

drawings, words and gestures used to describe concepts of the designs to themselves 

and others. It was found that once the problem was identified and understood, the 

subjects' domain of reference shifted. Having an understanding of the problem, 

gained from evaluating old designs, the subjects began utilising inferences in the 

construction process. Representations made the pertinent properties of the objective 

world become clear. In addition special knowledge of physical principles was 

brought out utilising representations to explain the objective world. Once a problem 
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was identified the subject's domain of reference shifted to what is considered a 

construction domain. That is, where the designer is manipulating surrogate lines on 

paper, and words, to understand the manipulation of real objects. This process is 

represented diagrammatically in Figure 2 below, where the representational domain 

has a pivotal role in connecting the operations of the other two domains. 

Objective RepresentatiOii81 
Domain 

Construction 

FIGURE 2: DOMAINS [AKIN 1991] 

• 

Once a possible solution was constructed attention shifted to the objective domain, 

where utilising the representation domain subjects mentally manipulated the newly 

generated infOllllation or geometry for verification of the solution. These mental 

manipulations of the representations seem to play a pivotal role in the design 

reasoning process, as Akin found that the subjects used the representation domain as a 

way to express the objective domain and the construction domain. Akin concluded 

from his protocol study that a designer mentally manipulates surrogate forms as a way 

of exploring a design. 

While Akin used expert designers in his research, he assumed that experts bring with 

them expert knowledge which allows them to solve the problems stressing the 

objective domain. This may not be the case with respect to either the expert or the 

novice designer. The possibility exists that it is not the knowledge but the 

manipulation of representations that plays a central role. If, as he suggested, it is the 

representational domain that is central to the design process, then it is important that 

these capabilities of the designer be explored. Research with a focus on the 



representational aspects of visual thinking/visual reasoning abilities needs to be 

conducted using empirical methods. 

2.2.3 Creative Mental Synthesis & Drawing (summary) 
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With a view towards contextualising the general role drawing is thought to play in 

creative mental synthesis and the design thinking process, the following discussion 

serves as a review and summary of the design literature relevant to the research to be 

reported. 

On a number of occasions, the discussion above revealed the design literature 

suggests mental synthesis (which includes visual thinking) is important in the design 

thinking process. In addition to that view, the design literature also consistently offers 

the view that the act of drawing forms a necessary part of the design thinking process. 

The general consensus is that there exists a need for a symbiotic relationship between 

the internal mental synthesis process and the external act of drawing to develop a 

design or synthesised object. The argument is that in the act of drawing, discoveries 

can emerge from the drawings and the drawings can both describe and depict the 

mental imagery of the designer. This would suggest that it is difficult for creative 

synthesis to occur and develop in the mind without the external act of drawing, owing 

to the apparently heavy reliance on the discoveries expected from the drawings 

[emergence]. The design literature consistently supportS the idea of creativity 

occurring through discovery by drawing. However, this view is largely supported by 

anecdotal evidence and is generally based on personal experience. 
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A typical example of the ideas posited by Akin (1991) and Kimbell et al. (1991) can 

be found in Goldschmidt (1994), who, as mentioned earlier, explored the visual 

reasoning process of an architecture student working on a kindergarten building. Her 

work pointed to the ability of a designer to use two-dimensional representations as a 

starting point, then internally generate images, inspect these images, maintain the 

images, manipulate the images, then add new images to generate a new solution. 

A good deal of design literature is similar to Goldschmidt (1994). The similarity rests 

in the view that designers tend to focus on visual communication in exploring design 

solutions. Laseau (1980) describes quick drawing techniques, such as graphic 

thinking, which aids communication between the mind and the hand. Mckim (1980) 

also supports this view by saying "Visual thinking employs three kinds of visual 

imagery: the kind we see, the kind we imagine, the kind we draw". 

In his work on drawing and cognition, while discussing the pragmatics of everyday 

graphic production, V an Sommers (1984) alluded to the notion of a graphic language 

when he had shown the proximity of what he called 'private drawing' to mental 

imagery. He had developed a diagram, illustrated in Figure 3 below, which depicts 

two types of communication [A] verbal and [B] pictorial. He suggests these types of 

communication move [across the diagram] through various phases, which are public 

presentation, private presentation and personal thoughts. The diagram also suggests 

that thought can be both pictorial and verbal in nature. 

Pointing out that while many graphic acts are social, such as drawing a map on a scrap 

piece of paper to direct someone who is lost, Van Sommers (1984) contends a 
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substantial number of drawings or diagrams are not produced for an audience [general 

public viewing) either at the time of execution, or for other purposes later. They 

appear to be used as private drawings for organising thoughts (e.g. a man planning to 

line a ceiling in a basement room uses sketching to investigate how best to cut up a 

standard sheet of plywood to maximise its use). In a sense these sketches can be 

equated to someone talking to him or herself. 

(A) 

(B) 

PUBLIC SPEECH 
dialogue 
etc ... 

PUBLIC WRITING 
ktterS. etc ... 

PUBLIC 
DRAWING 

PRIVA11! 
SPI!I!CII 

1::) 

CIIpIdve 
I!xpooaIw 

THINKING IN WORDS 
inlernal 
conversation 

lMAGERY 

, 
: 

FIGURE 3: DRAWING LANGUAGE & THOUGHT [VAN SOMMERS 1984] 

THOUGHT 

While Van Sommers (1984) explored drawing issues from a general perspective, this 

symbiotic relationship between drawing and visual thinking with a design perspective, 

was studied by Herbert (1988) when he investigated the exploratory nature of study 

drawings as a method of communicating design ideas privately to the designer, and 

publicly to others. This notion is also put forward by Tovey (1989), when he says" 

Drawing is an externalised equivalent of imagining and seeing". This is further 

supported by Muller (1989) who saw the ability to render dlree-dimensional 

representations an indispensable skill. 
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The theme of using drawing to explore design solutions is reinforced by Cross (1991) 

when he says: "Designers explore problem-and-solution, using 'languages' of 

drawing and modelling." Schon & Wiggins (1992) presented the notion that 

designers use drawing as a way of communicating with themselves and others to 

further their design ideas. The design literature that holds this view is quite extensive. 

It is also consistent with the views of Akin (1991) and Kimbell et al. (1991) with 

respect to the dialectic activity of internal visual reasoning and external 

representations (drawing or modelling) to develop a design solution. 

Designers are thought to be visual thinkers, as discussed previously [see: Cross 

(1986); Tovey (1984); (1986); & (1989); Muller (1989); Goldschmidt (1991); (1994)]. 

If as stated earlier, according to McKim (1980) visual thinking employs three kinds of 

visual imagery: the kind we see, the kind we imagine, the kind we draw, the role of 

drawing in the design process should act to stimulate the imagination of a designer, to 

produce an object yet to be transformed into reality [a new object]. It follows then 

that a personal visual communication relationship between the thoughts of the 

designer and the drawings does exist. 

Writing about design thinking, the conjecture of Lawson (1980) was that the use of 

drawings by a designer was twofold: 1.) Drawings played an integral part in forming 

both the end product of a design, and were part of the process of design 2.) Drawing 

acted as a kind of additional memory to freeze and store spatial ideas for manipulation 

and evaluation. 
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Later, Schon & Wiggins (1992) held the view that the activity of drawing was an aid 

to the designer in that it allows the representation of what is "seen" by the designer, to 

be "moved" and transformed and re-evaluated, thus progressing the design. Consistent 

with this evolutionary view of design and drawing is that of Nagakura (1990), who 

believes that the final form of a design does not spring, sui generis, nor is a drawing 

merely its visualisation. He contends the act of drawing helps a designer in that a 

design can only develop through the interaction of a designer and such a vehicle. 

The reliance on drawings used by designers is important from the point of view that it 

is a representation of internal imagery that-is generated. Others believe that drawing, 

visual thinking, and visual reasoning play a major role in the design process. Tovey 

(1989) clearly supports McKim (1980) with the view that the act of seeing is the 

interpretation of conventions and stereotypes according to certain codes received as 

visual information, and using these codes/conventions as an internalised version of 

seeing forms the act of imagining, with the externalised version of both these acts 

being the act of drawing. All three of these acts are seen as working together, 

complementing each other and encouraging powerful and productive visual thinking. 

Further, the languages of drawing and three-dimensional modelling are viewed as 

attempts to reproduce the designer's mental images, and the actual process of creating 

design ideas goes on inside the designer's mind. 

Further illustrating the need for drawing, Muller (1989) conjectured that verbal 

starting points are transformed into physical representations via sketches and 

drawings, forming an indispensable part of the design phase of the product 



development process, and therefore, a certain ability to render three-dimensional 

representations is an indispensable skill of a designer. 
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The design literature consistenti y points to a personal visual communication 

relationship between the thoughts of the designer and the drawings. Returning to 

research by Kimbell et al. (1991), and their diagram (Figure 1) which presents the 

view that as soon as we begin to perceive the outline of a task, pictures or images of 

solutions begin to appear in our minds. At first these images or ideas are not well 

defined and need to undergo considerable development. Then as thinking moves 

toward a solution, innumerable possible routes and ideas are investigated in moving 

toward an optimal solution. They argue this interaction of ideas in the mind with their 

expression in the concrete world is a common feature of the design thinking process. 

However, more systematic studies concerning the notion of the mental manipulation 

of surrogate designs while using the act of drawing or modelling in the exploration of 

a design solution are far from common. 

In their very detailed, thorough, and cogent discussion of drawings and the design 

process, Purcell & Gero (1998) tease out a number of themes consistent not only in 

the design literature but literature further a field. Via reasoned argument, they were 

able to demonstrate links between protocol studies found in the design literature with 

more empirical studies conducted in the area of cognitive psychology. They argued 

that while there is substantial anecdotal evidence in the design literature which related 

to the use of drawing as a creative tool in the design process (mostly through 

emergent features found in the drawings or as a memory aid), by adopting and 

adapting the more empirical methods found in cognitive psychology, the pace of our 



understanding with respect to drawing and the design process could be hastened. 

Lawson (1980) directed our attention towards cognitive psychology when he said: 
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Of aI/the questions we can ask about design, the maller of what goes on inside 

the designer's head is by far the most difficult and yet the most interesting and 

vital. This leads inevitably illto the realm of cognitive psychology, the study of 

problem solving and creativity, in short/hought it (Pg. 94). 

However, it was Purcell & Gero (1998) who detailed a number of possible research 

directions, by utilising key theoretical issues found in the cognitive psychology 

literature, with a view to placing them in the context of design. These include, but are 

not limited to, the relationship between: creative mental synthesis and drawing; 

creative mental synthesis and expertise; expertise and drawing; working memory and 

drawing; enacted imagery and drawing. They argue that empirical data is needed 

particularly between design disciplines. This would hold true, as there are different 

types and styles of drawing between and among disciplines such as architecture 

(tending to be both viewer centred, and object centred) interior design (predominantly 

viewer centred) industrial design (predominantly object centred), and graphic design 

(predominantly working in two dimensions). Additionally, they raise the question of 

when and under what conditions (stages in the design process) drawing is more potent 

between the different disciplines. 

2.2.4 Kinds of [how & when] 

While the preceding section, intended as a summary, discussed the role drawing is 

thought to play in the design thinking process in general, it did not, however, detail 

issues relating to the kinds of drawings used by designers, nor how and when drawing 
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best serves the design thinking process. Therefore, the following will 

review the literature relevant to these issues. 

Kimbel et al. (199 I) saw drawing as playing a central role in the design process. 

However, their work suggests the use of sketches and diagrams occurs at the 

beginning of the design process as opposed to being utili sed for the embodiment of 

those ideas (represented as prototypes towards the end of the design process). This 

would suggest that abstract ideas (abstract drawings) are at one end of the spectrum 

and concrete forms (realistic drawings and which embody them) are at the 

other end. Reflected in Figure 4 below, McKim (1980) also differentiates between 

conceptual extemalisations (abstract drawings) that represent abstract ideas, from 

representations that represent real forms (realistic drawings and prototypes). 

ABSTRACT 
GRAPHIC 

CONCRETE 
GRAPHlC 

charts 
graphs 

diagrams 
schemalics 

orthographic projection 
isometric/oblique projection 

perspective projection 
rough 3D mock·ups 

appearance or working models 

FIGURE 4: ABSTRACT & CONCRETE GRAPHICS [MCKIM 1980] 

This dichotomy appears to suggest that if concrete graphic languages are used to 

represent abstract ideas they may not be an effective aid, may perhaps even interfere 

in the design process. It may be possible that using drawings to focus on the 



embodiment of an idea too early in the design process may impede the flow of ideas 

at an abstract level. 
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As noted earlier, in his research studying the problem solving strategies of expert and 

novice designers, Mathias (1993) found that there were marked differences in the 

problem solving strategies employed by novice and expert designers. One of these 

was in the way drawings are used while solving design problems. In his protocol 

study Mathias found: 

* Novice designers tend to focus on holistic solutions early in their work. 

Conversely, experts tend to use drawing-as an aid in development of first ideas. In 

later stages of the design process experts use drawing for synthesis. 

This suggests that expert designers step back form the brief by analysing it, and may 

even rewrite it. Conversely, novice designers omit the analysis stage of the design 

process. Expert designers add a problem analysis stage to their design framework. In 

addition to adding a problem analysis stage, expert designers often add other stages in 

the design process, which are missing in the novice design process. The differences 

between the expert and novice design process as suggested by Mathias (1993) are 

reflected in Figure 5 below. These stages [highlighted in red] are: analysis of 

problem statement; convergence; solution concept. One of the differences 

suggested by Mathias (1993) the omission of the analysis of problem statement, tends 

to lend support to the views found in Kimbeli et al. (1991) where it is suggested that it 

is common for pupils (novice designers) to believe they have a complete solution in 

their minds from the start. 
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F IGURE 5: DESIGNERS' FRAMEWO RK EX1'ERTINOVlCE [MATHlAS 1993] 

-

The find ings of Mathias ( 1993) concerning the dichotomy between idea creation (at 

the beginning of the process) and modelling for synthesis (the embodiment of 

ideas later in the design process) are consistent with the views of McKim (1980), in 

that abstract drawing (drawings for ideas) rests at one end of the design process and 

drawing for reality (embodiment) at the other. Tt is conceivable that detail drawing or 

even the act of drawing may not play a large or even necessary role in the initial 

stages of the design process. This has clear implications fo r creative mental synthesis 

in that if the act of drawing is important, as suggested by the design literature, it is 

equall y important to know when and how to use drawing. 

2.2.5 Ideas, Embodiments of Ideas & Drawing 

The preceding discussion, relating to the design processes used by expert and novice 

designers, revealed that how and when drawing is used in the design thinking process, 

and therefore in creative mental synthesis, is important. The premise was that drawing 

very early in the design process rnjght not be as effective as first thought. This is in 

Solution 
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conflict with the views expressed earlier that creative ideas emerge while drawing. 

Consequently, extending the discussion about separating idea generation (which may 

not necessarily require the act of drawing), from the embodiment of ideas part of the 

design process (which may demand drawing) is also important. What follows serves 

to extend and detail the discussion relating to the concept of separating ideas from the 

embodiment of those ideas, by reviewing the design literature relevant to these issues. 

The earlier writings of Eberhard (1970) gave the example of the design of a doorknob, 

demonstrating that in the design process it is possible to develop a variety of different 

concepts or ideas (to be divergent/expansive) or to refine one idea in detail, exploring 

issues relating to that one idea (to be regressive/convergent). It should be pointed out 

that [as illustrated and highlighted in red text in Figure 5 above] an expert designer 

tends to reserve the stage of convergence until much later in the design process, in 

contrast to the novice designer. In his doorknob example, Eberhard (1970) argued that 

expanding the problem allowed the designer to step back from the brief [consistent 

with Mathias (1993)] and search for alternate possibilities or other ideas. This allows 

for an increased solution search space. If the designer questioned having a doorknob 

in the first place this could lead to all sorts of solutions. However, in the regressive 

mode the designer could not design the doorknob because he wanted to further study 

the shape of the hand before he could give the doorknob a form or shape (embodiment 

focused). 

Considering the work of Mathias (1993) in the context of the doorknob of Eberhard 

(1970), if a novice were given the task of designing a doorknob they would tend to 

embody the doorknob early in the design process. As the novice designers tend to 
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focus on holistic solutions early in their work, they could synthesise the shapes of a 

cone and a sphere or a cylinder and a rectangular all 11, thus trying to embody the 

solution early in the design process thereby limiting the search space for ideas. This is 

illustrated in Figure 6 below, revealing that the focus is clearly on the embodiment of 

the doorknob. In addition they would use drawing earl y in the design process to 

support their holistic embodiments. This is not to say the novice is not being creative, 

merely that the search space begins to be limited early in the design process. 

FIGURE 6: DOORKNOIl (NOVICE DESIG NER) 

Conversely, expert designers would approach the doorknob problem differently, 

stepping back from the brief, perhaps even rewriting it. They could focus on 

ideas/concepts rather than embodiment at this stage. They may step back and consider 

that the problem is really not about a doorknob, but it is about entry into a room. 

Perhaps a doorknob is not needed. Perhaps a sensor [i.e. a pressure plate or a light 

beam] could trigger the door to open. Perhaps a door would not be needed at all if a 

jet of cold air was continuall y blowing down to separate one temperature-controlled 

environment from another (i .e. separating a cold indoors from the hot outdoors). 

These ideas are graphically represented in Figure 7 below to suggest the focus is on 

concept variety. Clearly, the embodiment of the air curtain is very different to the 

embodiment of the sensor solution, which in turn is very different from the 

embodiment of a doorknob. Using the strategy of stepping back from the problem the 
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expert is able to open up the search space for solutions in contrast to the very narrow 

embodiment strategy of the novice. Therefore, the separation of ideas from 

the embodiment of ideas in the early stages of the design process (typical of experts) 

should yield more creative ideas. 

Doorknob Sensors to trigger 
door to open 

r , . , 
. 

/ ( ':\ 

I':it' ',( 1\ 
'>.L.../ 

Air Curtain 

FIGURE 7: DOORKNOB (EXPERT DESIGNER) 

Then perhaps it would be better to use drawing for synthesis/analysis in the 

embodiment stages of design, sav ing drawing for later in the design process, 

consistent with experts. This is not to say that drawing is not important, merely that 

perhaps when and how to use drawing is important. 

In sharp contrast, the design literature consistently supports the view drawing is a 

creative tool, because ideas emerge from the drawings of a designer during the act of 

drawing. The story goes that Leonardo da Vinci suggested studying stains or spots on 

a wall, allowing the mind to aimlessly wander to discover ideas which may emerge 

from the patterns. Drawing is thought to induce this type of emergence or discovery of 

design ideas [See Goldschmidt ( 1994)]. Trial and error, and tile 'luck of the draw ' 

may not be very productive. While emergence of ideas from the patterns (discovery of 

ideas from drawings) may occur, it may not be as effective as relying solely on 



creative mental imagery to develop ideas. In fact, thinking about the detailed 

embodiment of ideas may interfere with generating ideas. 
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Mathias (1993) says, "The detailed structure embodied in a complex problem may 

reduce creative thought ... " (p. 273). This notion that a detailed structure within a 

complex problem may reduce creativity, suggests that focusing on the details of a 

design may reduce the creative thought that is otherwise brought to bear on the 

problem. Many models of the design process suggest that a wide search space should 

be generated from the beginning. If the embodiment of an idea is developed early in 

the search for ideas it may stifle creative ideas and creative embodiments of those 

ideas. Perhaps this is why expert designers add convergence and solution concepts at 

the end of their design process and not at the beginning. 

The clear differences in the design thinking process between expert and novice 

designers, along with the suggestion that how and when drawing is used is important, 

has implications for this study. Controlling how and when drawing is used to aid in 

resolving creative mental synthesis problems needs be explored. In order to explore 

the role of drawing in design and how effectively drawing might support creative 

mental synthesis, a systematic and empirical approach as suggested by Purcell & Gero 

(1998), needs to be applied in lieu of the anecdotal evidence provided in the design 

literature, which is generally based on the personal experiences of designers. This 

study intends to investigate this conflict identified in the design literature, by 

identifying and utilising an appropriate empirical approach. 
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2.2.5 Synthesis and Analysis 

The preceding discussion identified a conflict within the design literature relating to 

the views expressed earlier that creative ideas emerge while drawing. However, while 

not mentioned in the preceding discussion, the design literature discussed earlier 

revealed drawing is also used by designers as an aid to memory. Although the design 

literature discusses these issues relating to emergence of ideas while drawing and 

using drawing as a memory aid, the discussions remain largely anecdotal in nature. 

However, some research was identified which explored emergence and sketclting in a 

more systematic and empirical way. The following discussion serves to extend and 

detail the discussion relating to issues of drawing and emergence, by reviewing this 

relevant design literature. 

As a way of investigating creative discovery and the role of sketching, Verstijnen 

(1997) conducted a series of experiments which utilised research methods found in 

the area of cognitive psychology. Her experiments were based on the seminal 

research of Finke & Slay ton (1988), Finke (1990), and Anderson & Helstrup (1993). 

As in the groundbreaking empirical studies of Verstijnen, which have a direct bearing 

on design thinking research, this study will also draw heavily upon the work of Finke 

& Slayton (1988), Finke (1990), and Anderson & Helstrup (1993) in subsequent 

discussions. She conducted six experiments using undergraduate psychology students 

and industrial design engineering students in order to investigate issues relating to 

emergent figures, creative discovery and drawing. In her first three experiments, 

she investigated the relationship between emergent figures [explicit and implicit 

figures) and drawing/sketching. 
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In a series of trials the subjects were presented wire frame drawings, which had 

figures embedded in a larger figure. Some subjects were instructed to use drawing and 

sketching to resolve the problem of finding embedded figures in the original figure, 

other subjects were to resolve the embedding problem mentally. These tasks were 

considered to be analysis tasks. 

In her second set of experiments she investigated creative mental synthesis tasks and 

modelled her experiments on the research of Finke & Slayton (1988) & Finke (1990). 

The work of Finke & Slayton (1988) & Finke (1990) will be detailed in subsequent 

sections. However, essentially, Verstijnen'-s subjects were to generate creative shapes 

when given a triplet of basic shapes (i.e. cube - sphere - cone). This was considered 

to be a figural combination task. As with the first set of experiments, some subjects 

were instructed to use drawing and sketching to resolve the synthesis problems, other 

subjects were to resolve the synthesis problems mentally. 

In her research Verstijnen (1997) says creativity is made up of analysis and synthesis. 

She identifies restructuring shapes as analysis and figural combination as synthesis. In 

her creative process model with respect to the role of sketching, she advocates that the 

use of sketching for analysis (emergence of ideas or forms from existing ones) plays a 

significant role, whereas the role of sketching is not as necessary in the original 

synthesis of the forms. With respect to the synthesis process, the intended structure of 

the components remains intact, while the components are being joined into a more 

global whole. This suggests that an original and holistic concept is borne in mind 

while the synthesis is proceeding. With respect to the analysis process, the whole and 

its constituent parts are restructured. As a result new unanticipated forms may appear 
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and old ones may disappear (emergent forms develop), or constituents may undergo a 

transformation (a cube is transformed into a rectangular box). 

Verstijnen (1997) concluded that contrary to the anecdotal evidence, memory 

restrictions are not the motivating factor for sketching as an aid in creative mental 

synthesis tasks. She found that the motivating factor is the expected emergence or 

discovery of novel shapes and forms. This restructuring and reinterpretation of shapes 

is thought to be difficult in imagery alone. Therefore, an aid is needed to develop 

ideas. This aid is the use of drawing for discovery. 

In her more recent work, which was derived from her Doctoral thesis, she further 

reinforces this view. Verstijnen (1998a) states the following: 

"Based on the combined results of both series of experiments, it can be 
concluded that mental images are not inspectable in the same ways as 
pictures. The inability to perform restructuring in mental imagery constitutes a 
major factor in sketching. [Page 532]" 

Again, Verstijnen (1998b) reinforces the above when she states the following: 

" .. . the with-sketch condition received much lower creativity ratings if they 
applied few restructural features but their ratings increased faster when more 
resturcturalfeatures were applied. [Page 190]" 

Restructuring according to Verstijnen related to the changes of the basic forms given 

to the subjects [i.e. the size or scale of the given form such as a cone, sphere, or cube 

is altered by the subject]. Verstijnen discussed restructuring in terms of initial 

development of the ideas via drawing. In a sense this may be considered to be 

somewhat limiting in that reinterpretation of the final design was not investigated, 

only restructuring of the initial base forms were investigated. 
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In contrast, the possibility exists that ideas come first, prior to synthesis, and therefore 

before analysis. Verstijnen (1997) does not address this issue; her work seems to be 

based on discovery in drawing for creativity and not a reliance on the initial ideas 

followed by an embodiment of those ideas. The analysis is reinterpretation of the 

synthesised ideas. Reinterpreting drawings may be considered part of a discovery 

process in the design thinking process. However, this is more or less a trial and error 

process, which may not allow for a large number of creative ideas to be generated. 

Her argument is that sketching for synthesis may not matter, sketching for 

restructuring or reinterpreting may matte~. Given her work investigating creative 

mental synthesis, the strategy of drawing to reinterpret ideas should yield a very high 

number of creative fOJlIIS, while drawing to aid in synthesis would be expected to 

yield a lower number of fOlIllS deemed creative. 

While Verstijnen (1997) used designers and non-designers in her series of 

experiments, she did not directly compare and contrast designers and non-designers in 

her creative mental synthesis experiments with respect to either creativity or 

practicality. Notwithstanding Verstijnen (1997), directly comparing and contrasting 

designers and non-designers with respect to creative mental synthesis and drawing has 

not been tested empirically. Therefore, this study will do so. 

2.3 Pursuit of an Appropriate Empirical Methodology 

2.3.1 Introduction 

The review of the design literature has revealed the following: 
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... Visual thinking abilities are important in creative mental synthesis 

... Mental synthesis is important in the act of designing new 
objects/artefacts 

... Mentally manipulating visual imagery is important in creative 
mental synthesis 

... Drawing is an important act to support creative mental synthesis 
in designing new objects/artefacts 

The review also revealed that these views are based largely on anecdotal evidence and 

personal experience. If the views reflected in the design literature regarding the 

importance of creative mental synthesis are to be investigated and substantiated, a 

systematic, empirical approach must be applied to investigate the presumed 

significance of creative mental synthesis in the act of designing. The design literature 
-

offers little in the way of an empirical methodology that would assist in such an 

investigation. 

In addition, it was revealed that the role of visual imagery in design appears to be 

consistently used both internally (via mental imagery) and externally (via drawings) in 

the design thinking process. Externalised visual representations (drawings) must have 

a strong link to internalised visual representations (mental imagery) because each 

seems to inforlll the other, according to the design literature. However, in order for 

one to infOlIll the other, the dominant role must rest with mental imagery, as the mind 

drives the hands to draw just as the mind interprets what the eyes see. With the 

exception of Verstijnen (1997), the design literature does not empirically investigate 

creative mental synthesis or the role of drawing in creative mental synthesis. 

However, as was mentioned earlier, Lawson (1980) pointed the way, with Purcell & 

Gero (1998) cogently arguing for the use of cognitive psychology methods to be 

applied in a design context. 
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In the pursuit of an appropriate methodology there are a number of areas in cognitive 

psychology that appear to be relevant to issues identified in the design literature. Each 

of these is associated with well-established methodologies. There were three very 

specific areas that were identified as being most relevant to this study. They were the 

following: 

Mental rotation experimental methodologies 
Visual synthesis I mental synthesis experimental methodologies 
Creative mental synthesis experimental methodologies 

In subsequent sections these areas of cognitive psychology and their associated 

methodologies will be reviewed and assessed as possible ways of empirically 
-

examining these design issues. 

2.3.2 Mental Rotation Experimental 

Initial investigations of the literature in cognitive psychology that appeared to relate to 

issues within design, centred on what are termed mental rotation experiments. When 

reviewing this literature themes emerged which were common to the design literature. 

The first obvious parallel to the design literature related to the importance of visual 

thinking (mentally processing visual infollllation). This processing of visual 

information suggests the notion that internal visual imagery is some internal analogue 

of external artefacts, and these internal analogue shapes are mentally manipulated 

(mentally rotated). Over the past thirty years extensive research done in this area of 

perceptual psychology investigated the issue of these internal analogues [mental 

images]. It was hoped that a review of this literature would reveal an empirical 

research methodology appropriate enough to investigate the issues found within the 

design literature. 
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Historically, visual thinking research [mental imagery research] began as an 

experiment that explored mental manipulation. This mental manipulation research 

began as a recognition test; with recognition involving a comparison/selection task 

using predefined, predeteunined, fOlms. The basic intent of the mental manipulation 

research was to investigate if the imagined spatial transformation process was 

essentially pictorial in nature or verbal in naUlre. The basic argument concerning 

these two opposing views, as illustrated below in Figure 8, revolved around the 

question, do we think using pictures or do we think using words? The design 

literature appears to clearly SUpp0l1 the pictorial view, suggesting designers are visual 

thinkers. 

Thinkina 
V/mally 

Gears 

Thinking 
Verbally 

FIGURE 8: VISUAllVERBAl.l HINKING 

DO WE THINK USING PICTURES OR DO WE THINK USING WORDS? 

As a way of investigating whether our thoughts were essentially pictorial or verbal in 

nature, a mental manipulation experiment was proposed in 1968. In the experiments 

of Shepard & Metzler (1971), each subject was presented with a series of trials 

consisting of two perspective line drawings of a three dimensional object in space. 

n1ustrated in Figure 9 below, are paired examples [A, B, & Cl, typical of the line 

drawings presented to the subjects. 



54 

FIGURE 9: MENTAL ROTATION OF SHAPES [SHEPARD & ME'f'.tLER 1971] 

Each object consisted of ten cubic blocks attached face-to-face to fOIlII a connected 

string of cubes with three right-angled bends and two free ends. The objects were 

constructed so that each was asymmetrical and each was distinct from any of the other 

objects. Pairs of drawings, some of which contained mirror image constructions and 

having different rotations, were presented to the subjects one set at a time. The 

• 

subjects were then asked to respond if the objects represented were the same or 

different (mirror image) three-dimensional shaped objects except for rotation. They 

were to indicate their selection by pulling an appropriate lever. Reaction times were 

measured, with the finding that the length of time to decide if the objects were the 

same or different increased proportionally with the degree of rotation of the object. 

The greater the rotation of the object the longer the subject took to react. A conclusion 

drawn from this result was that there seemed to be an internal process that was an 

analogue of an external physical rotation. On the basis of the reaction times when 

large differences in orientation were involved, it was argued the participants mentally 

rotated one object through a series of intellllediate orientations to verify congruence 

of the two objects. Therefore, it was further argued that thought was essentially 

pictorial in nature. 

The opposite view is generally described in the mental rotation research as being 

verbal in nature. That is, the visual stimulus is not maintained but converted to a 

heavily coded language. For example a person could be presented with a pictorial 



representation of a line drawing of a " three sided equilateral polygon ", but this 

would not be stored in the brain as a 'picture' of a drawing, but would be stored as a 

verbal code-triangle. The basic argument is whether we think in pictures (pictorial 

representations-analogues of the world) or we think in symbols (words). 

In order to investigate this further, Pyl yshyn (1979) proposed that a subject be 

presented with a series of stimulus probes that consisted of two basic types (triangle 

and quadrilateral) with a range of embedded subfigures (illustrated in Figure 10 

below). 

Probe 
A 

Stimulus Figure 

Probe 
B 

Probe 
C 

FIGURE 10: EMBEDDED FIGURES [PYLYSHYN 1979) 

Probe 
D 

Each of the probes includes the baseline of the original figure in order to provide an 

orientation reference. Each of the original figures was used as well as the mirror 

images of the fOIlIlS. In addition, each of the eight reference stimulus figures was 

paired with four "true" subfigure probes and four "false" mirror image probes. 

Subjects were instructed to mentally rotate the reference figure appearing on the left 

until it matched the orienting baseline of the probe figure on the right and then to 

indicate whether the probe figure was a true subfigure of the resulting superimposed 

• Image. 
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There were two main findings from this experiment: (I) The rate of rotation varied 

with attributes of the figure being rotated, and (2) For three out of the four reference 

figures, the apparent rate depended on the particular subfigure used as a probe and 

increased with increasing practice. 
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Based on these experiments it was argued that there is strong evidence that the 

process is not one in which a stage of holistic analogue rotation of the image is 

followed by an independent stage of comparison or reasoning as suggested by 

Shepard. While Pylyshyn (1979) supports the verbal viewpoint, his research does not 

exclude that there may be some pictorial process. However, it does argue against the 

holistic rotation view. This notwithstanding, it is clear Pylyshyn (1979) required the 

subjects to compare and recognise predetermined forms. 

While this debate in cognitive psychology continues, their methods remain the same. 

Predominantly, the research methodologies utilised in almost all of the mental rotation 

studies relied on comparison/recognition tasks of predetermined forms, and 

consequently while they involved mental manipulation of images of physical forms, 

they did not involve the synthesis of forms by the perceiver. As revealed in the design 

literature a central motivation in many areas of design is to create or generate new 

objects. In addition, a review of the design literature revealed that the process of 

designing new objects involves the synthesis of forms to create new forms. The 

subjects in the mental rotation experiments did not create a new object, nor did they 

synthesise forms. Therefore, the mental rotation methodologies were determined to be 

inappropriate for this study. 
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2.3.2 Pictorial ( designerlnon-clesigner) 

While the mental rotation research and its attendant methodologies were not well 

suited to this study, the debate relating to the question, do we think in pictures or do 

we think in words, directly relates to the research to be reported, in that there may be 

different types of thinkers, those who think in pictures, and those who think in words. 

The design literature appears to clearly support the pictorial view, suggesting 

designers are visual thinkers. This notwithstanding, it is not difficult to find a 

profession, such as lawyers, who could be categorised as predominantly verbal 

thinkers. Thus, a case could be made that those who are practiced at thinking 

pictorially (e.g. designers) would perfollll 'better' at pictorial type problems, in 

contrast to those who think in words (e.g. lawyers). The research to be reported makes 

these comparisons. 

2.3.3 Visual synthesis I Mental synthesis Experimental Methods 

The mental manipulation literature [for example see Shepard & Metzler (1971); 

Cooper & Shepard (1978); Pylyshyn (1979); Yuille & Stieger (1982)), does not offer 

an appropriate methodology for this study, because in general the subjects were not 

required to develop or synthesise shapes that resulted in a new object, key issues 

which relate to design. However, further investigations of the literature in cognitive 

psychology, which appeared to relate to issues within design, centred on what are 

telllled visual synthesis or mental synthesis experiments. 



An example typical of this research is the work of K1atzky & Thompson ( 1975) who 

investigated integration or synthesis of whole stimuli. They presented subjects with 

fragments of facial fOI iriS within oval frames (an oval represented the outline of a 

head), as a first stimulus. This is illustrated under the heading 'First Stimulus' in 

Figure 13 below. Subsequently, the subjects were to mentally integrate or synthesise 

the fragmented fOIIl1S. Then they were presented with a second stimulus (an oval 

frame-a face with complete features). This is illustrated under the head ing ' Second 

Stimulus' in Figure II below. They were asked if the second stimulus (the face) 

contained the fea tures they saw in the f11"St stimulus . 

• 

6 v First 
Stimulus 

Second 
Stimulus 

F IGURE 11: MENTAL SYNTHESIS OF FACIAL FEATURES [KLATZKY & THOMPSON 1975] 

They measured the response times, arguing that if the subjects were accurate and 

quick it indicated the occurrence of mental synthesis. That is to say, if the subjects 

could mentally construct a composite image of the face (mental synthesis) and 

subsequentl y recognise the face, it would indicate mental synthesis had occurred. 

They found no support for the belief that subjects integrate fragmented stimuli into 
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wholes. The subsequent investigations of Thompson & K1atzky ( 1978) continued their 
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earlier work with respect to visual synthesis-integration of fragments into forms. 

Contrary to their earlier findings they were able to make a case for the occurrence of 

mental synthesis. 

In order to overcome the problem found in their earlier work with respect to the 

fragmented parts being considered as having as good an identity as the whole figure 

presented later [e.g. a face fragment (i.e. a nose or eye) has as good of an identity as a 

face 1, Thompson & Klatzky (1978) used other types of fragmented parts and whole 

figures. They contended that synthesis would be more demonstrable if the 

components to be synthesised had little identity of their own but when synthesised 

formed a coherent whole. They used geometric shapes instead of faces. Response 

times did not differ when the number of components to be synthesised was increased. 

They interpreted this as evidence that the subjects processed the original fragmented 

stimuli in more holistic codes. They presume the subjects' representations are 

approximations of wholes constructed from physically present features. That is to say 

synthesis seems to occur, but as approximate representations. 

The findings of Klatzky & Thompson (1975) and Thompson & Klatzky (1978) were 

less than satisfactory in terms of this study and its relation to design. Consequently a 

more detailed investigation of the literature in cognitive psychology which concerns 

itself with issues relating to synthesis, was necessary. A more detailed investigation 

revealed research, which had a loose connection to issues relating to design. It was the 

view of Cooper & Shepard (1978) that the mental processes utilised by the subjects in 

their experiments play a major role in creative thinking and problem solving, and in 

fields such as design, architecture, engineering, physics and stereochemistry in 
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which spatial relations are central. However, their research did not tend to explore 

these fields. They merely revealed an understanding of the loose connection. In her 

more recent work Cooper (1989);(1990) & (1991), using engineering students, sought 

to investigate if synthesis can and does occur in the mental construction of images, 

views, or objects, which have not been previously experienced. 

Cooper (1989); (1990) & (1991) had revealed aspects of synthesis in mental 

manipulation. The basic question she sought to answer, was: Do constructed mental 

representations of objects embody information about three-dimensional structure that 

is specific to a particular point of view, or is the accessible information in such 

representations more general, in the sense of being view-independent? In essence, 

can different views of an object be synthesised to create a three-dimensional mental 

representation. 

The basic experiment conducted by Cooper (1991) involved asking subjects to solve 

problems about the structure of objects from disconnected, two-dimensional views of 

the structures. Then via a surprise recognition test, it was believed that the nature of 

three-dimensional object structure in mental representations generated during problem 

solving would be revealed in that the subjects' need to generate a three-dimensional 

representation that was constructed from the initial views. The method of depicting 

objects was orthographic projection. To ensure that subjects would have the facility 

to understand these forms of projection, they were selected from undergraduate 

students undertaking an introductory course in mechanical engineering. 
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The subjects were shown a series of problem slides. An initial slide was presented 

consisting of two orthographic views of an object along with a "placeholder", 

showing the position of an intended third view. The subjects had to solve the missing 

view (illustrated in Slide I of Figure 12 below). They were shown a possible third 

view in a second slide (Slide 2 in Figure 12 below) and were asked if all the views 

could be combined to make a possible three-dimensional object. 

ISOMETRIC RECOGNITION TASK 

PROBLEM SOLVING: 

[DJ 
[DJ 0 [ZJ 

SLIDE I SUOE 2 

FIGURE 12: ISOMETRIC RECOGNITION TASK 1 [COOPER 1991] 

Then via a surprise recognition test they were shown two isometric views of objects, 

an example of which is illustrated in Figure 13 below. They were to select the object 

that corresponded to the same object they were shown in the preceding problem 

solving set of orthographic projections. 

RECOGNITION: 

TARGET ISOMETRIC OISTRACTOR ISOMETRIC 

FIGURE 13: ISOMETRIC RECOGNITION TASK 2 [COOPER 1991] 
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Cooper's basic finding was that the rate of isometric recognition is very high overall 

(almost 90 percent) even though the task is to discriminate between structures that the 

subject has never seen before in the form provided at the time of recognition. This 

result suggests that people solved the original "orthographic compatibility" problems 

by synthesis, or constructing an internal representation of a three-dimensional object, 

with that mental model being used for subsequent recognition, even though the 

original problems had been presented as and could have been solved on the basis of 

separated, flat views of individual sides of the objects. 

If it is possible for a person to construct/create a new mental image of an object, 

which can later be used for recognition purposes, then it may be possible to use this 

ability to mentally generate new objects, as suggested in the design literature. 

However, the subjects in Cooper (1991) created a new mental image by visually 

reasoning the synthesis of views, they did not create a new object. The object the 

subjects mentally developed by using the three orthographic views could only lead to 

one specific object that was predictable and predetermined, and therefore is not 

associated with being a creative act. 

While the systematic research discussed above has revealed that empirical 

investigations of visual imagery and synthesis can be conducted, they are based on the 

recognition of predictable and predetermined forms or parts. In general, once the 

subjects mentally synthesise parts, generating a form, they are required to match the 

resultant form to an existing predetermined form. They do not generally explore 

creative mental synthesis, which can result in outcomes that are not predetermined. 
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As expressed earlier, design thinking is essentially a creative endeavour, which tends 

to emphasise imagery, synthesis, creativity and discovery. The systematic 

approaches used in the research above fall short of encompassing these issues in one 

methodology, consequently, they were determined to be inappropriate for this study. 

2.4 Mental synthesis 

2.4.1 Introduction 

A suggested in the previous section, creative mental synthesis would require the 

subject to use visual imagery to imagine the assembly of a final part made from 

component parts with the final part having been determined by the imagination of the 

subject Tt would not be a predictable or predetermined object, and it mayor may not 

be creative, thus providing an opportunity for the newly generated ohject to be judged 

as creative. Further investigations of the literature in cognitive psychology which 

appeared to relate to issues within design and centred on mental synthesis, revealed a 

very appropriate methodology, which was selected for this study and described below. 

2.4.2 Creative Mental synthesis (20) 

Recognising that the previous literature in mental synthesis [Thompson & Klatzky 

(1978); Glushko & Cooper (1978)) required only recognition skills in mental 

synthesis, Finke & Slay ton (1988) sought to investigate creative mental synthesis. 

What set their work apart from previous research in mental synthesis was the core 

idea of visual "discoveries" in imagery. The previous mental synthesis research 

required the subjects to simply verify that certain parts could be combined to make a 
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particular object or shape (recognition of predictable and predetermined forms or 

parts). They claim this restricted the subjects' abilities to make creative discoveries in 

the imagined mental synthesis. 

Finke & Slayton (1988) sought to investigate how often naive untrained subjects 

could produce a two-dimensional recognisable pattern using designated parts. They 

used undergraduate psychology students as subjects and judges. The subjects were 

presented with a group of fifteen forms to be used in mental synthesis. Three forms 

out of the fifteen forms were randomly selected for each trial. The subjects had to 

complete eight trials. For example, in one trial they could be given the letter L, a 

square, and a circle. As soon as the parts were named the subjects were to close their 

eyes and attempt to mentally assemble a recognisable figure. At the end of two 

minutes they were to open their eyes and write down the name of the figure and then 

draw it. For example, as illustrated in Figure 14 below, they could have turned the 

letter L upside down, placed the square under the horizontal leg of the L and then 

shrunk the circle, placing it in the square and called it a flag. 

LOO 
~.} / 

~ FLAG 

FIGURE 14: 2D CREATIVE MENTAL SYNTHESIS 



After the subject had completed the series of trials, as a way of investigating what 

their subjects thought they were doing, Finke & Slay ton (1988) administered a 

questionnaire. They asked the subjects to select the one thinking strategy which they 

mostl y used. They were to select from the following four possibilities: 

1) " I tried combining the parts by trial and error in my image until I happened to 
recognise a shape" 
2) " I first thought of a possible shape, then I tried to combine the parts in my image to 
see whether the particular shape could be made out ofthe parts" 
3) " I did not form an image at all, but just thought about how the parts might be 
combined in a more abstract way" 
4) " I used some other strategy" 
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Finke & Slay ton Cl 988) analysed the results in the following way, using a scale of I to 

5, the responses were judged on how well the name/description corresponded to the 

image drawn. These scores were then averaged and if the average score of the judges 

was 4 or higher, a response was determined as being of high correspondence. In 

addition, if the responses were deemed to have a high correspondence (4 or 5), they 

were then judged in terms of how creative they were, using a binary scale (creative or 

not creative). If the majority of judges determined a response creative, it was 

considered creative. 

These findings appear to show that creative discoveries in imagery can be reliably 

induced in laboratory conditions where mental synthesis is unrestrained. In their work 

Finke & Slay ton Cl 988) make the distinction between using imagery as a convenient 

representational medium for recalling visual features that are already in memory and 

using imagery for discovering novel configurations of visual features. As there are 

two-dimensional designers [graphic designers 1, this investigation parallels design 

work in that the subjects were required to use two-dimensional visual imagery and 
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mental synthesis to create/discover a new object or fOl III which could not be predicted 

or predetermined. 

2.4.3 Creative Mental Synthesis (3D) 

The mental synthesis abil ities investigated by Finke & Slay ton (1988) involved flat 

two-dimensional fall liS. [n his later work Finke (1990) sought to advance the research 

in mental synthesis by investigating three-dimensional mental synthesis. He felt the 

fl at two-dimensional fOlll lS to be of little practical value to three-dimensional thinkers 

such as engineers or inventors. In his three dimensional mental synthesis experiments 

he again used undergraduate psychology students as subjects and two of the judges 

from the previous two-dimensional experiments. However, instead of giving the 

subjects two-dimensional shapes they were given drawings of three-dimensional 

shapes and a category. For example, as illustrated in Figure 15 below, they could have 

been given a sphere, a rectangular block and a cylinder, and then given the category 

Toys & Games. A subject cou ld put the sphere on top of the cyl inder and place the 

block one-third up the cylinder and say it was a pogo stick. 

~ 

FIGURE 15: 3D CREATIVE MENTAL SYNTHESIS 
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As was the case in the experiments of Finke & Slayton (1988), the subjects in Finke 

(1990) were asked to develop their ideas with their eyes closed using only mental 

synthesis to create their inventions. Finke (1990) analysed the results in the following 

way: using two scales of I to 5 the responses were judged on how practical the 

inventions were and how creative they were. In addition, after the subjects had 

completed the series of trials, as a way of investigating what the subjects thought they 

were doing, a questionnaire similar to the one used in Finke & Slayton (1988) was 

administered. 

As there are three-dimensional designers· [e.g. industrial designers], this investigation 

parallels design, in that the subjects were required to use three-dimensional visual 

imagery and mental synthesis to create/discover a new object or form that could not 

be predicted or predetermined. 

In the collective work of Finke & Slayton (1988) and Finke (1990), the tasks given to 

their subjects clearly involve mental synthesis, as participants were asked to close 

their eyes and combine forms to create new forms using 'mental imagery' . It can be 

argued that the tasks developed by Finke and Slayton (1988) and Finke (1990) 

provide a possible model for investigating the beliefs in the design literature about 

both the role of mental synthesis in design and the creativity of the results of such 

mental activities. 

Given the basic belief in the design literature that mental synthesis and creativity play 

a central role in the design process, the most simple and direct test of this idea using 

the creative mental synthesis task would be to compare and contrast the performance 
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of designers and non-designers on the tasks. Furthermore, since the tasks given to the 

subjects in the collective work of Finke & Slay ton (1988) and Finke (1990) focused 

on two-dimensional and three-dimensional creative mental synthesis respectively, 

coupled with the fact that there are two-dimensional designers [e.g. graphic designers] 

and three-dimensional designers [e.g. industrial designers], it would be appropriate to 

compare and contrast all three groups within one experiment [20 designers, 30 

designers & non-designers]. 

If creative mental synthesis is one of the core aspects of the design process then there 

should be differential perfOl mance on the two versions of the task between graphjc 

designers and industrial designers. Graphic designers should perfollll better on the 

measures of correspondence and creativity using the 20 fOlll1S than the industrial 

designers while the reverse should occur with the 30 version of the task. Both types 

of designers would, however, be expected to perfollll better than the non-designers. 

There clearly exists a method for empirically exploring creative mental synthesis in 

design, by comparing the perfolll1anCe of designers and non-designers. 

2.4.4 Mental • & DrawlDg 

The experiments discussed in sections 2.4.2 and 2.4.3 above investigated creative 

mental synthesis. However, they did not investigate the views of the design literature 

regarding the need for the use of drawing, which is thought to be fundamental in the 

design process in order to aid creative mental synthesis and assist in the discovery of 

new fOllllS thought to emerge from the drawings. 

While Finke & Slayton (1988) and Finke (1990) did not investigate drawing per se, 

the subjects were required to draw after they had mentaHy developed solutions. The 
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subjects did not use drawing for discovery, which is considered to be important in the 

design literature. Their work did provide however a methodology that could be used 

to explore drawing and creative mental synthesis. Developing an object may cause a 

high cognitive load. It is possible that drawing while thinking and developing a 

creative solution may lighten the cognitive load on the subject. In order to test the 

importance of drawing in creative mental synthesis, Anderson & Helstrup (1993) 

conducted experiments modelled after Finke & Slay ton (1988). They were interested 

in how people create patterns by using mental imagery with and without pencil and 

paper support. While developing their 2D forms on some trials the subjects were 

encouraged to draw to develop their forms (offering an opportunity for discovery in 

the drawings), and on other trials they were instructed to develop the forms mentally. 

Their experiments resulted in the finding that there was no difference between using 

only internal visual imagery and using external visual imagery as support for 

generating patterns of good correspondence. Further, there was no difference in the 

number of creative patterns generated. Both the experimenters and the subjects held 

the belief that using pencil and paper to help construct patterns should be easier or 

more effective than using mental imagery alone, however, the results were contrary 

to that belief. This is a surprising result as a consistent theme represented in the 

design literature is that drawing is a fundamental part of visual reasoning and creative 

mental synthesis. The literature in cognitive psychology does not necessarily support 

this. 

It must be remembered that the subjects used in the experiments of Anderson & 

Helstrup (1993) were psychology students, who were neither trained in nor practiced 
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at using drawing to solve problems, and not design students who are trained in and 

practiced at using drawing to solve problems. However, Verstijnen (1997) used design 

students as subjects and found no differences between the sketch condition and the 

non-sketch condition to support creative mental synthesis. In addition, it should be 

noted that she did not compare the results generated by designers to the results 

generated by non-designers. Verstijnen (1997) concluded that contrary to the 

anecdotal evidence, memory restrictions are not the motivating factor for sketching as 

an aid in creative mental synthesis tasks. She found that the motivating factor is the 

expected emergence or discovery of novel shapes and forms. 

The work of Anderson & Helstrup (1993) offers a methodology for investigating 

drawing and creative mental synthesis in design. However, their research did not 

consider various strategies, which mayor may not aid in the development of a 

creative solution in a mental synthesis task. The following are some possible 

strategies for using drawing: 

ca Drawing to clarify and develop ideas: While the subjects in 
Anderson & Helstrup (1993) were instructed to 'doodle' to develop 
their ideas, the subjects may not have been practiced in the use of 
drawing. As there are different types of drawing, including detailed 
drawings, they may not have been practiced in using detail drawings to 
clarify their thoughts. 

ca The emergence of ideas from drawings, or how the drawings may 
stimulate a new idea based on an old idea or drawing: A consistent 
theme within the design literature regarding the use of drawing is one 
of emergence, in that new forms or ideas can be developed. 

ca Mental rotation or transformation of drawn forms and drawing to 
rotate forms to develop ideas: A common exercise in a drawing class 
is to attempt to imagine and draw an object upside-down in order to 
develop a new perspective, which may in turn assist in the emergence 
of new ideas. 
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Cl Mental formation of ideas, then the formation of embodiments of 
those ideas, which are then expressed via drawings: As suggested in 
the work of Mathias (1993), there are differences in the way expert 
designers and novice designers use drawing. Central issues revolve 
around how and when experts use drawings. They tend to think first , 
developing ideas, and then they use drawing to assist in embodying 
those ideas. 

It is not difficult to see how the strategies and issues discussed above would be 

problematic within the context of the investigations of Anderson & Helstrup (1993), 

as they merely instructed their subjects to 'doodle' to develop ideas. Consequently, 

instructions which allow an investigation of the issues of how and when to use 

drawing become important, given the act of drawing is thought to be fundamental in 

the design process. 

2.4.5 Restructuring I Reinterpretation 

Earlier in the design literature and in the preceding section, a consistent theme was 

revealed of the anticipation of the emergence of ideas through the use of drawing. In a 

sense the concept of emergence was explored in the experiments of Verstijnen (1997). 

In the context of her work, the subjects were to discover both implicit and explicit 

forllls [drawings], which were embedded in an initial stimulus f01l11 [a drawing]. The 

implicit and explicit fOllllS were expected to emerge from the drawings. This suggests 

that parts of drawings and consequently whole drawings can be reinterpreted. 

Following on from that, restructuring new drawings based on an old drawing is also 

conceivable. 

In all the creative mental synthesis experiments, drawings were the resultant data. 

Therefore, in the context of Finke & Slayton (1988), Finke (1990), and Anderson & 

Helstrup (1993), the emergence of ideas by restructuring/reinterpreting drawing, can 

• 
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be demonstrated by adapting the examples of the Flag (2D creative mental synthesis) 

and the Pogo Stick (3D creative mental synthesis) from sections 2.4.2 and 2.4.3 

above. 

Without reconstructing the parts, the Flag illustrated in Figure 16 below can be 

manipulated and reorientated, thus restructuring and reinterpreting it. Reconstructing 

would allow for the separation and reconnection of the parts, this is not considered 

restructuring. Restructuring/reinterpreting would allow for scaling, sliding of the 

parts, strelChing, mirroring, and reorientation of the object, but not the disassembly 

and reassembly of the parts. The Flag could be turned upside down, and the pole 

lengthened, thus allowing the Flag to be reinterpreted as a Golf club hitting a golf 

ball, as illustrated in Figure 16 below. 

Original RestructureIReinterpretation 

Flag o Golf Club Hitting a Golf Ball 

o -
FIGURE 16: 20 RESTRUcrURlNGlRt:INTERPRETlNG 

With respect to the reinterpretation of the Pogo Stick, illustrated on the left hand side 

of Figure 17 below, the rectangular plate could be slid down to the bottom of the 
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cylinder and the whole object could be scaled down to fit a hand and it could become 

a Potato Mashcr, kitchen utensil , as illustrated on the right hand side of Figure 17 

below. 

Original Restructure/Reinterpretation 

I 

I . 
Pogo Stick • Potato Masher 

FIGURE 17: 3D RESTRUCTURING/REINTERPRETI NG 

While the interest of Anderson & Helstrup (J993) was not on the role that drawing is 

thought to play in design, it is not difficult to see how the creative mental synthesis 

tasks can be adopted and adapted to investigate issues such as emergence and 

restrucnlringlreinterpreting drawings. The structure of the creative mental synthesis 

task has the capacity to allow a much more careful analysis of drawing, by allowing 

quite explicit manipulation of when the drawing activity occurs. 

2.5 Thinking Strategies (exclusivity vs. variety) 

Earlier [sections 2.4.2 & 2.4.3 above] it was revealed Finke & Slayton (1988) and 

Finke (1990) sought to explore the thinking strategies used by their subjects in order 

to gain insights into how they resolved the creative mental synthesis problems. While 

the subjects did not receive instructions or a suggested strategy to resolve the creative 

mental synthes is problems, the researchers were aware of a variety of su·ategies that 
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the subject may have used. This is evident from the list of thinking strategies they 

presented to the subjects in the questionnaire. However, they instructed the subjects to 

select the one strategy they most used. The subjective impression of Finke & Slayton 

(1988) & Finke (1990) that the trial-and-error thinking strategy applied to mental 

manipulation and generation of forms is the most efficient method, may be an 

inaccurate assumption. It is possible for example some of the subjects may have used 

multiple strategies but were restricted in expressing this, as the instructions required 

them to select only one strategy. Conversely, a subject could have exclusively used 

only one strategy, thereby limiting their capabilities in resolving the creative mental 

synthesis problems. As Finke & Slay ton (1988) & Finke (1990) did not compare and 

contrast thinking strategies with the empirical results they obtained, this remains 

unknown. A more detailed investigation may reveal that the ability to vary one's 

thinking strategy to suit various problems may allow one to perform better in the 

resolution of creative mental synthesis problems. As creative mental synthesis is 

important in design, it can therefore be argued that developing an understanding of 

thinking strategies is important to design. 

As a way of investigating thinking strategies, Lawson (1979) conducted an 

experiment using architecture students and science students as subjects. His 

experiment sought to integrate the discovery of a structure or solution rules, and 

production of a solution when subjects had to resolve multidimensional design 

problems. 

In the experiment the subjects were presented with four pairs of coloured blocks, and 

a rectangular plan on a turntable. The plan had a grid of 3 units by 4 units. Each unit 
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was a square of 40 mm X 4Omm. The blocks were based on these grid units. The top 

and bottom surfaces in one pair were white and the other matching pair' s top and 

bottom surfaces were black. All remaining vertical surfaces were red or blue, 

illustrated diagrammatically in Figure 18 below. 
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FIGURE 18: BLOCK CONFIGURATIONS [LAWSONI979j 

The subjects were to arrange four of the blocks, one from each pair, on the plan so as 

to cover all twelve squares. There were to be no blocks projecting beyond the grid 

plan . The blocks were to be laid with the black or white surfaces uppellllost. In 

addition the subjects were to maximise the amount of either the red or the blue 

vertical surfaces. Figure 19 represents a typical arrangement of the blocks. 



Blue 

Typical arrangement of blocks 

FIGURE 19: ASSEMBLED BLOCKS [LA WSON 1979] 

Red 
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Subjects were infolmed that not all combinations of the blocks would be allowed each 

time. They were also told that a rule, which required certain blocks to be used, would 

be set for each problem. The subject did not know the rule but they would be allowed 

to ask if the combination of blocks that they had assembled was acceptable. They 

would only receive yes or no answers. The subjects were not instructed as to what the 

rule was but were directed to develop a solution. If the subjects achieved less than 

optimal colour scores, the subjects' solutions were compared to the optimal solution. 

A computer capable of solving the problems generated the optimal solution. 

The subjects had an opportunity to make what Lawson calls a planning error or a 

structure error. A planning error is said to be one in which the subject picked the 

correct blocks but needed to reorganise them in order to maximise their score. A 

structure error is said to have occurred when the subject picked one or more 
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unfavourably coloured blocks. Lawson thought it reasonable to hypothesise that the 

more spatially able architects would make relatively fewer planning errors than the 

scientists. This was suggested by the results but not found to be statistically 

significant. Therefore, a further experiment was needed to explore this difference in 

planning ability between the architects and scientists. This was done by directing the 

subjects to plan all sixteen possible combinations of the four pairs of blocks on the 

grid, once to maximise them for red and once for blue. From the results of the thirty­

two combinations a mean colour error score was generated. This score was a planning 

score because the structure or rules were made explicit. The difference in the error 

scores was significant. The scientists had a higher error score than the architects. The 

investigations revealed that architecture students used a solution focusing strategy and 

the scientists adopted a problem focusing strategy. Lawson was surprised that most of 

the subjects revealed a very rigid adherence to the strategy of choice. In fact half of 

each group could not envisage an alternate strategy. This suggests that if the subjects 

were able to vary their strategy they might have made fewer errors. 

The preceding discussion demonstrated that subjects having different categories of 

experience appeared to use different thinking strategies, which may yield or require 

different representational hierarchies or strategies. If a designer, or a non-designer for 

that matter, has the capacity to vary their thinking strategies [use mUltiple thinking 

strategies in lieu of using one thinking strategy exclusively], this may equip them to 

'run through' their repertoire of strategies, allowing them to develop a number of 

'better' solutions to visual reasoning problems [design type problems]. Comparing 

and contrasting the use of multiple thinking strategies in lieu of using one thinking 



strategy exclusively, has yet to be tested in the context of creative mental synthesis 

tasks. This research will make these comparisons. 

2.6 Summary 
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The preceding literature review presented a range of themes and issues with a view to 

placing creative mental synthesis in a design context. However, two broad themes 

emerged in the design literature. The first was that design is essentially a process of 

creative mental synthesis. The second was that drawing plays a central role in the 

design process. Irrespective of whether the authors were writing about problems with 

planning students or the thought processes of architects, industrial designers, or 

engineers (see, for example, Lawson 1980; Tovey 1989; Hertz 1992; Ferguson 1993; 

Smith & Brown 1993; Goldschmidt 1994; Cunningham 1995) the design literature 

strongly supported these two themes. 

As was stated earlier in this chapter, when Lawson (1980) was writing about design 

thinking in one of the central texts in the field, he stated that: "Design involves a 

highl y organised mental process capable of manipulating many kinds of infO! mation, 

blending them all into a coherent set of ideas and finally generating some realisation 

of those ideas" (p. 6.) While Lawson here is clearly seeing design as a mental process 

involving synthesis, his statement is, however, somewhat vague, and is typical of the 

design literature. It could be interpreted as manipulating and synthesising abstract 

ideas, concepts, or knowledge to create a design proposal, or manipUlating and 

synthesising fOllnS to create a new fOlln, or both. In addition, Lawson regards these 

acts of mentally synthesising ideas and fOI IllS as being strongly associated with 

creativity. In his subsequent book (Lawson, 1990) based on interviews with noted 
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architects, Lawson also documents the belief in the central role of sketching and 

drawing in the design process in general and in creative design in particular. However, 

in common with much of the other literature in the field Lawson's work is essentially 

anecdotal, that is, it is based on designer's thinking and speculating about the design 

process on the basis of their own experiences. There are exceptions, for example, 

Goldschmidt (1994) and Schon and Wiggins (1992) draw similar conclusions based 

on the analyses of protocols of actual design sessions. However these authors' works 

are small in number relative to the total amount written about the design process 

based on personal experience. 

The aim of the research to be reported was to develop an empirical approach that 

would allow a more rigorous examination of these beliefs about the role of mental 

synthesis and drawing in the design process and in creativity in design. While 

Lawson's own work is largely anecdotal, he also points the way towards a possible 

area where appropriate empirical methods may be found: cognitive psychology. 

For the past thirty years issues related to the reality and functions of mental imagery 

have been the focus of considerable debate and research in cognitive psychology. As 

revealed in the literature above, a number of empirical methods have been developed 

to examine the various issues at the core of the debate. Broadly, these methods can be 

divided into three classes. The first addressed questions relating to whether people can 

manipulate mental images of objects, in particular whether they can mentally rotate a 

given form to determine whether it matches another form [see Shepard & Metzler 

(1971)]. Essentially this is a recognition task in that it required the subjects to 'match' 

predetermined forms. Consequently, while mental rotation involves mental 



manipulation of images of physical fonns, it does not involve the synthesis of fonns 

by the perceiver, a core issue of interest in design. 
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The second broad methodology examined whether people could follow a set of 

verball y presented instructions to imagine a series of named fonns and carry out a 

series of mental manipulations of those fonns. At the end of this process, if the person 

had successfully followed the instructions, they would have constructed a composite 

image that corresponded to a new fonn. The question of interest in this research was 

whether or not and under what conditions this new fonn could be recognised. From 

the design perspective this methodology clearly involved the types of manipulation of 

imagined fonns that are considered to be important in synthesis. However, The mental 

activities result in a pre-specified fonn, missing an aspect thought to be important in 

design, that is, generating a new fonn. 

The third broad methodology explored creative aspects of mental synthesis. 

Recognising the previous literature in mental synthesis [see Thompson & Klatzky 

(1978)] required only recognition skills, that is, matching to a previously seen shape 

or combining shapes to see if they match a predetennined fonn, Finke & Slayton 

(1988) and Finke (I990) sought to investigate what they tenned creative mental 

synthesis. What set their work apart from previous research in mental synthesis was 

the core idea of visual "discoveries" in imagery. They claim that the nature of 

previous experiments restricted the subjects' abilities to make "creative discoveries" 

in the imagined mental synthesis. 
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Finke and Slayton (1988) measured the mental synthesis aspect of the task by having 

judges numerically rate correspondence between the description of the object and the 

drawing of the object. In his later work Finke (1990) sought to advance the research in 

creative mental synthesis by investigating three-dimensional (3D) mental synthesis. 

He felt the flat two-dimensional forms to be of little practical value to three­

dimensional thinkers such as engineers or inventors. With respect to 3D mental 

synthesis, basically a similar procedure to that of the 2D research was followed. 

Finke (1990) used a similar measure for the 3D version of the task. The creativity of 

the synthesised object was measured by having judges rate the creativity of the objects 

produced. It is argued here that the task developed by Finke and Slay ton (1988) and 

Finke (1990) provides a possible model for investigating the beliefs in the design 

literature about both the role of mental synthesis in design and the creativity of the 

results of such mental activities. The task clearly involves mental synthesis as 

participants are asked to close their eyes and perform the task using 'mental imagery'. 

The measures associated with the task then allow an assessment of the success of this 

synthesis and the extent to which the results are creative. Given the basic belief in the 

design literature that design involves mental synthesis and creativity, the most simple 

and direct test of this idea using the creative mental synthesis task would be to 

compare the performance of designers and non-designers on the tasks. If mental 

synthesis is one of the core aspects of the design process, then designers should both 

be better at synthesis and produce more creative output than non-designers. The first 

experiment to be reported explores this straightforward hypothesis. However, it is 

important that any results from these experiments be treated with caution in that over 

simplifications of the design process are not appropriate. It must be acknowledged 
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that there should be limits in terms of the inferences, which can be made between this 

research, and design problems that typically confront design professionals. A primary 

and obvious difference would relate to the time limit subjects are given to complete a 

design type task. Often professional designers take weeks, months, and at times, years 

to complete some design projects. In addition, it should be noted the design type tasks 

within this study remain less complex than those which confront professional 

designers. Consequently, inferences made to design within this study will be limited. 

While the mental synthesis task can be used in this way, it is possible to extend the 

task to investigate whether or not drawing can influence the synthesis or creativity 

aspects of the task. While their interest was not on the role that drawing is thought to 

play in design, Anderson & Helstrup (1993) investigated whether allowing subjects to 

doodle and draw while they were performing the task affected performance. They 

argued that developing an object by performing this task mentally may involve a high 

cognitive load and that drawing while thinking and developing a solution may lighten 

the cognitive load on the subject by externalising the form being worked with. In 

order to test the importance of drawing in creative mental synthesis, they conducted 

experiments modelled after Finke & Slayton (1988). In their procedure, subjects were 

sometimes encouraged to draw to develop their forms, and other times they were 

instructed to develop the forms only mentally. The research found no difference 

between using only internal visual imagery and using external visual imagery (that is 

drawing with pencil and paper) as support for generating patterns of good 

correspondence. Further, there was no difference in the number of creative patterns 

generated, either using pencil and paper support to develop the forms or only mentally 

developing the forms. 
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According to the authors this was a surprising result. Both the experimenters and the 

subjects held the belief that using pencil and paper to help construct patterns should 

be easier or more effective than using mental imagery alone. It is noteworthy that 

Verstijnen (1997) found similar results to those of Anderson & Helstrup (1993) using 

designers as subjects. These results would also appear to bring into question the views 

expressed in the design literature with respect to drawing as an aid in creative mental 

synthesis. However, there are a number of reasons why these results should be treated 

with caution. It is often noted in the design literature that people have to be taught 

how to draw. Notwithstanding Verstijnen (1997), the participants in these experiments 

were university students from the general university population. They may not have 

known how to draw in a way that assists in mental synthesis and creativity. Similarly, 

they were only instructed to draw while they carried out the task. It could be that 

drawing is only of use at particular points in the process, for example when the 

drawing activity follows mental synthesis. However, the structure of the creative 

mental synthesis task allows a much more careful analysis of drawing, by allowing 

quite explicit manipulation of when the drawing activity occurs. 

The second experiment to be reported investigates the role of drawing in creative 

mental synthesis by systematically controlling when the drawing activity occurs and 

by comparing the performance of designers with non-designers. In addition, issues 

relating to the thinking strategies used by the subjects in both the first experiment and 

the second experiment were explored. The use of multiple thinking strategies was 

compared and contrasted, in the context of creative mental synthesis tasks, with the 

use of one thinking strategy exclusively. 
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Chapter 3 Experiment 1: Experimental Design (20&30) 

-
3.1 Introduction 

If the beliefs reflected in the design literature regarding the importance of creative 

mental synthesis are to be substantiated, empirical methods must be applied in order 

to investigate the presumed significance of creative mental synthesis in design. The 

design literature offers very little in the way of empirical methodologies that would 

assist in such an investigation. However, in the discipline of cognitive psychology 

much research concerning visual and mental imagery has been conducted for a 

number of years. The research and research methodologies in the discipline of 

cognitive psychology are extensive and varied. However, the methodology developed 

by Finke & Slay ton (1988) [with respect to 2D creative mental synthesis] and Finke 

(1990) [with respect to 3D creative mental synthesis] appears to offer a logical and 

straightforward way of testing some of the beliefs found in the design literature 

relating to creative mental synthesis. Therefore, the obvious but necessary first step in 

the research to be presented here was to adopt and adapt their methods and procedures 

and place them in a design context by comparing and contrasting designers and non­

designers. As there are two-dimensional and three-dimensional designers it is 

reasonable to compare and contrast these different test subjects by having them solve 

two-dimensional and three-dimensional creative mental synthesis problems. 

The focus of this chapter is centred on the procedural and methodological issues of 

experiment one, which closely followed those of Finke & Slay ton (1988) and Finke 

(1990). Their experiments explored both two-dimensional and three-dimensional 

creative mental synthesis respectively. As there were two types of problems 



(20&30), there were two separate parts of experiment one (20 problem trials and 

separate 30 problem trials). However, while the procedures were not exactly the 

same, they were very similar, therefore, it was sensible to group together and report 

on similar topics in common sections [i.e. types and numbers of subjects used in the 

experiment; types of stimuli etc ... ). 
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Previously, in both the summary of the literature review [2.6] and introduction of 

chapter 3 [3.1], it was posited t11at the most straightforward way of assessing the 

relevance of the creative mental synthesis task, with respect to design, was to replicate 

experimental research methods developed by Finke & Slay ton (1988). In addition, 

part one of experiment one compared the perfollllance of different types of designers 

with non-designers. The type of material and stimuli utilised in their task was of a 20 

nature which involving drawings of simple 20 forms. Such forms can be viewed as 

those typically used by graphic designers. However, there are designers who are 

trained and practiced in developing 30 forms and representations [thought to be more 

complex]. Typical 30 designers are industrial designers. A development of the basic 

hypothesis therefore is that there should be differential perfOI llIance between graphic 

designers and industrial designers. Graphic designers should perfollll better on the 

measures of creativity and correspondence when using the 20 fOllllS, than the 

industrial designers. Both types of designers, however, would be expected to perfol "' 

better than the non-designers given 20 creative mental synthesis problems. An aspect 

of the experimental design of the first experiment therefore was the use of separate 

groups of industrial designers, graphic designers, and non-designers. This study did 
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not randomly select non-designers. Rather, it sought to identify a group who would 

contrast with the designers in tel illS of the types of thought processes involved in their 

activities. [f design involves the manipulation of representations of physical objects, 

then the most appropriate comparison group would be those whose thinking processes 

are based on words and abstract concepts. A number of academic disciplines could be 

placed in this category, however, the discipline of the law was chosen as the basis for 

the comparison group. The pictorial representation below [Figure 20] reflects the 

presumed differences in thinking styles [analog/propositional] . 

Designers: 
Thlnldng 
VisuaUy 
(analog) 

Gears 

La",CI 5: 
Thinking 
Verbally 
(proposJtlooal) 

FIGURE 20: TIJINKING STYLES OF DESIGNERS AND NON-DESIGNERS 

The materials and stimuli in the tasks of Finke (1990) were of a 3D nature, requiring 

the subjects to create a practical object. The types of problems Finke (1990) presented 

were thought be of value to 3D thinkers. In part two [3D-problem trials] of 

experiment one, industrial designers were used as the 3D designers and graphic 

designers (visual communications students) as the 2D designers. Law students again 

were used as the non-designers. A refinement of the previous basic 

therefore, is that there should be differential performance of the task between 

industrial designers and graphic designers. Industrial designers should perforJII better 
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on the measures of creativity and practicality, in contrast to the graphic designers. 

Both types of designers would, however, be expected to perfOIIII better than the non-

designers. An extension of the experimental design of the first experiment therefore 

was the use of separate groups of industrial and graphic designers and non-designers 

to solve 3D creative mental synthesis problems. 

Volunteer undergraduate university students and private college students in the final 

years of their field of study, were recruited from different Australian universities and 

schools. In order to use university students, approval was sought and obtained by the 

appropriate university ethics committees [i.e. University of Technology Sydney-

approval number CUTS HREC 96/58) etc ... ). With advance permission from the 

relevant lecturers, recruitment was accomplished by visiting lecture classes of the 

various di sciplines and reading a prepared statement [presented in Figure 21 below). 

In addition a few general questions were answered. This was done in order to 

Hello my name is Vasilije KokOlOvich. 
I am a leC1uru in Industrial Design 11 (he Univ~rsilY of Technology Sydney. I am wORing on a PhD . 
My research is concerned with issues of menial sYnl hesl5, 
Menu) symhesis is described as intagining !.he assembly of a fina l pan from cOmponml pans. 
In creating a design iI i! believed that designers U~ memal synd~slS in the design thinking proctSs. 
My work is a study of desigllers and menIal synthesis. l am looking 8t Non-designcrsl20 designer.sl30 dtsigners. 
I am asking for \'olumeers ro participate in my ~arch. 

1 have some already from the UnivelSily. HoW('\'er. I need some mort votunkerS. 
h will only lake about one how' of your lime (Sonletimc throughoUllhe semestEr). 
I willlry 10 organise Itr limes for you 10 do the lasks in groups of 4-6. 
However. some of the volumeers will be randomly sclet1l':d as judges. 10 Ihis cue !be lime commitment will consist of2 four-hour blocks of timt. 
In these cases I will organise lUft('h or somelhing. 
Another possibililY is lhat you may be selected 10 be a judgt' foront:. " boa. blcrllaler iD the semesta. 
1 would greatly apprttiate your pan icipation. 
Jr you art: rumled in helping me with my research would you pleue puI your ~ and contac1 phone number on lhe sign up Sheel 1 am passing 
llr'Ound now. 
Are there any qoeslioM1 1D UlSWtting your qUt'5l ions 1 cannotlell you 100 much, bowevel". J net.'d 10 11':11 you enough 10 entice you 10 panicipale. 

FIG URE 21: RECRUITMENT STATEMENT 

maintain consistency in the recruitment process. The nature of the statement was to 

tell the potential subjects enough to pique their curiosity and interest, but not enough 

to reveal the details of the research. Interested students placed their name and a 
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contact telephone number on a sign-on sheet, thus minimising disruption to the 

scheduled class. Volunteers were later contacted to confilIll their willingness, and to 

obtain prospective times to participate in the research. 

One aspect of experiment one, which investigated 2D creative mental synthesis, was 

that it utilised 60-student subjects in the final years of their degree [20 subjects from 

each discipline]. Table 2 below reflects the breakdown by student type: 

Subject groups [2D trials modelled on Finke & Slay ton (1988)] 

-- ... .. inn .. r" ')1"\ n ... C';nn"'..... "n". ... 3D D"'''''.Q ....... "" non-designers -... 
Law Students Industrial design sludenlS 

number of subjeclS 

2D Designers 
Graphic design sludenls 
number of subjects number of subjeclS I Total 

20 
Problems seLS 
(8 lrials) 

20 20 

TABLE 2: SUBJECT GROUPINGS 2D PROBLEMS 

20 60 

After contacting the subjects, each cohort of 20 students was generally organised into 

groups of four to six. Finke & Slayton (1988) had also used small groups in order to 

expedite their experiments. These group numbers were large enough to expedite the 

experiment, yet small enough so as not to be a distraction for the other subjects within 

the small groups. If a subject was unable to meet in a scheduled group, an appropriate 

individual time was found. 

Part two of the first experiment, which investigated 3D creative mental synthesis, 

utilised 60 student subjects in the final years of their degree [20 subjects from each 

discipline]. It should be noted that no subjects who assisted in part one [2D problems] 
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of experiment one, participated in part two [3D problems] of experiment one. Table 3 

below reflects the breakdown by student type. 

Subject groups [3D trials modelled on Finke (1990)] 

• '1n f)p",;onpr(' 2D Designers non-designers • - ~ --~'e"-' -

Industrial design students Graphic design students Law Students 
number of subjects number of subjects number of subjects I Total 

3D 
Problems sets 20 I 20 I 20 I 60 
(8 trial, ) 

TABLE 3: SUBJEcr GROUPINGS 3D PROBLEMS 

Having contacted the subjects, each cohort of 20 students was again organised into 

groups of four to six. Having utilised this group size before, these group numbers 

were in fact large enough to expedite the experiment, yet small enough so as not to be 

a distraction for the other subjects. This was consistent with Finke (1990), as he 

expedited his experiments by dividing his subjects into groups of 4-6 subjects. If a 

subject was unable to meet in a scheduled group, an appropriate individual time was 

found. 

The subjects were presented with a group of parts, which consisted of fifteen fOllll s 

shown in Figure 22 below, as utilised in Finke & Slay ton (1988). Three fOllns of the 

fifteen basic fOllns were randomly selected for each trial of the eight trials all subjects 

were required to complete. Finke & Slayton (1988) reasoned that some shapes might 

be considered more complex than others. In their work Finke and Slayton (1988) were 

concerned that the subjects would consider some of the fOl JIIS difficult to utilise. So 

that the more complex fOlIl1S were less likely to be used in each separate trial , they 

weighted the first ten fOlIl1S consisting of circle, square, rectangle, triangle, vertical 

line, horizontal line, capital letters D, C, L, T, to be three times as likely to be used as 
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the last five forms (J, 8, X, V, P). The same weighting of the fOllllS was applied in 

this study. The purpose of this was to minimize the prospect of a triplet of fOil liS for 

any of the eight trials, being comprised of only more complex fOil liS. That is to say, it 

is important that a triplet of fOllllS should not consist of three of the forms thought to 

be more difficult. The selection of triplets of parts to be used in each trial was 

perfolllled randomly by computer. This was accomplished by attributing a set of code 

numbers to each figure. The length of the number codes [larger or smaller sets of 

codes] attributed to the figures was appropriate to effect the weighting ratio 3: I (i.e. 

circle = 7-9 whereas letter X - 39 40). A random number generator within the 

computer selected the triplet codes. The codes were then related back to the forms. 

Each group within each cohort of subjects had a different set of eight triplets 

compared with the other groups of subjects. As each cohort of subjects was divided 

into groups of 4 6, each subject performed the creative mental synthesis task eight 

times, using three new randomly selected fot ms in each trial. 

./ 

F[GURE 22: ST[MUU (20) 

The subjects were presented with a group of parts, which consisted of fifteen forms 

shown in Figure 23 below, as utilised in Finke (1990). Three forms of the fifteen basic 

fO[lI1s were randomly selected for each trial of the eight trials all subjects were 
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required to complete. Finke (1990) reasoned that some shapes might be considered 

more complex than others. Consequently, in his work Finke (1990) was concerned 

that the subjects would consider some of the forms difficult to utilise. Therefore, in 

this study, as in Finke (1990), the following constraints were applied to the 3D forms 

of varying complexity so that the more complex forms were less likely to be used in 

each separate trial: 

The sphere, hemisphere, cube, cone, and cylinder had a 50 percent chance of selection. 

The wire, tube, flat square plate, bracket, and rectangular block had a 33.3 percent 

chance of selection. The hook, wheels, cross, ring, and handle had a 16.7 percent chance 

of selection. 

This was to minimize the prospect of a triplet of forms for any of the eight trials, 

being comprised of the more complex forms. As in the 2D trials it was important that 

a triplet of forms should not consist of three of the more difficult forms. The selection 

of triplets of parts to be used in each trial was done randomly by computer, utilising 

the same methods previously described in the selection of 2D triplets, giving a set of 

code numbers for each figure. The length of the number codes [larger or smaller sets 

of codes 1 attributed to the figures was appropriate to effect a weighting ratio following 

the rules listed above. In addition a randomly selected object category attached to 

each triplet of 3D forms was given to the subjects. There were eight invention 

categories, Furniture, Personal items, Transportation, Scientific instruments, 

Appliances, Tools & Utensils, Weapons, Toys & Games. Each invention category had 

an equal chance of being randomly selected by the computer, again using the coding 

methods described earlier. 

Each group within each cohort of subjects had a different set of eight triplets coupled 

with a randomly selected invention category. As each cohort of subjects was divided 



into groups of 4-6, each subject perfol JI1ed the creative mental synthesis task eight 

times in contrast to the six trials in Finke (1990), using a new invention category 

coupled to each new triplet of fOIl us. 
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FIGURE 23: STIMULI (3D) 
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The experimenter was in the room at all times monitoring the sessions. The 

experiment began by showing the subjects fifteen object parts, as in Finke and Slay ton 

(1988). Three parts were randomly selected for each trial in a series of eight trials 

presented to the different groups who explored two-dimensional creative mental 

synthesis. In the 2D trials the subjects were given a copy of a drawing consisting of 

the fifteen two-dimensional fOI IllS from which triplets of parts would be selected. For 

purposes of consistency, the instructions [refer to Appendix AJ were read to the 

subjects. Prior to the reading of the instructions, information sheets (required by the 

ethics committees), were read and signed by the subjects. These sheets outlined the 



ethical issues relating to time commitment, privacy/publication issues, and contact 

infOJ mation should a complaint arise. 
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In the work of Finke & Slay ton (1988) they required the subjects to create only one 

recognisable form in each of the two-minute trials they specified. However, in this 

study the subjects were allowed to create as many fOtlns as they wished in each three­

minute trial. This was done in order to maximise the possible number of fOJ IllS 

created. At the end of the series of trials the subjects filled in a questionnaire, detailed 

subsequent sections. 

10 conducting the 3D trials the instructions and tasks were modelled on the original 

work of Finke (1990). The experiment began by showing the subjects fifteen object 

parts from which triplets of parts would be selected, as described earlier. Three parts 

and an invention category were randomly selected for each trial in a series of eight 

trials presented to the 3D problem groups who explored three-dimensional creative 

mental synthesis. For the purposes of consistency, the instructions [refer to Appendix 

Bl were read to the subjects. Prior to the reading of the instructions, infotlllation 

sheets (required by the ethics committees), were read and signed by the subjects. 

These sheets outlined the ethical issues relating to time commitment, 

privacy/publication issues, and contact infotlnation should a complaint arise. 

In his work concerning 3D mental synthesis, Finke (1990) found a higher percentage 

of creative responses were generated when subjects were given both the object 

category and the basic fOtllls to be synthesised. Therefore, in order to maximise the 

creative output in this experiment, the subjects were given both the object invention 
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category and the basic fOllllS to be synthesised. In addition to increasing the number 

of trials to eight [Finke (1990) used six trials], the subjects had three minutes [instead 

of two minutes in Finke (1990)], to develop as many inventions as they could, to 

maximise the number of inventions created. In Finke (1990) the subjects were 

required to try to develop only one invention in the time frame given. As in the 20 

trials the experimenter was in the room at all times monitoring the sessions. 

In addition, as in the 20 trials, at the end of the series of 30 trials the subjects filled in 

a questionnaire concerning the strategy they used in combining the parts to create a 

new fOl ID. If the subjects made any comments or had questions throughout the 

experiment, these were noted for future reference. 

The procedure outlined in section 3.2.8 resulted in a number of individual drawings 

with corresponding descriptions of different forn1s being created by each subject. 

These drawings were considered to be quantitative data. After the drawings were 

generated they were coded and had judging stickers applied to them. This will be 

explained in detail in the section on jUdging. 

A difference between this study and the work of Finke & Slay ton (1988) was that 

naive experimenters were not used, contrary to suggestions by Intons-Peterson (1983). 

Naive experimenters are persons who facilitate the experiment, who, while being 

trained in the procedures of the experiment, are blind to the major purpose of the 

experiment. 
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Finke (1993) contends that this type of research has an advantage, in that a researcher 

can avoid many of the problems associated with demand characteristics and 

experimenter bias. A possible reason for this was that the experimenter did not know 

what the subjects would create, therefore, could not bias them by giving verbal or 

nonverbal cues. The work of Finke & Slayton (1988) suggested this, as in one of their 

experiments they instructed the experimenters to guess and predict the results. For the 

most part they could not accurately predict the forms. Consequently, it can be argued 

the experimenter giving the instructions could not influence the outcomes. 

In this research, the experimenter was in the room at all times monitoring the sessions. 

As the experimenter did not have previous contact with the vast majority of the 

subjects participating in this experiment, coupled with the fact that the instructions 

were consistently read from a pre-printed sheet, it was felt these factors control 

experimenter bias. The experimenter did have knowledge of the hypothesis, but it was 

believed this would not present a problem in conducting this research. Research by 

Intons-Peterson (1983) suggested that in some cases experimenter bias owing to 

knowledge of an experimental hypothesis can be a factor in predicting and therefore 

influencing the response of a subject towards the experimenter's hypothesis. Finke & 

Slay ton (1988) used naive experimenters in their mental synthesis research. They 

found the experimenters could very rarely predict the creative output of the subjects. 

Since it is difficult to predict a response from a subject in these types of mental 

synthesis experiments, it is reasonable to believe that an experimenter with knowledge 

of the hypothesis would also have difficulty in predicting and therefore influencing, 

the creative output of the subjects or judges in this type of research. In addition, the 
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subjects had their eyes closed for most of the time and could not pick up on visual 

cues from the experimenter's body language. The supporting rationale for not having 

naive experimenters is that any questions or concerns raised by the subjects can be 

appropriately dealt with, given that the researcher has an understanding of the 

complete experiment. 

At the end of the series of trials, as in Finke & Slay ton (1988), the subjects filled in a 

questionnaire concerning the strategy/strategies they used in combining the parts to 

create a new fOlll1. The difference was that in Finke & Slayton (1988) the subjects 

were to pick the most common (one) strategy they used in combining the parts and 

did not further explain their strategies. As the subjects were not given a strategy for 

solving the problems, the questionnaire was included in order to discover how the 

subjects thought they might have actually performed the task. They were told that the 

four possibilities ·were not set in concrete' and were only suggestions. The 

alternatives were as follows: 

I) " I tried combining the parts by trial and error in my image until I happened to 
recognise a shape" 

2) " I first thought of a possible shape, then I tried to combine the parts in my image to 
see whether the particular shape could be made out of the parts" 

3) " I did not form an image at all, but just thought about how the parts might be 
combined in a more abstract way" 

4) " I used some other strategy" 

They were instructed to circle the strategy or strategies they used to develop their 

solutions. If they used more than one strategy they were told to circle all the strategies 

used. On the back of the questionnaire, they were encouraged to further enhance the 

standard description of the strategies used. In addition, if they had changed strategies 
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they were to describe when and why they changed. If they used some other strategy 

not listed then they were to explain the strategy they used. This component of the 

experiment analysis relates to thinking/reasoning strategies. In addition, if the subjects 

made any comments, had questions, or instilled thoughts within the experimenter, in 

any way throughout the experiment, these were noted for future reference and 

analysis. These questions, comments and thoughts were also considered to be valuable 

data. 

The procedure outlined in section 3.2.9 resulted in a number of individual drawings 

with corresponding descriptions of different inventions being created by each subject. 

These drawings were considered to be quantitative data. After the drawings were 

generated they were coded and had judging stickers applied to them. This will be 

explained in detail in a subsequent section on judging. 

As the basic procedure for the 3D problems was similar to the 2D problems, the issue 

of naive experimenters was similar. Therefore, naive experimenters (as in the 2D 

trials) were not used, contrary to suggestions by Intons-Peterson (1983). As stated and 

explained earlier, Finke (1993) contends that this type of research has an advantage in 

that a researcher can avoid many of the problems associated with demand 

characteristics and experimenter bias, therefore naive experimenters were not deemed 

necessary. In addition, as before, the supporting rationale for not having naive 

experimenters was that any questions or concerns raised by the subjects could be 

appropriately dealt with, given that the experimenter had an understanding of the 

complete experiment. 
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Consistent with Finke (1990) at the end of the series of trials, and as in Finke & 

Slayton (1988), the subjects filled in a questionnaire concerning the strategy/strategies 

they used in combining the parts to create a new invention. The difference was that in 

Finke (1990) the subjects were to pick the most common (one) strategy they used in 

combining the parts. As the subjects were not given a strategy for solving the 

problems, the questionnaire was included in order to discover how the subjects may 

have actually perfollned the task. As with the 20 trials questionnaire, in part one of 

experiment one, the subjects were told that the four possibilities 'were not set in 

concrete ' and were only suggestions. Essentially, the same instructions for responding 

to the questionnaire were given to subjects completing the 30 problems as the 

subjects given the 20 problems. This component of the experiment provided data for 

analysis relating to thinking/reasoning strategies. Consistent with part one [20 trials] 

of experiment one, if the subjects made any comments, had questions, or instilled 

thoughts within the experimenter in any way throughout the experiment, these were 

noted for future reference and analysis. These questions and comments were also 

considered as being valuable data. 

There were three judges used in Finke & Slayton (1988). However, drawing from the 

remaining pool of volunteers, this study used five judges from each cohort of students 

(Industrial design Visual communications design Law), resulting in a total of 

fifteen judges, as illustrated in Table 4 below. These judges reviewed the responses 
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generated by all three cohorts of student subjects. Consequently, each of these judges 

reviewed every single response generated by all one hundred and twenty test subjects 

[subjects completing the 20 problems, and subjects completing the 30 problems]. 

Judge groups 

Xn Designers 2D Designers non-designers "'-
Industrial design students Graphic design students Law Students 

number of Judges number of Judges number of Judges Total 

Number of 
Student 5 5 5 15 
Judges 

'----- ----- ---~- '--

TABLE 4: JUDGE TYPE GROUPINGS EXPERIMENT ONE 

Students, who were either subjects or judges, taking a general psychology course, as 

in Finke & Slay ton (1988), could be from any of a number of disciplines [which may 

or may not include design disciplines], and therefore could be considered as being 

from a general student population. However, controlling the different cohorts of 

judges as well as different cohorts of subjects, allows analysis between and among the 

judge types and subject types. The supporting rationale for the increased judge 

numbers was that a larger number (greater than two or three) of a mixed group of 

judges [designers and non-designers] would allow for flexibility in analysis, yet still 

reflect a general student population [as in a general psychology class used in Finke & 

Slay ton (1988)]. In addition, greater numbers would allow more reliable statistical 

analysis of the results. 

While there were only two judges used in his work, Finke (1990), these judges had 

also reviewed the 20 responses in his earlier work [Finke & Slayton (1988)]. 

Therefore, the practice of using the same judges for different problem types has been 
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established. As indicated earlier, the judges used in this study to review the 3D data 

sheets were the same judges who reviewed the 2D responses. 

In order to ensure that the judges were blind to the background of the subjects, a 

coding system was devised for each response generated by each subject. After the 

participants generated the responses, the responses were coded, and a rating system 

sticker was applied to each response. Once the codes and stickers were applied, fifteen 

photocopies of each response sheet were made. Using this coding system it was 

possible to generate for each judge, one complete set of 2D responses (photocopies), 

appropriately encoded, so that if required a particular response from a particular judge 

could conceivably be tracked down later. The legend below is a breakdown of the 

coding system acting, as an example for one particular judge from the industrial 

design group, viewing one response generated by a particular Law subject: 

Judge 
1 Law ( judge background) 
2 Industrial Design (judge background) 
3 Vis Corn ( judge background) 

. - judge from the background group 
2nd judge from the background group 
3nl judge from the background group 
4111 judge from the background group 
5 111 judge from the background group 

NU non-designer (subject bacKground) 
to industrial designer (subject background) 
VC Visual corn designer (subject background) 

20 Problem sets 
3D Problem sets 

Group 
X Group number 

SUbject 
X Subject number 

Problem 
X Problem number 

_ Response 
_. _--- X Response number 

23ND3DG4S1P4R3 
Example of a code written on one of the subjects' response sheets 10 identify the judge, the subject being judged and a particular 
response from that subject 
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In judging either the 2D data sheets or the 3D data sheets, it was important that no 

ordering effect among the judgements occurred. It may be possible that the order in 

which responses are presented may change the judge's response due to a number of 

factors (e.g. Practice, Fatigue, Shifting views or Criterion of the judge, etc ... ). For 

example, if it is assumed that a judge is fatigued by the time the last response is 

reviewed, the judgement of that judge could be affected by fatigue. However, if 

another judge had judged this particular response earlier, fatigue may not have been a 

factor. Thus, randomising helps to reduce ordering effects. 

After all the copies of the responses had been coded and the rating system applied the 

stacks of photocopies were randomised to ensure the stack of responses presented to 

each judge was different between the judges. The diagram below shows how each 

stack of responses was randomised yet structured enough to investigate any boredom 

or criterion shift effects if necessary. 

Semi-Random Distribution of Responses 

The stack of responses for each judge was different than the other judges 
Each of these represents a sel of photocopies from a particular SUbjecL 
For example the first sel of responses Judge J 12 reviewed were all 
from SUbject 1 of the non desi2ncrs. J 13 first reviewed 
subjects responses. 

15 different randomised stacks of photocopied responses 

J12 

NOSI 
lOSI 
vesl 
veS2 
NOS2 
IOS2 
NOS3 
VeS3 
IOS3 
IOS4 
NOS4 
VCS4 
NOSS 
VCSS 
lOSS 
NOS6 

JI3 

I 
NOS I 
IOS1 
NOS2 
IOS2 
VeS2 
IOS3 
NOS3 
veS3 
VeS4 
IOS4 
NOS4 
lOSS 
NOSS 
vess 
IOS6 
NOS6 
NOS6 

J14 

IOS1 
VCSI 
NOSI 
NOS 
VCS2i 
IOS2 
NOS3: 
IOS3 
NOS3 
NOS 
IOS4 
VeS4 
NOSS 
lOSS 
vess 
VCS6 
NDS6 
NOS6 
NOS7 

JlS 

NOS I 
IOS1 
vesl 
IOS2 
NOS2 
VeS2 
VeS3 
NOS3 
IOS3 
VeS4 
NOS4 
lOS4 
vess 
NDSS 
lOSS 
NOS6 
1DS6 
NOS6 
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In the diagram above, when stacking the responses for the judges, there were fifteen 

stacks of data for judging the 2D responses, and fifteen separate stacks of data for 

judging the 3D responses. Each stack [either 2D or 3D] contained photocopies of all 

the subjects' responses. Each subject's responses were coded and grouped together. 

As mentioned earlier, the judges were to independently rate how well the names of the 

founs corresponded to the drawings presented. Following the scoring conventions of 

Finke & Slayton (1988), the judges were to use a S-point scale (as shown below). 

This judgement scale was on each 2D response. 

I 2 J 4 5. 

Very Poor Low M~I Good Very Good 
correspondeocc correspondence correspondence correspondence correspondence 

Is the panem C1"eative (original) ? 
No pallem Wrong Pans used YES 

D D D 
The judges were instructed to give a correspondence rating to the drawing by circling 

a rating number. The correspondence rating acted as a clear indicator of the 

occurrence of mental synthesis. If the majority of judges gave a correspondence rating 

of 4 or better, the correspondence was deterlllined to be high. In addition, if, in the 

judge's opinion, the pattern was notably creative (original) and the correspondence 

rating was 4 or better, they were to score the drawing as creative by placing a mark in 

the . yes' box. The judges were to base their ratings on the concept represented by the 

drawing and not how well the object was drawn. In addition, as in Finke & Slay ton 

(1988), if the subjects used wrong or distorted parts, or if only some of the correct 

parts were used then the pattern was to be classified by the judges as wrong parrs. A 
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no pal1ern classification refers to a trial in which the subject reported no fOIlI1. Even if 

there was no pattern [folm] this was considered an attempt and therefore counted, 

unlike Finke & Slayton (1988) who did not count a non-response. 

As in the work of Finke (1990) the judges were to rate the practicality and originality 

(creativity) of each invention. They were to use two 5-point scales (as shown below). 

I 2 3 4 5. 

Not Low Modest Practical Very 
Practical Practicality Practicality Practical 

J 2 3 4 5. 

Not Low Modest Original Very 
Original Originality Originality Original 

No Response 

i i 

These different ratings were to be made independent of each other. An object could be 

practical but not original, original but not practical, or both original and practical. 

They were to circle a rating for the practicality for each response and an originality 

rating for each response. If the majority of judges rated an invention with a score of 4 

or better for practicality, the invention was counted as being practical. If the majority 

of judges rated an invention with a score of 4 or better for originality/creativity, the 

invention was counted as being creative. The judges were to base their ratings on the 

concept represented by the drawing and not how well the object was drawn. In 

addition they were to rate the overall design of the object not whether it necessarily 

contained all of the working parts it actually needed (e.g. If fasteners were missing it 

should not matter). In addition, if the subjects could not develop an invention in the 

time allowed (i.e. a blank response) or they used the wrong parts, the judges were to 

mark the box No Response. 



As with the 20 responses, a coding sticker was applied to each 3D response. Next 

fifteen photocopies of each response were made (one for each judge). Using this 

coding system it was possible to generate for each judge, one stack of 3D responses 

(photocopies) appropriately encoded so that if required a particular response from a 

particular judge could conceivably be tracked down later. 
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Thirteen of the fifteen volunteer judges were gathered together for a full day of 

judging in a comfortable quiet room. Two judges were unable to attend that session so 

each was scheduled to judge on another day suited to their schedule. However, the 

same judging instructions were given to them. They were told that the morning 

session would be devoted to judging the 20 responses and after lunch they would be 

judging the 3D responses. The procedure the subjects had been expected to follow 

was explained to the judges. Then the judges were instructed to score the responses 

from each subject using the scoring conventions previously detailed in sections 3.4.4 

and 3.4.5 above. 

All the judges received the same basic instructions. After they assembled in the room 

where the judging was to take place, and prior to the reading of the instructions, 

infollnation sheets (required by the ethics committees) were read and signed by the 

judges. Just as the subjects were to be apprised of the ethical issues involved in the 

research, the judges had to be infollned as well. These sheets outlined the ethical 

issues relating to time commitment, privacy/publication issues, and contact 
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infoJlllation should a complaint arise. After they signed the ethics fOlll1S, the 

instructions were read to them [instructions are located in Appendix Cl. 

The judges were to score the responses sequentially as they were presented to them. 

They were not allowed to return and review a previous response. They were not 

allowed to compare or rank the responses. Each response was to stand on its own 

merits at the time of review. The judges were not allowed to discuss the responses 

with each other. No definition of originality or creativity was given. Modelled on the 

methods of Finke & Slay ton (1988) and Finke (1990), each judge was to use his or her 

own criterion. A collective view [consensual agreement) would stand. If the majority 

of judges deemed a response to be of high correspondence it would be considered so. 

This was also true for the originality or creativity criterion [2D). 

Upon their return from lunch the original judges who reviewed the 2D responses, 

were to judge the 3D responses. However, they were now to review drawings of 

inventions. All the judges received the same basic instructions. After they assembled 

in the room where the judging was going to take place, instructions were read to them 

[instructions are located in Appendix Cl. 

With respect to judging the 3D problems, the judges were to proceed in a similar 

manner as they did with the 2D problems, and were to follow the conventions below: 

• Score the responses sequenually as they were presented to them 
• Were not allowed to return and review a previous response 
• Were not allowed to compare or rank the responses 
• Were not allowed to talk to each other about the responses 
• Each response was to stand on its own merits at the time of review 
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No definition of originality or creativity was given. Each judge was to use his or her 

own criterion. A collective view would stand. 
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Chapter 4 Experiment 1: Judges issues & Results 

4.1 Introduction 

Once the data [responses] were collected and judged, the result was that fifteen 

different judges had reviewed each response from each subject. That is to say, any 

particular response was judged fifteen times. Therefore, a way of reviewing the 

numerical representations [numbers the judges circled] of any response needed to be 

organised in such a way as to allow a sensible analysis of the data to occur. The 

simplest way would be to organise the numerical ratings in a spreadsheet, thus 

allowing an investigation of the patterns of judgement both between and among the 

different judge groups and subject groups. This chapter is dedicated to discussing the 

experimental results. 

4.2 Spreadsbeet layout [2D] 

Once the responses were judged, a spreadsheet was developed in order to prepare the 

coded data for analysis. Table 5 below summarises the basic construction of the 

spreadsheet as described in the text of this section. 

Rt1pO'lIC Qwk 

Row 

• . ' . 

ETC .. 
'1'?'J'n 

• •• • 
TABLE 5: iNDlCATIVESPREAOSBEET LAYOUT 

• ' . . • 

The row headings in this spreadsheet were represented by a given response code (as 

described earlier in chapter 3), identifying the responses of the subjects, and the 
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column headings were represented by a judge code number (i.e. ]12). Consequently, 

the columns of cells represented the correspondence ratings (a number 1- 5) and the 

creativity ratings (1 or 0) for each judge. Each row of judgements corresponded to the 

responses from a number of judges. This allowed for flexibility in analysis of the data. 

4.3 Rules of [2D] 

The obvious but necessary first step with respect to investigating creative mental 

synthesis of designers and non-designers was to model this experiment on the 

methods and procedures of Finke & Slayton ( 1988), including aspects of their analysis 

techniques. As described earlier, if in a judge 's opinion the pattern was notably 

creative (original), and the correspondence rating was at least a 4, the judges were to 

score the pattern as creative. Another rule of classification was that, if the pattern was 

recognisable (having a rating of 4 or 5) and was deemed creative by a majority of 

judges, it was classified as a creative pattern; otherwise it is deemed a non-creative 

paltern. A rule with respect to correspondence used by Finke & Slay ton (1988), was 

that patterns that had an average below 4 were classified as having poor 

correspondence. In addition, if a response had a wrong or distorted part, or no 

response was created, the response was not utilised. 

" . -'. . - . , --_ .... _-,' - ,,'. "'" ~ ~ ... '. ',,:,':.' . :.:',: .-..:. : ....... '; .' ~ ,_l., __ .• '" ,,-,,~ 

• 

A simple and straightforward way of reviewing the data via the spreadsheet and 

adhering to the rules of classification of Finke & Slay ton (1988) was to generate 

frequency tables. Five variant types of frequency tables with respect to the variants of 

judge types reviewing the responses of subjects are listed below: 



Tables using ALL judges 
Tables using only Industrial Design Judges 
Tables using only Visual Communications J udges 
Tables using o nly Non-Designer Judges 
T ables of each Individua l Judge 
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In reviewing the frequencies which were generated after following the scoring and 

judging conventions of Finke & Slay ton (l988) and using the spreadsheet described 

above, results are summarised in Table 6 below. They are consistent with the 

expectation that design subjects would perfor III better than non-designers with respect 

to creativity and correspondence. The Table rows contain the number of responses 

deemed to have a correspondence rating of 4 or above and the number of responses 

deemed creative wi th respect to subject type [ID = Industrial Design subjects; VC = 

Graphic design subjects; ND = Non-designer subjects]. 

All J udges I I I All Judges Corr/Creatlve 

ID 
VC 
ND 
Total 

COIT Creative 
49 35 " 350 
51 35 Jl 300 a 250 23 25 

I i 200 ·1 
123 9S .. 

I a: 1501 
'0 100 

% % I I • 50 0 

Creative z 0 Corr 
9.22 7.12 I I I ID VC NO 

Subject Type 

TABLE 6: FREQUENCrES OF RESPONSES US rNG ALL JUDGES AS ONE COHORT 
[HrGH CORR ESPONDENCE ! CREATIVE) 

I_ Corr 

I. Creative 

When contrasting the results in the frequencies above [Table 6] with those of Finke & 

Slay ton (1988), differences emerge. In their work Finke & Slayton (l988) deter rllined 

IS percent of the responses as being highly creative and 38 percent were recognisable 

(relatively high correspondence). In this research, when using fifteen judges, who 

simulated a general mixed group of judges, [as in Finke & Slayton 's (1988) genera) 

psychology c1assl, 7 percent of the were deter mined creative and 9 percent 
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had relativel y high correspondence. In contrast to the work of Finke & Slayton 

( 1988), the percentages in this study were based on the total number of subject 

responses and not just the recognisable responses. A subsequent section will explain 

the supporting rationale for this. 

When reviewing the frequencies, after separating each cohort of five judges into each 

discipline, as reflected in the frequencies and charts of Table 7 below, the ID judges 

and ND judges are similar when their results are contrasted with the results when 

using all the judges. However, the VC judges found the ID subjects to be the least 

creative, while the correspondence pattern remains consistent with the results when all 

judges are combined. 

-~-

1 . , 
I 

ID Y\" :;0 --
ID Judges 

lD 
VC 
ND 
Total 

Corr 
83 
91 
57 
231 

% 
Corr 
17.32 

Creative 
38 
34 
25 
97 

% 
Creative 
7.27 
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VC Judges 

ID 
VC 
ND 
Total 

Corr 
54 
63 
33 
ISO 

% 
Corr 
11.24 

Crealive 
34 
41 
39 
114 

% 
Creative 
8.55 
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ID vc SD ... "",.". 

ND Judges 

ID 
VC 
ND 
Total 

Corr 
84 
85 
50 
219 

% 
Corr 
16.42 

Creative 
49 
43 
32 
124 

% 
Creative 
9.30 

TABLE 7: FREQUENCIES OF RESPONSES US ING SEPARATE COHORTS BY JUDGE TYPE 
[HIGH CORRESI'ONDENCEI CREATIVE] 

1:0-, .. I 

The percentages remain relatively low when using the individual cohorts of specialist 

judges in tellllS of creativity [ID judges 7%; VC judges 8.5%; ND judges 9%1 and in 
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tenBs of correspondence [ID judges 17% - VC judges 11 % - ND judges 16% J. These 

results are not consistent with those of Finke and Slayton (1988). 

When reviewing the frequency distributions of the individual judges, a few of the 

patterns were not consistent with respect to the other judges, suggesting judging issues 

exist. These need to be explored and analysed in detail prior to further analysis. One 

issue is that Finke & Slay ton (1988) linked creativity to correspondence judgements. 

Consequently, the judges were not allowed to separate creativity issues from 

correspondence issues. In his later work Finke (1990) instructs the judges differently. 

He pUfl.l0rtedly allows for the separation of scoring, however, he contradicts this in his 

calculations. It is conceivable, in Finke & Slayton (1988), that the average 

correspondence score was lower than the set score but the judges still deemed the 

pattern creative. However, the judges had to refrain from scoring the response as 

creative in accordance to instructions. 

4.5 Problematic Issues within Experiment 1 (2D) 

This study was interested in comparing designers and non-designers with respect to 

creative mental synthesis. Adopting and adapting the experimental methodology of 

Finke & Slayton (1988) and controlling the subject type and judge type was thought 

to allow the investigation and comparison of designers and non-designers. However, 

as suggested in section 4.4 above, this study found problematic issues when closely 

adhering to the rules, methodologies and procedures found in Finke & Slayton (I988). 

The investigation of Finke & Slay ton (1988) focused on two-dimensional creative 

mental synthesis and was of a general nature, in that it used subjects and judges from 
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a general psychology class, drawing students from various disciplines. When 

comparing the results of designers and non-designers as subjects, while obtaining 

consensual agreement using designer and non-designer judge types, an expectation 

would be that the designers would generate greater numbers of responses which are 

considered to have relatively high correspondence and would generate more responses 

deemed creative, notwithstanding the judge's background. 

Consensual assessment techniques have been employed for a number of years and 

formally articulated by Amabile (1982). The four studies of Hennessey (1994) found 

these techniques to be reliable. However, while the techniques may be reliable the 

number and type of judges [experts and non-experts] used may be important. It is 

possible that the low number and type of judges used by Finke & Slay ton (1988) may 

have affected their results. Using a greater number and variety of judges suggests that 

it is harder for them to reach a consensual agreement. Therefore the results of this 

study would be more robust. 

This study used a greater number of judges (15) of three different backgrounds 

[Industrial design (3D judges), Visual communications (2D judges), Law judges (non­

design judges)] in contrast to the three judges used by Finke & Slayton (1988). In 

addition, Finke & Slayton (1988) linked correspondence ratings and creativity ratings, 

failing to treat them as separate issues. It is therefore conceivable that judging 

problems could occur due to this linking. Furthermore, Finke & Slay ton (1988) 

averaged the correspondence scores from the three judges. If the average score was 

below 4, the response was determined to be of poor correspondence. If the majority of 

judges determined a response to be of high correspondence and creative it was 
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considered creative, thus linking correspondence and creativity and mixing averaging 

of scores with majority rules. The subsequent discussion will tease out these issues. 

In this study, after the responses were generated a sticker was applied to each of the 

response sheets and they were photocopied for the judges to review (see below an 

example of the sticker). 

2 3 4 5. 

Very Poor Low Modest Good Very Good 
correspondence correspondence correspondence correspondence correspondence 

Is the patlem creative (original) ? 

Nopattem Wrong Parts used YES 

o o o 

When tabulated as the frequency of response (either correspondence or creativity) and 

the subject type, the results of this study show a very consistent pattern. Judges 

individually, irrespective of the judge type, generally indicate designers perform 

better than non-designers, and 2D designers perform better than 3D designers in 

measures of both correspondence and creativity when given two-dimensional creative 

mental synthesis tasks. However, collectively, as an aggregate, the judges determined 

the 3D designers generated slightly more creative responses [i.e. referring to Table 7, 

section 4.4 above, creativity scores were added using the different judge groups ID 38 

+ VC 34 + ND 49 = 121]. Table 8 below shows this when all fifteen judges were used 

while adhering to the judging and scoring conventions of Finke & Slayton (1988). 



lD Pn)bl ... ~ ID Problems 
C'Omspondc:nce ,csponlCS ("JQli\o'l: I\"Jpon5U 

Industrial 
1ksigJM'1'li 

(SubJccu:) 

V1~1 
CQm.munle.lio05 
Sludt.nts 

(Subjeru) 

Non-desilntr5 
["'11'1 (Subjtttl) 

221 

239 

140 

Total COrT/Creallvl." 600 

121 

11 8 

"" 
l3S 

TABLE 8: NUMnER OF RESPONSES A TIRl8UTED TO SunJECf TYPES 
fO R 80TH CORRESPONDENCE & CREATIVITY USING ALL J UDGES 

1 14 

A possible explanation for 3D designers in this study, perfolllling better is the linking 

of creativity and correspondence, which may reduce the number of responses deemed 

creative, as a response could be considered to have a moderate or low correspondence 

and also be creative. A few of the judges in this study remarked that if they could, 

they would have marked a moderate correspondence and deemed some responses 

creative (one judge went so far as to write a note to this effect on the response sheet). 

The conventions applied by Finke & Slay ton ( 1988) do not allow for this. It is 

difficult know how many responses could be considered creative which did not have 

either a high con·espondence rating [via an individual judge] or a high average 

correspondence rating [collective view of the judges]. 

The judging and scoring conventions of Finke & Slayton (1988) mixed both 

averaging and majority rules. The mixture of averaging and majority rules 

conventions gives rise to inconsistencies in the results. In this study. using an 

aggregate of the judges while following the judging and scoring conventions of Finke 

& Slayton (1988). there were instances where the resul ts were misleading. The 

example response in Table 9 below indicates an average correspondence rating below 

4 [i.e. an average score of 3.6] . therefore it must be considered of poor 
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correspondence. However, it is equally clear the majority of judges [eight judges] felt 

it to be of high correspondence and creative. As demonstrated by this example, the 

true representation of the correspondence and creativity is the majority of judges not 

the average of scores. 

Response code: LD2DG2S2P8R4 

ID ID ID ID ID VC vC VC VC VC NO NO NO NO NO I AVG. 
Judge Judge Judge Judge Judge JudgeJudge Judge Judge Judge Judge Judge Judge Judge Judg' 

Correspondence 5 5 5 2 0 5 0 5 5 5 3 0 5 5 4 I 3.6 

Maj. 
CreativilY I I o o 0 I 0 I I I o 0 0 I I I 8 

TABLE 9: INCONSISTENCIES USING AVERAGE SCORES 

This suggests that the judging and scoring conventions of Finke & Slayton ( 1988) do 

not truly represent the judges' views, and should not be used in this study, therefore, 

the two-dimensional responses would need to be judged by a new set of fifteen judges 

using alternate judging and scoring conventions. 

In his later work, investigating three-dimensional creative mental synthesis, Finke 

would change the scale for creativity from a binary scale (creative/not creative) to a 

five-point scale, with (I) as the lowest rating and (5) as the highest rating. While there 

was a change in thinking with respect to the scale fo r creativity, the issue of averaging 

the scores as opposed to using majority rules remains. In his research of three-

dimensional creative mental synthesis, Finke (1990) averaged the practicality and 

creativity scores. In Finke et al. (1992) it was explained that an object that received an 

average practicality rating of 4.5 or greater was classified as a practical invention. 

Further, a practical invention that received an average ori ginality rating of 4 or greater 
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was classified as a "creative invention." Again two separate measures were linked. On 

the one hand, in Finke (1990), ratings were regarded as distinct: 

"The two types of rating were to be regarded as distinct. ThaI is, an object could be 
very practicaL and not originaL, or nOI practicaL but very originaL; similarLy, an object 
could be very practicaL and very originaL, neither practicaL nor originaL." [Finke 
(1990) Page 43J 

However, on the other hand, having said that he links them, he appears to contradict 

himself, 

'" Creative' inventions were practicaL inventions that were rated as original; 
HighLy creative inventions received the highest possibLe rating for practicaLity and 
originality." [Finke (1990) Page 45J. 

Due to the problematic issues discussed in section 4.5 above, with respect to Finke & 

Slay ton (1988), it became apparent that while new data was not necessary, new 

judgements and new rules of classification [as in Finke (1990)] would be required in 

order to proceed with a more meaningful analysis of the data. Consequently, in order 

to review the creativity of the responses independently of the correspondence, a new 

set of fifteen judges was obtained [5 from each cohort (TD - VC - ND) reflected in 

Table 1 0 below]. Given new judging instructions, using new scoring conventions, and 

a new set of fifteen judges, higher numbers of creative responses and correspondence 

responses would be expected. This ing, it is possible the new set of 

judges has a different collective view of creativity and correspondence. However, if 

the central concern is the pattern of judgements [i.e. designers perfoIll1ing better than 
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non-designers] the significance of the differences between the new results and 

previous results [in tellns of percentage points] is increased because more rigorous 

tatistical evaluation techniques would be utili sed. 

J udge groups 

• • 3D Designer. 
lndustrial design students 
number of Judges 

2D Designers 
Graphic design students 
number of Judges 

non-designers 
Law Students 
number of Judges Total 

Number of 
Student 
Judges 

5 5 5 

* NOTE: These new 15 judges only reviewed the 2D responses using new scoring conventions 

TABLE 10: J UDGE TYPE GROUPINGS EXPERIMEI\'T ONE [NEW JUDGES REJUDGING] 

Unlike the work of Finke & Slayton (1988) the new judges were to rate the 

IS· 

con'espondence and originality (creativity) of each pattern using two 5-point scales (as 

shown below). Note that these are similar to the scales used in Finke (1990). New 

stickers were applied on top of the original response stickers and fifteen new sets of 

photocopies were prepared for the new judges. 

1 2 3 4 5. 

Very Poor Low Modest Good Very Good 
co~spondellC'e correspondence correspondence corn;spondence correspondence 

1 

No< 
Original 

2 

Low 
Originality 

3 

Modest 
Originality 

No pauem 0 Wrong Pans 0 

• 
Original 

5. 

V''Y 
Orig inal 

These different ratings were to be made independent of each other. A pattern could 

have high correspondence but not be original, be original but not have high 

correspondence, or have both originality and high correspondence. They were to 

ci rcle the rating for the correspondence for each response and an originality rating for 

each response. The judges were to base their ratings on the pattern represented by the 



drawing and not how well the pattern was drawn. No definition of originality was 

given; it was up to each judge to detelllline originality. 
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As with the previous judging of responses, after all the copies of the 20 responses had 

been coded and the new rating system applied to each response, they were randomised 

into different stacks as explained earlier [in section 3.4.3]. 

Twelve of the fifteen new volunteer judges were gathered together, in a comfortable 

and quiet room, for a half-day of judging. Three judges were unable to attend that 

session so each was scheduled to judge on another day suited to their schedule. The 

same judging instructions were given to the fifteen new judges with the exception of 

the new scoring conventions. What the subjects had been expected to do was 

explained to the judges. Then the judges were instructed in how to score the responses 

from each subject using the new scoring conventions previously mentioned. 

The new judges received similar basic instmctions. After they assembled in the room 

where the judging was going to take place, the instmctions were read to them 

[instructions are located in Appendix DJ . 

Once the responses were judged again, another spreadsheet was developed to prepare 

the coded data for analysis. However, it was reasoned this spreadsheet should be 
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flexible, to accommodate the 3D numerical figures obtained from the first set of 

judges, now that tbe scoring conventions were consistent, as they were botb modelled 

on Finke (1990) . 

As a central theme in this research was to compare and contrast three-dimensional 

two-dimensional designers and non-designers it was considered necessary 

to develop a general (as the scoring conventions were now similar i.e. a 

consistent number scale from I to 5) which would not only allow empirical analytical 

comparisons and contrasts to be made between and among subject type and judge 

type, but also problem type. This was done with a view to isolating key factors or 

differences in the data, such as problem type, subject type, or even judge type. A 

meaningful discussion of the analysis of the data resulting from the new 2D creative 

mental synthesis judgments and the previous 3D judgments would then occur. 

~ 
~, , ,,, "" ' ~..:.... .. , , .. ,. - .... " .. ,.-..... ~ . ....-

• 

After the responses were judged a new spreadsheet was developed to prepare the 

coded data for analysis, accommodating both the new 2D judgments [from the new 

set of fifteen judges] and the previous 3D judgments. The column headings 

[illustrated in Table II below] were developed by breaking down the response code 

number into a subject type code [ID = 1- VC = 2 - ND = 3], a subject number [1-20], 

a problem type [20 = 1 or 30 = 2], a response number, and judge code numbers (e.g. 

161). Each judge had a column of cells, which represented the correspondence or 

practicality ratings for each response (a number 1-5), and a column of cells, which 

represented the creativity ratings (a number 1-5). Each row of judgments 

corresponded to that particular response from a number of judges. This allowed for 
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flexibility in analysis of the data. Each response could be investigated with respect to 

issues either between judges, among judges, or subject types. Using this particular 

spreadsheet layout, any given subject could be traced back without using the long 

subject code, so consequently, the long code was withdrawn from the spreadsheet. 

Corrtt/Pl'llr -_cCT~'"""~"'''"'-r---r--'--
Subjea no. Problem Type Problem no Response No. ID Jud&t': ID jJdjr ID Jud.&e t:r~.. ID Judjc ID judae ID Judae ~ .. 

(1·20) (1 ·2) (1·8) J'nfJ'!'I man mJJn m/m m/m mm'! mfm mm? 
Subjrct l)'pe 
(1 ,2.3) 

I 
i 

I 4 I 
J 

, 
;­
! 
"l 

, J -I 

TABLE n: NEWSPREADSHEETLAYOUT 

: .... ~. " J<t'- .';, .~ -~ 
- " l"~'" . "~"',. '.' -'"'' .--.~ .... ~ ',.' 

~,( ~-~: ~.;- . 

;-

-• 

5 

Presenting the data in a spreadsheet allows the simple generation of frequency tables 

[as in section 4.4], for the purpose of review and analysis. As before, only the 

meaningful frequency tables will be presented, therefore, the data can be meaningfully 

and empirically explored with respect to the variants of judge types and subject types. 

Since all the data was represented in one large spreadsheet a detailed analysis and 

presentation of the results could occur. 

Tables using ALL judges 
Tables using only Industrial Design Judges 
Tables using only Visual Communications Judges 
Tables using only Non-Design Judges 
Tables of each Individual Judge 

As indicated earlier, averaging techniques and the linking of measures creates an 

inaccurate view of the judges' decisions. Having a new set of fifteen judges review 
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the two-dimensional responses, using two 5-point scales along with instructions to 

treat correspondence and originality as two separate issues while adhering to majority 

rules conventions, allows for a more accurate unlinked analysis of the data. 

Consequently, while the numbers of responses determined as having a high 

correspondence or being creative may differ from the previous results somewhat, the 

central issue is that of obtaining an accurate pattern of judgments. 

The results were very similar to those in section 4.5 of this chapter. A very consistent 

pattern emerged. Judges individually, irrespective of judge type, generally indicated 

that designers performed better than non-designers, and 20 designers performed 

better than 30 designers in measures of both correspondence and creativity when 

given two-dimensional creative mental synthesis tasks. However, collectively these 

judges clearly determined the 20 designers to have generated more creative 

responses, in addition to generating greater numbers of responses deemed to have 

high correspondence, when compared to the industrial designers or the non-designers, 

when they were instructed to separate correspondence from creativity. Table 12 below 

reflects this while adhering to the new judging and scoring conventions adapted from 

Finke (1990). 

ID Problems 2DProb~ 
correspondence responses creative responses 

Industrial 
Designers 315 23S 
(Subjects) 

Visual 
CommunlcatiOIl!i 
Students 399 285 

(Subjects) 

Non-deslgners 
[Law] (Subjects) 201 169 

Total CorrICrelllve '1' 68. 

TABLE 12: NUMBER OF RESPONSES ATIRlBUTED TO SUBJECT TYPES FOR BOTH CORRESPONDENCE 
& CREATIVTIY USING ALL JUDGES [2D PROBLEMS] 



4.9 Percentage calculations (Correspondence & Creativity) 

In their general discussion section Finke & Slayton (1988) said the following: 

These experiments reveaLed that people can make creative visuaL 

discoveries by imagining 1l0veL combinations of simpLe parts. Of 

the 353 recognisabLe parts, 53 were judged as being highLy creative. 
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Our subjects, rtwreover, were neither seLected nor extensiveLy trained ill how 

to do the task. [Page 255J 

When deriving percentages from the numbers found in Finke & Slayton (1988), the 

result is that 15 percent could be deemed creative. However, this percentage could be 

misleading. Recalling that Finke & Slay ton (1988) had linked correspondence and 

creativity and did not include non-recognisable responses in their calculations, if the 

question is of the ability of a subject to use mental synthesis to generate a creative 

response, the figure of 15 percent needs to be queried. The 353 in the data are only the 

recognisable responses. When considering ability, inability must also be considered. 

Therefore, any calculations should include the total number of possible responses. 

Using the reasoning of Finke & Slayton (1988) it may be possible to get a high yet 

misleading number of responses being deemed creative. The way they calculate 

percentages may not be as meaningful as first thought. Consider the following: 

Hypothetically, if there were 100 total possible responses and only 10 of those 

responses were deemed to be recognisable, and 5 of those 10 were deemed to 

be creative, it could be said that 50% of the recognisable responses were 

creative. This would be a true statement. However, in tellllS of total creative 

mental synthesis abilities, only 5% of the possible responses were creative. For 

various reasons the other 95% were not. 

Returning to the 15 percent figure found in Finke & Slayton (1988), and taking a 

more conservative approach to calculating the percentage of creative responses, a 

lower percentage is derived when using every response. In total there were 872 trials 



(Exp. 1. [312 forms] & Exp 2. [280 forms + 280 forms]). Dividing the 53 creative 

responses by the 872 trials yields 6.08 percent deemed creative. This method of 

calculating percentages is more inclusive. Therefore, this study will derive the 

percentage calculations using every response. 
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Since a method of calculating percentages has been determined, the next issue in need 

of resolution is judging 'expertise'. Finke & Slayton (1988) utilised what could be 

considered non-expert judges. They used undergraduate psychology students who 

were neither trained in, nor practised in creative mental synthesis tasks. In addition 

their subjects could be from any number of different disciplines. As indicated earlier, 

an expectation would be that the designers would generate greater numbers of 

responses considered to have relatively high correspondence and would generate more 

responses deemed creative notwithstanding the judge's background. In order to 

investigate this issue of judging expertise while investigating issues of subjects' 

creative mental synthesis abilities, comparisons should be made between the three 

different judge types used in this study. When Hennessey (1994) discusses the term 

expert she defines it as being an "appropriate observer". She points out, for example, 

when asked to rate the creativity of a paper collage, both children and adults from a 

variety of backgrounds produce highl y reliable assessments. When dealing with more 

specialised fields the range of "experts" would be much narrower. Accordingly, there 

should be differences between the different judge groups. As the visual 

communications students are trained and practised in two-dimensional creative mental 

synthesis, by virtue of their education, they should be considered the "appropriate 

observers". The results from the other types of judges could then be compared to, and 



124 

contrasted with the judgements of the "experts". Table 13 below contains frequency 

results differentiated by judging group [ID-VC-NDJ. 

Industrial Design judges 

:ZD Probkms 20 Problems ID Problems WProblems 

Correspondence responses Non-correspondence responses % Corr Creative respoJlSes Non-creative responses % Creative 

Industrial 
Designers 75 36' \7% 99 344 22% 

(Subjects) 

V""", 
Communh:ations 
Students '3 441 16% 124 400 24% 

(Subjects) 

Non-designers 
[Law] (Subjects) 31 336 9% 64 303 17% 

Total CorrICreative 189 1145 14% 187 1047 ,,% 

Visual Communication judges 

2DProb~ 2D Problems ID .......... lDProbtems 

Correspondence responses Non-C(lrrespondence relPOnses * Corr Creative responses Non-creative responses ,*,Creadve 

Industrial _n 
136 3<)7 31% SO 393 11% 

(Subjects) 

VlsuaJ 
Communications 
Students 174 350 33% " 468 11% 

(Subjects) 

Non-desipers 
[Law] (Subjects) 105 262 29% ., 327 11% 

Total CorrICreative 415 '1' 31" .46 1188 11% 

Non-Designer judges 

lDPToblems lDProblerm ID Proble ... lDProblems 

Correspondence responses Non-correspondence responses '110 COlT Creative IUponses Non-creative responses '*' Creative 

lndust.ul -" 104 339 24% 86 357 1'% 

(Subjects) 

V, .... 

11 

Conunu:mcatlOIW 
S~ '42 382 27% lOO 419 20% 

I 

(Sub,iecl:s) 

'J 
Non-deslJlltn 

[Law] (Subjects) ., 302 18% 65 302 I' .. 

Total CorrlCreatlve 311 '013 ,,% '16 .078 .. % 

TABLE 13: FREQUENCY RESULTS 20 PROBLEMS DIFFERENTIATED BY JUDGING GROUP [ID-VC-NO] 
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In reviewing the row patterns in Table 13 above, while comparing the different 

judging groups, the pattern remains clear and consistent. The two-dimensional 

designers generate more creative responses and responses having high correspondence 

when compared to the other subject types, with the industrial designers generating the 

next most frequent responses. Non-designers generate the least numbers. Table 13 

also reveals the visual communications subjects generally have a higher proportion of 

their responses deemed creative or having high correspondence. The industrial design 

subjects follow, leaving the non-designer subjects having the lowest proportion of 

their responses deemed creative or of high correspondence. 

While the visual communications judges ("experts") revealed a judging pattern 

consistent with the other judge types, they also appear to be more conservative in their 

judgements with respect to creativity. In contrast, the industrial design judges were 

more conservative in their judgements of correspondence. When comparing the judge 

types, the comparative percentages [typically double digits] were generally higher 

than those of Finke & Slay ton (1988) [typically 6 percent when taking into account all 

responses]. 

4.10 Set point issue 

The criterion (score level) set by Finke & Slayton (1988) was set at 4 for 

correspondence before a score for originality was allowed. In Finke (1990) an average 

score of 4.5 or greater for practicality and 4 or greater for originality was set. In Finke 

et al. (1992) they argued that the major fmdings of their studies did not depend on 

where the cut-offs were as they were based on comparisons of relative numbers. With 

respect to the differences in cut-offs, the supporting rationale was two-fold. First, on 
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average, the practicality ratings were higher than originality ratings, and second, it 

made the classification more conservative and weighted towards practicality. This 

appears to contradict earlier statements that the two types of ratings were to be 

regarded as distinct However, this study maintains that the different types of ratings 

should remain distinct. In addition, it is not unreasonable to investigate what the 

judging patterns would be like at lower criterion levels (score levels). 

When reviewed at the lower score levels of 3 for correspondence and 3 for creativity, 

the row patterns in Table 14 below remain as consistent as ever. The two-dimensional 

designers generate more creative responses and responses having high correspondence 

when compared to the other subject types, with the industrial designers generating the 

next most frequent responses, with the non-designers generating the least numbers, 

irrespective of the judge's background. 

Industrial Design judges 

2D Problems ID Problems 2D Problems 2D Probtems 

Correspondence responses Non-correspondence responses % Corr Creative responses Non-creative responses % Creative 

Industrial 
Designer'S 248 195 56% 299 144 68% 
(Subjects) 

Visual 
Communications 
Students 308 216 59% 341 183 65% 

(Subjects) 

Non-designers 
[Law) (Subjects) 147 220 "'% 193 174 53% 

Total CorrK:reative 703 631 " .. 83J SOl " .. 
Visual Communication judges 

lDProblems ID Problems m Problems 2D Problems 

CoImlpondeoce responses Non-correspondence responses % COrt Creative responses Non-<realive responses %Creadve 

Industrial _ ... n 
308 13S 70% 173 270 39% 

(Subjects) 

Vloual 
Communicatioll5 
Students 386 138 ,,% 213 311 41% 

(Subjects) 

Non-designers 
(Law) (Subjects) 236 131 64% 171 196 47% 

Total CorrICreadve '30 ... 70 .. SS7 m 42% 

,liil~,·. 
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Non-Designer judges 

ID ProbR-11'Il 1D Probltms 1D Probltn. 10 Pnlbltms 

CorTtSpClfldentt rcspo .... ' I Non<'Om."SPOlldcl':c rcsponll(S .. COrT Creative responses NOI'I-cTclIIVC f'CSJIODK" .. CrqtivC! 

Industrial 
""' .... ~ '" I "' I ,,<> I "" I 187 I 50 .. 
(Subj:asl 

V-...., 
Communi&:alioJl.l 
Sludenu '" I 149 I " .. I '" I 18' I ., .. 

(Subjeas) 

Non-desigMft 
I I I I I r .... w) (Sub.,eas) 253 "' "" 218 D' ., .. 

T~ CIlrn'Crndvt 9S1 l&2 " .. '" SOB " .. 

TABLE 14: FREQUENCY RESULTS OM' ERENTIATEO BY JUDGING GROUP [ID-VC-NO] LOWER SET 
POINT 20 PROBLEMS 

The nature of the judgement instructions in Finke & Slayton (1988) did not allow for 

lower correspondence judgements to be considered original. The judgement system 

should be more open and unlinked as discussed earlier. 

4.11 Experiment 1 (3D) 

As with the two-dimensional problems, when tabulated as the frequency of response 

(either practicality or creativity) and the subject type, the results from the three-

dimensional problems show a consistent pattern. Judges individually, irrespective of 

the judge type, generally indicate that designers perfollll better than non-designers, 

and 3D designers perfollll better than 20 designers in measures of both practicality 

and creativity when given three-dimensional creative mental synthesis tasks. 

Collectively, (adding results of different judge groups) the judges detelluined the 3D 

designers generated more creative responses and more practical responses. Table IS 

below reflects this when all fifteen judges were used while adhering to the judging 

and scoring conventions utilising the S-point scales discussed earlier. 
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3D Problems lDProblems 
practicality responses creative responses 

IOOustri •• 
0..1.,.." 291 137 
(Subjects) 

V,''' 
Conununic:ations 
Students '60 99 

(Subjocts) 

Non-designers 
[Law] (Subjects) 182 53 

Total Pnu:JCralive 633 ,.. 

TABLE 15: NUMBER OF RESPONSES ATTRIBUTED TO SUBJECT TYPES FOR BOTH PRACTICALITY & 
CREATIVITY USING ALL JUDGES 

While the industrial design judges for all intents and purposes, are the "appropriate 

observers" the other judge types revealed a similar and consistent pattern. Table 16 

below reflects these results. While the visual communications judges revealed a 

judging pattern consistent with the other judge types, they again appear to be more 

conservative in their judgements when compared to the other judges. 

Industrial Design judges 

3D Problems 3D Problems 3D Problems 3D Problems 

Practical responses Non-practical responses % Prac Creative responses Non-creative responses % Creative 

Industrial 
Designers 162 207 44% 60 309 16% 
(Subjects) 

Visual 
Communications 
Students 78 217 26% 37 258 13% 

(Subjects) 

Non-deslgners 
[Law1 (Subjects) 83 258 24% 12 329 4% 

Total PraelCreative 18' 816 " .. '09 896 11 .. 

Visual Communication judges 

3D Problems 3D Problems 
3D ..... _ 

3D Problems 

Practical responses Non-practical responses % Prac Creative responses Non-creative responses % Creadve 

I"'uMoI -... " 46 32J "" 47 322 IJ% 
(Subjects) 

V,..., 
Conununleadons 
Students JO 265 '0% 34 261 12% 

(SUbjects) 

Non-ciestgners 
{Law1 (Subjects) 23 Jl8 7% 20 321 6% 

Total Pnw'Cradve .. 906 10% 101 904 10 .. 



129 

Non-Designer judges 

3D Problems .m Problems- 3D Problem,; 3D Problems 

Practical ~p0n$C5 Non.prxtlcall't'SpOl1SC.l .. Pnc Creative responses Non<reaI~ re5pon5C$ ... Clftd~·t 

hwlusui.1 
Dtsigrlers 83 1 286 1 ,,,. 1 JO 1 ,,. 1 ,'< 
(Subjecls) 

Visual 
Communic.tioM 
Students " 1 '" 1 "" I 18 1 ,., 1 '''''' (Subjects) 

Noo-ciesigntn 
1 1 I 1 I n,..w) (5ubjrcu) 1. ,., " .. 20 '" ... 

TOll! PrKl'Crntivt 111 194 " .. 78 917 , .. 

TABLE 16: F REQUENCV RESULTS 3D DIFFERENTIATED BY JUDGING GROUP [lD-VC-NDl 

4.12 Log linear analysis (2D & 3D) 

The simple frequency tables presented in the sections above (both the 2D and 3D 

results) give a strong indication of the expected pattern of response frequencies, 

however, other techniques of analysing the data could be used which are seen as being 

more robust, for example log linear analysis . Essentially, when tabulating [illustrated 

in Table 17 below 1 the number of responses determined creative and not creative by 

the judges, the following was fou nd: 

Observed Frequencies 
J~~T~ , 

C 1 2D 

1
3D 

NCI 2D 

ID 
VC 
ND 

ID 
VC 
ND 

ID 
VC 
ND 

1
3DI ~ 

VC 

99.000 
124.000 
64.000 

60.000 
37.000 
13.000 

86.000 
105.000 
65.000 

30.000 
28.000 
20.000 

50.000 
56.000 
40.000 

47.000 
34.000 
20.000 

344.000 357.000 393.000 
400.000 4 19.000 468.000 
303.000 302.000 327.000 

3Q9.000 339.000 322.000 
282.000 275.000 275.000 
304.000 313.000 307.000 

Problem Type I 
Subject Ty~ 

Expected Values 

Cl 2D I ~~ 
NU 

I VC 
ND 

1 3D • ID 

N C 

ND 

1 3D , ~ 
VC 

1 

97.658 
118.590 
70.752 

52.057 

87.529 
105.860 
62.612 

37.051 

49.814 
60.550 
35.636 

47.893 

296.266 302.737 332.997 

317.527 330.617 321.857 
274.684 282.388 274.928 
302.789 313.996 307.215 

CrnU\ d"\on-c:ratiH' TABLE 17: OBSERVED FREQUENCIES AND EXPECTED VALUES 



When using log linear analysis, the table of figures on the right of Table 17 above 

(expected results) can be derived from the table of observed frequencies ( table of 

figures on the left side of Table 17 above). Essentially in this type of analysis, a 

review of the observed frequencies in the left hand table occurs based on variou 

factors such as those I isted below: 

Creative I Not Creative 
Problem Type 
Subject Type {in the vertical column} 
Judge Type {in the top row} 
Creative - Problems 
Creative· Subjects 
Creative· Judges 
Problems · Subjects 
Problems· Judges 
Subjects· Judges 
Creative· Problems· Subjects 
Creative· Problems· Judges 

[C or NC] 
[2D or 3D) 
[ID,ND, or VC] 
[ID,ND, or VC] 
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Based on this review, expected values in the table on tbe right (expected results) are 

generated. What occurs is that a number of combinations of tbe factors are analysed, 

after removing a factor to see if it drastically affects tbe ability to generate the 

expected values on the right. This is repeated, continually exploring and removing 

factors until the combination of factors is fou nd which when removed no longer 

allows tbe generation of close expected values to be found. After taking one step 

back, those factors which if removed do not allow close expected values to be 

generated, will be the critical factors. 

However, as indicated earl ier, a central interest is in the number of creative responses 

generated, who generated tbem, and who thought they were creative. Therefore, when 

using only tbe top portion of Table 17 above, and looking at tbe number of creative 



responses generated, the following possible factors and combination of factors 

emerge. 

Problems 
Subjects 
Judges 
Problems· Subjects 
Problems· Judges 

A table focusing on these factors was generated, as illustrated in Table 18 below, in 

order to focus on these specific issues. 

JudFType 

Observed FrequencIes ~ __ ~;;~:;;_ 
ID NO VC 

C 20 

3D 

ID 
VC 
NO 

ID 
VC 
NI) 

Problem Type 

99.000 
124.000 
64.000 

60.000 
37.000 
13.000 

Subjtd Type 

86.000 
105.000 
65.000 

30.000 
28.000 
20.000 

50.000 
56.000 
40.000 

47.000 
34.000 
20.000 

Expected Values 

C 20 

3D 

ID 
VC 
NO 

ID 
VC 
NO 

ID 

97.658 
118.590 
70.752 

52.057 
37.646 
20.297 

NO 

87.529 
105.860 
62.612 

37.05 I 
26.686 
14.264 

VC 

49.814 
60.550 
35.636 

47.893 
34.668 
18.439 

TABLE 18: OBSERVED FREQUENCIES AND EXPEerED VALUES [CREATIVE RESPONSES] 
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After applying log linear analysis techniques to the values of observed frequencies [in 

the left hand table of figures in Table 18 above] , by removing the factors [Problems-

Subjects] & [problems - Judges] close expected values cannot be generated, therefore, 

these factors are critical. 

Examining the critical factor of Problems-Subjects in tellllS of percentages, [illustrated 

in Table 19 below] the 2D row percents for the different subject types [ID NO & VC] 

and problems, reveals that the VC subjects have the highest percentage fo llowed by 

the ID subjects and then the non-designers. While this is consistent with earlier 

predictions, using the more robust log linear analysis techniques lends stronger 

support to this expectation. Tt is also noteworthy the non-designers are almost half as 

creative as the VC subjects with respect to 2D problems. 
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When looking at the 3D row percents for the different subjects [ID ND & VC] and 

[illustrated in Table 19 below]. the ID subjects have the highest percentage 

creative responses. followed by the VC subjects and then the non-designers. Again. 

thi s is consistent with earlier predictions. In contrast with the 2D problems. when 

given 3D problems the non-designers are less than half as creative as the ID subjects. 

suggesting the 3D problems are more difficult for them. 

When looking at the column percents for the different subjects [ID ND & VC] and 

problems [revealed in Table 19 below]. as a proportion of all the responses generated 

by the ID subjects. two thirds of the creative responses were the 2D responses. 

However. as a proportion of all the responses generated by both the VC subjects and 

the non-designers three quarters of the creative responses were the 2D responses. This 

adds support to the argument that 3D problems are more difficult than 2D problems 

for both the 2D designers and non-designers. 

Looking Al : Row percents 
Problem ! rows 1 by Subject ( columns ) 

20 

3D 

Total 
N 

ID 

34.107 

47.405 

38.037 
372 

vc 

41.364 

34.256 

39.264 
384 

Looking At : Column percents 
Problem 1 rows 1 by Subject ( columns ) 

20 

3D 

Total 
N 

ID 

63.172 

36.828 

100 
372 

vc 

74.219 

100 
384 

ND 

24.528 

18.339 

22.699 
222 

NO 

76.126 

23.874 

100 
222 

Total N 

100 689 

100 289 

100 I 978 

Total N 

70.450 689 

29.550 289 

I 100 
978 

TABLE 19: ROW PERCENTAGES AND COLUMN PERCENTAGES BY PROBLEM TYPE AND SUBJECT TYPE 
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When reviewing the results relating to the factors problems and judges in telIllS of 

percentages. the 20 row percents [illustrated in Table 20 below] for the different 

judges [columns ID NO & VC]. and problems [Row 20]. the VC judges seem to be 

very conservative in their judgements [i.e. a low 21 percent]. whereas the ID and non-

designer judges were more liberal in their judgements. However. when looking at the 

30 row percents for the different judges [ID NO & VC] and problems. it was found 

that the NO judges are conservative in their judgements [i.e. a low 27 percent]. When 

looking at the column percents for the different judges [ID NO & VC] and problems. 

with respect to how the judges balanced their judgements between the 20 and 30 

problems. the VC judges were moving toward balancing their decisions. 

Looking At : Row percents 
Problem ! rows 1 by Judges (columns ) 

2D 

3D 

Tow! 
N 

to 

41.7 

38.1 

40.6 
397 

ND 

37.2 

27.0 

34.2 
334 

Looking AI : Column percents 
Problem ! rows 1 by Judges ( 'olumns ) 

2D 

3D 

Total 
N 

ID 

72.3 

27.7 

100 
397 

NU 

76.7 

23.4 

100 
334 

vc 

21.2 

35.0 

25.3 
247 

vc 

59.1 

40.9 

100 
247 I 

Total N 

100 689 

100 289 

100 
978 

Total N 

70.5 689 

29.6 289 

100 
978 

TABLE 20: ROW PERCENTAGES AND COLUMN PERCENTAGES BY PROBLEM TYPE AND JUDGE TYPE 

Previously in other sections within this chapter. it was shown the pattern of responses 

generated by different subjects was as expected [20 Problems = VC first - ID second 

- NO last & 30 problems - ID first - VC second - NO last]. This pattern occurs 

when using raw frequencies and using more robust log linear analysis techniques as 

above. 



134 

Chapter 5 Experiment 1: Questionnaire Results (2D&3D) 

5.1 Introduction 

Findings in chapter 4 revealed that designers generally perfollll better than non-

designers when given creative mental synthesis tasks, that two-dimensional designers 

perform best when given 20 tasks, 3D designers perform best when given three-

dimensional tasks. However, insights into the thought processes utilised by the 

individual subjects has yet to be reviewed. In their research, Finke & Slayton (1988) 

and Finke (1990), after the subjects completed the creative mental synthesis tasks, 

sought to gain insight into the thought processes of their subjects by baving them 

respond to a questionnaire asking about the thinking techniques the subjects thought 

they used. 

It must be remembered no thinking techniques were given to the subjects by Finke & 

Slay ton (1988) in order to develop ideas during the experiment. It was only after the 

mental synthesis tasks were completed that the subjects were issued with the 

questionnaire. Subjects were given a list of four possible thinking techniques 

conceived of by Finke & Slay ton (1988). These are listed below: 

1) " I tried combining the parts by trial and error in my image until I happened to 
recognise a shape" 

2) " I first thought of a possible shape, then r tried to combine the parts in my image to 
see whether the particular shape could be made out of the parts" 

3) " I did not form an image at all, but just thought about how the parts might be 
combined in a more abstract way" 

4) " I used some other strategy" 

In their instructions, Finke & Slayton (1988) required the subjects to pick the most 

common (one) thinking technique they used in combining the parts and they were not 
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instructed to give a written explanation of their thought processes. They found a large 

majority of the subjects [74.4 percent] mostly used thinking technique number I, a 

trial and error methodology. 

However, it can be argued that the instructions given with respect to selecting one 

strategy limited the level of enquiry regarding the issues of the thought processes of 

the subjects. It is possible, for example, that the subjects spread the use of different 

thinking techniques [i.e. if one did not work they would try another]. The instructions, 

however, forced them to select only one thinking technique. This limitation placed on 

their subjects, would appear not to allow comparisons and contrasts to be made 

between the various thinking techniques used, and success in the creative mental 

synthesis tasks. Therefore, it is important the thinking strategies overall be 

investigated in a more open way. 

The core issue examined in this chapter compares and contrasts the use of multiple 

thinking strategies and the exclusive use of one thinking strategy with the level of 

performance. While the results in the previous chapter related to performance, 

separate groupings of judges looked at the responses. However, in this instance, in 

order to generate a picture of the overall performance and avoid double counting, the 

same criterion of majority rules was applied. However, instead of applying majority 

rules to the small groups of judges and aggregating the results [as in Chapter 4], 

majority rules were applied to all fifteen different judges as one group. It should be 

noted that by changing to one large judging pool, differences in the figures 

[frequencies] are to be expected when contrasted with treating judges as separate 

groups and then aggregating their results. This accounts for any differences in 
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numbers ofresponses in this analysis in contrast to those found in the earlier chapters 

of this work. This chapter will present the results of the analysis of the data obtained 

via the questionnaire relating to the thinking techniques utilised by the subjects when 

given more open instructions as described earlier. However, it should be noted that 

upon careful analysis of the results an extremely large and rich data set was revealed. 

Detailed discussions of a broader range of qualitative issues would have substantially 

lengthened this thesis. Consequently the discussions in this chapter are intentionally 

limited. 

Once responses to the questionnaires were completed they were coded for analysis. 

This was accomplished by using the number/numbers from the list of possible 

thinking techniques found on the questionnaire [one, two, three, four) as a code, 

representing that technique/techniques for each individual subject. A subject, who 

may have used multiple techniques for example, could be coded as using techniques 

[one, two). Alternatively, a subject who used only one particular technique, for 

example, could be coded as using technique [two). Using this technique of numbering 

the thinking techniques found on the questionnaire allows information to be coded 

into a file for each subject. 

In addition, other infollllation regarding subject responses was coded into the ftJe. 

Utilising the thinking technique code numbers described earlier, a file for each subject 

was created which contained numerical infolluation regarding the thinking 

technique/techniques that a subject used to solve the creative mental synthesis 
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problems, the number of responses [drawings] detellnined to be of high 

correspondence, and the number of responses [drawings] detellllined to be creative. A 

typical example was the information regarding subject ID2DGlSl. The following 

information was placed in their file: 

Note: .his desiplcion s.(lliCa tl1Il the Sl.Ibjca UM:d 

Number of High Correspondence responses [drawings] = 5 ~yonelh~inlledIn~e . ..... , 4. anho( rour 

•• d.fl"e'e.' thintJn& ttdvUqucs. If lhey hid used (OIIr 

Number ofCreattve responses [drawmgsj- 4 d" __ ,,,,,,",,,,, """'''''.,,, ••• Id 

Thinking technjquesltechniques used: four hive been IS roUows: lIasu..lIIm. pr\. 

Combining the two types of numerical data [drawing data and questionnaire data], 

allows the thinking techniques to be compared and contrasted with creativity and 

correspondence, unlike the work of Finke & Slayton (1988). If the central rationale 

for the use of the questionnaire in Finke & Slayton (1988) was to investigate the 

thinking techniques of the subjects, then it seems unusual they would limit the 

response capabilities of the subjects [i.e. select the one thinking technique most used] 

and not develop a way of comparing and contrasting the thinking techniques used 

with the success of a subject, as measured by the frequency of either creative andlor 

correspondence responses. The infOlmation in a subject' s file, as shown above, allows 

such investigations. However, it makes sense first to investigate the issue of which 

thinking techniques were most frequently utilised, and then to investigate the issue of 

successful thinking techniques, with success measured in tellllS of correspondence and 

creativity. 

Using the files of the individual subjects, frequency tables of the responses to the 

questionnaire were generated. For example, a frequency table of all subjects, listing 

thinking technique type with the number and percentage of subjects who used a 

particular type or combination of types of thinking techniques was generated, as in 

Table 21 below. If the view of Finke & Slayton Cl 988) were correct, a reasonable 
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expectation would be that the majority of subjects in this research would use thinking 

technique one [using trial and error to develop an idea]. This d.id not appear to occur. 

All Totals 
sub ·ects 
Thinking One (WO !hI« four one one one ooe one (wO !hree one 
Techniques (WO (WO (WO four !hree !h"", four !hree 

!hree !hree four 
four 

%01 
16.7% 6.7% 6.7% 8.3% 21.7% 6.7% 0% 6.7% 15% 5% 1.7% 5% 100% 

SubloclS 
No. or 

10 4 4 5 13 4 0 4 9 3 1 3 
60 

SubjcclS Sub "eelS 

TABLE 21: FREQUENCY TABLE CONTRASTING THlNKING TECHNIQUES AND SUBJECT FREQUENCIES 

When reviewing the columns in the Table 21 above, which refer to the thinking 

techniques used, only 16.7 percent of the subjects exclusively used technique one 

[trial & error]. As stated earlier [Section 5.1] in their experiment, with their 

instructions, Finke & Slayton (1988) found 74.4 percent of the subjects utilised type 

one ( I) thinking technique [trying to combine the parts by trial and error in their 

image until they happened to recognise a shape]. However, it must be remembered 

that the instructions of Finke & Slay ton (1988) asked for the most used thinking 

technique. In a sense, it is possible that the results of Finke & Slayton (1988) could 

have been similar to the results here but were disguised owing to the specificity of 

their instructions. Nevertheless, if the view is taken that irrespective of exclusive use 

of thinking technique one, or the multiple use of different thinking techniques, which 

include thinking technique one, it can be argued that the results here are similar to 

those of Finke & Slayton (1988). When adding up the percentage of subjects whose 

thinking technique/techniques included technique one, then 71.8 percent of the 

subjects used thinking technique one. This similarity notwithstanding, it is still 

unknown if thinking technique one is first among equals [when using multiple 

techniques] or used occasionally along with the other thinking techniques. While 
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approximately 40 percent [38.34 percent] of the subjects used a single thinking 

technique, the dominant single thinking technique was technique number one. 

Conversely, the remaining approximately 60 percent of the subjects used multiple 

thinking techniques in some combination. At its most basic level, while adhering 

closely to the Finke & Slay ton (1988) methodology, the view that thinking technique 

one is the preferred, and therefore the optimal thinking technique, cannot be 

supported. 

These results are interesting in that only a little under 17 percent of the subjects 

exclusively used thinking technique one and that more subjects [approximately 22 

percent] exclusively used some other thinking technique. When the percentage of 

subjects who exclusively used a single thinking technique are added, the result is that 

approximately 39% of the subjects persisted in using a single thinking strategy, 

excluding other thinking strategies. While it is possible that the 39 percent of the 

subjects who used a single thinking technique generated the majority of the high 

correspondence and highly creative responses, it seems unlikely. 

Based on the suggestions revealed in the literature review [Chapter 2] the use of 

differing strategies [Strategy variety] should be of great benefit when utilised in visual 

problem solving. It can be argued the subjects who used multiple thinking strategies 

should do 'better' than subjects who exclusively used one thinking strategy. 

Consequently, frequency tables that reflect this information were necessary. 
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The central interest in earlier chapters i 20 creative mental synthesis was 

to differentiate between and among various subject types and various judge types, by 

trying to observe patterns in frequency distributions. Consequently, the differences in 

the number of high correspondence and/or creative responses [pattern of responses] 

held more significance than the exact number of responses. In add.ition, those chapters 

could not relate an understanding of the thinking techniques utilised by the subjects. 

However, as suggested above in section 5.2.1, while the results regarding thinking 

techniques were interesting, and different from those of Finke & Slayton (1988), they 

did not relate thinking techniques and effectiveness in resolving creative mental 

synthesis tasks with to either correspondence or creativity. 

This section will compare and contrast thinking techniques and frequencies of high 

correspondence responses. It should be remembered that while the subjects were 

encouraged to generate as many responses as they wished, not all responses 

[drawings] could be considered to have high correspondence. As correspondence is 

seen as a measure of the occurrence of mental synthesis, a subject who was able to 

generate one or more responses [drawings] judged to be of high correspondence, 

becomes important. Therefore, the thinking techniques utilised in order to generate the 

successful response becomes important as well. At this point it is not known which 

thinking techniques were effectively used by those subjects, with effectiveness being 

measured by the frequency of correspondence responses from a particular subject. 

Once a file was created for each individual subject, a general frequency table, based 

on all subjects [60 in total], was generated. Table 22 below demonstrates, for 

example, that when reading across the row entitled No. of subjects seven subject 
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[11.7 percent of the subjects] were able to generate only one response, out of each 

respective individual's total number of responses, judged to have high 

correspondence. That is to say, seven people generated only one response with high 

correspondence. 

orrespondence 
sble2D 
roblems 

-r 
feumbcr of 

esponses of high 0 I 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
~rres ndence 

8.3% 11.7% 13.3% 16.7% 11.7% 13.3% 5% p .3% 5% 0% ~.3% 0% 0% 1.~0% 1.7% 100% % o(Sub'ects 

5 7 8 10 7 8 3 2 3 0 5 0 0 I 0 I ~~~ts o.orsub·eclS 

TABLE 22: PERCENT Ot' SUBJECfS woo GENERATED A GIVEN NUMBER OF mGB CORRESPONDENCE 
RESPONSES [20 PROBLEMS] 

A simple and stJaightforward way of comparing and contrasting subjects who utilised 

multiple thinking strategies in resolving the creative mental synthesis problems, with 

those subjects who utilised one particular thinking strategy exclusively, as a function 

of the high correspondence responses versus non-correspondence responses, was to 

generate a two-dimensional contingency table [illustrated in Table 23 below]. 

Single Multiple 
Thinking Thinking Totals 
strategy lrategie~ 

Correspondence 84 171 255 

Non· 427 652 1079 correspondence 

Totals 511 823 1334 

TABLE 23: Two WAY CONTINGENCY TABLE - StNGLE STRATEGY AND MULTtpLE STRATEGIES VS. 

CORRESPONDENCE AND NON-CORRESPONDENCE 

In Table 23 above, the frequencies in the rows were represented by Correspondence 

and Non-correspondence respectively. The column headings are represented by 



Single thinking strategy and Multiple thinking strategies headings respectively. The 

results from the application of a Chi-squared test on the frequencies above, to 

deteJlnine whether there was a relationship between frequencies of high 

correspondence and preference for using a single or multiple thinking strategies, 
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indicated there was a stati stically significant difference between either a single 

thinking strategy exclusively or using multiple thinking strategies. The obtained 

value of 3.84 was derived after using the frequencies above and applying them in a 

Chi-squared test. The value of a one-tailed X2 at the 0.05 level with one df=2.71. 

Since the obta ined value [3.84] was greater than 2.71 the results were detel mined to 

be statisticall y significant. 

The previous section discussed the results of the questionnaire data by comparing and 

contrasting the thinking techniques used by the subjects with the results of the 

responses judged to be of high correspondence. The next important and logical step 

would be to compare and contrast the questionnaire data regarding the thinking 

techniques used by the subjects with the results of the responses judged to be creative. 

It is not known which thinking techniques were used effectively by the subjects, with 

effecti 

subject. 

measured by the frequency of creative responses from a particular 

As suggested earlier once a ftle was created for each individual subject, a general 

frequency table based on all subjects [60 in total] was generated. The table below 

[Table 24] demonstrates, for example, that ten subjects [equalling 16.7 percent of the 

subjects] were able to generate two creative responses [the frequency of creative 
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responses] each, from their respective pool of responses. Marked differences exist in 

the number of subjects who generated a larger number of creative responses exists. 

Creativity 
able 2D 

blems 

umber of 
reative 0 I 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

esponses 

%of 
15% 16.7% 16.7% 10% 11.7% 13.3% 3.3% 1.7% 3.3% 0% 1.7% 1.7% 1.7% 0% 1.7% 0% 1.7% 100% ub'eels 

o.of 60 9 10 10 6 7 8 2 I 2 0 I I I 0 I 0 I ub'eel Sub eet. ..L 

TABLE 24: PERCENTAGE OF SUBJECTS WHO GENERATED A GIVEN NUMBER OF CREATIVE RESPONSES 
[2D PROBLEMS] 

Consistent with section 5.2.1.1 above, it was appropriate to generate a two-

dimensional contingency table [see Table 25 below] in order to compare and contrast 

in a simple and straightforward way, subjects who utilised multiple thinking strategies 

in resolving the creative mental synthesis problems with those subjects who utilised 

one particular tillnking strategy exclusively, as a function of the creative responses 

versus non-creative responses. 

s· 1 Thinki Multiple 
mg e ng~~inking Totals 

stralegy rat~ 

Creative 83 121 204 

Non-crealive 428 702 1130 

Totals 511 823 1334 

TABLE 25: TwO WAY CONTINGENCY TABLE- SINGLE STRATEGY AND MULTIPLE STRATEGIES VS. 
CREATIVE AND NON-CREATIVE RESPONSES 
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In Table 25 above, the frequencies in the rows were represented by Creative and Non­

creative responses respectively. The column headings were represented by Single 

thinking strategy and Multiple thinking strategies headings respectively. The results 

from the application of a Chi-squared test on the frequencies above indicated there 

was no statistically significant difference between using either a single thinking 

strategy exclusively or using multiple thinking strategies. The obtained value of 0.58 

was derived after using the frequencies above and applying them in a Chi-squared 

test. The value of a one-ta.iled X2 at the 0.05 level with one df=2.71. Since the 

obtained value [0.58] was less than 2.71 the results were detellnined not to be 

statisticall y significant. 

The previous sections rev iewed issues relating to 2D problems and thinking 

techniques. The next few sections will discuss issues relating to 3D problems and 

thinking techniques. Not unlike the 2D trials, at the end of the series of 3D trials, the 

subjects filled in a questionnaire concerning the thinking technique they used in 

combining the parts to create a practical invention. The methodology essentially was 

consistent with that utilised by Finke (1990). No thinking techniques were given to 

the subjects in order to develop ideas, however, after the mental synthesis tasks, the 

subjects were given a questionnaire which listed the four possible thinking techniques 

[described earlier]. 

Once responses to the questionnaires were completed they were codified for analysis 

in the same way as the 2D questionnaire data. Using the files of the individual 
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subjects, frequency tables of the responses to the questionnaire were generated. For 

example, a frequency table of all subjects listing thinking technique type with the 

number and percentage of subjects who used a particular type or combination of types 

of thinking techniques was generated, as in Table 26 below. In his research Finke 

(1990) found that a majority of his subjects completing 3D creative mental synthesis 

tasks, had mostly used a trial and error thinking technique to resolve the problems. If 

the view of Finke (1990) were correct [subjects mostly use trial and error], a 

reasonable expectation would be that the majority of subjects in this research would 

use thinking technique one [using trial and error to develop an idea]. This did not 

occur. 

All Totals 
subjects 
Thinking ~"' ~ ,~ ,,- roo, ~ O~ "'" ,~ ~ ,~ ,,,",, "'" ~ ,~ 

,~ ,~ ,- ,,"'" ,- roo, r"", ,- foo , ,-Techniques ,- "'"" roo, r"", 
rour 

% of 
Subjects 1.7" 18.3~ 13.3* ,~ '" I~ S.J'f. 11.39: 3.3'" '" '" 3.3'1: 1.1" 3.3'" J.3" 100 % 

No. Of 60 
Subjects I 11 • 3 3 6 , • 2 3 3 2 I 2 2 Subjects 

TABLE 26: FREQUENCY TABLE CONTRASTING THJNKING TECHNIQUES AND SUBJECT FREQUENCIES 

(3D PR08LEMS] 

When reviewing the columns in Table 26 above, which refer to the thinking 

techniques used, only 18.3 percentage of the subjects exclusively used technique one 

[trial and error]. As stated earlier, with his instructions, Finke (1990) found a majority 

of the subjects utilised type one thinking technique [trying to combine the parts by 

trial and error in their image until they happened to develop an invention]. However, 

the instructions of Finke (1990) asked for the most used thinking technique. In a 

sense, it is possible that the results of Finke (1990) could have been similar to the 

results here but were disguised owing to the specificity of his instructions. 
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Nevertheless, if the view is taken that irrespective of exclusive use of thinking 

technique one or the multiple use of different thinking techniques, which include 

thinking technique one, it can be argued that the results here may be similar to those 

of Finke (1990). When adding up the percentage of subjects whose thinking 

technique/techniques included technique one, then 51.6 percent of the subjects used 

thinking technique one. This is not consistent with Finke (1990), as approximately 

half of the subjects using thinking technique one is not a realistic majority. This 

notwithstanding, it is still unknown if thinking technique one is first among equals 

[when using multiple techniques] or used occasionally along with the other thinking 

techniques. Approximately 40 percent [41.6 percent] of the subjects used a single 

thinking technique [remarkably similar to the 38.34 percent result in the 2D 

problems]. However, the dominant single thinking technique was technique number 

one. Conversely, the remaining approximate 60 percent of the subjects used multiple 

thinking techniques in some combination. At its most basic level, while adhering 

closely to the Finke (1990) methodology, the view that thinking technique one is the 

preferred, and therefore suggested as being the optimal thinking technique, cannot be 

supported, as only half of the subjects thought it to be useful and only 18.3 percent 

thought it to be exclusively useful. 

While the results above were interesting, in that they were significantly different from 

what was presented in Finke (1990). In addition, he does not compare and contrast 

thinking techniques with either practicality or creativity. The work of Finke (1990) 

was blemished in that it could not allow such comparisons and contrasts. Therefore, 

slight modifications to the instructions and method of numerical analysis were 
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required. Consequently, frequency tables, which reflect the linking of this 

information, were necessary. 

Comparing and contrasting the use of either single or multiple thinking techniques a 

a preferred effective method of resolving three-dimensional creative mental synthesis 

tasks with either practical ity or creativity was important in that the use of multiple 

thinking techniques may be of greater benefit. This was suggested by the design 

literature earlier. While the core methods of Finke (1990) were sound, allowance for 

such comparisons and contrasts was non-existent. 

The central interest of the earl ier chapters investigating 3D creative mental synthesis, 

was to differentiate between and among subjects, as well as judges. Frequency tables 

presented in earl ier chapters did not depict the frequencies of practical inventions, 

which were drawn from an individual subject's respective pool of responses. This is 

important so links can be identified between thinking techniques and frequency of 

practical inventions for a given subject. It is possible those subjects who generated 

greater numbers of practical inventions were using multiple thinking techniques. At 

this juncture, for example, it is not known what percentage of the subjects were able 

to generate only one invention judged to be practical and which were able to generate 

six practical inventions each. Therefore, this section will compare and contrast 

thinking techniques and frequencies of practical inventions. 

[t should be remembered that while the subjects were encouraged to generate as many 

inventions as they wished, not all responses [drawings] could be considered practical. 
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As practicality is seen as a measure of the occurrence of creative mental synthesis, a 

subject who was able to develop inventions judged to be practical became important. 

Hence, the thinking techniques utilised in order to generate the successful practical 

inventions became important as well. 

Earlier frequency tables in previous chapters did not indicate what percentage of the 

subject population generated practical inventions, based on majority rules using the 

full cohort of fifteen judges. In addition, at this point it was not known which thinking 

techniques were effectively used by the subjects, with effectiveness being measured 

by the frequency of practical inventions from a particular subject. Once a file was 

created for each individual subject, a general frequency table, based on all subjects 

[60 in total], was generated. Table 27 below reflects, when reading across the row No. 

of subjects for example, that six subjects [10 percent of the subjects] were able to 

generate six practical inventions from each of their respective pool of inventions. 

Practicality Table 
3D Problems 

Number of Practical 
0 I 2 3 4 5 6 7 8 9 10 

responses 

% of Subjects 20% 16.7% 10% 16.7% 11.7% 6.7% 10% 3.3% 1.7% 1.7% 1.7% 100% 

No. or Subjects 12 10 6 10 7 4 6 2 I I I 
60 

Subjects 

TABLE 27: PERCENT OF SUBJECTS WHO GENERATED A GIVEN NUMBER OF PRACTICALITY RESPONSES 

[3D PROBLEMS] 

Consistent with previous discussions, a simple and straightforward way of comparing 

and contrasting subjects who utilised multiple thinking strategies in resolving the 

creative mental synthesis problems, with those subjects who utilised one particular 

thinking strategy exclusively, as a function of the practical responses verses non-
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practical responses, was to generate a two-dimensional contingency table [illustrated 

in Table 28 below). 

Is' 1 Th"nki Muhiple 
mg e I ng Th" k.i Totals In ng 

strategy ~ . r8legte 

Practical 68 109 177 
+ 

Non.praclical 316 512 828 

Totals 
-r 

384 621 1005 

TABLE 28: TwO WAY CONTINGENCY TAilLE - SINGLE STRATEGY AND MULTIPLE STRATEGIES VS. 
PRACTICAL AND NON-PRACTICAL 

In Table 28 above, the frequencies in the rows were represented by Practical and Non-

practical responses respectively. The column headings are represented by Single 

thinking strategy and Multiple thinking strategies headings respectively. The results 

from the application of a Chi-squared test on the frequencies above, to detelllline 

whether there was a relationship between frequencies of practical responses and 

preference for using a single or multiple thinking strategies, indicated there was no 

statistically significant difference between using either a single thinking strategy 

exclusively or using multiple thinking strategies. The obtained value of 0.00 was 

derived after using the frequencies above and applying them in a Chi-squared test. 

The value of a one-tailed X2 at the 0.05 level with one df=2 .71 . Since the obtained 

value [0.00) was less than 2.71 the results were detel ll1ined not to be statistically 

significant. 

The previous section discussed the results of the questionnaire data by comparing and 

contrasting the thinking techniques used by the subjects with the results of the 

inventions judged to be practical. The next logical step would be to compare and 
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contrast the questionnaire data regarding the thinking techniques used by the subjects 

with the results of the inventions judged to be creative. 

As in the previous sections, once a file was created for each individual subject, a 

general frequency table, based on all subjects [60 in total], was generated. The table 

below [Table 29] reflects for example that 32 subjects [53.33 percent of the subjects] 

were not able to generate any creative inventions. Marked differences exist in the 

number of subjects who generated creative inventions and those who did not. This is 

consistent with the earlier suggestions [in previous chapters] that 3D creative mental 

synthesis problems may be more difficult than 2D creative mental synthesis problems, 

at least with respect to creativity. In addition, perhaps a large number of non-creative 

responses [with respect to 3D problems, invention] may be non-designers. 

Creativity Table 
3D Problems 

Number of Creative 0 1 2 3 4 5 
responses 

% of Subjects 53.3% 21.7% 5% 10% 6.7% 3.3% 100% 

No. of Subjects 32 13 3 6 4 2 60 
- - --- __ Subi~ 

TABLE 29: PERCENT AGE OF SUBJECTS WHO GENERATED A GIVEN NUMBER OF CREATIVE RESPONSES 
[3D PROBLEMS] 

Consistent with section 5.2.2.2 above, it was appropriate to generate a two-

dimensional contingency table [illustrated in Table 30 below] in order to compare and 

contrast, in a simple and straightforward way, subjects who utilised multiple thinking 

strategies in resolving the creative mental synthesis problems with those subjects who 

utilised one particular thinking strategy exclusively, as a function of the creative 

responses verses non-creative responses. 
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s· I Thl Id Multiple 
IOge n ng~~ Totals 

strategy (eg~ 

Creative 27 36 63 

Non·crcative 357 S85 942 

Totals 384 621 lOOS 

TABLE 30: Two WAY CONTINGENCY TABLE - SINGLE STRATEGY AND MULTIPLE STRA TEGlES VS. 

CREATIVE AND NON·CREA TTVE RESPONSES 

In Table 30 above, the frequencies in the rows were represented by Creative and Non-

creative responses respectively. The column headings were represented by Single 

thinking strategy and Multiple thinking strategies headings respectively. The results 

from the application of a Chi-squared test on the frequencies above indicated there 

was no statistically significant difference between using either a single thinking 

strategy exclusively or using multiple thinking strategies. The obtained value of 0.62 

was derived after using the frequencies above and applying them in a Chi-squared 

test. The value of a one-tailed X2 at the 0.05 level with one df-2.71. Since the 

obtained value [0.62) was less than 2.7 I the results were determined not to be 

statistically significant. 

5.3 Discussion: QuestioDnail"e Data [2D & 3D] 

Using empirical data and accepted statistical tools [Chi-squared tests) to compare and 

contrast creative mental synthesis responses with the exclusive use of a single 

thinking technique and the use of multiple thinking techniques, revealed with respect 

to 2D creative responses, 3D creative responses, and 3D practical responses there was 

no statically significant difference between the exclusive use of a single thinking 

technique and the use of multiple thinking techniques. This finding was contrary to 

the suggestions found within the design literature as discussed in Chapter 2 where 

strategy variety was thought to have advantages. However, the result relating to 2D 
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correspondence responses revealed there was a statically significant difference 

between the exclusive use of a single thinking technique and the use of multiple 

thinking techniques and appears to support the argument for the use of mUltiple 

strategies. This result notwithstanding, it is possible that the results are less a 

reflection of the thinking strategies and are more related to individual differences and 

the capabilities of individual subjects. 
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Chapter 6: Rejudging Experiment 1 (2D2 &3D) 

6.1 Introduction 

In experiment one, the judges were from different disciplines, however, the pattern of 

their judgments remained consistent. It could be argued the judgements may be 

atypical and peculiar to those judges. In order to investigate this, it was reasoned that 

a new set of judges should review the drawings, making new judgements. If as 

Amabile (1982) and Hennessey (1994) suggest, creative responses detellnined via 

consensual agreement by "appropriate observers" is reliable, then it is a reasonable 

hypothesis that the judgements of a new set of judges would have a high degree of 

correlation when compared to the first set of judges. Therefore, the reason for 

rejudging the drawings from experiment one is to observe if the subjects who 

generated drawings detelll1.ined as being creative by the first set of judges are also 

determined as having a similar creative output by new judges. It is expected that this 

would be the case for both the two-dimensional and three-dimensional problems. In 

order to investigate this, the first step was to elim.inate outlying judges, and then 

isolate responses deemed creative by the remaining judges. Next, distracter responses 

needed to be m.ixed with the creative responses. 

Aberrant judges whose judgements were inconsistent, with respect to 

creativi ty/originality when compared to the other judges, would not be used. As the 

central focus of the rejudging relates to creative responses, thereby relating this work 



154 

to the views of Amabile (1982) and Hennessey (1994), the 

correspondence/practicality scales are not seen as central. This, however, does not 

suggest that they should not be used in the selection process, they are merely 

secondary. The argument is that although the scales are not linked, in that the 

judgements do not depend on each other, consideration should be given to both when 

eliminating skewed judges. In addition investigations of correspondence or 

practicality may be interesting. Consequently it would be best to eliminate judges who 

skew both scales. In this way another set of new judges does not need to be found for 

the purpose of judging correspondence/practicality responses. 

In order to optimise the use of the new judges, the amount of papers they review could 

be reduced compared to the original set of judges. The idea is to reduce the numbers 

of judgements, but to have a sufficient total number of responses to mask the 

responses deemed creative among distracter responses. A response, (after the 

elimination of outliers), is selected as being original/creative when a majority of 

judges determine it to be creative. Consequently, an odd number of judges were 

needed. If an even number of judges was used it would be possible for a response to 

be declared undecided (deadlocked). This should not be allowed to happen. The 

central issue when deciding which judges were to be eliminated was whether the 

pattern of their judgements stood out from the other judges sufficiently enough to 

warrant their exclusion. There were a number of techniques that might be used to look 

at the pattern of judgements relating to frequencies of score levels (i.e. number of 

times a judge scored responses at a level of 5,4 or 3 etc ... ). A few example 

techniques were: visual inspection of frequency tables; visual inspection of frequency 
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charts and using factor analysis. As it is a more rigorous technique, factor analysis as 

outlined below, was the primary technique used in this study. 

When using the basic principal components model of factor analysis, a list of 

component loadings was generated. In reviewing these loadings, patterns can be 

observed in the numbers with respect to which judge is responsible for a pattern. 

Typical examples and patterns of the loadings of the two-dimensional problems can 

be found in Table 31 below: 

IDJ441DCo 
IDJ44VCCo 
IDJ44NDCo 
IDJ 44ID2Cr 
IDJ 44VC2Cr 
IDJ44ND2Cr 

VCJ611DCo 
VCJ61VCCo 
VCJ61NDCo 
VCJ61 ID2Cr 
VCJ6IVC2Cr 
VCJ6IND2Cr 

NDJ51lDCo 
DJ5I VCCo 

NDJ51NDCo 
NDJ51 ID2Cr 
NDJ5I VC2Cr 

DJ51ND2Cr 

Comp 
Loading 

I 

0.995 
0.985 
0.892 
0.992 
0.971 
0.889 

0.955 
0.956 
0.93 
0.873 
0.893 
0.883 

0.884 
0.929 
0.883 
0.935 
0.953 
0.95 

Comp 
Loading 

2 

0.046 
0.067 
0.286 
0.083 
0.234 
0.303 

0.0 14 
-0.033 
0.273 
0.484 
0.429 
0.444 

0.144 
0.108 
0.265 
0.17 1 
0.105 
0.212 

Comp 
Loading 

3 

0.034 
·0.004 
-0.222 
0.05 
·0.01 
·0.216 

0.078 
0. 106 
0.032 
-0.017 
-0.062 
0.011 

0.042 
0.032 
-0.032 
-0.012 
0.038 
-0.11 

Comp 
Loading 

4 

-0.079 
-0.156 
-0.118 
·0.054 
0.054 
-0.07 

·0.271 
-0.272 
-0.222 
0.034 
0.1 
-0.109 

-0.431 
·0.327 
-0.368 
-0.262 
-0.215 
·0.112 

Comp 
Loading 

5 

0.025 
-0.011 
0.245 
0.057 
0.02 
0.258 

·0.09 
0.009 
0.101 
-0.037 
-0.071 
0.109 

-0.106 
-0. 134 
-0.119 
-0. 166 
-0.181 
-0.164 

TABLE31: FACfOR ANALYSIS COMI'ONENT LOADING PAlTERNS 

Table 31 above is a representative sample of three of the judges ( I Industrial design 

judge [IDl ], I Visual communications judge [VCl], and 1 Law judge [NDl]). 

Below is how the codes on the left of Table 31 are deciphered: 



Type of Judge 
ID - Industrial design 
VC- Vis Corn 
ND-Law 

Judge type number 

-

Subject type 
ID - Ind design 
VC-Vis Corn 
ND-Law 

IDJ 44 ID CO 

Scale type 
CO- Correspondence 
CR- Creativity 
PR - Practicality 

The rows of each code represent the results of component loading. In reviewing the 

percentage of total variance explained (2D problems), Component 1 was 

approximately 63 percent Component 2 was approximately 20 percent, and 
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Component 3 was approximately 10 percent. This indicates that the greatest explained 

variance resides in the first three components. Therefore these should be the main 

focus in observing the patterns of judgements. 

Some basic patterns were found. Three different techniques were used in looking at 

patterns in the loadings. The first utilised a coding system of plus signs, zero and 

minus signs; the second was a visual inspection of the frequency tables and their 

corresponding frequency distribution charts and the third was by searching for outliers 

in a cluster analysis. The table below [Table 32] indicates how the +, - and 0 are used 

to reflect the loadings in a simple fashion. 

High positive significance High negative significance 

Symbol ++ Loading .75 to .99 Symbol -- Loading ·.75 to -.99 

Significant but not High Moderate negative Significance 

Symbol + Loading .25 to .75 Symbol - Loading -.25 to -.75 

Chance Chance 

Symbol 0 Loading .25 to -.25 Symbol 0 Loading .25 to -.25 

TABLE 32: GRAPmc CODING OF COMPONENT LOADlNGS 
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Using the system of +,- and 0 the loadings can be simplified. As an example, the list 

below shows how the system was applied using the example loading symbols shown 

above. Various patterns were identified and given pattern numbers [i.e. pattern 1, 

pattern 2, etc ... ]. Pattern 1 [shown in Table 33 below] was typical of the majority of 

the judges. 

Camp Camp Camp Camp Camp Camp 
Loading Loading Loading Loading Loading Loading 

I 2 3 I 2 3 

lDJ44IDCo 0.995 0.046 0.034 ++ 0 0 Correspondence 
lDJ44VCCo 0.985 0.067 -0.004 ++ 0 0 Pattern 1 
lDJ44NDCo 0.892 0.286 -0.222 ++ + 0 
IDJ44ID2Cr 0.992 0.083 0.05 ++ 0 0 Creative 
IDJ44VC2Cr 0.971 0.234 -0.01 ++ 0 0 Pattern 1 
IDJ44ND2Cr 0_889 0.303 -0.216 ++ + 0 

VCJ61IDCo 0.955 0.014 0.078 ++ 0 0 Correspondence 
VCJ61VCCo 0.956 -0.033 0.106 ++ 0 0 Pattern 1 
VCJ61NDCo 0.93 0.273 0.032 ++ + 0 
VCJ61ID2Cr 0.873 0.484 -0.017 ++ + 0 Creative 
VCJ61VC2Cr 0.893 0.429 -0.062 ++ + 0 Pattern 1 
VCJ61ND2Cr 0.883 0.444 0.011 ++ + 0 

NDJ5 I IDCo 0.884 0.144 0.042 ++ 0 0 Correspondence 
NDJ51VCCo 0.929 0.108 0.032 ++ 0 0 Pattern 1 
NDJ5I NDCo 0.883 0.265 -0.032 ±± ± Q 
NDJ51ID2Cr 0.935 0.171 -0.012 ++ 0 0 Creative 
NDJ5I VC2Cr 0.953 0.105 0.038 ++ 0 0 Pattern 1 
NDJ5IND2Cr 0.95 0.212 -0.11 ++0 0 0 

TABLE 33: COMPONENT LOADING PATTERNS 

The rows in Table 33 above, represent the loading figures of a judge reviewing a type 

of subject. The first three columns [Comp Loading 1, 2, & 3] represent the loading for 

a judgment. The last three columns indicate the symbols attributed to a particular 

component loading. A review of the symbols, in Table 33 above, reveals a consistent 

pattern of judgements typical of the majority of judges. However, the symbol patterns 

of Non-design judge 53 [NDJ53] and Vis-Corn judge 65 [VCJ65], found in Table 34 

below, were very different from that of the majority of the judges [Component 1 = ++, 

Component 2 = 0 or +, Component 3 = 0]. When comparing the symbol patterns in 
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the list below with the symbol patterns typical of most judges reflected in the list 

above, these judges [NDJ53 & VCJ65] should be considered as outlying judges. 

Camp Camp Camp Camp Comp Camp 

Loading Loading Loading Loading Loading Loading 

1 2 3 1 2 3 

VCJ65IDCo 0.306 -0.744 0.423 + + Correspondence 

VCJ65VCCo 0.35 -0.696 0.432 + + Pattern 4 

VCJ65NDCo 0.505 -0.738 0.402 + + 

VCJ65ID2Cr 0.138 0.852 0.373 0 ++ + Creative 

VCJ65VC2Cr 0.061 0.813 0.461 0 ++ + Pattern 3 

VCJ65ND2Cr 0.23 0.858 0.303 0 ++ + 

NDJ53IDCo 0.516 -0.738 0.285 + + Correspondence 

NDJ53VCCo 0.377 -0.819 0.347 + + Pattern 3 

NDJ53NDCo 0.42 -0.836 0.318 + + 

NDJ53ID2Cr 0.051 0.601 0.771 0 + + Creative 

NDJ53VC2Cr 0.275 0.529 0.797 + + + Pattern 3 

NDJ53ND2Cr 0.025 0.598 0.779 0 + + 

TABLE 34: ATYPICAL JUDGES BASED ON PATTERNS OF COMPONENT LOADINGS [2D PROBLEM SETS] 

Using this technique for identifying the outlier judges from the three-dimensional 

problems sets resulted in finding two judges who were not as consistent as the other 

judges. Therefore, they should not be used. They were Non-design Judge 12 [NDJI2] 

& Vis-Cam Judge [VCJ 34]. Their patterns are shown in Table 35 below: 

Camp Comp Camp Camp Camp Camp 

Loading Loading Loading Loading Loading Loading 

1 2 3 1 2 3 

NDJl2IDPr 0.767 -0.607 0.056 ++ 0 Practicality 

NDJl2VCPr 0.844 -0.525 0.041 ++ 0 Pattern I 

NDJI2NDPr 0.724 -0.657 0.064 + 0 

NDJl2ID3Cr 0.631 0.645 -0.3 + Creative 

NDJl2VC3Cr 0.566 0.727 -0.335 + Pattern 4 

NDJl2ND3Cr 0.445 0.726 -0.394 + 

VCJ34IDPr 0.832 -0.539 0.011 ++ 0 Practicality 

VCJ34VCPr 0.964 -0.252 0.008 ++ 0 Pattern I 

VCJ34NDPr 0.92 -0.369 0.047 ++ 0 

VCJ34ID3Cr 0.637 0.617 -0.353 + Creative 

VCJ34VC3Cr 0.677 0.682 -0.225 + 0 Pattern 4 

VCJ34ND3Cr 0.592 0.681 -0.396 + 

TABLE 35: ATYPICAL JUDGES BASED ON PATTERNS OF COMPONENT LOADINGS [3D PROBLEM SETS] 
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There are different ways in which unusual judging patterns can be identified. One way 

is graphicall y, by looking at the charts of frequency djstributions. The judges IDI44 

and VCI 61, in figure 24 below, ilJustrate a typical frequency distribution of 

judgements. 

10 J44 20 Tota l Corr & VCJ61 20 Tota l Corr & 
Creative Creative 

700 700 
600 600 
SOO " 500 
400 400 
300 300 
200 200 
100 100 

0 0 
e - '" M ~ '" 0 - N M ~ '" • • • • • ~ • • • • • 

'" 0 0 0 0 0 '" 0 0 0 0 0 
N Z Z Z Z Z N Z Z Z Z Z 

• Cor. Total • Cor. Total 
. .. • .. Oea Total ... • . . Oea Total 

FIGURE 24: TYPICAL J UDGE FREQUENCY DISTRIBUTIONS [2D PROBLEM SETS] 

However, the judges, in figure 25 below, were considered to be atypical. 

NDJ53 20 Tota I Corr & VCJ65 20 Tota l Corr & 
Creative Creative 

700 700 
600 600 •• 500 • • 
500 • • • 

• • • 400 • 400 • 

••• • • 
300 • • 

300 • • • • 
• 200 • • • • • • •••• • • 200 . " • • -•.... 100 • • 

100 " • • .. 
0 •• 

0 0 - N M ~ '" '" M ~ '" 
~ • • • • • 

0 - '" 0 0 0 0 0 
~ • • • • • N Z Z Z z z '" 0 0 0 0 0 
N Z Z Z Z Z I 

• Cor. Total I 1 1 • Cor. Total 
... . .. Oea Total 1 1 1 ... • .. Oea Total 

FIGURE 25 : ATYPICAL J UDGE FREQUENCY DISTRIBUTIONS [2D PROBLEM SETS] 

ote how the peaks of the curves are towards opposite ends of the scales. That is to 

say, the curves appear [graphically] to be skewed. Creativity appears to be negatively 
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skewed, while the correspondence curve appears to be positively skewed. These two 

judges are not typical with respect to their judging patterns when compared to the 

other judges. Therefore, their judgements should not be relied upon and excluded 

from use in further analysis . This review confilllls what was indicated in section 6.2.2 

above. 

The frequency distributions of judges IDJ24 and VCJ33, presented in the charts 

within Figure 26 below, depict frequency distributions typical of most of the judges' 

judgements, with respect to the three-dimensional problems. 

IDJ24 3d Tota l Prac & VCJ33 3D Tota l Prac & 
Creative Creative 

700 700 
600 600 
500 500 
400 400 . 

300 ----. 300 + .-. • • . .... - 200 . :Y' 200 - -. • • , 
100 •• 100 -

0 O. 
N M " '" 0 - N M " '" 0 - - • • • • • - • • • • • 

" 0 0 0 0 0 " 0 0 0 0 0 
N Z Z Z Z Z N Z Z Z Z Z 

• A-ac. Total I • A-ac. Total 
- - -• . - Oea Total - - -. - - Oea Total 

FIGURE 26: TYPICAl, JUDGE FREQUENCY DISTRIBUTIONS [3D PROBLEM SETS] 

When using the technique of sorting graphically, indicated above, to identify the 3D 

judges who are DOt typical, two judges stood out who should not be used. They were 

Non-Design judge 12 and Vis-Corn Judge 34. Their charts are illustrated in Figure 27 

below. 
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NDJ12 3D Total Prac & VCJ34 3D Total Prac & 
Creative Creative 

700 700 
600 600 
SOO 500 
400 400 
300 ....... 

• • 300 JI ....• . 
• •• • . .. 200 • 200 • • • • • • • • • • • 100 • 100 • • • ... .. - • . 0_- • 

0 0 • 

e - '" '" " "' 0 - '" '" " "' • • • • • - • • • • • 

" 0 0 0 0 0 " 0 0 0 0 0 
N Z Z Z Z Z N Z Z Z Z Z 

• A'ac. Total • A'ac. Total 
.. . .. .. Qea Total .. ... .. Qea Total 

FIGURE 27: ATYPICAL JUDGE FREQUENCY DISTRIBUTIONS [3D PROBLEM SETS) 

As with the previous judges, note how the peaks of the curves are skewed towards 

opposite ends of the scales. These two judges are not typical with respect to their 

judging patterns when compared to the other judges. Therefore, their judgements 

should not be relied upon and excluded from use in further analysis. 

At first glance it could be argued that judge IDJ25 should be considered for 

elimination as well, after reviewing the chart representing their score frequency 

distribution [illustrated in figure 28 below], however, upon closer inspection and after 

looking at the pattern of component loadings using the +,- & 0 technique [factor 

analysis] explained earlier as support, IDJ25 can be considered as having a different 

pattern, when compared with either NOJ 12 or VCJ34. However, it should be noted 

the peaks of the curves, while not in the centre, approach the centre. In addition, the 

elimination of this judge would result in an even number of 12 judges. This could lead 

to 'deadlocked' responses, consequently, this judge was retained. 



IDJ25 3D Total Prac & 
Creative 

700 I 221 2 

600 
500 
400 
300 
200 
100 

o 

--
-.--
-. , 

'. , , , 
• 

Zero No. 1 No. 2 No. 3 No. 4 No. 5 

• Prac. Total 
- • • - -Crea Total 

FIGURE 28: CLOSE TO NORMAL JUDGING FREQUENCY OISTRlBUTIO 
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Cluster analysis techniques were also utilised as an alternate way of identifying judges 

who were atypical. The similar findings using this technique served to reinforce the 

view that the judges indicated above were not typical in their judgements and should 

not be used. 

After reviewing the pattern of judgements utilising various techniques, (factor 

analysis, visual inspection of frequency distribution tables and charts, and cluster 

analysis), to identify judges whose judging patterns were deteIlllined to be different 

enough to warrant eliminating their judgements, two judges from a pool of fifteen 

judges reviewing the two-dimensional problems were removed, resulting in an odd 

number of thirteen judges. Those removed were Non-design judge NDJ53 and Vis-

Corn judge VCJ65 . In addition it was found that two judges from another pool of 

fifteen judges who reviewed the three-dimensional problems needed to be removed, 

resulting in an odd number of thirteen judges. They were Non-design judge NDJ 12 

and Visual communications judge VCJ34. 
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After isolating and removing aberrant judges, it was necessary to recalculate 

frequencies using majority rules. In the case of 2D problems, high correspondence 

and creativity frequencies were determined. In the case of 3D responses, practicality 

and creativity frequencies were deter mined. As the main focus of rejudging was 

creativity, these frequencies dictated which of the response codes to isolate for data 

comparison. In addition, owing to the numbers of responses involved and with a view 

to increase the time for decisions on the part of the judges, the following ratio for 2D 

problems was used to add distracter responses. For every creative response three 

distracter responses were drawn from the remaining responses. In the case of the 3D 

responses, the ratio was different because of the smaller number of creative responses. 

The ratio for 3D problems was five distracter responses were drawn from the 

remaining responses for every creative response. 

Once the data which was determined as being creative was isolated and the distracters 

included, the coded originals could be photocopied and prepared for rejudging by a 

new set of fifteen judges. 

In rejudging the data the same number of judges and cohorts of judge types were used 

in rejudging. Table 36 below reflects the fact that there were five judges from each 

cohort [ID, YC, & NO], resulting in a total of fifteen judges. They reviewed both the 

2D responses and the 3D responses. 
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Judge groups 

.. ~ 3D Designers 
Industrial design students 
number of Judges 

20 Designers 
Graphic design students 
number of Judges 

non-designers 
Law SlUdenlS 

number of Judges Total 

Number or 
Student 
judges 

5 5 5 

TABLE 36: JUDGE TYPE GROUPINGS R EJUDGING EXPERIMENT ON}: 

In order to ensure that the judges were blind to the background of the subjects, the 

15 

same coding systems utilised in part one and part two of experiment one were used to 

code each response. Only the judges' code numbers were altered to reflect the new 

judges. 

As in experiment one part one (2D) the judges were to rate the correspondence and 

originality (creativity) of each two-dimensional form. They were to use a S-point scale 

for each criterion (as shown below) with I being the lowest score and 5 the highest 

score. 

I 2 3 4 5. 

Vt.ry Poor Low Modest Good Ve.ryGood 
correspondence. correspondence correspondence correspondenct correspondeoce 

I 2 3 4 5. 

No' Low Modes, Original Ve", 

Original OriginalilY Originalhy Original 

No pauem D Wrong Pans D 
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As in the work of Finke (1990) the judges were to rate the practicality and originality 

(creativity) of each invention. They were to use a 5-point scale (as shown below) with 

I being the lowest score and 5 the highest score. 

I , 3 4 s. 

NO! Low Modest Practical Very 
Practical Practicality Practica lity Practical 

J 2 3 4 s. 

NOl Low Modes! Original Very 
Original Originality Originality Original 

No Respo~ 

i 

The same technique as in experiment one, with respect to randomising the responses 

for each different judge, was utilised in arranging the photocopies. This minimised 

any ordering effects from occurring and ensured the stack of responses presented to 

each judge was different with respect to the other judges. 

The fifteen volunteer judges from the three different cohorts of judges, were gathered 

together for a full day of judging. They were told that the morning session would be 

devoted to judging the 2D responses and after lunch they would be judging the 3D 

responses. The procedure of what the subjects had been expected to do was explained 

to the judges. Then the judges were instmcted to score the responses from each 

subject using the scoring conventions mentioned above. 

As in the judging sessions of experiment I parts 1 &2, the judges were to score the 

responses sequentially as they were presented to them. They were not allowed to 
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return and review a previous response. They were not allowed to compare or rank the 

responses. Each response was to stand on its own merits at the time of review. No 

definition of original ity or creativity was given. Each judge was to use his or her own 

criterion. In addition the previous judging rules and instructions applied as before 

[instructions are located in Appendix E]. 

Upon their return from lunch the judges (the same judges, who reviewed the 2D 

responses), were to judge the 3D responses, which were based on Finke (1990). All 

of the judges received the same basic instructions. After they assembled in the room 

where the judging was going to take place the instructions were read to them 

[instructions are located in Appendix E]. 

(
"" ....... -::.' r~-

• • 

.. ." .. 

Li.:.l
' .-. . . 

, '<','1 
. '. ' •. l." .-:"': 

Once the responses were judged again, two spread sheets were developed in order to 

prepare the coded data for analysis. The row headings were represented by a given 

response code as were the col umn headings similar to the previous spread sheets 

generated for experiment one parts one and two (as depicted in Table 37 below). 

Using the spread sheets, high correspondence, practical and creative responses could 

be isolated to allow comparisons between sets of judges. 

R_""'" Problem Type P .. :>bIem 00 Respome No. 

, ~~~:J::==~~= 

t t t t t t tt't t t tt t 
TABLE 37: SPREADSHEET LAYOUT [REJUDGING) 
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Frequency distributions of creative responses and responses of high correspondence 

(20) or practicality (3~) were detelmined and generated. Frequency tables based on 

the spreadsheets allowed data to be reviewed and compared. In addition they allowed 

for a comparison of frequencies between and among sets of judges (i.e. original 

judges and judges doing the rejudging), and different subject types, thus providing an 

opportunity to correlate response judgements. 

6.7 

When comparing judgements made by the sets of judges in experiment one with the 

current judgments, it would be expected, given the findings of Amabile (1982) and 

Hennessey (1994), that a high correlation should exist between the judging patterns of 

the judges. In order to investigate this, correlation tables which listed the ranked 

frequencies of responses using all judges, were developed. In order to detelllline the 

degree of association between the judgements rendered by the judges in experiment 

one with the judges who rejudged the data, accepted statistical methods were used. 

The rank differences correlation formula method, corrected for ties, was the 

appropriate tool to use. The supporting rationale for correcting for ties was that 

frequently two or more subjects could have the same score on a single variable, an 

issue that needed to be addressed. This was accomplished by assigning averages to the 

tied scores. To review the tables and calculations refer to Appendix F. In essence this 

research tested the null hypothesis that the two variables, ranks of scores by different 

sets of judges, would not be associated (Ho: r, = 0). If the value of r, is equal to or 

greater than the critical value for a given N, then it is concluded that r, is significant 
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(one-tailed) at a p level indicated in a t distribution table. Table 38 below summarises 

the resultant t values, with respect to the different judgment criterion, for different df 

at the 0.05 level. 

Usi ng All judges Re·J udging (2D) 

Correspondence 
to subjects , - 8.0 
vC subjects 1- 9.0 
NO subjects 1- 3.1 
Creativity 
ID subjects 
VC subjects 
NO subjects 

1 - 2.3 
1 - 5.68 
1-29 

Using All judge. Re-judging (3D) 

Practicality 
ID subjects 
VC subjects 
NO subjects 
Creativity 
TO subjects 
VC subjects 
NO subjects 

1-285 
1 -0.60 
1 - 5.25 

, ... 2.3 7 
I'" 1.6 
,-1.44 

1 value for df(17)@ 0.05 level - 1.740 
, value for dl(17)@ 0.05 level ... 1.740 
1 value for df(13)@ 0.05 level - 1.771 

1 value for df(17)@ 0.05 level - 1.740 
1 value for df(17)@ 0.05 level - 1.740 
I value fordf(l3)@0.05Ievel- I.TIt 

I value for df(13)@0.05 Ievel- 1.771 
1 value for df(l2)@ 0.05 level - 1.782 
1 value for df(5)@ 0.05 lovel - 2015 

1 value for df( 13) @ 0.05 level - 1.771 
I value for df(12)@0.05Ievel- 1.782 
t value for d/(S)@O.051evel-2.015 

TABLE 38: RESULTS OF CORRELATION ANALYSIS 

6.8 Discussion 

Reject Null 
Reject Null 
Reject Nu.1I 

Reject Null 
Reject Null 
Reject NuJ! 

Reject Null 
Accept Null 
Reject Null 

Reject Null 
Accept Null 
Accept Null 

ConseDsual agreement patterns in this research tend to support the views regarding 

consensual agreement reliability suggested by Hennesey (1994). 

As can be noted in Table 38 above, with respect to the 2D problems, both the different 

sets of judges demonstrated a similar judging pattern with respect to ranking subjects 

who had responses with a high degree of correspondence. In addition, both sets of 

judges revealed a similar judging pattern in ranking subjects whose responses were 

detellllined as being creative. While correlation exists in all subject groupings (ID-

VC-ND), the correlations are three times higher for the designers compared to the 

non-designers. However, with respect to creativity, the correlation is about two times 

greater for the visual communications subjects compared to either the industrial 
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designers or the non-designers. This tends to suggest that the responses generated by 

the visual communications subjects can be clearly identified as being creative by 

different sets of judges. 

Differences in the level of difficulty (3D problems are more difficult than 2D 

problems) suggested by the results from experiment one and as discussed in chapter 4, 

are supported here, in that the correlations of practicality are lower than those of 

correspondence. In addition, only with respect to 3D creativity and the industrial 

design subjects can the null hypothesis be rejected. That is to say, both sets of judges 

tend to agree on the judging pattern in ranking industrial design subjects whose 

responses were determined as being creative. However, the null hypothesis must be 

accepted concerning both the visual communications subjects and the non-design 

subjects in terms of creativity, with respect to the 3D problems and visual 

communications subjects in terms of practicality, with respect to the 3D problems. 

It might be argued that these results are some affectation of the methodology, perhaps 

the selection of responses and distracter responses may be weighted towards the 

subjects who were determined (by the first set of judges) as generating larger numbers 

of creative responses. However, this is not really sustainable. A subject who generates 

a large number of responses does not guarantee that they have generated large 

numbers of creative responses. For example subject VC2DG5S6 generated forty, 

two-dimensional responses. However, only one of those was determined to be creative 

by a majority of the judges. On the other hand subject ID2DG 1 S 1 generated only 

eleven two-dimensional responses and four of those were determined to be creative. 

As the second judges were blind to who generated which responses (as were the first 
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set of judges) and it would be impossible for them to know the judging patterns of the 

first judges, these results are significant in that they lend support to the view that 

while the number of creative responses is small they remain recognisably creative. 

The issue of a small number of creative responses brings the discussion to another 

point. A low number of non-design subjects generated a significant number of the 3D 

creative responses (25 percent of subjects generated 75 percent-80 percent of the 

creative responses). This also appears to be the case for the design subjects. Further 

research is needed to investigate the backgrounds of the subjects who generated these 

responses. Perhaps they were the top students in their class. 

t 

; 

I 



Chapter 7 Experiment 2: Experimental design (2D&3D) 

7.1 Introduction I 

171 

Revealed in the literature review (chapter 2) the design literature regards creative 

mental synthesis and therefore creative mental synthesis abilities as important in the 

design process. Additionally, drawing is seen as playing a central role in that creative 

process. However, a review of the relevant cognitive psychology literature [see 

Anderson & Helstrup (1993)] revealed that when empirically investigated, utilising 

the methods ofFinke & Slay ton (1988), the use of drawing as an aid in such a task 

was inconsequential. Notwithstanding the findings of Anderson & Helstrup (1993), it 

can be argued that drawing may be important in creative mental synthesis tasks, 

which are clearly related to design tasks. While Anderson & Helstrup (1993) 

instructed their subjects to sometimes ··doodle" or draw, and sometimes to only 

perforlO the creative mental synthesis task mentally, a number of issues arise. To 

begin with the subjects they had utilised were recruited from a general psychology 

class and were not thought of as being trained in drawing, as designers are. Another 

issue open to exploration is that perhaps when and how drawing is used in the creative 

mental synthesis process is important. If the beliefs reflected in the design literature 

regarding the importance of drawing and creative mental synthesis are to be 

substantiated, empirical methods must be applied in order to investigate the presumed 

significance of creative mental synthesis and drawing in design. The design literature 

offered no empirical methodology which would assist in such an investigation. 

However, the cognitive psychology literature appeared to offer one. The most 

straightforward way of investigating creative mental synthesis, drawing and design 

was to adopt and adapt the research procedures and methods of Finke & Slay ton 

(1988), Finke (1990), and Anderson & Helstrup (1993). 
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While the cognitive psychology literature offered a possible methodology for 

researching creative mental synthesis and drawing, their findings were not consistent 

with the views of the design literature. As was suggested earlier, alternate strategies 

[when and how drawing is used] should be investigated and compared. To that end, in 

experiment two it was necessary to develop a series of tasks. The tasks were 

developed to explore a few relevant strategies, derived from the literature review in 

Chapter 2. Based on the anecdotal evidence found in the design literature, it was 

predicted that drawing would increase creative output for the design groups relative to 

their performance when they are not allowed to draw, and that non-designers would 

not change their level of performance. These two experimental conditions are 

illustrated below in Table 39 as Strategy A and Strategy B, Task 1. 

However, the structure of the creative mental synthesis task allows a more detailed 

examination of the role of drawing than is implied in this simple comparison. In the 

design literature there are a number of more specific views about the role of drawing. 

It is often stated, for example, that design flows from the end of the pencil. This could 

mean that the activity of drawing simply assists through the type of mechanism 

suggested by Anderson and Helstrup (1993), of reducing the cognitive load. However 

this statement is often associated with the idea that drawings that are produced trigger 

the emergence of new ideas or the re-interpretation of existing ideas (see, for example 

Goldschmidt, 1994, on emergence and re-interpretation). The basic structure of the 

mental synthesis task involves the presentation of three randomly selected forms that 

then have to be recreated in imagery and synthesised to produce a new form. This is 

then externalised in written and drawn form to allow for the assessment of the results. 



173 

Drawing could be introduced while this initial synthesis is taking place. However it 

would also be possible to introduce a second phase to the task where the normal 

mental synthesis procedure is carried out but participants are then allowed to go back 

and work on the forms they have produced either by drawing or by repeating the 

mental synthesis task during the second phase. In this way the issue of emergence and 

re-interpretation can be addressed. 

The first two Strategies CA and B illustrated in Table 39 below) can therefore be 

combined with a second phase where drawing is allowed in order to work on the 

forms produced in the first phase. If drawing is both important during the process of 

synthesising a form and allows re-interpretation then Strategy A, Task I and 2 should 

produce the highest output for the designers, and if the lack of drawing training is the 

important factor with the non-designers then the two phase procedure should not 

change their performance. However, if drawing is only important in terms of the way 

it facilitates re-interpretation, then creative output should increase in Strategy B, Task 

2 and should equal Strategy A, Task 2. It may be, however, that drawing is not 

important during either Task I or 2 and that the important creative activity occurs 

when forms that have been produced can be mentally manipulated, and that drawing 

under these conditions is simply a way of externalising the results of these 

manipulations. This possibility is examined by including a third Strategy where Task 

1 involves forms being produced with drawing being allowed and this is followed by 

a Task 2 condition where participants can use mental imagery to work on the forms 

produced in Task 1. This combination of Task 1 and 2 is illustrated below in Table 39 

as Strategy C. 
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In his research on expert and novice designers, Mathias (1993) found novice designers 

often use drawing to focus early on a design solution. For example, when they are 

given the task of designing a doorknob, the novice would start trying to embody the 

form early in the design process by drawing doorknobs in general, thus operating a 

holistic-synthetic strategy in which an overall solution is developed from the outset. 

However, this then limits the size of their search space. By contrast, experts would use 

drawing to generate ideas and concepts and not form, at this stage of the process. By 

operating at the level of abstract ideas and concepts experts develop a complex search 

space opening up the possibility of innovative and creative outcomes. This would 

appear to imply that it is better to separate the idea generation stage and the synthesis 

stage (form generation). This is reinforced by the fact that in the later stages of the 

design process, Mathias (1993) found that expert designers use drawing and 

modelling for synthesis to embody the ideas in physical form. Therefore, if conditions 

are controlled so as to mimic the strategies of expert designers, by forcing subjects to 

focus on developing ideas (concepts) first and then the embodiment of those ideas, as 

design experts do, this should result in more creative ideas being generated and offer 

an opportunity to create forms which are atypical and seen as more creative. Since 

neither non-designers nor student designers [novice designers] are instructed on how 

to use drawing for first ideas as experts do, it would be better if the activity of 

developing first ideas was done only mentally, with basic shapes given later so no 

embodiments or synthesis could take place. This possibility was examined by 

providing participants in the mental synthesis task with the name of a category, but 

not the parts. This combination is illustrated as Strategy D in Table 39 below. If 

Mathias's views regarding expert designers are correct then the highest level of 

creative output, for both designers and non-designers, should occur in Task I of this 
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strategy and, if drawing assists the creative process through exploration, then creative 

output should increase in the second task where drawing is used to reinterpret the 

forms produced in the first task. 

In order to investigate the themes described earlier, a series of tasks was developed, 

which were divided into four distinct strategies [lllustrated below in Table 39 as 

(Strategies ABCD)], and two distinct phases within each strategy [llIustrated below in 

Table 39 as Tasks 1 & 2]. 

Drawing Strategies & Creative Mental Synthesis 

SbaLto A Strategy B Sb·.ltiY C StrateIY D 

Taskl TMkl TuU Tulc! 
Using Using menial Using Menially develop 

Phase 1 drawing to imagery to drawing 10 and na!\le forms ( 
cle\'elop develop ideas develop time limit) (no parIS 

.J ide' s (d .. ;.; (till+: limit). idees (tin ... given) THEN parIS 
limit) then draw the limit) given to develop the 

ideas (no time previously named 
limit) fOllus (no tillM limit) 

Phase 2 
Task 2 Task 2 Task 2 Task 2 
Using Using Using mental Using 
drawing to drawing to imagery alone drawing to 
rotate and rotate and to rotate forms rotate and 

• reinterpret then draw and • remterpret remterpret 
forms (time forms (time • forms (time remterpret 
limit) limit) forms (time limit) 

limit) 

TABLE 39: DRA WING STRA TEGrES AND TASK DESCRIPnONS FOR EXPERIMENT 2 

The focus of this chapter centred on the procedural and methodological issues of 

experiment two, which were largely based on those of Finke & Slay ton (1988), Finke 

(1990). Their experiments explored both two-dimensional and three-dimensional 

creative mental synthesis respectively. Additionally, experiment two was based on the 
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work of Anderson & Helstrup (1993), with respect to drawing issues and creative 

mental synthesis. As there were two types of problems (20 & 3D), accordingly, there 

were two separate parts of experiment two (20 problem trials and separate 3D 

problem trials) . However, while the procedures and methods were not exactly the 

same, they were very similar, therefore, it was sensible to group sections concerning 

similar topics together [i.e. types and numbers of subjects used in the experiment, 

types of stimuli etc ... ]' This chapter is dedicated to explaining the experimental 

design. 

Previously, in both the summary of the literature review [section 2.6] and introduction 

of chapter 7 [section 7.1], it was posited that the most straightforward way of 

assessing the relevance of drawing and the creative mental synthesis task with respect 

to design, was to adopt and adapt the experimental research methods and procedures 

developed by Finke & Slay ton (1988), Finke (1990) and Anderson & Helstrup (1993). 

This would allow an exploration of the issues relating to mental synthesis, creativity, 

and drawing in the context of design if designers were used as subjects. Comparing 

the perfOI lI1ance of different types of designers with non-designers with respect to 

various strategies of utilising drawing, allows such an investigation. The nature of the 

material and stimuli in the Finke & Slayton (1988) task was of a 20 nature. 

Consistent with experiment one, this experiment (experiment two) recruited both 

types of designers [graphic designers (20) & industrial designers (3~)] along with 

subjects having a background in Law [non-designers], as this study sought to 



investigate possible differences among designers and non-designers using various 

strategies involving drawing to solve creative mental synthesis problems. 
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One finding of experiment one was that almost three times as many 2D responses 

were deemed creative as 3D responses, suggesting the three-dimensional creative 

mental synthesis task is somehow more difficult than the two-dimensional creative 

mental synthesis task. Subsequently, the issue of using drawing as an aid in the 3D 

creative mental synthesis process may be more helpful. While the research of 

Anderson & Helstrup (1993) did not involve 3D problems, it is not hard to see how to 

adapt their ideas to the work of Finke (1990), as his later work was of a 3D nature, 

requiring the subjects to create a practical object. Consistent with experiment one, this 

experiment (experiment two) recruited industrial designers (3D designers), graphic 

designers (v isual communications students) as the 2D designers, and Law students 

were again used as the non-designers. As in experiment one, differences were 

expected between and among these groups of subjects. 

Following on from experiment one, experiment two recruited university students and 

private college students in the final years of their degree in their field of study, from 

different Australian universities and schools. In attracting new subjects [university 

students who had not helped with this research before] the same ethics approvals 

previously given by the various institutions [e.g. University of Technology Sydney -

approval number (UTS HREC 96/58) etc ... J were utilised, as this research was 

considered to be very similar to experiment one with respect to the ethical issues 
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involved. As before, with advance permission from the relevant lecturers, recruitment 

was accomplished by visiting lecture classes of the various disciplines and reading the 

prepared statement utili sed last time, with the exception of one minor change. The 

time involvement for the individual had been ex tended to approx imatel y one 

and a half hours, instead of approximately one hour. Consistent with the previous 

recru itment drive, a few general questions were answered after the reading of the 

statement. This was done to maintain consistency in the recruitment process. The 

nature of the statement was to tell the potential subjects enough to entice them, but not 

enough to reveal the details of the research. Interested students placed their name and 

a contact telephone number on a sign-on sheet, to be contacted later, thus minimising 

disruption to the scheduled class. Volunteers were later contacted to confirm their 

willingness, and to obtain prospective times to participate in the research. 

One aspect of experiment two investigated 2D creative mental synthesis utilising 60 

student subjects in the final years of their degree [20 subjects from each discipline] . 

Additionally, each cohort of subjects was further randomly broken down into four 

groups of five subjects, as illustrated in Table 40 below. The further grouping of 

student types was necessary to prevent ordering effects. As the subjects were 

presented tasks which directed them to use different drawing strategies to resolve 2D 

creative mental synthesis problems, it was important that no order effects occurred in 

the process. It is possible if all the subjects were given the different strategies in the 

same order that a practice effect could be blamed for any increases in perfollllance. 

Therefore, each group was given a letter designation (Group A, Group B, Group C, or 

Group D), which designated the order in which the different strategies were presented 
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to the subjects. The details regarding the varied order of strategy presentation within 

each group will be discussed in a subsequent section. 

Subject groups 

2D Designers 3D Designers non-designers ~ 
~ - - -

Industrial design students Graphic design students Law Students 
number of subjects number of subjects number of subjects Total 

2D t - , J L - , J L :ztr I 
Problems Group Group Group 
sets A B C D A B C Il A R C Il 
[ 4 stTlltegies ] 

5 I 5 I 5 I 5 5 I 5 J 5 I 5 S 
15 1 5 I 5 60 

TABLE 40: SUBJECT G ROUPINGS FOR EXl'ERIMENT TWO [2D PROBLEMS] 

As with the previous experiment [experiment one] the group numbers (five in each) 

were large enough to expedite the experiment, yet small enough so as not to be 

distracting for the other subjects. If a subject was unable to meet in a scheduled group, 

an appropriate individual time was found. It must be remembered, Finke & Slay ton 

(1988) had used small groups as well , in order to expedite their experiments. 

A second aspect of experiment two investigated 3D creative mental synthesis utilising 

60 student subjects in the final years of their degree [20 subjects from each 

discipline]. Additionally, as with the 2D problems, each cohort of subjects was 

randomly placed into four groups of five subjects, as illustrated in Table 41 below. 

The further breakdown of student type was necessary to prevent ordering effects. As 

the subjects were presented tasks which directed them to use different drawing 

strategies to resolve 3D creative mental synthesis problems, it was important that no 

order effects occurred in the process. As previously stated, it is possible if all the 

subjects were given the different strategies in the same order that a practice effect 

could be blamed for any increases in perfo[ lIIance. Therefore, each group was given a 
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letter designation (Group A, Group B, Group C, or Group D), which designated the 

order in which the different strategies were presented to the subjects. The details 

regarding the varied order of strategy presentation within each group will be discussed 

in a subsequent section. 

Subject groups 

~ 3D Designers 2D Designers non-designers -Industrial design students Graphic design students Law StudenlS 

number of subjects number of subjects number of subjects Total 

3D , J . , 
Problems Group Group Group 
sets A B C D A B C 0 A B C 0 
[ 4 strategies J 5 5 5 5 5 5 5 5 5 5 5 5 60 

TABLE 41: SUBJECT GROUP[NGS FOR EXPERIMENT TWO [3D PROBLEMS] 

As with the previolls experiment [experiment one] the group numbers (five in each) 

were large enough to expedite the experiment, yet small enough so as not to be 

distracting for the other subjects. If a subject was unable to meet in a scheduled group, 

an appropriate individual time was found. Finke (1990) had also used small groups in 

order to expedite his experiments. 

The subjects were presented with a group of parts [as utilised in Finke & Slayton 

(1988)] to be used in [2D] creative mental synthesis problems, which consisted of 

fifteen fO! IHS depicted in Figure 29 below. As with the 2D problems of experiment 

one, three forms out of the fifteen basic fO[lI1s were randomly selected for each trial. 

However, in experiment two every subject was required to complete three trials in 

each of four different strategies. Following the reasoning of Finke & Slay ton (1988) , 

some shapes might be considered more complex than others, therefore, the subjects 

would consider some of the fOllns to be difficult to utilise. So that the more complex 
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fOIlllS were less likely to be used in each separate trial, the first ten fOIllIS, consisting 

of circle, square, rectangle, triangle, vertical line, horizontal line, capital letters 0, C, 

L, T were weighted to be three times as likely to be used as the last five forms (J, 8, 

X, V, P). The pU'1lose of this was to mjnimize the prospect that a triplet of founs, for 

any of the twelve trials, would be comprised of the more complex for illS. That is to 

say, it is important that a triplet of for ms should not consist of three of the more 

difficult for I11S. The same selection technique utilised in experiment one, the random 

selection of parts [random selection via a computer program], assisted in forming each 

of the triplets of parts used in each trial. 

, 
/ 

FIGURE 29: EXPERIMENT TWO STrMULI (2D PROBLEMS) 

The subjects were presented with a group of parts [as utilised in Finke (1990)] to be 

used in [3D] creative mental synthesis, which consisted of fifteen for illS, depicted in 

the Figure 30 below. As with the 3D problems of experiment one, three forms out of 

the fifteen basic fOIlllS were randomly selected for each trial. However, in experiment 

two every subject was required to complete three trials in each of four different 

strategies. All subjects were required to complete all twelve trials. Following the 

reasoning of Finke (1990) some shapes might be considered more complex than 

others, therefore, subjects may consider some oftbe for illS to be difficult to utilise. 
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The following constraints [consistent with Finke (1990) and experiment one of this 

research], were applied to the forms of varying complexity so that the more complex 

forms were less likely to be used in each separate trial: 

The sphere, hemisphere, cube, cone, and cylinder had a SO percent chance of selection. 
The wire, tube, flat square plate, bracket, and rectangular block had a 33.3 percent 
chance of selection. 
The hook, wheels, cross, ring, and handle had a 16.7 percent chance of selection. 

The purpose of this was to minimize the prospect that a triplet of forms, for any of the 

twelve trials, would be comprised of the more complex forms. The selection of triplets 

of parts to be used in each trial was performed randomly by computer, utilising the 

same methods previously described in the selection of triplets in experiment one. In 

addition, a randomly selected object invention category attached to each triplet of 3D 

forms was given to the subjects. As in experiment one there were eight invention 

categories [Furniture, Personal items, Transportation, Scientific instruments, 

Appliances, Tools & Utensils, Weapons, Toys & Games]. Each invention category 

had an equal chance of being randomly selected by the computer, again using the 

same coding methods as described earlier. Each group [A,B,C,or D] within each 

cohort of subjects, had a different set of twelve triplets coupled with a randomly 

selected invention category, compared with the other groups of subjects. As each 

cohort of subjects was divided into four groups of five, each subject performed the 

first part [task one] of the creative mental synthesis task twelve times [three times in 

each of the four strategies] in contrast to the six trials in Finke (1990), using a new 

invention category coupled to each of the three new randomly selected forms in each 

trial, creating as many forms as they wished in a specified time limit. In the second 

part of each strategy [task two] the subjects were not given new parts or categories; 

they were to reinterpret their previous inventions using the parts they were given. 



However, they were given the freedom to reinterpret the inventions irrespective of 

category. This procedure will be presented in more detail in a subsequent section. 
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FIGURE 30: EXPERIMENT TWO STfMULI (3D PROBLEMS) 
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The experimenter was in the room at all times monitoring the sessions. The 

experiment began by showing the subjects fifteen object parts as in Finke and Slayton 

(1988). Three parts were randomly selected for each trial in a series of trials presented 

to the different groups who explored two-dimensional creative mental synthesis. In 

the 2D trials the subjects were given a copy of a drawing consisting of the fifteen two­

dimensional fOIlns, from which triplets of parts would be selected. In addition, each 

subject was given a paper listing the strategy order of presentation for that particular 

group. Each group [A,8,C, or DJ had a different strategy order with a view to 

minimising any ordering effects as discussed earlier. Figure 31 below illustrates the 

different strategy order for each of the groups [Groups A,8,C,&DJ. Each subject was 
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only shown the strategy order list relevant to him or her. It should be noted that 

Strategy D was always presented to the subjects last, as it was such a radical departure 

from the other strategies. 
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FIGURE 31: DRAWING STRATEGY ORDER FOR GROUPS A,B,C,&D [2D PROBLEMS) 

For consistency, pre-prepared instructions were read to the subjects. Owing to their 

length the instructions are not presented here. As a reference, detailed instructions for 

each group can be found in Appendix G. It is recommended that these be reviewed in 

order to gain a clear understanding of the procedures the subjects followed. Prior to 

the reading of the instructions, infollnation sheets (required by the ethics committees) 

were read and signed by the subjects. These sheets outlined the ethical issues relating 

to time commitment, privacy/publications issues, and contact infOllllation should a 

complaint arise. 
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In the work of Finke & Slayton (1988) they required the subjects to only create one 

recognisable fOl lll in each of the two-minute trials they specified. However, in this 

study the subjects were allowed to create as many fOllns as they wished in each three­

minute trial. This was done in order to maximise the number of possible creative 

fOllns, generated by the subjects. In addition, the second task of each strategy, not 

used in Finke & Slayton (1988), allowed the subjects nine minutes to reinterpret their 

ideas developed in task one. In order to keep track of the drawings the subjects 

generated, two separate, special pre-printed response sheets were developed with a 

coding procedure. As part of the instructions, the subjects were directed in how to 

code their response sheets. 

In addition, at the end of each strategy [the completion of both tasks one and two] of 

the 20 trials, the subjects filled in a questionnaire concerning the thinking strategy 

they used in combining the parts to create a new for Ill. Therefore, they were to 

complete four questionnaires, one for each strategy. If the subjects made any 

comments or had questions throughout the experiment these were also noted for 

future reference. 

Consistent with the preceding procedure [the 20 problems] , the experimenter was in 

the room at all times monitoring the sessions. In the 30 trials, the subjects were given 

a copy of a drawing consisting of the fifteen three-dimensional fOlIllS, as in Finke 

(1990), from which triplets of parts would be selected. Three parts and an invention 

category were randomly selected for each trial in a series of twelve trials presented to 
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the different groups who explored three-dimensional creative mental synthesis. In 

addition, each subject was given a paper listing the strategy order of presentation for 

that particular group. Each group [A,B,C, or DJ had a different strategy order with a 

view to minimising any ordering effects as discussed earlier. Figure 32 below 

illustrated the different strategy order for each of the groups [Group A,B,C,&D]. Each 

subject was only shown the strategy order list relevant to him or her. It should be 

noted that Strategy D was always presented to the subjects last, as it was such a 

radical departure from the other strategies. 
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FIGURE 32: DRAWING STRATEGY ORDER FOR GROUPS A,B,C,&D [3D PROBLEMS] 

For consistency purposes, pre-prepared instructions were read to the subjects. Owing 

to their length the instructions are not presented here. As a reference, detailed 

instructions for each group have been placed in Appendix H. As with the 2D 

instructions, it is recommended that these be reviewed in order to gain a clear 
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understanding of the procedures the subjects followed. Prior to the reading of the 

instructions, infonuation sheets (required by the ethics committees) were read and 

signed by the subjects. These sheets outlined the ethical issues relating to time 

commitment, privacy/publications issues, and contact infonuation should a complaint 

arise. 

In his work concerning 3D creative mental synthesis Finke (1990) found a higher 

percentage of creative responses were generated when subjects were given both the 

object category and the basic fonus to be synthesised. Therefore, in order to maximise 

the creative output in this experiment the subjects were given both the randomly 

selected object invention category and randomly selected triplets of basic fonus to be 

synthesised. In addition, this study increased the number of trials to twelve, while 

Finke (1990) used six trials. The work of Finke (1990) required the subjects to only 

create one recognisable fonu in each of the two-minute trials specified. However, in 

this study the subjects were allowed to create as many fonus as they wished in each 

three-minute trial. This was done in order to maximise the number of possible creative 

forms, generated by the subjects. In addition, a second task, not used in Finke (1990), 

allowed the subjects nine minutes to reinterpret their ideas on four separate occasions 

[task two of the different strategies]. As with the 2D problems, in order to keep track 

of the drawings the subjects generated, the same two separate, special pre-printed 

response sheets with a coding procedure were utilised in the 3D problems. As part of 

the instructions, the subjects were directed in how to code their responses on the 

sheets. 
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In addition, as in the 2D trials, at the end of each strategy [tasks one and two 1 in the 

3D trials, the subjects filled in a questionnaire concerning the thinking strategy they 

used in combining the parts to create a new forIJI . Therefore, they were to complete 

four questionnaires, one for each drawing condi tion, which included Tasks I and 2. If 

the subjects made any comments or had questions throughout the experiment these 

were also noted for future reference. 

The procedures outlined in sections 7.2.8 and 7.2.9, presented in detail in Appendix G 

and Appendix H, resulted in a number of individual drawings with corresponding 

descriptions of different two-dimensional forllls or three-dimensional inventions, 

which were developed utilising various drawing strategies. These drawings were 

considered to be quantitative data. During the development process, the subjects 

coded the drawings. After the drawings were generated they had judging stickers 

applied to them. This will be explained in detail in a subsequent section on jUdging. 

As discussed in detail in experiment one, since it is difficult to predict a response from 

a subject in these types of mental synthesis experiments, it is reasonable to believe 

that an experimenter with knowledge of the hypothesis would also have difficulty in 

predicting, and therefore influencing the creative output of the subjects or judges in 

this type of research. Therefore, as in experiment one, naive experimenters were not 

used, as suggested by Intons-Peterson (1983). An additional supporting rationale for 

not having naive experimenters is that any questions or concerns raised by the 
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subjects can be appropriately dealt with, given that the researcher has an 

understanding of the complete experiment. 

At the end of each drawing strategy [which included both tasks one & two], all 

subjects [irrespective of which problem sets they were completing - 2D problems or 

3D problems] filled in a questionnaire concerning the thinking strategy/strategies they 

used in combining the parts to create a new forlll. The difference was that in Finke & 

Slayton (1988) and Finke (1990) the subjects were to pick the most common (one) 

strategy they used in combining the parts and did not further explain their strategies. 

As the subjects were not given a strategy for solving the problems, the questionnaire 

was included in order to provide information as to how the subjects may have actually 

performed the task. In addition, they were asked to respond to some questions 

regarding the difficulties they may have encountered in using the strategy they had 

just used. The questionnaire below was presented to all subjects. 

Please circle thE: stra tegy you IutveJust completed 

Stra tegy A BeD 

At the cnd of this series of trials aod this suggcsted strategy, flllln a questionnaire concerning Im- strategy you used in combining the parts 
to create 8 new form and make any comments you think relevant about this strategy (ease of use, problems encountered, do you typically 
~ this Iec:hnique in solving problems? etc .. . ). 

Circle one: 

This stnUtgy was easy 10 use YES NO 

J typically use Ihls Iet:hnique to solve problems YES NO 

I te.nded to ~Ik to my~r' repeating the names of the parIS as' was trying to develop the n(',W form. 
YES NO 

Problems I encountered In using this strategy 3re as follow: 

The list below is not "set in coocrt'le". I(you u:wd just one of these circle the number. I()'ou used more than one drcle the ones you used, 
then ~xplain on the back of thi!. paper when you used the dirrerent IKhniqut'S, why you changed elc... Basically use the back of this paper 
to Iry and explain the thoughl process you used as best you can. 

Techniques I used In combining the parts to create a new form ..... ere: 

I ) '" I tried comblni.ng lhe parts by trial and error In my image until I happened 10 recognise a s hape '" 

2 ) .. I nrsllhought or a possible shape then I tried to combine the parts in my Image 10 see whether the pardcular SNIpe could 
be made out of the parts" 

3 ) "'I did not rOrm an image at all. but just thought about how the parts might be combined In a mOre abstract way" 

4 ) "'I used some other strategy " ( Mease explain on the back) 
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They were instructed to answer the questions and circle the strategy or strategies they 

used to develop their solutions. If they used more than one strategy they were told to 

circle alJ the strategies they used. On the back of the questionnaire, they were 

encouraged to further enhance the standard description of the strategies used. In 

addition, if they had changed strategies they were to describe when and why they 

changed. If they used some other strategy not listed then they were to explain the 

strategy they used. This provided questionnaire data [unstructured datal for analysis. 

In addition, if the subjects made any comments, had questions, or instilled thoughts 

within the experimenter in any way throughout the experiment, these were noted for 

future reference and analysis. These questions, comments, and thoughts were also 

considered to be unstructured data. 

There were three judges used in Finke & Slayton (1988). However, drawn from a pool 

of volunteers, this study used five student judges from each cohort of students 

(Industrial design, Visual communications design, Law), as illustrated in Table 42 

below. These judges reviewed the responses generated by all three cohorts of student 

subjects. Consequently, each of these judges reviewed every single response from the 

2D problems test subjects. 
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Judge groups 

-• 3D Designers 
Industrial design students 
number of Judges 

2D Designers 
Graphic design students 
number of Judges 

non-designers 
Law Students 
number of Judges Total 

Number of 
Student 
judges 

5 5 5 

TABLE 42: J UDGING GROUPS EXPERIMENT TWO [20 PROBLEMS] 

IS 

As in experiment one, controlling the different cohorts of judges as well as different 

cohorts of subjects allowed analysis between and among the judge types and subject 

types. The supporting rationale for the increased judge numbers was that a larger 

number (greater than two or three) of a mixed group of judges [designers and non-

designers] would allow for flexibility in analysis, yet still reflect a general student 

population [as in a general psychology class used in Finke & Slayton (1988)] . In 

addition, greater numbers would allow more reliable statistical analysis of the results. 

While there were only two judges used in Finke (1990), they were judges who 

reviewed the 2D responses in his earlier work [Finke & Slayton (1988)]. There were a 

number of responses generated in both the 2D and 3D problems. Consequently it 

would be inappropriate to demand a large time commitment from one set of judges. 

Therefore, it was necessary to have two sets of judges. To this end a second set of 

judges was used to review the 3D data sheets. Table 43 below reflects the distribution 

of judges by judge type and numbers. Essentially there were five student judges from 

each cohort of students (Industrial design, Visual communications design, Law), 
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resulting in a total of fifteen judges who were unfamiliar with this research [unlike 

Finke (1 990)]. 

Judge groups 

~ • 3D Designers 
Industrial design students 
number of Judges 

2D Designers 
Graphic design students 
number of Judges 

non-designers 
Law Students 
number of Judges Total 

Number of 
Student 
judges 

5 5 5 

TABLE 43: JUDGING GROUPS EXPERIMENT TWO [3D PROBLEMS] 

15 

In order to ensure that the judges were blind to the background of the subjects and the 

strategy utilised by each subject, a coding system was devised for each response of 

each subject. While the participants generated the responses, the responses were 

coded, and later a rating system sticker was applied to each response. Once the codes 

and stickers were applied, fifteen photocopies of each response sheet were made (one 

for each judge). Using this coding system it was possible to generate for each judge 

[20 or 3D], one complete set of 20 or 3D responses (photocopies) appropriately 

encoded, so if required, a particular response from a particular judge could 

conceivably be tracked down later. The legend below is a breakdown of the coding 

system and an example for one particular judge from the industrial design group 

viewing one 3D response of a particular law subject: 



Judge 
I Industrial Design ( judge background) 
2 Vis Corn ( judge background) 
3 Law ( judge background ) 

. - judge from the background group 
2nd judge from the background group 
3n1 judge from the background group 
4th judge from the background group 
S" judge from the background group 

X industrial designer (subjecl background) 

Y Visual corn designer (subjecl background ) 

Z non-designer (subjecl background ) 
2 Problem selS 
3 Problem sets 

Group 
A, B. C, D Group leller 

Subjecl 
1.2.3.4, 5 Subject number 

Strategy 
A. 8 , C. 0 Stralegy letter 

Task 
1, 2 Task number 
(1- mental synthesis 
2-re.inlcrprelation) 

Problem 
X Problem number 

Response 
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X Response number 

J13Z3GBSlSDT2P2Rl 
Example of a code on one of the subjects' response sheets 10 identify the judge, the subjecl being judged and a panicular 

response from that subject 

The same technique of semi-random distribution of responses for judging either the 

2D data sheets or the 3D data sheets, as explained and depicted earlier in experiment 

one, was used here in experiment two. It is important that no ordering effect among 

the judgements occurred. 

As mentioned earl ier the judges were to independentl y rate how well the names of the 

forms corresponded to the drawings presented. Following the revised scoring 

conventions used in experiment one [not the linked instructions of Finke & Slayton 

(1988)), the judges were to use the two 5-point scales (illustrated below). These 
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judgement scales were on each 2D response. The judges were blind to who generated 

the response, in addition to being blind to the different drawing strategies used by the 

subjects. 

1 2 3 • s. 

Very Poor Low Modest Good Very Good 

correspondence correspondence COfT'('$pondence correspondence correspondence 

1 2 3 

Not Low Modesl 

Original Original ity Originality 

No pattern D Wrong Pans D 

• 
Original 

s. 

Ve" 
Original 

The judges were instructed to give a correspondence rating to the drawing by circling 

a rating number. As in experiment one, the correspondence rating was necessary in 

that it suggested a clear understanding or a lack of clarity of the imagined fOlIl1, and 

thereby, indicating whether synthesis had taken place. The judges were also to rate the 

originality (creativity) of the responses, independent of the correspondence rating. 

The judges were to base their ratings on the concept represented by the drawing and 

not how well the object was drawn. In addition, as in Finke & Slayton (1988), if the 

subjects used wrong or distorted parts, or if only some of the correct parts were used, 

then the pattern was to be classified by the judges as wrong parts. A no pattern 

classification refers to a trial in which the subject reported no pattern. Even if there 

was no pattern this was considered an attempt and therefore counted, unlike Finke & 

Slay ton (1988) who did not count a non-response. 

As in the work of Finke (1990), and experiment one, the judges were to rate the 

practicality and originality (creativity) of each invention. They were to use two 5-

point scales (illustrated below). The judges were blind to who generated the response, 

in addition to being blind to the different drawing strategies used by the subjects. 



I 2 3 4 s. 

Noc Low Modes. Pracdcal Very 

Practical Practicality Practica lity PrnC1kal 

I 2 J 4 5. 

NO! Low Modest Original Very 

Original OriginalilY Originality Original 

No Response 

I i 
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These different ratings were to be made independent of each other, as in experiment 

one. Consistent with the views of Finke (1990), an object could be practical but not 

original, original but not practical, or both original and practical [although he 

contradicted these views in his writings by linking the criterion]. The judges were to 

circle a rating for the practicality for each response and an originality rating for each 

response. The judges were to base their ratings on the concept represented by the 

drawing and not how well the object was drawn. In addition, they were to rate the 

overall design of the object, not whether it necessarily contained all of the working 

parts it actually needed (e.g. If fasteners were missing it should not matter). In 

addition, if the subjects could not develop an invention in the time allowed (i.e. a 

blank response) or they used the wrong parts, the judges were to mark the box No 

Response. 

The fifteen volunteer 2D judges were gathered together for a full day of judging in a 

comfortable quiet room. On another day the fifteen volunteer 3D judges were 

gathered together for a full day of judging in a comfortable quiet room. A large 

catered lunch, coupled with being supplied with morning/afternoon tea breaks served 

as remuneration for the judges. In addition, they were given two free movie tickets to 

relax after a day of judging. They were told that the morning session would be 

devoted to judging half of the responses, and after lunch they would be judging the 
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remainder of the responses. The procedure of what the subjects had been expected to 

do was explained to the judges. Then the judges were instructed to score the responses 

from each subject using the scoring conventions previously mentioned. 

After all the judges who were to review the 2D responses assembled in the room 

where the judging was going to take place and prior to the reading of the instructions, 

infOI mation sheets (required by the ethics committees) were read and signed by the 

judges. Just as the subjects were to be apprised of the ethical involved in the 

research, the judges had to be infolllled as well. These sheets outlined the ethical 

issues relating to time commitment, privacy/publications issues, and contact 

infollllation should a complaint arise. After they signed the ethics fOllllS, the 

instructions were read to them [instmctions are located in Appendix I]. 

The judges who reviewed the 3D responses were treated in a similar fashion to that of 

the 2D judges, in that all the judges received the same remuneration as the 2D judges. 

In addition, prior to the reading of the instructions, infollllation sheets (required by the 

ethics committees) were read and signed by the judges. After they assembled in the 

room where the judging was going to take place the instructions were read to them 

[instructions are located in Appendix J]. 

The judges were to score the responses sequentially as they were presented to them. 

They were not allowed to return and review a previous response. They were not 
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aJlowed to compare or rank the responses. Each response was to stand on its own 

merits at the time of review. No definition of originality or creativity was given. Each 

judge was to use his or her own criterion. A coJlective view would stand. If the 

majority of judges deemed a response original/creative it would be considered so. 

This applied to the practicality criterion as weJl. 
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Chapter 8 Experiment 2 Drawing Strategies Results 

8.11ntroduction 

After the data from experiment two was collected and judged, the result was that 

fifteen different judges had reviewed each response from each of the subjects who 

completed the 2D problems. Additionally. fifteen different judges had reviewed each 

response from each of the subjects who completed the 3D problems in experiment 

two. That is to say any particular response was judged fifteen times. As in experiment 

one, the simplest way to review the numerical ratings of the responses, was to 

organise the numerical ratings in a spreadsheet. thus allowing an investigation of the 

patterns of judgements both between and among the judge types. and subject types as 

well. as comparing and contrasting the different strategies used. This chapter is 

dedicated to discussing the experimental results. 

8.2 Rules of [2D & 3D] 

The purpose of experiment one was to model the experiment on the methods and 

procedures of Finke & Slayton (1988) [2D) and Finke (1990) [3D). the obvious but 

necessary first step with respect to investigating creative mental synthesis of designers 

and non-designers. However. inconsistencies were found in their methods. Notably. 

these inconsistencies were related to scoring conventions and rules of classification 

[as discussed in chapters 3 and 4). Ultimately. the scoring conventions in experiment 

one. for both the 2D and 3D responses. required the responses to be judged along two 

similar numerical rating scales. The scales ranged between one and five. with one 

being the lowest and five being the highest rating. If a response was notably creative 

(original). having been scored 4 or higher by a majority of judges. it was deemed 



199 

creative. This was the case for both the 20 and 30 responses. With respect to the 20 

responses another rule of classification was that a response having a rating of 4 or 5 

by a majority of judges, was deemed to have high correspondence. With respect to the 

30 responses, the rule of classification was that an invention was practical, having 

received a rating of 4 or 5 by a majority of judges. These same scoring conventions 

applied in experiment two . 

• , , , ... - ---., .-

r ... " . 
• 

~-". "., ," 

After the responses from experiment two were judged, a new spreadsheet [different 

from experiment one] was developed [as illustrated in Table 44] in order to prepare 

the coded data for analysis, accommodating both the 20 judgments and the 30 

judgments and allowing for the different strategies used. The column headings were 

represented by breaking down the response code number into a subject type code [ID 

= 1- VC = 2 - NO = 3], a subject number [1-20], a problem type [20 = 1 or 30 = 2], a 

strategy type response number [Strategy A Taskl=l Strategy A Task2=2 Strategy B 

Taskl=3 Strategy B Task2=4 etc ... ], and judge code numbers (e.g. 1l21 ). Each judge 

had a column of cells, which represented the correspondence or practicality ratings for 

each response (a number 1-5), and a column of cells, which represented the creativity 

ratings (a number 1-5). Each row of judgments corresponded to that palticular 

response from a number of judges. This allowed for flexibility in analysis of the data. 

Each response could be investigated with respect to issues either between judges, 

among judges, or subject types and strategy types. Using this particular spreadsheet 

layout, any given subject could be traced back without using the long subject code. 

Consequently it was withdrawn from the spreadsheet. 
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TABLE 44: SPREADSHEET LAYOUT FOR EXPERIMENT TWO 

Crnllvlly 

Representing the data in a spreadsheet allows the simple generation of frequency 

tables [as before in experiment one], for the purpose of review and analysis. As 

before, only the meaningful frequency tables [as listed below] were represented, 
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therefore, the data could be meaningfully and empirically explored with respect to the 

variants of judge type, subject type, and strategy type. Since all the data is represented 

in one large spreadsheet a detailed analysis and presentation of the results can occur. 

Tables using ALL judges 
Tables using only Industrial Design Judges 
Tables using only Visual Communications Judges 
Tables using only Non-Design Judges 
Tables of each Individual Judge 

As indicated earlier in chapter 4, averaging techniques and the linking of measures 

offers an inaccurate view of the judges' decisions. Therefore, having the fifteen 2D 

problem judges review the two-dimensional responses, using two 5-point scales, 

along with instructions to treat correspondence and originality as two separate issues 

while adhering to majority rules conventions, allows for a more accurate unlinked 

analysis of the data. While the numbers of responses detellllined as having a high 

correspondence or being creative may differ from the previous results [owing to the 



decreased number of trials (three per strategy), but increased number of strategies], 

the central issue of the pattern of judgments remains. 
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Again a very consistent pattern emerged. The pattern of results here was very similar 

to those in chapter 4. Table 45 below [using majority rules and all fifteen judges 

combined into one cohort] reflects that the judges generally indicate [noting the 

yellow highlighted totals column on the right side of the table] designers perform 

better than non-designers in measures of creativity when given two-dimensional 

creative mental synthesis tasks. Also reflected in Table 45 below [when looking 

across the rows] the non-designers, with respect to creativity, maintain consistently 

low numbers irrespective of the strategy used. However, while contrary to 

expectations of the 2D designers performing better, the end results of the designers, 

with respect to creativity [ID =63 and VC=6l], are very similar, yet the pattern of 

results is different. The 3D designers [ID subjects] do not appear to be helped when 

allowed to use drawing to reinterpret their previous drawings [Task 2 Strategies A,B, 

&D]. The role of Task 2 was to investigate the issue of creative emergence 

[reinterpretation] from the drawings or reinterpretation mentally [Strategy C Task 2], 

thought to play a central role in design. However, the 2D designers [VC subjects] 

appear to be more consistent irrespective of strategy used. It should be noted that for 

the 2D designers and the 3D designers, all Task 2 results lag behind the Task 1 

results, suggesting that drawing to reinterpret or mentally reinterpreting, with the 

expectation of emergent ideas, is not as strong as the design literature suggests. While 

Anderson & Helstrup (1993) found no difference between the conditions of drawing 

to develop ideas [as in strategy A Task 1] or developing ideas mentally among their 

subjects [non-designers], the results below show Strategy B Task 1 [developing ideas 
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mentally] to be the strongest srrategy in tellBS of creativity, at least for the designers. 

Additionally, this result appears to contradict the design literature, in that the results 

of Strategy B Task I [mentally developing the forms] are greater that Strategy A Task 

I [developing ideas using drawing]. Additionally, when reviewing the column results 

for Strategy D Task 1, illustrated in Table 45 below, the results do not tend to support 

the suggestions of Mathias (1993) with respect to the separation of ideas from the 

embodiment of those ideas [at least for the 2D problems]. 

When reviewing the column designated Total Creative, the total creative output 158 

of the 3361 responses resulted in 4.7 percent of the responses detellnined as being 

creative [using all the judges as one cohort] . However, while this percentage appears 

to be low, comparatively speaking this percentage of creative fOllns is generally 

consistent with that of Finke & Slay ton (1988) [typically 6 percent]. 

D .... "'·IIII Sll'JIltgia & Cl'\'advt Men,.1 SynUJ$S (CrHdvlly 20) 1111 judges! 

Strlltrgy A Sl .... tq,y A Stnuqy B Strlltl)' 8 Stra lq;y C SII"IIq;)' C Slrl lfgY D SI .... lfgY D 
TlIsk I T"" 2 TIbk I T"", 2 Tlsk I Task 1 T"", 1 T •• 2 

TOI;al 
Cre:uivc 

Ind~ri.1 

DesiglW.ni 11 , 17 7 9 , IQ , I ., 
Vis· Corn 
(Slud l':nl5) 7 , 11 , 10 9 8 6 I 61 

Non-dS&MT5 
(LAw students) 6 J , J , , J 7 I J4 

Total 

I C~lIh·~ 24 10 JJ " 24 13 21 " 1" 

TABLE 45: NUMBER OF CREATIVE RESPONSES ATTRIBUTED TO SUBJECT TYPE, STRATEGY TYPE 

AND TASK 

While the creativity results are not linked to the correspondence results, similarities 

exist. For example, Table 46 below [again using majority rules and all fifteen judges 

combined into one cohort] reflects that the judges generally indicate [noting the 

yellow highlighted totals column on the right side of the table] designers perform 
• 
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better than non-designers in measures of correspondence when given two-dimensional 

creative mental synthesis tasks. Also reflected in Table 46 below [when looking 

across the rows] the non-designers, with respect to correspondence, maintain 

consistently low numbers irrespective of the strategy used, with the unusual 

exceptions of Strategy B Task I [mentally developing the forms] and Strategy C Task 

1 [drawing to develop the forms]. When reviewing these columns of results, the non­

designers were the highest, followed by the 3D designers (ID subjects), with the 2D 

designers (VC subjects) last. However, when comparing the overall results with 

respect to correspondence [ID =92, VC=72, and ND=63], the story is different. The 

3D designers [ID subjects] generated more two-dimensional forms having high 

correspondence than either the 2D designers or the non-designers. This pattern is 

similarly reflected in the results of Strategy A Task I [drawing to develop the forms]. 

Additionally, as in the results of the creative responses, a result that contradicts the 

design literature is reflected in the results of Strategy B Task 1 [mentally developing 

the forms]. The total result of this column yielded the highest number of 

correspondence responses, contradicting the findings of Anderson & Helstrup (1993). 

While Anderson & Helstrup (1993) found no difference between the conditions of 

drawing to develop ideas [as in strategy A Task 1] or developing ideas mentally [as in 

strategy B Task 1], among their subjects [non-designers], the results below show 

Strategy B Task 1 [developing ideas mentally] to be the strongest strategy in terms of 

correspondence, for all subjects [including the non-designers]. Additionally, this 

result appears to contradict the design literature, in that the results of Strategy B Task 

I [mentally developing the forms] are greater that Strategy A Task I [developing 

ideas using drawing]. 
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The design literature suggests that drawing for the purposes of reinterpreting the 

drawings in anticipation of emergent fOIl11S [Task 2 Strategies AB&D], aids creative 

mental synthesis. The results here do not reflect this. The subjects do not appear to 

'see' new fOllns either via drawing [Task 2 Strategies A, B & D] or mentally 

reinterpreting [Task 2 Strategy Cl. The role of Task 2 was to investigate the issue of 

emergence [reinterpretation] from the drawings or reinterpretation mental ly [Strategy 

C Task 2], thought to play a central role in design. It should be noted that for the 2D 

designers and the 3D designers, generally the Task 2 results lag behind the Task I 

results, suggesting that drawing to reinterpret or mentally reinterpreting, with the 

expectation of emergent ideas, is not as strong as the design literature suggests. 

In tellllS of the tota.l correspondence output, 227 of the 3361 responses resulted in 6.75 

percent of the responses detellllined as having good correspondence [using all the 

judges as one cohort). 

O ... .. -ing Sln lqpes &: Crad\'f rot !!'n,. ' Synlhftb (Co." spondf'oc:e 20 ) (sUjudpl 

Slrtltgy A SlnlraY A S'nltq;)' 8 Slnu~ B Smut&)' C Slnll tlY C S,n ,qp' 0 Sltl lq,y D 
T"" , T ... ' T"" , TaW I T ... " T"" , T ... , T ... ' 

T .... 
Co I'1"eSflO OOf'1lCe 

IDduSlril' 
Di:'5Illle.l'S " 11 20 ,. ,. 4 7 7 I " 
Vii - Corn 
(Students) l4 , 

" • , , , , I n 

Non-dtsll~ 
I (Law Slud e.nts) ,. 4 " 

, 11 , 4 7 6J 

TOlll 

I C!'UP"'! " lJ " " 
,. ,. ,. II tt7 

TABLE 46: NUMBER OF CORRESPONDENCE RESPONSES A ITRIBUTED TO SUBJECT TYPE, STRATEGY 
TYPE ANI) TASK 

While comparing the different judging groups [ID Judges, VC Judges, and ND 

Judges], in reviewing the row patterns reflected in the creativity and correspondence 

tables [found in Appendix K], the pattern remains clear and consistent. The designers 

generate more creative responses and responses having high correspondence when 
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compared to the non-design subjects, who generate the least frequent responses. A 

result reflected in the tables [found in Appendix K], revealed a judging pattern 

consistent with results in experiment one that the visual communications judge 

appear to be more conservative in their judgements with respect to creativity in 

contrast to the other judges. Conversely, the industrial design judges appeared to be 

liberal in their judgements. Another consistent result rests in the judging pattern 

irrespective of judge type. Generally the Task 2 results lag bebjnd the Task I results, 

suggesting that drawing to reinterpret or mentally reinterpreting, with the expectation 

of emergent ideas, is not as strong as the design literature suggests. 

Essentially, when tabulating the number of responses [illustrated in Table 47 below] 

deemed creative and not creative by the judges, the following was found: the row 

totals, reflected in Table 47 below, represent the number of creative responses 

produced by each of the subject groups. Given that the 3D was used, it would be 

expected, on the basis of experiment 1, that the industrial designers would produce 

more creative inventions than the visual communication group, with the non-designers 

performing poorly, and this is clearly demonstrated in the row totals. However, the 

results are not strictly comparable because the totals are based on a number of 

different strategies and tasks. The most direct comparison between the two 

experiments in tellns of the task perfollned involves Strategy B, Task I where the 

results clearly demonstrate the expected pattern. 

In many ways the patterns of results within the frequency tables of the 3D problems 

are remarkably similar to the patterns of results in both chapter 4 and the preceding 
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section [8.3]. Table 47 below [using majority rules and all fifteen judges combined 

into one cohort] reflects that the judges generally indicate [noting the yellow 

highlighted totals column on the right side of the table] designers perform better than 

non-designers in measures of creativity when given three-dimensional creative mental 

synthesis tasks. Also reflected in Table 47 below [when looking across the rows] the 

non-designers, with respect to creativity, maintain consistently low numbers 

irrespective of the strategy used, with the exception of Strategy D Task I. The issue of 

Strategy D Task I will be discussed subsequently. Consistent with initial expectations, 

the 3D designers performed better, with respect to creativity, than the 2D designers 

who in turn did better than the non-designers [ID =180, VC=121, and ND=40]. In 

addition, neither the 3D designers [ID subjects] nor the 2D designers [VC subjects] 

appear to be helped when allowed to use drawing to reinterpret their previous 

drawings [Task 2 Strategies A, B, &D]. The role of Task 2 was to investigate the issue 

of creative emergence [reinterpretation] from the drawings or reinterpretation 

mentally [Strategy C Task 2], thought to play a central role in design. In fact the 

levels of results reflected in Table 47 below remain consistent. It should be noted that 

for the 3D designers and the 2D designers, most of the Task 2 results lag behind the 

Task 1 results, suggesting that drawing to reinterpret or mentally reinterpreting, with 

the expectation of emergent ideas, is not as strong as the design literature suggests. 

While Anderson & Helstrup (1993) found no difference between the conditions of 

drawing to develop ideas [as in strategy A Task 1] or developing ideas mentally, 

among their subjects [non-designers], the results below show Strategy B Task 1 

[developing ideas mentally] to yield higher numbers in terms of creativity, at least for 

the designers. Additionally, this result appears to contradict the design literature, in 
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that the results of Strategy B Task I [mentally developing the forllls] are greater than 

those of Strategy A Task I [developing ideas using drawing]. 

1 

While the use of Strategy B Task I appears to aid the designers in the creative mental 

synthesis process more than the use of drawing to develop ideas, or reinterpreting 

them for that matter, it was far from the best strategy. When rev iewing the column 

I results for Strategy 0 Task I, illustrated in Table 47 below, the results lend support to 

the suggestions of Mathias (1993) with respect to the separation of ideas from the 

embodiment of those ideas, after which drawing is used to develop the ideas [at least 

for the 3D problems] . In fact, the results of the non-designers show that when they 

1,' used Strategy 0 Task I [mimicking design experts] they greatly increased their 

creative output. 

When reviewing the column designated Total Creative [illustrated on the right hand 

side of Table 47 below], the total creative output, 341 of the 2331 total responses, 

11 resulted in 14.6 percent of the responses determined as being creative [using all the 

I 
I 

judges as one cohort]. However, while this percentage may appear to be low, 

comparatively speaking this percentage of creative inventions is general ly consistent 

with that of Finke (1990) [typically 13.6 percent]. 

Dnlwing Sll'JIlq;6 &: C,,"d"e Menl.t Syntbtsis (CrNd .. ity 3D) lalI judltSl 

I Stnltgy A Sln ltt:)' A Stnuq,y B SlnI'f'I)' B St l'llltCY C SIn.tq)· C St l"lll fIY D Strl ltIY D 

T .. " T"", T .... T ... , Ta ' T ... , T .... T ... , 
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I Cmtil"t 
Industrial 
Dftfgntrs " 12 36 " " 11 7. •• I .10 

Vis· Corn 
(SlUdenu ) • • 18 S •• S 59 7 I 11 • 

Non..otsi , .. u 'l 
( lAw ~udenlS) , • S , , • 2. 2 I .. 
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TABLE 47: NU~mER OF CREATrvE RESPONSES A TTRmUTED TO SUBJECT TYPE, STRATEGY TYPE 
AND TASK 
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While the creativity results are not linked to the practicality results, similarities 

between the two exist. For example, Table 48 below [again using majority rules and 

all fifteen judges combined into one cohort] reflects that the judges generally indicate 

[noting the yellow highlighted totals column on the right side of the table] designers 

perform better than non-designers, in measures of practicality when given three­

dimensional creative mental synthesis tasks. However, the difference between the 20 

designers and the non-designers is marginal. Also reflected in Table 48 below [when 

looking across the rows] both the 20 designers and the non-designers, with respect to 

practicality, maintain relatively low results. This is also reflected in the overall results, 

with respect to practicality [ID =130, VC=66, and ND=65]. The 30 designers [ID 

subjects] generated more practical three-dimensional forms than either the 20 

designers or the non-designers. This pattern of results is similarly reflected in the 

results of Strategy B Task 1 [mentally developing the forms]. This result [relating to 

practicality], as with the creative responses, contradicts the design literature, which 

appears to maintain the view that drawing to develop ideas should lend greater 

assistance to designers than performing creative mental synthesis tasks unaided by 

drawing. This result also contradicts the findings of Anderson & Helstrup (1993). 

While Anderson & Helstrup (1993) found no difference between the conditions of 

drawing to develop ideas [as in Strategy A Task 1] or developing ideas mentally 

[Strategy B Task 1], among their subjects [non-designers], the results [illustrated in 

Table 48 below] show Strategy B Task I [developing ideas mentally] to be the 

strongest strategy in terms of practicality [at least for the 30 designers]. 

Additionally, the design literature consistently suggests that drawing for the purposes 

of reinterpreting the drawings in anticipation of emergent forms [Task 2 Strategies A, 
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B&Dl, aids creative mental synthesis. The results here do not reflect this. The subjects 

do not appear to 'see' new practical fOlIllS either via drawing [Task 2 Strategies A, 

B&Dl or mentally reinterpreting [Task 2 Strategy Cl 

When reviewing the column results for Strategy D Task I [illustrated in Table 48 

below], with respect to practicality, the results do not lend support to the suggestions 

of Mathias ( 1993) with respect to the separation of ideas from the embodiment of 

those ideas, after which drawing is used to develop the ideas [at least for the 3D 

problemsl. In fact, the results show this strategy to be the least effective for any of the 

subjects. 

In tellllS of the total practical output, 261 of the 2331 responses resulted in 11.2 

percent of the responses detellllined as being practical [using all the judges as one 

cohortl. 

0 ",11'1", Sln leairs & CrntJ"t Mien'" 5ynll&1 (prrocrlt'llJily JD) (11.1 Judaesl 
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TABLE 48: NUMBER OF CREATIVE RESPONSES ATTRIBUTED TO SUBJECTTVPE, STRATEGYTVPE 
AND TASK 

While comparing the different judging groups [ID Judges, VC Judges, and ND 

Judgesl, in reviewing the row patterns reflected in the creativity and practicality tables 

[found in Appendix Ll, the pattern remains clear and consistent. The designers 

generate more creative responses when compared to the non-design subjects, who 
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generate the least frequent responses. However, the 3D design judges and the non­

design judges found the 20 designers generate the least practical responses. A result 

reflected in the tables [found in Appendix L], revealed a judging pattern consistent 

with results in experiment one, that the visual communications judges appear to be 

more conservative in their judgements in contrast to the other judges [at least with 

respect to practicality]. Another consistent result rests in the judging pattern 

irrespective of judge type. Generally the Task 2 results lag behind the Task 1 results 

with respect to creativity [at least for the designers], suggesting that drawing to 

reinterpret or mentally reinterpreting, with the expectation of creative emergent ideas, 

is not as strong as the design literature suggests. 
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Chapter 9 Experiment 2 - Questionnaire Results (2D&3D) 

9.1 Introduction 

The findings in Chapter 8 revealed a number of issues regarding how and when 

drawing is best used as an aid to creative mental synthesis, which are contrary to the 

views revealed in the design 1 iterature. These results were important, however, as 

illustrated in Chapter 5, it was also possible, via the questionnaire, to gain insight into 

the thought processes of the subjects as they were trying to complete the creative 

mental synthesis tasks, thus allowing comparisons and contrasts to be made between 

the different drawing strategies. While the aim of this chapter is to reveal some of 

these comparisons, it is appropriate to compare and contrast only the strongest 

'drawing ' strategies revealed in the previous chapter (Chapter 8). The supporting 

rationale for doing so rests in the argument that while the purpose of the questionnaire 

was to explore thinking strategies, it makes sense to focus only on the effective 

drawing strategies. Consequently, this chapter will only discuss Strategy B in the 

case of the 20 and 3D problems, in addition to Strategy 0 in the case of the 3D 

problems in relation to the questionnaire. Each of these will be discussed, in turn, in 

separate subsections of this chapter. In addition, as in Chapter 5 the discussions of a 

broader range of issues relating the to the questionnaire results was intentionally 

omitted due to the size, complexity, and richness of the data. The addition of such 

discussion would a have substantially and inappropriately expanded the thesis. 
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The procedure outlined in section 7.2, relating to creative mental synthesis, resulted in 

a number of individual drawings with corresponding descriptions or inventions being 

created by each subject. These drawings were considered to be quantitative data, in 

that numerical ratings were applied to the drawings, as explained earlier. Previously, 

as was illustrated in Chapter 5, questionnaire data [unstructured data) was also 

obtained from the subjects. As in experiment one, and as discussed earlier at the end 

of the series of creative mental synthesis trials of each drawing strategy in experiment 

two, the subjects were also instructed to fill in a questionnaire in order to investigate 

their thought processes. However, unlike the questionnaire in experiment one, the 

questionnaire in experiment two asked additional questions. They were to answer 

questions regarding ease of use of the drawing strategies, typical use of the drawing 

strategies, and talking to one 's self [enquiring about sub vocalisation). These were 

added as a way of enhancing our understanding about the different drawing strategies, 

as it is possible for a drawing strategy to be effective but difficult to use. In addition, it 

is possible some subjects may typically use what may be considered and effective 

drawing strategy. Consequently the subjects were asked these questions on each 

questionnaire tbey completed for each drawing strategy. In order to investigate issues 

relating to talking to ones self [sub vocalisation) the subjects indicated if they did so. 

As it can be argued that when confronted with a difficult and complex task instances 

of sub vocalisation may increase. Finally, the subjects were to describe their thinking 

techniques. The responses to the questionnaire provided unstructured data for 

analysis. It must be made clear that these questions relating to thinking techniques 
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[identical to those used in experiment one] are distinct from the newly added 

questions [as discussed above] relating to drawing strategies. As was the case in 

Chapter 5, this chapter will compare and contrast the use of multiple thinking 

strategies and the exclusive use of one thinking strategy. 

After the questionnaires were completed they were transcribed into electronic fOlIll , 

via a word processor. Then using a computer program called NUDIST UYon-

numerical !l.nstructured !lata Indexing !iearching and Iheorizing] the text could be 

coded and analysed. The sample data below, from an industrial design subject, depicts 

how the data was entered into the NUDIST program. 

X2GAS I 
Strategy Type: A 
Eu)' to use: yes 
Typically use Ihis Itnlleay. yet 
Tmck:d to talk 10 In,.,elf: yes 
Hc:lpt lkYelop the ideI clearly in my held 
PfobIemsl QICWntcreci: 
LatCl' vliUaJiza%ion and divenlly Ulin, the shapes. 11endc:d 110110 develop 
many Ideas aftef I Md locked ~o one idea. 

StBlCl)' 'lI,unbm's: 2 

Commcnu: An ~ae or a pos.sible.idea of . (onn would quickly «)mc to me lid IlhenjJ5t seI.boot manipuwina the pans 10 CTCIoIC the .lmosI picdctermined form. 
This is I suppose. rairly lingle minded approadllO the Ib.n pioblc:m. 

Strategy Type: B 
Easy 10 ~ yes 
Typically use this wareI)': )U 
Tended 10 talk 10 tn)'ICJf: no 
f'lOblcms I encotmIICf\'d: sometimes hard 10 think up cfiv~ ideas. 

StBltiY numbeds: I. 2 

Comments: I had u5«i both ofthc rnedv:xb 10 complete the StBItt)'. Somet:irnes I _1d).1$t constnK'tlhcwpelll1 my held wih. rec:oaniuble (onn I Cltllcd.. However. 
lOmd.unes. form jumped no my held snai&hI . ..... y and I manipulated the pan. so mat they could OOn5ml(1 thIS shape. 

Str.,cgy Type: C 
Easy 10 use: no 
Typically use this uraJ.cay. no 
Tended 10 talk 10 m)'IClr: yes 
PmbIcms I t!l"ICOUJ'dm:d: My rll"Sl forms wen: qllile abstl'lC't 50 I antukd 10 do much in usk l...ao 

SU°atCIY rumbm'.: I J 

Commentr. In IQmc of lhe problelTtllhc shapes kn! Ihc:msclves 10. developed sense of conslruaioo. The dupes rould be drawn and moved 1I,.i1 an im.ac was CTUled. 
In other problems lhe forms were vcry indi'lidual and IQ I lOOk • more abaraa approach. 

Slrategy Type: 0 
Eoy 10 list": )n 
Typically usc IhlS SU'lltty: tK'I 

Tended 10 lalk 10 mysclf: yes 
Problcms I tnroWIIcltld: Tryina 10 crult .ijn. usina I1OIlpproprillC slupcs. 

Slrarclyrumbeds: 1.3 

Commems: Absil1lt1 51J1lllsagC and lop .'I" popped into my head. When COflllruc:uni the .;'A$I\oIOlO I had 10 \toOOc on lhe fonn on pclpe!" and abo in my head. 

• • 
• , 

Within NUDIST an attribute table for all subjects was generated which allowed the 

questionnaire data derived from all the subjects to be grouped, tabulated, and 
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quantified. As stated earlier the thinking strategies of the more effective drawing 

strategies would be investigated. Consequently, the following discussion will focus 

on Drawing strategy B. Strictly speaking Strategy B requires the subjects to think first 

then draw their ideas after they have developed them, and while drawing is involved 

the subjects do not use drawing in the development of ideas, nevertheless it is called a 

drawing strategy. This 'drawing' strategy is identical to that utilised in experiment 

one, and therefore the treatment of the questionnaire data in this chapter was similar to 

that of Chapter 5. In analysing the questionnaire data of Strategy B in Experiment 

two [for both 2D problems and 3D problems], the first step was to generate frequency 

tables of the thinking technique types with the number of subjects and percentage of 

subjects who used a particular type or combination of types of thinking techniques as 

they tried to resolve the creative mental synthesis problems using Strategy B 

[mentally developing the forms]. Once this was done, as was indicated in Chapter 5, a 

simple and straightforward way of comparing and contrasting subjects who utilised 

multiple thinking strategies, in resolving the creative mental synthesis problems, with 

those subjects who utilised one particular thinking strategy exclusively, as a function 

of the creative responses versus non-creative responses, as a function of the high 

correspondence responses versus non-correspondence responses, and as a function of 

the practical responses versus non-practical responses as they utilised drawing 

Strategy B, was to generate two-dimensional contingency tables. The results from the 

application of a Chi-squared test on the frequencies consistently resulted in the 

following: 

.. The relationship between frequencies of creativity and preference for 

using a single or multiple thinking strategies, indicated there was no 
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statistically significant difference between using either a single thinking 

strategy exclusively or using multiple thinking strategies when resolving 

the 2D problems. The obtained value of 2.45 was derived after using the 

frequencies and applying them in a Chi-squared test. The value of a one­

tailed X2 at the 0.05 level with one df=2.71. Since the obtained value 

[2.45] was less than 2.71 the results were determined not to be statistically 

significant. 

... The relationship between frequencies of creativity and preference for 

using a single or multiple thinking strategies, indicated there was no 

statistically significant difference between using either a single thinking 

strategy exclusively or using multiple thinking strategies when resolving 

3D problems. The obtained value of 0.02 was derived after using the 

frequencies and applying them in a Chi-squared test. The value of a one­

tailed X2 at the 0.05 level with one df-2.71. Since the obtained value 

[0.02] was less than 2.71 the results were determined not to be statistically 

significant. 

... The relationship between frequencies of high correspondence and 

preference for using a single or multiple thinking strategies, indicated there 

was no statistically significant difference between using either a single 

thinking strategy exclusively or using multiple thinking strategies when 

resolving 2D problems. The obtained value of 0.01 was derived after 

using the frequencies and applying them in a Chi-squared test. The value 



of a one-tailed X2 at the 0.05 level with one df~2.71. Since the obtained 

value [0.01] was less than 2.71 the results were determined not to be 

statistically significant. 
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.. The relationship between frequencies of practical responses and 

preference for using a single or multiple thinking strategies, indicated there 

was no statistically significant difference between using either a single 

thinking strategy exclusively or using multiple thinking strategies when 

resolving 3D problems. The obtained value of 0.94 was derived after using 

the frequencies and applying them in a Chi-squared test. The value of a 

one-tailed X2 at the 0.05 level with one df~2.71. Since the obtained value 

[0.94] was less than 2.71 the results were determined not to be statistically 

significant. 

The questionnaires in this study, in addition to enquiring about thinking strategies, 

asked questions relating to ease of use, typical use, and talking to one's self [enquiring 

about sub vocalisation]. As there were a variety of drawing strategies investigated in 

this study, these questions were introduced in order to gauge the level of difficulty of 

the various drawing strategies. When the subjects were to use drawing Strategy B 

[mentally developing ideas] in order to resolve the 2D creative mental synthesis 

problems, it was found that 53.33 percent found it easy to use, and 31.67 percent 

typically used this strategy. In addition it was revealed that 31.67 percent of the 

subjects talked to themselves [sub vocalised] as they were developing their ideas. 
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Consistent with the questionnaires given to the subjects involved with the 2D creative 

mental synthesis problems, the questionnaires given to the subjects involved in the 3D 

problems, in addition to enquiring about thinking strategies, asked questions relating 

to ease of use, typical use, and talking to ones self [enquiring about sub vocalisation]. 

When the subjects were to use drawing Strategy B [mentally developing ideas] in 

order to resolve the 3D creative mental synthesis problems, it was fo und that 56.67 

percent found it easy to use, and 33.33 percent typically used this strategy. In addition 

it was revealed that 65 percent of the subjects talked to themselves [sub vocalised] as 

they were developing their ideas. 

As was discussed above and in Chapter 5, a frequency table of all subjects listing 

thinking technique type with the number and percent of subjects who used a particular 

type or combination of types of thinking techniques was generated, however, 

in Table 49 below are the frequencies relating to using drawing strategy D 

[separating ideas from the embodiment of ideas]. In his research Finke (1990) found 

that a majority of his subjects completing 3D creative mental synthesis task, had 

mostly used a trial and error thinldng technique to resolve the problems. This did not 

occur here. 

--
one two thnlt ill.- one,l'lllO ont,l"O.t~ ... '- .......... 1 ......... 1- 1 ........ 1' ......... 1 .... 
'Ah7 21 .1 nl "' lwl"Gl I ,1.67 • ,.6, ... , ' G/ ,.6, , ... 

ToWs f J6 J IJ 1 48 7 , • , , , , 

TABLE 49: FREQUENCY TABLE CONTRASTING TfrINKING TECHNIQUES AND SUBJECT FREQUENCIES 

WHEN THE WERE RESOL VING THE 3D CREA TfVE MENTAL SYNTHESIS PROBLEMS USING THE 

DRAWING STRATEGY - D (SEPARATING IDEAS FROM THE EMBODIMENT OF IDEAS) 

, 
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When reviewing the columns in the Table 49 above, which refer to the thinking 

techniques used, only 26.7 percent of the subjects exclusively used technique one 

[trial and error] . In addition, Table 49 above reflects the fact that over two thirds of 

the subjects [68.37 percent] used one thinking technique exclusively, while the 

remainder used multiple thinking techniques when trying to resolve the creative 

mental synthesis problems using Strategy 0 [separating ideas from the embodiment of 

ideas]. 

Again , consistent with what was discussed in previous sections, the questionnaire 

given to the subjects involved in the 30 problems, in addition to enquiring about 

thinking strategies, asked questions relating to ease of use, typical use, and talking to 

one 's self [enquiring about sub vocalisation]. When the subjects were to use drawing 

Strategy 0 [separating ideas from the embodiment of ideas] in order to resolve the 30 

creative mental synthesis problems, it was found that 43.33 percent found it easy to 

use, and 33.33 percent typically used this strategy. In addition it was revealed that 

36.67 percent of the subjects talked to themselves [sub vocalised] as they were 

developing their ideas. 

As in the earlier frequency tables, which compared and contrasted the thinking 

techniques effectively used by the subjects, with effectiveness being measured by the 

frequency of practical inventions from a particular subject while using drawing 

Strategy B [mentally developing ideas], thi s section will compare and contrast 

thinking strategies and practical responses while the subjects used drawing Strategy 
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D [separating ideas from the embodiment of ideas]. For example as illustrated in 

Table 50 below, when reading across the row No. o/subjects for example, is the fact 

that twelve subjects [20 percent of the subjects] were able to generate two practical 

inventions from each of their respective pool of inventions. However, it should be 

noted that half of the subjects [50 percent] were unable to develop any practical 

inventions. This adds further support to the view that 3D problems are more difficult 

to resolve than 2D problems. 

Srrategy D 
Practicality Table 

3D Problems 

Num~r of Practical 
0 I 2 3 4 5 6 

rtSpOll!ieS 

% of Subjects 50% 28.33% 20% 0% 1.67% 0% 0% 100% 

No.OrSubje<1S 30 17 12 0 I 0 0 60 
Su~s 

TABLE SO: PERCENTAGE OF SUBJECTS WHO GENERATED A GIVEN NUMBER OF PRACTICALITY 

RESPONSES [3D PROBLEMS] 

Consistent with previous discussions, a simple and snaightforward way of comparing 

and contrasting subjects who utilised multiple thinking strategies, in resolving the 

creative mental synthesis problems, with those subjects who utilised one particular 

thinking strategy exclusively, as a function of the practical responses versus non-

practical responses as they utilised drawing Strategy D, was to generate a two-

dimensional contingency table as illustrated in Table 51 below. 

S· I Th·nkIng Multiple 
mg e 1 Thinkl~ Totals 

strategy ~I<g. 

Practical 35 10 45 

Non-practical 430 224 654 

Totals 465 234 699 

TABLE SI: Two WAY CONTINGENCY TABLE - SINGLE STRATEGY AND MULTIPLE STRATEGIES VS. 

PRACTICAL AND NON-PRACTICAL 
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In Table 51 above, the frequencies in the rows were represented by Practical and Non­

practical responses respectively. The column headings are represented by Single 

thinking strategy and Multiple thinking strategies headings respectively. The results 

from the application of a Chi-squared test on the frequencies above, to determine 

whether there was a relationship between frequencies of practical responses, and 

preference for using a single or multiple thinking strategies, indicated there was a 

statistically significant difference between using a single thinking strategy exclusively 

and using multiple thinking strategies. The obtained value of 2.74 was derived after 

using the frequencies above and applying them in a Chi-squared test. The value of a 

one-tailed X2 at the 0.05 level with one df=2.71. Since the obtained value [2.74] was 

greater than 2.71 the results were detellllined to be statistically significant. 

The previous section discussed the results of the questionnaire data by comparing and 

contrasting the thinking teChniques used by the subjects with the results of the 

inventions judged to be practical. As in Chapter 5, the next logical step was to 

compare and contrast the questionnaire data regarding the thinking techniques used by 

the subjects with the results of the inventions judged to be creative. 

As in the previous sections, a frequency table based on all subjects [60 in total] was 

generated. The table below [Table 52] reflects for example that six subjects [10 

percent of the subjects] were able to generate five creative inventions each. Marked 

differences exist in the number of subjects who generated creative inventions and 

those who did not. This is consistent with the earl ier suggestions [in previous 
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chapters) that 3D creative mental synthesis problems may be more difficult than 2D 

creative mental synthesis problems, at least with respect to creativity. 

Slrategy D 
Creativity 

Table 
3D Problems 

Number of 
Creative 0 I 2 3 4 5 6 7 8 9 10 
res nses 

% of Subjects 30% 13.33% 11.67% 10% 8.33% 10% 6.67% 1.67% 1.67% 1.67% 5% 100% 

No. of Subjects 18 8 7 6 5 6 4 I I I 3 
60 

Sul?J!:ts 

TABLE 52: PERCENTAGE OF SUBJECTS WHO GENERATED A GIVEN NUMBER OF CREATIVE RESPONSES 
[3D PROBLEMS] 

Consistent with section 9.2.4 above, it was appropriate to generate a two-dimensional 

contingency table [illustrated in Table 53 below) in order to compare and contrast, in 

a simple and &uaightforward way, subjects who utilised multiple thinking strategies in 

resolving the creative mental synthesis problems with those subjects who utilised one 

particular thinking strategy exclusively, as a function of the creative responses versus 

non-creative responses. 

s· I Th·nki Multiple 
mge 1 ng~~~ Totals 

strategy leg' 

Creative 128 46 17' 

Non-ereaUve 337 188 52S 

Totals .65 234 699 

TABLE 53: Two WAY CONTINGENCY TABLE - SINGLE STRATEGY AND MULTrPLE STRATEGIES VS. 

CREATIVE AND NON-CREATIVE RESPONSES 

In Table 53 above, the frequencies in the rows were represented by creative and Non-

creative responses respectively. The column headings are represented by Single 

thinking strategy and Multiple thinking strategies headings respectively. The results 
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from the application of a Chi-squared test on the frequencies above, to detelllline 

whether there was a relationship between frequencies of creative responses and 

preference for using a single or multiple thinking strategies, indicated there was a 

statistically significant difference between using a single thinking strategy exclusively 

and using multiple thinking strategies. The obtained value of 5.16 was derived after 

using the frequencies above and applying them in a Chi-squared test. The value of a 

one-tailed X2 at the 0.05 level with one df~2.71. Since the obtained value [5.16] was 

greater that 2.71 the results were detellnined to be statistically significant. 

9.3 Discussion Data [2D & 3D] 

As in Chapter 5, using empirical data and accepted statistical tools [Chi-squared tests] 

in order to compare and contrast creative mental synthesis responses with the 

exclusive use of a single thinking technique and the use of multiple thinking 

techniques, revealed there was consistently no significant difference between the 

exclusive use of a single thinking technique and the use of multiple thinking 

techniques when using drawing Strategy B [mentally developing ideas] to resolve 

either the 2D or the 3D creative mental synthesis problems. A single exception to this 

related to resolving 2D problems and correspondence. In addition, a surprising yet 

statistically significant result emerged when using drawing strategy D [separating 

ideas from the embodiment of ideas]. It was revealed that the exclusive use of a single 

thinking technique was superior to the use of multiple thinking techniques. This 

finding was both counter-intuitive and contrary to the view of the design literature as 

discussed in Chapter 2 where strategy variety was thought to have advantages. A 

possible explanation of these results may rest in the fact that a questionnaire was used 

as the main investigative tool. This instrument may not have been the most effective 
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tool to use in order to investigate these issues. It is possible the use of the 

questionnaire and for that matter when it was administered may have been less than 

effective. For example it is possible as a result of the subjects focusing on resolving 

the problems they were unable to accurately recall or analyse their thought processes. 

Consequently, the questionnaire may be a less than effective instrument for 

investigating thinking techniques. 

In terms of the questions regarding ease of use, typical use, and talking to oneself [sub 

vocalisation], it was revealed that when using strategy B in both the 2D and the 3D 

problems, approximately half the subjects [53.33 percent in the case of the 2D 

problems and 56.67percent in the case of the 3D problems] considered the task of 

mentally developing solutions to the creative mental synthesis problems easy. 

However, when the subjects were to use Strategy D [separating ideas from the 

embodiment of ideas] in order to resolve the 3D problems, less than half of the 

subjects [43.33 percent] considered this strategy easy to use. With respect to the issue 

of typical use, irrespective of problem type [2D or 3D] and irrespective of drawing 

strategy [Strategy B or Strategy D], approximately one third of the subjects [31.67 

percent in the case of the 2D problems using Strategy B; 33.33 percent in the case of 

the 3D problems using strategy B; and 33.33 percent in the case of the 3D problems 

using strategy D] indicated they typically used those strategies. In regard to the 

question of talking to themselves, one third of the subjects [31.67 percent] resolving 

the 2D problems using drawing strategy B and one third of the subjects [36.67 

percent] resolving the 3D problems using drawing Strategy D, talked to themselves 

while using those strategies. However, two thirds of the subjects [65.00 percent] 

resolving the 3D problems using drawing Strategy B talked to themselves. It would 



appear that mentally developing inventions necessitates sub vocalisation within a 

majority of the subjects. 
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Chapter 10 Discussion and Conclusions 

10.1 Introduction 

The objective of this thesis was to identify and adapt the more systematic research 

methodologies found within rather specific areas of cognitive psychology, and apply 

them to issues thought to be of great importance in design. A review of the design 

literature focusing on issues relating to design thinking revealed two core themes, 

which were determined as being central to the creative act of design. These were that 

design is essentially a process of creative mental synthesis, and that drawing plays a 

central role in the design process. However, the review also revealed that a great deal 

of the design literature is anecdotal in nature. That is to say it is largely based on 

designers thinking and speculating on the design process by reflecting upon their 

personal experiences. A review of the relevant literature in cognitive psychology 

revealed three basic research areas, which utilised research methodologies believed to 

be of potential use in this research. However, only the research methodologies relating 

to creative mental synthesis proved to provide an appropriate methodology. This 

systematic approach also allowed issues relating to the use of drawing as an aid to 

creative mental synthesis to be investigated. Subsequent sections, within this chapter, 

will recount and discuss various aspects of the procedures and findings of this study, 

which intum suggest directions for future research initiatives. 

10.2 Procedmes [General Summary] 

In earlier discussions relating to the creative mental synthesis task, it was argued that 

the most straightforward way of assessing the relevance of this task to the issues of 

mental synthesis and creativity in design was by comparing the performance of 
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designers and non-designers. The procedures in this study were largely based on the 

research methodologies of Finke & Slayton (1988), Finke (1990). However, the 

nature of the material in the 2D and 3D versions of the task suggested a refinement of 

this basic approach. One version of the task involved drawings of simple 2D forms. 

Such forms can be viewed as the typical forms that would be used by graphic 

designers. Similarly the forms in the 3D version of the task are representations of the 

types of objects used by industrial designers. A development of the basic hypothesis 

therefore was that there should be differential performance on the two versions of the 

task between graphic designers and industrial designers. Graphic designers should 

perform better on the measures of correspondence and creativity using the 2D forms 

than the industrial designers while the reverse should occur with the 3D version of the 

task. Both types of designers would however be expected to perform better than the 

non-designers. The first aspect of the experimental design of the first experiment 

therefore was the use of the two versions of the task with separate groups of industrial 

and graphic designers and non-designers. However, it was important not to simply use 

anybody who was not a designer as the basis for the non-design group. It was 

essential to identify a group who would contrast with the designers in terms of the 

types of thought processes involved in their activities. If design involves the 

manipulation of representations of physical objects then the most appropriate 

comparison group would be those whose thinking processes are based on words and 

abstract concepts. A number of academic disciplines could be placed in this category 

however the discipline of the law was chosen as the basis for the comparison group. 

While comparisons and contrasts between and among subjects were important, the 

nature of the experiment allowed comparisons and contrasts between and among 

judges as well. 
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In addition, earlier it was indicated that the design literature views drawing as an 

invaluable aid in creative mental synthesis. However it would appear that Anderson & 

Helstrup's (1993) results, combining the creative mental synthesis task and drawing, 

appears to conflict with the design literature. Also, as discussed earlier, there exists 

the possibility that Andersen and Helstrup's negative outcome could be the result of 

the participants having no training in using drawing in the way required to increase 

creative output. Given that in the first experiment the core issues investigated were 

differences between design disciplines and between designers and non-designers in 

terms of creative output, and correspondence or practicality, it is possible to test this 

hypothesis by repeating the first experiment and comparing performance of the three 

groups when they are allowed to draw during the process of developing a form with 

their performance when they have to perform the task using mental synthesis only. It 

would be predicted that drawing would increase creative output for the design groups 

relative to their performance when they are not allowed to draw and that non­

designers would not change their level of performance. These two experimental 

conditions were investigated. However as discussed earlier, the structure of the 

creative mental synthesis task allows a more detailed examination of the role of 

drawing than is implied in this simple comparison. 

In the design literature there are a number of more specific views about the role of 

drawing. It is possible, for example that the activity of drawing simply assists through 

the type of mechanism suggested by Anderson and He1strup (1993) ofreducing the 

cognitive load. However this statement is often associated with the idea that drawings 

that are produced trigger the emergence of new ideas or the re-interpretation of 
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existing ideas (see, for example Goldschmidt, 1994, on emergence and re­

interpretation). The basic structure of the mental synthesis task involves the 

presentation of three randomly selected forms that then have to be recreated in 

imagery and synthesised to produce a new form. This is then externalised in written 

and drawn form to allow for the assessment of the results. Drawing could be 

introduced while this initial synthesis is taking place. However it would also be 

possible to introduce a second phase to the task where the normal mental synthesis 

procedure is carried out but participants are then allowed to got back and work on the 

forms they have produced either by drawing or by repeating the mental synthesis task 

during the second phase. In this way the issue of emergence and re-interpretation can 

be addressed. However, it may be that drawing is not important to either develop 

ideas or to reinterpret them. It could be the important creative activity occurs when 

forms that have been produced can be mentally manipulated and that drawing under 

these conditions is simply a way of externalising the results of these manipulations. 

This possibility was also examined by requiring the subjects use drawing to develop 

their forms with drawing being allowed and this was followed by a condition where 

participants could use mental imagery to work on the forms produced. Additionally, 

novice designers often use drawing to focus early on a design solution and experts 

tend to use drawing to generate ideas and concepts and not form in the early stages of 

the design process. If conditions were controlled so as to mimic the strategies of 

expert designers, by forcing subjects to focus on developing ideas (concepts) first and 

then the embodiment of those ideas, as design experts do, this should result in more 

creative ideas being generated and offer an opportunity to create forms which are 

atypical and seen as more creative. This drawing strategy was therefore also 

investigated. 



While various issues relating to subject type, judge type, measures of creativity, in 

addition to measures of correspondence or practicality were investigated, an 

investigation of what the subjects thought they were doing in tellus of thinking 

strategies was conducted via a questionnaire. The questionnaire was administered 

once the subjects completed their tasks. 
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In tellllS of the thinking strategies used by the subjects, it was argued earlier that when 

subjects were presented with design type problems the ones who were able to use 

multiple thinking strategies in lieu of using one thinking strategy exclusively should 

perfollll 'better'. 

10.3 Key Rese&J'IClR Findings and Implications 

10.3.1 General J!1ndings 

As a result of using less anecdotal and more systematic methodologies in order to 

investigate core issues related to design involving creative mental synthesis, and the 

use of drawing as an aid to creative mental synthesis, the following was found. 

This research has demonstrated that systematic empirical research 

methodologies, which were adopted from cognitive psychology, can be 

reliably applied to issues relating to design thinking. 

Much of the arguments presented in the design literature were based on designers 

thinking and speculating about their design thinking process. However, this study has 

shown by adopting a more systematic and empirical approach, using accepted 
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statistical tools in support of the findings, more meaningful results can be obtained 

which in some cases appear to contradict the arguments found in the design literature. 

Therefore, an important implication of this research finding is that some aspects of 

design thinking research should move away from anecdotal evidence and toward the 

use of empirical methodologies. 

• The results of the fIrst experiment demonstrated that the creative 

mental synthesis task does differentiate between non-designers and 

designers and between designers of different disciplines in terms of 

their creative output. Further, Graphic designers perform better on the 

measures of correspondence and creativity using the 2D forms in 

contrast to the industrial designers, while the reverse occurs with the 

3D version of the task [practicality and creativity in invention]. 

This result indicates that design abilities may be in part tied to familiarity with a set of 

forms that are characteristic of the discipline concerned and this represents an area for 

future research as it has signifIcant implications particularly for the teaching of 

design. 

• Consensual assessment techniques of design type tasks, irrespective of 

judge type, are statistically reliable. 

Using accepted statistical methods comparing and contrasting the judgements of 

distinct and separate sets of judges making decisions about creative responses has 

clear implications for design research. This research adds support to the argument that 



consensual assessment by appropriate observers reviewing creative output can be 

considered reI iable. 
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When resolving design type problems using only mental imagery, at 

the same time as using either multiple thinking strategies or one 

thinking strategy exclusively, with the exception of the result relating 

to 20 correspondence responses, there is no statistically significant 

difference in performance with respect to practicality [3D] or creativity 

[20 & 3~]. 

It is possible that the results are less a reflection of the thinking strategies and are 

more related to individual differences and the capabilities of individual subjects. Thus, 

it can be argued that the results are person dependent. Consequently, this has direct 

implications for design education in that it is important to fmd students who are 

predisposed to towards having and using strong mental imagery abilities when 

resolving design type problems irrespective of the mental imagery thinking strategies 

the use. Alternatively, the questionnaire techniques may not be the most appropriate 

investigative instrument to use in this situation. It is possible the subjects might not 

have access to the details relating to the thinking strategies used. Consequently, an 

alternative method, which investigates the details relating to the thinking strategies, 

should be developed in the future. 

10.3.2 Findings Relating to 2D 

When using various drawing strategies to resolve 20 design type 

problems both 2D and 3D designers developed twice as many creative 
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responses as the non-designers. However, both types of designers were 

very similar with respect to their creative output. In addition, the 

strategy of mentally developing forms was the superior strategy for 

both the 2D designers and the 3D designers. 

This finding has direct implications for design in that contrary to the design literature 

mental imagery abilities are superior to drawing strategies in the development of two­

dimensional forms. A pattern seems to be emerging relating to the potency of using 

mental imagery. In addition, this finding also indicates that three-dimensional 

designers are equally capable as to their two-dimensional designer colleagues when 

developing creative 2D forms. 

• Contrary to the arguments presented in the design literature, when 

resolving 2D design type problems while using drawing to reinterpret 

other drawings [with the expectation of emergence], neither the 2D 

designers nor the 3D designers enhanced their frequency of creative 

responses or their correspondence responses. 

A major theme throughout the design literature relates to the use of drawing as a 

creative tool that enables ideas to emerge from the drawings. This finding using a 

more systematic approach does not support this view. It can therefore be argued that 

design happens in the mind and drawing acts to reflect the thoughts of the designer 

and is not an effective tool for instigating creative ideas. 
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• Overall, when using various drawing strategies to resolve 2D design 

type problems, the 3D designers were slightly superior to the 2D 

designers in measures of creativity. In addition, the 3D designers were 

clearly superior in measures of correspondence. 

While this finding appears to contradict an earlier finding relating to the results of 

experiment one, it should be remembered experiment one only investigated the 

strategy of mentally developing forms. However, the results here consider the overall 

results using various drawing strategies. Consequently, when allowed to use various 

drawing strategies to resolve 2D creative mental synthesis problems, three­

dimensional designers are superior to two-dimensional designers. This has 

implications for design education in terms of persons suited to different types of 

design tasks. These results reflect that both types of designers are suited to 2D tasks . 

• When resolving 2D design type problems the superior strategy, with 

respect to high correspondence responses, for both the 2D designers 

and the non-designers was that of mentally developing the forms. 

However, in terms of correspondence, the stronger strategies for the 

3D designers were that of using the act of drawing to develop the 

forms, and mentally developing the forms. In addition, with respect to 

creativity, for the 3D designers, the superior strategy was that of 

mentally developing the forms. 

As with the finding relating to the creative responses described earlier, this finding 

relating to high correspondence responses contradicts the design literature again 
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revealing mentally resolving design type problems is a superior strategy. As suggested 

in some of the fmdings above, the potency of using mental imagery seems to be 

emerging as a theme in this research. This has implications for design in that it adds 

further support for the argument that design happens in the mind and mental imagery 

is more powerful than generally given credit. 

10.3.3 Findings Relating to 3D Design Type & - - . 

When using various drawing strategies to resolve 3D design type 

problems, the 3D designers developed more than four times as many 

creative responses as the non-designers, and the 2D designers 

developed more than three times as many creative responses as the 

non-designers. 

This result adds further support to the argument that design abilities may be in part 

tied to familiarity with a set of fOllns that are characteristic of the discipline concerned 

and this represents an area for future research as it has significant implications 

particularly for the teaching of design. 

When using the expert strategy of separating ideas from the 

embodiment of ideas to resolve the 3D design type problems, all 

subjects substantially increased their creative output. In tenns of 

creativity this was the superior strategy for all subjects. 

This suggests that utilising the thinking strategy of separating the generation of ideas 

from the embodiment of those ideas, as expert designers tend do, substantially aids 
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both the designers and non-designers. This conflicts with the view that drawing assists 

the creative process through exploration, since the creative output did not increase in 

the second task of Strategy D, where drawing was used to reinterpret the fonns 

produced in the first task. Also noteworthy is that this is the only drawing strategy 

[Strategy D Task 1] in which the non-designers made substantial gains in the number 

of creative responses. This is significant in that they were not trained in drawing, as 

when they drew was merely controlled. This has significant implications for design 

education. As the role of design educators is to progress a student designer [novice] 

towards becoming an expert designer, it is important that the student learn to use 

expert strategies. This research has provided empirical evidence relating to the 

strength of this argument . 

• When resolving 3D design type problems, contrary to both the design 

literature and the cognitive psychology literature, the act of using 

drawing to aid creative mental synthesis either to generate the ideas or 

to reinterpret ideas was not the superior strategy for either the 2D 

designers or the 3D designers in tenns of either creativity or 

practicality. 

This was a direct result of examining the role of drawing and re-interpretation, two 

issues considered to be central to design generally and creative design in particular. It 

was found that drawing did not make a significant contribution to creative output 

whether it was used while generating fonns or in re-interpreting fonns. This is a 

surprising result as it directly contradicts strongly held views about the design 

process. Increases in creative output, relative to the drawing conditions, however did 



occur with the design groups when the task was perfonned using mental imagery 

only. This finding adds further support to the argument that design happens in the 

mind and drawing acts to reflect the thoughts of the designer and is not the most 

effective tool for instigating creative ideas . 
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• When using various drawing strategies to resolve 3D design type 

problems the 3D designers developed approximately two times as 

many practical responses in contrast to both the 20 designers and the 

non-designers. When faced with 3D design type problems the 20 

designers can be considered on par with non-designers with respect to 

practical responses. 

Recounting an earlier finding that the three-dimensional designers were similar in 

capability when compared to two-dimensional designers with both types of designers 

being superior to non-designers, it was argued that when allowed to use various 

drawing strategies to resolve 2D design type problems three-dimensional designers 

are superior to two-dimensional designers. The finding above adds weight to this 

argument in that 3D designers were again superior to the 20 designers. When faced 

with 3D problems the 20 designers were equated to the non-designers. Again, this has 

implications for design education in tenns of persons suited to different types of 

design tasks. These results reflect that 3D designers are suited to both the 20 and 3D 

tasks while, the 20 designer appear to be only suited to the 20 tasks. 

• When resolving 3D design type problems, contrary to both the design 

literature and the cognitive psychology literature, mentally developing 
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practical ideas was the superior strategy for the 3D designers, in 

contrast to using drawing to either develop practical ideas or reinterpret 

ideas. 

This finding has implications for design education in that if students mimic the design 

strategies of experts who tend to think by evaluating and analysing before they use 

drawing, superior results may be obtained. 

• When using the expert strategy of separating ideas from the 

embodiment of ideas to resolve the 3D design type problems, all 

subjects substantially decreased their number of practical responses. In 

terms of practicality this was the weakest strategy for all sUbjects. 

However, when all the subjects were to subsequently reinterpret these 

initial responses by using drawing to reinterpret them, the relative 

number of practical responses increased for all subject types. 

This finding has implications for design education in that if students mimic the design 

strategies of experts who tend to use detail drawing later in the design process more 

often than not for embodiment and analysis, increased practical designs may be 

developed. That is to say, if the novice designers separate ideas from the embodiment 

of ideas in order to generate creative ideas, and then subsequently use drawing to 

develop the ideas, they increase the likelihood of reforming a creative but impractical 

idea into one that is both creative and practical. 
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When resolving 3D design type problems using the expert strategy of 

separating ideas from the embodiment of ideas. while using either 

multiple thinking strategies or one thinking strategy exclusively. there 

was a statistically significant difference in performance with respect to 

both practicality and creativity. The bias was towards using a single 

thinking strategy exclusively when faced with 3D creative mental 

synthesis problems. 

This finding has implications for design in that while it is counter-intuitive the 

possibility exists that when faced with 3D design type problems and using an 

unfamiliar strategy [separating ideas from the embodiment of ideas]. the tendency is 

to exclusively rely on one specific thinking strategy. 

10.4 Limitations and Future Research 

The outcomes of this research clearly demonstrate the creative mental synthesis task 

appears to provide an interesting methodology for empirically examining issues 

thought to be important in design. As suggested earlier. the results in many respects 

are quite provocative outcomes given they are contrary to widely held views 

described in the design literature. and the views presented in cognitive psychology 

literature that such complex tasks place considerable loads on working memory thus 

requiring the use of drawing. Explanations for the absence of a positive effect of 

drawing may be due to the following: I.) While the participants were all senior 

undergraduates. it may be that they have not developed the skills required to take 

advantage of drawing that an expert would possess. This is clearly open to empirical 

test through the use of expert groups. 2.) It may be that the creative synthesis task is 
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not an appropriate model for a design task. Again this is open to empirical 

examination, as it would be possible to develop the task to make it more like a typical 

design task. While both of these possibilities could explain the failure of drawing to 

have an impact, they cannot diminish the significance of the strong and consistent 

increases in creative output that were demonstrated. 

The creative mental synthesis task, particularly if it were developed in appropriate 

ways, does therefore appear to provide a useful and interesting methodology for 

empirically examining cognitive processes in design. For example, the repertoire of 

shapes utilised in the seminal work of Finke & Slayton (1988), Finke (1990), 

Anderson & Helstrup (1993) were limited to basic shapes. As designers are thought to 

have a large repertoire of shapes from which to synthesize and develop forms, the 

introduction of a larger number of different types of basic shapes appropriate for the 

design discipline involved could be explored using mental synthesis tasks, thus 

examining issues of working memory and creativity. 

Additionally, synthesis (essentially an additive process) is one technique for the 

development of form. Other techniques used by designers are subtraction and 

deformation. An illustration of subtraction would be a sculptor chipping away at a 

granite stone block, shaping the stone thus developing the shape borne in mind. An 

example of developing a form by deformation, a potter working on a potter's wheel 

deforming the rotating moist clay deftly developing a shape held in mind. These 

design-thinking techniques could be investigated empirically as well. Using mental 

synthesis tasks as one strategy then requiring subjects to use alternate strategies of 



subtraction and deformation would investigate the relative comparison of the 

effectiveness of the different techniques used by designers. 

240 

While Anderson & Helstrup (1993) and Verstijnen (1997) found no difference 

between the drawing condition and mental imagery condition in their creative mental 

synthesis research, the results of this research show the 'mental imagery' condition 

not the drawing condition to be of greater benefit to designers and no aid to the non­

designers. Given the clear and consistent results of this research indicating that a key 

core capacity of designers rests in the use of their mental imagery abilities to develop 

a design, further research should address issues of drawing and mental imagery. 

If the act of drawing is thought to be a 'conversation' designers have with themselves, 

it is possible this aids a 'rehearsal loop' suggested by Reisberg & Logie (1993). 

However, in his research exploring drawing and the blind, Kennedy (1993) suggests 

that blind people have a sense of shape like that of sighted people. This has 

implications for design research in that it argues for the strength of mental imagery. 

While the work of Kennedy (1993) did not use designers, Athavankar (1995) did use 

designers as subjects. In a protocol study Athavankar (1995) blindfolded expert 

designers, and directed them to evolve their designs exclusively using mental 

imagery. He suggested there is some evidence to support the view that designers are 

able to mentally model their designs and with natural ease 'play with it' to resolve 

design problems. In addition some of his subjects suggested that they were in fact 

more fluent with ideas and enjoyed working this way [blindfolded]. It is possible to 

investigate the relative strengths of mental imagery and drawing comparing and 

contrasting subjects who complete design tasks while blindfolded. 
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In previous discussions it was noted a central theme in the predominantly anecdotal 

design literature suggested that if drawing is both important during the process of 

synthesising a form and then allows re-interpretation, a strategy that allows this to 

occur, should result in high numbers of creative responses. This did not occur in this 

research, as is apparent from the results. However, as expert designers are considered 

to be very creative then emulating their strategy [as in Strategy D Task 1- separating 

ideas from the embodiment of ideas 1 allowed both the student designers and the non­

designers to generate substantially high levels of creative forms using the experts' 

technique. The results pointed to a large difference between this strategy and all the 

other strategies shown. This large difference was reflected in the results for each 

subject type not just the design subjects. This suggested that utilising the thinking 

strategy of separating the generation of ideas from the embodiment of those ideas, as 

expert designers do, substantially aids both the designers and non-designers. This 

conflicted with the view that drawing assists the creative process through exploration, 

since the creative output did not increase in the second task of Strategy D, where 

drawing was used to reinterpret the forms produced in the fIrst task. 

While high numbers of creative responses were generated when the strategy of 

separating ideas from the embodiment of ideas was used, this appears to be at the 

detriment of practical ideas. It is conceivable coupling the strategy of separating of 

ideas from the embodiment of ideas with the Finke (1990) task caused this drop in 

practical ideas. Investigating three different procedures of introducing invention 

topics and parts to embody the inventions, Finke (1990) found most people were most 

creative when they were randomly given both the topic area and the three forms to 



work with at the same time. This does not appear to be the case as revealed in this 

research. It is argued that Finke (1990) did not get a high result because he did not 

separate ideas form embodiment of ideas when he let the subjects choose the parts. 
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An expert designer tends to separate ideas from the embodiment of ideas by working 

on the basic ideas first [a problem analysis phase]. Subsequently, they would make 

the idea work [become practical] as they creatively embody the idea. Designers 

determine the basic forms used in the synthesis activity, unlike what Finke (1990) 

found, when he had the subjects pick the forms when randomly given the topic area. 

For example if the topic were toys and games, the designer could have an idea for a 

pogo stick. Next they would develop the embodiment of the pogo stick by selecting 

forms determined to be appropriate for a creative embodiment. After they create the 

idea for a pogo stick, rather than being randomly given three shapes, the subjects 

should choose the parts to creatively embody the idea pogo stick. This is perhaps why 

in this study an idea may be creative but not practical. If they were allowed to choose 

the parts an interesting response being both creative and practical may be developed. 

The Finke (1990) task was chosen because it had a validity about it allowing this 

research to discover its strengths and weaknesses with respect to design thinking. 

Perhaps, in order to investigate responses that are both creative and practical, a way 

forward is to again use the Finke (1990) paradigm. However, a future experiment 

could control the separation of ideas and the embodiment of ideas, subsequently 

allowing the subjects to pick the parts, which is what expert designers seem to do. 

Essentially the subjects would look for a concept within the randomly selected topic 

area, and then they could look for away to make it work in order to creatively embody 
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the idea by selecting the parts to synthesise. The prediction would be that designers 

would produce high numbers of responses that were both highly creative and highly 

practical. 

However, a counter argument is perhaps it is the judges' views on creativity that is 

being demonstrated, and not the designer. The judges could view a response as being 

a creative embodiment and not a creative idea. After a subject used the strategy 

separating ideas from the embodiment of ideas, they would be forced to use a triplet 

of forms that would make it difficult to embody the idea they envisaged. Returning to 

the pogo stick example, two scenarios could illustrate the differences. Scenario one is 

illustrated in Example one on the left in Figure 33 below: A subject is randomly given 

the topic toys and games. After having the idea of a pogo stick, they are subsequently 

randomly given a sphere, a cylinder, and a rectangular block. This result is considered 

to be practical but not very creative. Scenario two is illustrated in Example two on the 

right in Figure 33 below: A subject is randomly given the topic toys and games. After 

having the idea of a pogo stick, they are subsequently randomly given a sphere, a set 

of wheels, and a sphere. This example would not be considered very practical, 

however it could be considered creative. The subject was forced into using shapes 

they may not have originally considered to be useful. In these two examples the idea 

remained the same the core difference was the shapes used. Therefore, it can be 

argued that the idea of the pogo stick in example two was not creative, merely a 

creative embodiment due to the use of unusual forms. 

The judges could reflect on the drawing noting the use of the forms sphere, sphere, 

and wheels, and think what and interesting mind that came up with a pogo stick using 
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these parts. So the creativity was mainly in the mind of the judges inherent in the 

randomness of the idea pogo stick being separated from the selection of the parts. 

Conversely, after the subject develops the idea for the pogo stick, they are given the 

parts and think: Making a pogo stick out of a sphere, a sphere, and two wheels, will be 

difficult, but I'll try. The subject manipulates the parts to the best of their ability, and 

the judges view the result as a very good try. Consequently, in a sense the creativity 

was in the mind of the judge. This is a possible explanation for the high number of 

creative responses and low number of practical responses when using the strategy of 

separating ideas from the embodiment of ideas. This is certainly a key area for future 

research. 

In order to test this it is possible to artificially control the drawings. Instead of having 

a subject produce a drawing, the responses could be constructed artificially. First an 

instance of a category is selected. Next a set of parts is determined, followed by the 

construction of a drawing and concept. The three parts are assembled so when 

someone independently looking at them, after having been told that someone 

generated them as if it was the Finke experiment, could determine the level of 

creativity and level of practicality. 

The combinations of the instances and the tasks would vary. Returning again to the 

pogo stick example, the parts and the ideas would be controlled so a variety of 

responses were presented to the judges who would be blind to how the objects were 

generated. This would result in responses as illustrated in Example one on the left in 

Figure 33 below and as illustrated in Example two on the right in Figure 33 below. 
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Example one wouJd be considered practical but not very creative and example two 

would be considered creative but not practical. 

The difficulty would rest in the middle ground ideas/parts. Parts would be selected so 

there is increasing distance between the part and the idea. It is possible to generate 

appropriate artificial examples. Creativity is not being tested. What is being tested is 

the disparity between the parts and the ideas. The hypothesis is that when confronted 

with sheets of paper that have the different ideas/parts a disparity between creativity 

and practicality should occur, as was the case in this research. 

Topic: Toys & Games 

IDEA - Pogo Stick 
Parts _ cylinder-spbere-rectangular block 

r-----.. 
/ 

Topic: Toys & Games 

IDEA - Pogo Stick 
Parts - sphere-wheels-sphere 

( 
( , , 

!-toLd dv\. here 

"SCl LL 

stCl V\.d dv\. -pLCltforV>t here 

Example 1 Example 2 

FIGURE 33: POGO STICK EXAMPLE OF ONE IDEA EMBODfED USING DlFFERENT PARTS 
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Since the middle ground is the most difficult, the responses would need to be pre­

tested. This would be accomplished by recruiting a group of people to rank the 

increasing instances, which are wide apart with respect to ideas and parts. They are 

not judging the creativity I practicality they are judging or ranking the gap between 

the ideas and the parts: [i.e. 70% of the ranking judges say a given response is a 

middle ground response, and 60% say another response is a creative and practical one, 

and with another response 60% say the response is a creative but not practical etc ... ]. 

Next judges' blind to the ranking would judge creativity and practicality. A core issue 

of this future research relates to the disparity between high creativity and low 

practicality when separating ideas from the embodiment of ideas. 

The discussion above is a possible explanation relating to the disparity between high 

creativity and Iow practicality when separating ideas from the embodiment of ideas. 

In addition, a possible way to test this issue by controlling the pieces of paper and 

manipulating the parts/idea combinations was presented. This section has pointed to a 

number of possible future research directions based on this study. 

10.5 Conclusion 

While much of the design literature relating to design thinking was consistently based 

on introspection and anecdotal evidence, this thesis used a more systematic and 

empirical approach in order to investigate core issues in the design thinking process. 

These core issues centred on creative mental synthesis and drawing. The design 

literature argued strongly that drawing plays a central role in creatively developing 
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solutions in design type problems with the expectation of emergent ideas. However, 

this thesis revealed findings that do not support this argument. At the same time, this 

thesis does not downplay the role of drawing in the design process it merely supports 

the argument that when and how drawing is used in the design process is very 

important. 

By adopting and adapting accepted research methodologies from specific areas within 

cognitive psychology this thesis has demonstrated the importance of using these 

methods in order to move design-thinking research forward beyond introspection and 

anecdotal evidence. The objective measures used revealed fmdings, which in some 

instances contradicted and some instance supported the themes commonly found in 

the design literature concerned with design thinking. In doing so this thesis extends 

the debate regarding core issues in design thinking in a rigorous way. While a number 

of findings were revealed earlier in this chapter, three common themes emerged from 

the findings of this research. These were as follows: 

Theme I: Mimicking the strategies of expert designers greatly assists both 

novice designers and non-designers in creatively resolving design type 

problems. 

Theme 2: When resolving design type problems, mentally developing forms 

was a superior strategy in contrast to using drawing to reinterpret ideas with 

the expectation of emergence. This suggests that design happens in the mind, 

meaning that the creative and practical development of design ideas is strongly 

related to mental imagery. 
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Theme 3: When resolving 20 design type problems, three-dimensional 

designers are equally capable or superior to their two-dimensional designer 

colleagues. Additionally, when resolving 30 design type problems three­

dimensional designers are superior to their two-dimensional designer 

colleagues. This suggests 30 designers are capable of resolving both 20 and 

30 problems, while their 20 colleagues are capable ofresolving only 20 

problems. 

While this thesis adds to the body of knowledge on the subject of design thinking, it 

also points to some limitations of this study. However, this thesis suggests future areas 

of research and possible experiments that may overcome some of these limitations. 

Extending our understanding of core issues in design thinking with respect to creative 

mental synthesis and drawing can assist in shaping design education. For example, 

this study has demonstrated that when confronted with 30 design type problems and 

using strategies used by expert designers, all subjects had increases in performance in 

measures of creativity. Consequently, educational pedagogies need to be reviewed so 

as to inform and guide novice designers [students] in adopting strategies effectively 

used by expert designers. The work completed in this thesis can be extended by 

application of the methodologies in future design thinking studies. This will provide a 

rich source of data for developing our understanding of the design process in order to 

more effectively educate future generations of designers. 
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Procedure 2D 

The purpose of this investigation is to explore how people combine visual parts in a mental image. 
There is a series or8 trials or problem sets presented which explores two-dimensional mental synthesis. 
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Here are 15 two-dimensional forms or parts. The experimenter indicates the name for each part that could be 
used. 
Each trial or problem set consists of three randomly selected forms given to you. 
These are given in any order and sometimes more than once. 
As soon as the parts are named you are to close your eyes and attempt to mentally construct a recognisable 
form from the parts given. 
All the parts must be used. 
If two of the same part is mentioned tben both are to be used in your created form. 
You are also instructed that tbe figure could be anything as long as it could be recognised by another person 
and that it could be easily named without a long description. 
You can vary the size, position, orientation, or proportion (eg. an equilateral triangle can be shaped into an 
isosceles triangle) of the parts but you are not allowed to bend, trim or distort the individual parts in any way. 
(a circle can not be made into an ellipse ) 
Here are two examples of possible mental constructions. In the first example the following is used. (the letter L, 
a circle, and a square), the example forms are a TV set, a jack in the box, and a flag ona flagpole. 
The second set consists of the following ( a horizontal line, the letter L, and the letter T ). The example forms 
given were a pine tree, the letter E, and an antenna. These examples were used to illustrate the range of forms 
which could be created. 
The materials that are supplied to you are as follows: 

One pad of unlined drawing paper 
Several sharpened drawing pencils with erasers 

At the beginning of each of the trials I will call out the trial number and name the three parts to be used in that 
trial. 
I will repeat the names to ensure that the names were heard correctly. 
You are to close your eyes and only open them long enough to write down the name ofa form, the parts it was 
derived from, and the trial number on one side of one sheet of paper. 
You are to turn the page over preparing for the next form. 
Then you are to close your eyes again without looking around tbe room. 
You can create as many forms as you like before the end of a three-minute time period. 
Each name of a form is to be put on a single side of a single sheet of paper for each trial problem set. 
You are to keep your eyes closed. until you can name a form. 
This is repeated for each form created from the three parts named. 
Once three minutes is over you are to go back and draw the corresponding form they envisaged for each name. 
Once you start to draw the figure you cannot change anything you wrote when naming it. This is to insure that 
you do not discover patterns in your drawings. 
This same procedure is repeated for each of tbe 8 trials in this series. 

At the end of this series of 8 trials you are to fill in a questionnaire concerning the strategy you used In combining the 

parts to create a new form. 
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Procedure 3D 

The purpose of this investigation is to explore how people combine visual parts in a mental image. 
The series of 8 trials or problem sets presented explores tJtree..dimensional mental synthesis. 
Here are 15 three-dimensional forms or parts. 
The experimenter indicates the name for each part that could be used. 
Each trial or problem set consists of three randomly selected forms given to you. 
These are given in any order and sometimes more than once. 
As soon as tbe parts are named you are to close your eyes and attempt to mentally construct a practical object 
from the parts given. 
All the parts must be used, and the object must be of some practical value. 
If two of tbe same parts are mentioned then both are to be used in the object. 
You can vary the size, position, proportion (Le. you could have 8 cone with a wide base and a shallow point or a 
cone with a narrow base and tall point), or orientation of the parts but you are not allowed to be~ trim or 
distort the individual parts in any way (Le. a sphere cannot be an egg shape) with the exceptions of the wire 
and the tube. These have been defined as bendable. 
The parts can be put inside one another. 
They can be solid or hollow. 
They can be made from any material including wood, metal, glass, rubber, or plastic, in any combination. 
In addition you are given an object category randomly selected from a list of 8 categories (as shown below in 
Table 2). 
Coupled with each new set of three randomly selected parts in each trial, of a set of8 trials, you are given a 
new randomly selected object category. 

Table 
Allowable object categories in experiments OD creative invention. 

I. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 

Category one 

Furniture 
Personal Items 
Transportation 
Scientific Instruments 
Appliances 
Tools & Utensils 
Weapons 
Toys & Games 

Examples 

Chairs. tables. lamps. etc ... 
Jewellery, glasses, etc ... 
Cars, boats etc ... 
Measuring devices. etc ... 
Washing machines, toasters, etc ... 
Screwdrivers, spoons. etc ... 
Guns. missiles. etc ... 
Baseball bats, dolls etc ... 

Note: from Finke (1990) 

The materials that are supplied to you are as follows: 
One pad of unlined drawing paper 
Several sharpened drawing pencils with erasers 

At the beginning of each trial I will call out the trial number and name the three parts to be used in that trial 
and the random category. 
The names of the parts are repeated to ensure that the names were heard correctly. 
You are to close your eyes and only to open them long enough to write down the name of the practical object, 
what it did or how it functioned, the names of the parts it was derived from, and the trial number on one side 
of one sheet of paper. 
You are to leave room on the paper for drawing the object later. 
You can create as many forms as you like before the end ofa three-minute time period. 
You are to turn the page over preparing for the next practical object. 
Then you are to close your eyes again without looking around the room. 
Each practical object is to be put on a single sheet of paper. 
You are to keep your eyes closed until you can name, describe, and draw the object. But you are not to draw 
the object yet. 
This is repeated for each object created from the tbree parts named. 
Once three minutes is over you are given time to go back and draw the described objects. 
Once you start to draw the figure you cannot change anything you wrote when naming or describing it. 
This is to insure that you do not discover patterns 10 your drawings. 
This same procedure is repeated for each of the 8 trials in this series. 

Say you were given a sphere a cylinder and a rect.ang:ular block, and the category - Toys & Games. You could 
put the sphere on top of a long thin cylinder place the block one-third up the cylinder and call it a pogo stick. 
Do you have the idea? 

At the end of this series of 8 trials you are to IDI in a questionnaire concerning the strategy they used in combining the 

parts to create a new form. 
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Good Morning! Thank you all for coming today. I appreciate your help in this research. Please help yourself to some 
coffee and cakes before we get started. You may get up and have some more any time you wish. Notice tbat your name 
and a judging code number is on a table, and next to your name you will find a box with some papers in it. We are 
investigating mental synthesis. Mental synthesis is described as the ability to imagine an assembled part made of 
component parts. We are looking at how people combine given parts to create new parts. We are exploring two. 
dimensional mental synthesis and three-dimensional mental synthesis. We are using two-dimensional designers, three­
dimensional designers, and non· designers. You judges are representatives from all three disciplines. Tbe morning session 
will be devoted to judging tbe 2D responses. Then we wnI break. for a nice lunch downstairs, and after lunch you will be 
judging the 3D responses. In order for you to understand what you are to do I will go over what was expected of the 
subjects who generated these pieces of paper. Then we will go over how you are to mark each of the pieces of paper. All of 
the papers are coded so you do not know which subjects generated which response. In addition each stack of papers has 
been randomly stacked so that the order of the papers in each of your stacks is different from each of the other judges. 

The subjects were told the following: 
Procedure 2D 

The purpose of this investigation is to explore how people combine visual parts in a mental image. 
The series of 8 trials or problem sets presented which explores two-dimensional mental synthesis. 
Here are 15 two-dimensional forms or parts. 
The experimenter indicates the name for each part that would be used.. 
Each trial or problem set consists of three randomly selected forms given to you. 
These are given in any order and sometimes more than once. 
As soon as the parts are named they were to close your eyes and attempt to mentally construct a recognisable form from 
the parts given. 
All the parts must be used. 
If two of the same part is mentioned then both are to be used in your created form. 
You are also instructed that figure could be anything as long as it could be recognised by another person and that it could 
be easily named without a long description. 
You can vary the size, position, or orientation of the parts but you are not allowed to bend, trim or distort the individual 
parts in any way. 
The experimenter then gives two examples of possible mental constructions. In the first example the following is used ( the 
letter L, a circle, and a square ), the example forms are a TV set, a jack in the box, and a flag on a flag pole. 
Once three minutes is over the subject is to go back and draw the corresponding form they envisaged for each name. 
Once you start to draw the figure you cannot change anything you wrote when naming it. This is to insure that you do not 
discover patterns in their drawings. 
This same procedure is repeated for each of the 8 trials in this series. 
At the end of this series of 8 trials 
Please fill in this questionnaire concerning the strategy used in combining the parts to create a new form. 
The alternatives were as follows: 

1) "I tried combining the parts by trial and error in my image until I happened to recognise a shape" 

2) " I first thought of a possible shape, then I tried to combine the parts in my image to see whether the 
particular shape could be made out of the parts" 

3) " I did not form an image at all, but just thought about bow the parts might be combined in a more abstract 
way" 

4) "I used some other strategy" (Please explain in the space below) 

Your task is to look at each piece of paper and make a judgement as to how well what was drawn corresponds to the 
description or name written. You are to judge this on a scale of 1 to 5, with 1 being very poor correspondence and 5 being 
very high correspondence. In addition if you score the correspondence as a 4 or a 5 and you believe the response to be 
creative then mark in the space provided that you deem it creative by ticking the 'yes' box. Are there any questions? 

Welcome back. I hope you enjoyed the lunch we provided. If you get hungry again this afternoon we will be providing 
a.fternoon tea. Feel free to have some coffee and cake when you wish. We are now going to be judging the responses of 
three-dimensional mental synthesis. In order for you to understand what you are to do I will go over what was expected of 
the subjects who generated these pieces of paper. Then we rileo over how you a.re to mark each of the pieces of paper. 
All of the papers are coded so you do not know which subjects generated which response. As before each stack of papers 
has been randomly stacked so that the order of the papers in each of your stacks is different from each of the other 
judges. The following procedure is what the subjects were told. 



Procedure 3D 
The purpose of this investigation is to explore how people combine visual parts in a mental image. 

There are a series of 8 trials or problem sets presented which explores three.mmensional mental synthesis. 

Here are 15 three-dimensional forms or parts. 

The experimenter indicates the name for each part that would be used. 

Each trial or problem set consists of three randomly selected. forms given to you. 

These are given in any order and sometimes more than once. 
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As soon as the parts are named you are to close your eyes and attempt to mentally construct a practical object from tbe 

parts given. 
All the parts must be used, and the object must be of some practical value. 

If two of the same parts are mentioned then both are to be used in the object. 

You can vary the size, position, proportion (i.e. you could have a cone with a wide base and a shallow point or a cone with 

a narrow base and tall point), or orientation of the parts but you are not allowed to bend, trim or distort the individual 

parts in any way (i.e. a sphere cannot be an egg shape), with the exceptions of the wire and the tube. These have been 

defined as bendable. 
The parts can be put inside one another. 

They can be solid or hollow. 
They can be made from any material including wood, metal, glass, rubber, or plastic, in any combination. 

In addition you are given an object category randomly selected from a list of 8 categories (as shown below in Table 2). 

Coupled with each new set of three randomly selected parts in each trial, of a set of 8 trials, you are given a new randomly 

selected object category. 

Table 

Allowable object categories in experiments on creative invention. 

Category one Examples 

I. 
2. 
3. 
4. 
s. 
6. 
7. 
8. 

Furniture 
Personal Items 
Transportation 
Scientific Instruments 
Appliances 

Chairs. tables. lamps, etc ... 
Jewellery. glasses, etc ... 

Tools & Utensils 
Weapons 
Toys & Games 

Note: from Finke (1990) 

The materials that are supplied to you are as follows: 

One pad of unlined drawing paper 

Several sharpened drawing pencils with erasers 

Cars, boats etc ... 
Measuring devices. etc ... 
Washing machines. toasters. etc ... 

Screwdrivers. spoons, etc ... 

Guns. missiles, etc ... 
Baseball bats, dons etc ... 

At the beginning of each trial I will call out the trial number and name the three parts to be used in that trial and the 

random category. 
The names of the parts are repeated to ensure that the names were heard correctly. 

You are to close your eyes and instructed only to open them long enough to write down the name of the practical object, 

what it did or how it functioned, the names of the parts it was derived from, and the trial number on one side of one sheet 

of paper. 
You are to leave room on the paper for drawing the object later. 

You can create as many forms as you like before the end. ofa three-minute time period. 

You are to turn the page over preparing for the next practical objecL 

Then you are to close your eyes again without looking around the room. 

Each practical object is to be put on a single sheet of paper. 

You are to keep your eyes closed until you can name, descnbe, and draw the object. But you are not to draw the object as 

yet 
This is repeated for each object created from the three parts named. 

Once three minutes is over you are given time to go back and draw the described objects. 

Once you start to draw the figure you cannot change anything you wrote wben naming or describing it. 

This is to insure that you do not discover patterns in your drawings. 

This same procedure is repeated for each of the 8 trials in this series. 

Example 
Say you were given a sphere a cylinder and a rectangular block, and the category - Toys & Games. You could put the 

sphere on top of a long thin cylinder place the block one-third up the cylinder and call it a pogo stick. Do you have the 

idea? 

Judging the practical objects. You are presented with two marking scales; both are marked 1-5. One scale is for 

practicality and the other scale is for originality (creativity). You are to judge these issues separately. An object can be 

practical and not creative. It can be creative and not practical. It can be both creative and practical or neither practical 

nor creative or various combinations in between, based on the scales you are given. 
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You are to base your ratings on th~ concept presented, not the drawing quality. With three parts it is understood that not 
all details can be there so you will review the responses with tbis in mind. They may not have shown fastening demOs like 
screws, but this is not important. 
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Good Morning! Thank you all for coming today. I appreciate your belp in this research. Please help yourself to some 
coffee and cakes before we get started. You may get up and have some more any time you wish. Notice that your name is 
on a table, and next to your name you will find a box with some papers in it. We are investigating mental synthesis. 
Mental synthesis is described as the abUity to imagine an assembled part made of component parts. We are looking at 
bow people combine given parts to create new parts. We are exploring two-dimensional mental synthesis. We are using 
two-dimensional designers (graphic artists), three-dimensional designers (industrial designers), and non-designers (law 
students). You judges are representatives from all three disciplines. This morning will be devoted to judging the 2D 
responses. When we finish wUl have a nice lunch downstairs. In order for you to understand what you are to do I wDl go 
over what was expected of the subjects who generated these pieces of paper. Then we wD) go over how you are to mark 
each of the pieces of paper. All of the papers are coded so you do not know which subjects generated which response. In 
addition each stack of papers has been randomly stacked so that the order of the papers in each of your stacks is different 
from each of the other judges. 

The subjects were told the following: 
Procedure 2D 

Tbe purpose of this investigation is to explore how people combine visual parts in a mental image. 
The series of 8 trials or problem sets presented which explores two-dimensional mental synthesis. 
Here are 15 two-dimensional forms or parts. 
The experimenter indicates the name for each part that would be used. 
Each trial or problem set consists of three randomly selected forms given to you. 
These are given in any order and sometimes more than once. 
As soon as the parts are named they were to close your eyes and attempt to mentally construct a recognisable form from 
the parts given. 
All the parts must be used. 
If two of the same part is mentioned then both are to be used in your created form. 
You are also instructed that figure could be anything as long as it could be recognised by another person and that it could 
be easily named without a long description. 
You can vary the size, position, or orientation of the parts but you are not allowed to bend, trim or distort the individual 
parts in any way. 
Tbe experimenter then gives two examples of possible mental constructions. In the first example tbe following is used (the 
letter L, a circle, and a square ), the example forms are a TV set, a jack in the box, and a flag on a Bag pole. 
Once three minutes is over the subject is to go back and draw the corresponding form you envisaged for each name. 
Once you start to draw the figure you cannot change anything you wrote when naming it. This is to insure that you do not 
discover patterns in your drawings. 
This same procedure is repeated for each of the 8 trials in this series. 
At the end of this series of 8 trials 
Please fill in this questionnaire concerning the strategy used in combining the parts to create a new form. 
The alternatives were as follows: 

1) " I tried combining the parts by trial and error in my image unill I happened to recognise a shape" 

2) " I first thought of a possible shape, then I tried to combine the parts in my image to see whether the 
particular shape could be made out of the parts" 

3) " I did not form an image at all, but just thought about how the parts might be combined in a more abstract 
way" 

4) .. I used some other strategy" (Please explain in the space below) 

Your task is to look at each piece of paper and make a judgement as to how wen what was drawn corresponds to the 
description or name written. You are to judge this on a scale of 1 to 5. With 1 being very low correspondence and 5 being 
very high correspondence. In addition below the correspondence scale you will find the originality scale (creativity), you 
are to judge the originality of the response. You are to judge this on a scale of 1 to S. With 1 being no originality and 5 
being very higb originality. 
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Instructions 
Instructions to Judges JP Rejudging 

Thank you for coming this morning and helping with our research. There is some coffee and cookies in the next room 
If you wish just help yourselves when you want some. We will work on judging the 2D Dimensional problems before 
lunch then 3Dimensional problems after lunch. We will break for lunch at around 12:00 then return upstairs and fmish 
the rest of the judging from 1:00 until approximately 4:30. I say approximately because each person may judge at a 
different rate that others. If you should find you have finished early please do not disturb or talk to the other judges 
either in this room or the other judging room. Could you please retire to the coffee room and relax. 

The purpose of this investigation was to explore different strategies people could use to combine visual parts to form a 
mental image. Basically the subjects were given three parts randomly selected from a group of 15 parts, using these 
three random parts they were to develop a new form. They could make as many new forms as they liked. 
They were to develop a recognisable form. 

2D I This explored two-dimensional mental synthesis. I 
Mental synthesis is described as the ability to imagine the assembly of a final part made from component parts. 

As soon as the parts were named they were to attempt to construct a recognisable form, from the parts given. These 
are given in any order and sometimes more than once. All the parts must be used, and the object must be able to be 
recognised by another person. If two of the same parts are mentioned then both were to be used in the object. They 
could vary the size, position, proportion, or orientation of the parts but were not allowed to bend, trim or distort the 
individual parts in any way (circle could not be made into an ellipse). Give an example of me Flag and the TV set. 

As judges your task is to assess the results of their work. Note at the top of each paper there will be two scales running 
from 1 thru to 5. A mark of 5 is the highest mark and a mark of I is the lowest mark. The first scale is for 
correspondence. The second scale is for originality or creativity. On each paper you are to circle a number for 
correspondence and a number for originality (creativity). If there is no response for that paper tick the box marked no 
response. We would like you to keep your papers in order so start with the top paper. Mark it by circling a number 
from \-5 for correspondence then a number for originality (creativity) and turn it over and place it in the box beside 
you then proceed to the next paper. Do this until you have finished the stack of papers. 

You are judging the ideas not the drawing quality. 

Each stack of papers is arranged differently. They are randomised, so each of you are judging the papers in a different 
order. 

Are there any questions? 



265 

Instructions AFfERNOON JUDGING 
Instructions to Judges 3D Rejudging 

The purpose of this investigation was to explore how people could combine visual parts to form a mental image. 
Basically the subjects were given three parts randomly selected from a group of 15 parts, using these three random 
parts they were to develop a new form. They could make as many new forms as they liked. 
They were to develop a Practical object or invention. 

3D I This explored three-dimensional mental synthesis. 

Mental synthesis is described as the ability to imagine the assembly of a fmal part made from component parts. 

As soon as the parts were named they were to attempt to consuuct a practical object from the parts given. These are 
given in any order and sometimes more than once. All the parts must be used, and the object must be of some 
practical value. If two of the same parts are mentioned then both were to be used in the object. They could vary the 
size. position. proportion. or orientation of the parts but were not allowed to bend. nim or distort the individual parts 
in any way with the exceptions of the wire and the robe. These have been defmed as bendable. The parts could be put 
inside one another. They could be solid or hollow. They could be made from any material including wood. metal. 
glass, rubber, or plastic, in any combination. In addition they were given an object category randomly selected from a 
list of 8 categories (read the examples to them). Coupled with each new set of three randomly selected parts in each 
trial, they were given a new randomly selected object category. 

Table 2 
Allowable object categories in experiments on creative invention. 

I. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 

Category one 

Furniture 
Personal Items 
Transportation 
Scientific Instruments 
Appliances 
Tools & Utensils 
Weapons 
Toys & Games 

Examples 

Chairs, tables. lamps, etc ... 
Jewellery, glasses. etc ... 
Cars, boats etc ... 
Measuring devices, etc ... 
Washing machines, toasters. etc ... 
Screwdrivers, spoons, etc ... 
Guns, miSSiles. etc ... 
Baseball bats, dolls etc ... 

Here is an example: They could be given a sphere, a rectangular block, and a cylinder. Then given the category of 
toys and Games. They could add the sphere to the top of the cylinder then add the block one 113 the way up the 
cylinder and say it is a pogo stick. 

As Judges your task is to assess the results of their work. Note at the top of each paper there will be two scales 
running from I thru to 5. A mark of 5 is the highest mark and a mark of I is the lowest mark. The first scale is for 
practicality. The second scale is for originality or creativity. On each paper you are to circle a number for practicality 
and a number for originality (creativity). If there is no response for that paper tick the box marked no response. We 
would like you to keep your papers in order so start with the top paper mark it by circling a number from 1-5 for 
practicality then a number for originality (creativity) and turn it over and place it in the box beside you then proceed to 
the next paper. Do this until you have finished the stack of papers. 

You are judging the ideas not the drawing quality. 

Each stack of papers is arranged differently. They are randomised, so the order each of you are judging the papers is 
different. 
Are there any questions? 
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Instructions (Group A ) 

Instrnctions 2D Drawing 

The purpose of this investigation is to explore 4 different strategies people could use to 
combine visual parts to form a mental image. Basically you will be give three parts and using 
these pars we would like you to develop a new form. You can make as many new forms as 
you like. In order to achieve this we would like you to utilise the suggested strategy at the time 
independent from any other strategy. There will be four different strategies explored (Refer to 
the hand out given ). Note in the handout there are 4 Ellipse. They are labelled strategy 
ABCD. Also note that there are two tasks within each Strategy, you will be instructed what to 
do for each task in the different strategies, however, some of the tasks will be identical (point 
this out in the diagram they have ). For each of the strategies there will be 3 trials. Therefore a 
total of 12 trials or problem sets will be presented to you. 

2D I These explore two dimensional mental synthesis. 

For the sake of consistency throughout these instructions we will define the word Form to 
mean recognisable form. 

Each strategy will have staged tasks for you to do. Listen carefully to the instructions for each 
staged task. 

Note the materials supplied to you are as follows: 
two colour coded folders 
one pad of white pre·printed drawing paper I Hold up the sheets 
one pad of light yellow pre-printed drawing paper 
( In general the white paper is for task 1 and the yellow paper is for task 2 ) 
several sharpened drawing pencils and erasers ( these drawing pencils are soft but 
you will still need to press firmly so that your work will be able to be 
photocopied) 

Explain the pre-printed sheets in terms of the coded areas. Strategy ( represented by S 
followed by Letters ABCD) -Task numbers (represented by T followed by 1 & 2)- Problem 
numbers ( they are to write in the problem number) & Response numbers ( they are to write in 
the response number). Talk about how to use them. Tell the subjects not to write in the areas 
on the right hand side of the papers. 

You have before you a slip cover with 15 drawings of basic parts. For the purposes of a 
common understanding let us go through the names of each part. (Indicate the names of the 
parts to them.) 

In general each trial consists of three randomly selected parts which will be given to you. At 
the beginning of each of the trials I will let you know which colour paper you are to use and I 
will call out the strategy letter and the trial number. You are to circle the appropriate S letter 
and the appropriate T number at the top of the pre-printed paper provided. Also in the circles 
next to Prob. & Respon. you are to put the problem number and response number you are 
currently working on. When we statt I will call out the names of the three parts to be used in 
that trial. I will repeat the nantes to ensure that the names were heard correctly. You are to 
note in the space provided and on each paper you use, the parts you were given. Do not write 
in the spaces on the right hand side of the paper this area is for coding purposes. 

2D 
As soon as the parts are named you are to attempt to construct a recognisable form from the 
parts given. These are given in any order and sometimes more than once. All the parts must be 
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used. If two of the same part is mentioned then both are to be used in your created form. The 
form could be anything as long as it could be recognised by another person and that it could be 
easily named without a long description. You can vary the size, position, orientation, or 
proportion ( ego an equilateral triangle can be shaped into an isosceles triangle) of the parts 
but you are not allowed to bend, trim or distort the individual parts in any way. (a circle can 
not be made into an ellipse ) 

Here are examples of possible mental constructions. 
Say you are given (the letter L, a circle, and a square ). 
You would draw a square. Then add an upside-down L to the left side of the square. Shrink 
the circle and place it in the middle of the square. Result a flag on a flag pole. 

You are to Draw a circle around your fmal form and write down the name or description next 
the your recognisable form. Then you are to the turn the page over and get a new piece of 
paper and proceed with creating the next form if you have finished one and the available time 
has not run out. Basically one solution one piece of paper. 

Next example! You would draw a circle. Draw the square around the circle. Draw the L at a 
45 degree angle on top of the square forming a V pattern. The result is a TV set. 

Remember to ensure that you have circled the appropriate S number and the appropriate T 
number at the top of the pre-printed paper provided, the parts you were given are noted on the 
paper. 

Strategy A - Task one 

In this task and these trials remember you can create as many solutions as you like before the 
end of a 3 minute time period. However, remember one solution one piece of paper. 
Once the 3 minute time period is over you will be given three new parts and asked to do the 
same task again. You will perform this task a total of 3 times. 

In order to aid in the synthesis process it may help to use drawing. The suggested strategy is 
to draw one of the parts given then add the other parts and attempt to construct a solution from 
the parts given. 
As soon as the parts are named you may draw on the white paper provided in order to 
develop your form. 

Strategy A - Task Two 
In this task you are to reinterpret your previous forms. Spread your previous solutions out in 
front of you and look at them. You are to explore your constructions by imagining the form 
being rotated around or forming a mirror image of the form. You are to imagine observing the 
synthesised form from different orientations. In order to aid in performing this task you are 
encouraged to draw the forms you have created in different orientations. You are to use the 
light yellow paper to draw on. You are only allowed to change the proportions of the form, 
scale, stretch it, slide parts, and change it's orientation, not how it is constructed. You carmot 
rearrange the construction. 
If you can develop a reinterpretation of your form, you are to rename and/or describe the new 
form and circle the form to indicate which drawing is your new interpretation. This is done so 
your form can be identified. Even if you only have one drawing on the page still circle it fotr 
purposes of consistency. Once you have reinterpreted the original form (found on the white 
paper), turn both the white paper and the yellow paper over and move on to reinterpreting the 
next form. Remember one form one piece of paper. It is up to you how many re­
interpretations per original you do and how many originals you re-interpret. You may do as 
many as you like before the end of a 9 minute time period 

As before remember to note the parts you were given, the strategy number, the task number 
etc ... at the top of the paper. 

ExampJe2D 



For instance: Remember the flag pole example given earlier is turned upside down and the 
vertical leg lengthened. The renaming now is a golf cluh hitting a golf ball. 
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At the end of tbis series of trials and this suggested strategy, fill in a questionnaire 
concerning the strategy you used in combining the parts to create a new form and make 
any conunents you think relevant about this strategy ( ease of use, problems 
encountered, do you typically use this technique in solving problems? Etc ••• ) • 

Strategy B • Task one 
Even though this is a new strategy remember you can create as many solutions as you like 
before the end of a 3 minute time period. However, remember one solution one piece of paper. 
Use the white pre-printed paper. 
Once the 3 minute time period is over you will be given three new parts and asked to do the 
same task again. You will perform this task a total of 3 times. 

In this strategy you are to close your eyes and attempt to mentally construct your solution 
form from the 3 parts given. 
You can only open your eyes long enough to write down the name/description of the solution. 
Once you have done this close your eyes again and develop another form. After the 3 
minutes you will be allowed to draw your named/described forms. When you are drawing 
you cannot change anything you wrote in naming/describing the forms. This is repeated for 
each form created from the three parts named. Once the 3 minute time period is over and after 
you finish drawing the forms, you will be given three new parts and asked to do the same task 
again. 

Strategy B • Task Two 
REMEMBER BEFORE WHEN YOU REINTEERPRETED YOUR FORMS· WE ARE 
GOING TO DO THIS AGAIN. So spread all of your sheets in font of you and look at 
them. 

In this task you are to reinterpret your previous forms. Spread your previous solutions out in 
front of you and look at them. You are to explore your constructions by imagining the form 
being rotated around or forming a mirror image of the form. You are to observe the 
synthesised form from different orientations. In order to aid in performing this task you are 
encouraged to draw to develop your forms. Draw them in different orientations. You are to 
use the light yellow paper to draw on. You are only allowed to change the proportions of the 
form, scale, stretch it, slide parts, and change it's orientation. not how it is constructed. You 
cannot rearrange the construction. 
If you can develop a reinterpretation of your form. You are to rename and/or describe the 
new form and circle the form to indicate which drawing is your new interpretation. Once you 
have reinterpreted the original ideas (found on the white paper), turn both the white paper and 
the yellow paper over and move on to reinterpreting the next idea. Remember one idea one 
piece of paper. It is up to you how many re·interpretations per original you do and how many 
originals you re-interpret. You may do as many as you like before the end of a 9 minute time 
period 

As before remember to note the parts you were given, the strategy number, the task number 
etc ... at the top of the paper. 

Example2D 
For instance remember the flag pole example given earlier is turned upside down and the 
vertical leg lengthened. The renaming now is a golf club hitting a golf ball. 

At the end of this series of trials and this suggested strategy, fill in a questionnaire 
concerning the strategy you used in combining the parts to create a new form and make 
any comments you think relevant about this strategy ( ease of use, problems 
encountered, do you typically use this technique in solving problems? Etc ... ) • 



Strategy C • Task one 

REMEMBER BEFORE WHEN YOU DREW TO DEVELOP YOUR FORMS· WE 
ARE GOING TO DO THIS AGAIN. 

In this task remember you can create as many solutions as you like before the end of a 3 
minute time period. However, remember one solution one piece of paper. 
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Once the 3 minute time period is over you will be given three new parts and asked to do the 
same task again. You will perform this task a total of 3 times. 

In order to aid in the synthesis process it may help to use drawing. The suggested strategy is to 
draw one of the parts given then add the other parts and attempt to construct a solution from 
the parts given. 
As soon as the parts are named you may draw on the white paper provided in order to 
develop your ideas. 

Strategy C • Task Two 
In this task you are to reinterpret your previous solutions. Spread your previous solutions (the 
ones on the white paper) out in front of you and look at them. You are to pick one. then close 
your eyes, you are to explore your constructions by imagining the forms being rotated around 
or fornting a mirror image of the form. You are only allowed to change the proportions of the 
form, scale, stretch it, slide parts, and change it's orientation, not how it is constructed. You 
cannot rearrange the construction. You are to observe the synthesised form from different 
orientations. You are to do this using only mental imagery. 
You can only open your eyes long enough to write down the nameldescription of the solution, 
the parts it was derived from, and the trial number strategy number etc ... then draw this new 
imagined form. Only open your eyes after you have new interpretation. Do not develop your 
ideas on paper. You are to use the light yellow paper to draw on. After you have drawn the 
reinterpreted form you are to circle the form to indicate your new interpretation. Remember 
one form one piece of paper. Once you have done this turn both the white paper and the 
yellow paper over and pick another previous form then close your eyes again and develop 
another new form. You may do as many as you like before the end of a 9 minute time period. 
It is also up to you how many re-interpretations per original you do and how many originals 
you re-interpret. 

As before remember to note the parts you were given, the strategy number, the task number 
etc ... at the top of the paper. 

Example2D 
For instance remember the flag pole example given earlier is turned upside down and the 
vertical leg lengthened. The renaming now is a golf club hitting a golf ball. 

At the end of this series of trials and this suggested strategy, fill in a questionnaire 
concerning the strategy you used in combining the parts to create a new form and make 
any comments you think relevant about this strategy ( ease of use, problems 
encountered, do you typically use this technique in solving problems? Etc •.. ) • 

Strategy D • Task one 
This is a new type of strategy. In this strategy you are to mentally develop a form. 
At this stage you are only to develop and nameldescribe your new form. A form which is a 
representation of a general category you are given. 
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2Donly 
In this particular task you will also be given a randomly selected category from 8 different 
categories. You are to use this random category to develop your form. For example you may 
be given a category from one of the following. Read them to the subjects 

Table 2 
Allowable categories in experiments. 

Category one Examples 

1. Road Signs 
2. Bank Logo 
3. Graphic symbols for operating equipment 
4. Sporting Graphic symbol ( kind of sport) 
5. Graphic form which portrays a physical sense ( sight. sound, touch. taste ) 
6. A new International symbol for tourists 
7. Safety symbols for a hazard 
8. A logo for some new small business 

Before you start remember to write down the name of, strategy number, and the trial number 
etc .... Once you are given the category you are to close your eyes and only open them long 
enough to write down the name/description of a form. You are to turn the page over 
preparing for the next form (using the white pro-printed paper). Then you are to close your 
eyes again without looking around the room. 
You can create as many forms as you like before the end of a 3 minute time period. 

2D 
Say you were given the category of a Logo for an international company you are to develop 
a new shape for a new corporation, for example a new airline logo, then another for a fast food 
hamburger chain logo, then a car manufacturer logo, etc ... 

Once the 3 minutes is over then you will be given another new category and another 3 
minutes. 

2D 
Suppose now you are given the category of developing a public service logo, the shape of the 
form or logo could symbolise a youth camp, next a shape of another logo could reflect a child 
care centre, then you could develop a logo for legal aid etc .. 

But remember one idea, one paper. This is repeated 3 times. 

PART 2 

Now that you have done this 3 times you will go back and draw to develop your 
named/described forms using three randomly selected parts given to you for each of the 
three trials from task one. As soon as the parts are named you are to write them down. You are 
to draw on the paper you used in giving the name ( the white papers ). You are to circle the 
final form you developed. 

Now Gather your papers from the first problem set. Find the ones you have marked as 
Problem I. As soon as the parts are named you are to go back and draw to develop the 
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named/described forms from problem one - task one ( which you have just completed ). Once 
all of you have fmished problem set one we will move on to the second problem set and 
responses. You will progress through all of the problem sets in order therefore. you will 
perform this task a total of 3 times. 

Strategy D - Task Two 

REMEMBER BEFORE WHEN YOU REINTEERPRETED YOUR FORMS - WE ARE 
GOING TO DO THIS AGAIN. So spread all of your sheets in font of you and look at 
thellL 

This task is identical to the ones you have done before in reinterpreting your previous work so 
you should be familiar with it. Spread your previous solutions out in front of you and look at 
them. You are to explore your constructions by imagining the form being rotated around or 
forming a mirror image of the form. You are to observe the synthesised form from different 
orientations. In order to aid in performing this task you are encouraged to draw the forms in 
different orientations. You are to use the light yellow paper to draw on. You are only 
allowed to change the proportions of the form, scale, stretch it, slide parts, and change it's 
orientation, not how it is constructed. You cannot rearrange the construction. 
Once you have developed and reorientated a form which you can reinterpret, you are to 
rename and/or describe the new form and circle the form to indicate which drawing is your 
new interpretation. Once you have reinterpreted the original ideas (found on the white paper), 
turn both the white paper and the yellow paper over and move on to reinterpreting the next 
idea. Remember one idea one piece of paper. It is up to you how many re-interpretations 
per original you do and how many originals you re-interpret. You may do as many as 
you like before the end of a 9 minute time period 

As before remember to note the parts you were given, the strategy number, the task number 
etc ... at the top of the paper. 

At the end of this series of trials and this suggested strategy, fill in a questionnaire 
concerning the strategy you used in combining the parts to create a new form and make 
any comments you think relevant about this strategy ( ease of use, problems 
encountered, do you typically use this technique in solving problems? Etc._.) • 
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Instructions (Group B ) 

Instructions 2D Drawing 

The purpose of this investigation is to explore 4 different strategies people could use to 
combine visual parts to form a mental image. Basically you will be give three parts and using 
these pars we would like you to develop a new form. You can make as many new forms as 
you like. In order to achieve this we would like you to utilise the suggested strategy at the time 
independent from any other strategy. There will be four different strategies explored (Refer to 
the hand out given ). Note in the handout there are 4 Ellipse. They are labelled strategy 
ABCD. These may not necessarily be in that order. The sheet given to you may be different. 
We will proceed from the top down consequently for example strategy B may be done first 
because it is fIrst on the list. Also note that there are two tasks within each Strategy, you will 
be instructed what to do for each task in the different strategies, however, some of the tasks 
will be identical ( point this out in the diagram they have ). For each of the strategies there 
will be 3 trials. Therefore a total of 12 trials or problem sets will be presented to you. 

2D I These explore two dimensional mental synthesis. 

For the sake of consistency throughout these instructions we will defIne the word Form to 
mean recognisable form. 

Each strategy will have staged tasks for you to do. Listen carefully to the instructions for each 
staged task. 

Note the materials supplied to you are as follows: 
two colour coded folders 
one pad of white pre-printed drawing paper I Hold up the sheets 
one pad oflight yellow pre-printed drawing paper 
( In general the white paper is for task 1 and the yellow paper is for task 2 ) 
several sharpened drawing pencils and erasers ( these drawing pencils are soft but 
you will still need to press firmly so that your work will be able to be 
photocopied) 

Explain the pre-printed sheets in terms of the coded areas. Strategy ( represented by S 
followed by Letters ABCD) -Task numbers (represented by T folIowed by I & 2)- Problem 
numhers ( they are to write in the problem number) & Response numbers ( they are to write in 
the response number). Talk about how to use them. Tell the subjects not to write in the areas 
on the right hand side of the papers. 

You have before you a slip cover with 15 drawings of basic parts. For the purposes of a 
common understanding let us go through the names of each part. (Indicate the names of the 
parts to them.) 

In general each trial consists of three randomly selected parts which will be given to you. At 
the beginning of each of the trials I will let you know which colour paper you are to use and I 
will calI out the strategy letter and the trial number. You are to circle the appropriate S letter 
and the appropriate T number at the top of the pre-printed paper provided. Also in the circles 
next to Prob. & Respon. you are to put the problem number and response number you are 
currently working on. When we start I will call out the names of the three parts to be used in 
that trial. I will repeat the names to ensure that the names were heard correctly. You are to 
note in the space provided and on each paper you use, the parts you were given. Do not write 
in the spaces on the right hand side of the paper this area is for coding purposes. 

2D 
As soon as the parts are named you are to attempt to construct a recognisable form from the 
parts given. These are given in any order and sometimes more than once. All the parts must be 
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used. If two of the same part is mentioned then both are to be used in your created form. The 
form could be anything as long as it could be recognised by another person and that it could be 
easily named without a long description. You can vary the size, position, orientation, or 
proportion ( ego an equilateral triangle can be shaped into an isosceles triangle) of the parts 
but you are not allowed to bend, trim or distort the individual parts in any way. (a circle can 
not be made into an ellipse) 

Here are examples of possible mental constructions. 
Say you are given (the letter L, a circle, and a square ). 
You would draw a square. Then add an upside-down L to the left side of the square. Shrink 
the circle and place it in the middle of the square. Result a flag on a flag pole. 

You are to Draw a circle around your final fonn and write down the name or description next 
the your recognisable form. Then you are to the turn the page over and get a new piece of 
paper and proceed with creating the next form if you have finished one and the available time 
has not run out. Basically one solution one piece of paper. 

Next example! You would draw a circle. Draw the square around the circle. Draw the L at a 
45 degree angle on top of the square forming a V pattern. The result is a TV set. 

Remember to ensure that you have circled the appropriate S number and the appropriate T 
number at the top of the pre-printed paper provided, the parts you were given are noted on the 
paper. 

Strategy B - Task one 
Even though this is a new strategy remember you can create as many solutions as you like 
before the end of a 3 minute time period. However, remember one solution one piece of paper. 
Use the white pre-printed paper. 
Once the 3 minute time period is over you will be given three new parts and asked to do the 
same task again. You will perform this task a total of 3 times. 

In this strategy you are to close your eyes and attempt to mentally construct your solution 
form from the 3 parts given. 
You can only open your eyes long enough to write down the name/description of the solution. 
Once you have done this close your eyes again and develop another form. After the 3 
minutes you wiu be allowed to draw your named/described forms. When you are drawing 
you cannot change anything you wrote in naming/describing the forms. This is repeated for 
each form created from the three parts named. Once the 3 minute time period is over and after 
you finish drawing the forms, you will be given three new parts and asked to do the same task 
again. 

Strategy B - Task Two 
In this task you are to reinterpret your previous forms. Spread your previous solutions out in 
front of you and look at them. You are to explore your constructions by imagining the form 
being rotated around or fomting a ntirror image of the form. You are to observe the 
synthesised form from different orientations. In order to aid in performing this task you are 
encouraged to draw to develop your forms. Draw them in different orientations. You are to 
use the light yellow paper to draw on. You are only allowed to change the proportions of the 
form, scale, stretch it, slide parts, and change it's orientation, not how it is constructed. You 
cannot rearrange the construction. 
If you can develop a reinterpretation of your form. You are to rename and/or describe the 
new form and circle the form to indicate which drawing is your new interpretation. Once you 
have reinterpreted the original ideas (found on the white paper), turn both the white paper and 
the yellow paper over and move on to reinterpreting the next idea. Remember one idea one 
piece of paper. It is up to you how many re-interpretations per original you do and how many 
originals you re-interpret. You may do as many as you like before the end of a 9 minute time 
period 
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As before remember to note the parts you were given, the strategy number, the task number 
etc ... at the top of the paper. 

Example2D 
For instance remember the flag pole example given earlier is turned upside down and the 
vertical leg lengthened. The renaming now is a golf club hitting a golf baIl. 

At the end of this series of trials and this suggested strategy, fill in a questionnaire 
concerning the strategy you used in combining the parts to create a new form and make 
any comments you think relevant about this strategy ( ease of use, problems 
encountered, do you typically use this technique in solving problems? Etc ••• ) • 

Strategy C - Task one 
In this task remember you can create as many solutions as you like before the end of a 3 
minute time period. However, remember one solution one piece of paper. 
Once the 3 minute time period is over you will be given three new parts and asked to do the 
same task again. You will perfonn this task a total of 3 times. 

In order to aid in the synthesis process it may help to use drawing. The suggested strategy is to 
draw one of the parts given then add the other parts and attempt to construct a solution from 
the parts given. 
As soon as the parts are named you may draw on the white paper provided in order to 
develop your ideas. 

Strategy C - Task Two 
In this task you are to reinterpret your previous solutions. Spread your previous solutions ( the 
ones on the white paper) out in front of you and look at them. You are to pick one, then close 
your eyes, you are to explore your constructions by imagining the fonns being rotated around 
or fonning a mirror image of the fonn. You are only allowed to change the proportions of the 
form, scale, stretch it, slide parts, and change it's orientation, not how it is constructed. You 
cannot rearrange the construction. You are to observe the synthesised fonn from different 
orientations. You are to do this using only mental imagery. 
You can only open your eyes long enough to write down the name/description of the solution, 
the parts it was derived from, and the trial number strategy number etc ... then draw this new 
imagined fonn. Only open your eyes after you have new interpretation. Do not develop your 
ideas on paper. You are to use the light yellow paper to draw on. After you have drawn the 
reinterpreted fonn you are to circle the fonn to indicate your new interpretation. Remember 
one form one piece of paper. Once you have done this turn both the white paper and the 
yellow paper over and pick another previous fonn then close your eyes again and develop 
another new fonn. You may do as many as you like before the end of a 9 minute time period. 
It is also up to you how many re-interpretations per original you do and how many originals 
you re-interpret. 

As before remember to note the parts you were given, the strategy number, the task number 
etc ... at the top of the paper. 

Example2D 
For instance remember the flag pole example given earlier is turned upside down and the 
vertical leg lengthened. The renaming now is a golf club hitting a golf ball. 

At the end of this series of trials and this suggested strategy, fill in a questionnaire 
concerning the strategy yon nsed in combining the parts to create a new form and make 
any comments you think relevant about this strategy ( ease of use, problems 
encountered, do yon typically use this technique in solving problems? Etc ... ) . 
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REMEMBER BEFORE WHEN YOU DREW TO DEVELOP YOUR FORMS - WE 
ARE GOING TO DO THIS AGAIN. 
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In this task and these trials remember you can create as many solutions as you like before the 
end of a 3 minute time period. However, remember one solution one piece of paper. 
Once the 3 minute time period is over you will be given three new parts and asked to do the 
same task again. You will perform this task a total of 3 times. 

In order to aid in the synthesis process it may help to use drawing. The suggested strategy is 
to draw one of the parts given then add the other parts and attempt to construct a solution from 
the parts given. 
As soon as the parts are named you may draw on the white paper provided in order to 
develop your form. 

Strategy A - Task Two 

REMEMBER BEFORE WHEN YOU REINTEERPRETED YOUR FORMS - WE ARE 
GOING TO DO THIS AGAIN. So spread all of your sheets in font of you and look at 
them. 

In this task you are to reinterpret your previous forms. Spread your previous solutions out in 
front of you and look at them. You are to explore your constructions by imagining the form 
being rotated around or forming a mirror image of the form. You are to imagine observing the 
synthesised form from different orientations. In order to aid in performing this task you are 
encouraged to draw the forms you have created in different orientations. You are to use the 
light yellow paper to draw on. You are only allowed to change the proportions of the form, 
scale, stretch it, slide parts, and change it's orientation, not how it is constructed. You cannot 
rearrange the construction. 
If you can develop a reinterpretation of your form, you are to rename andlor describe the new 
form and circle the form to indicate which drawing is your new interpretation. This is done so 
your form can be identified. Even if you only have one drawing on the page still circle it fotr 
purposes of consistency. Once you have reinterpreted the original form (found on the white 
paper), turn both the white paper and the yellow paper over and move on to reinterpreting the 
next form. Remember one form one piece of paper. It is up to you how many re­
interpretations per original you do and how many originals you re-interpret. You may do as 
many as you like before the end of a 9 minute time period 

As before remember to note the parts you were given, the strategy number, the task number 
etc ... at the top of the paper. 

Example2D 
For instance: Remember the flag pole example given earlier is turned upside down and the 
vertical leg lengthened. The renaming now is a golf club hitting a golf ball. 

At the end of this series of trials and this suggested strategy, fill in a questionnaire 
concerning the strategy you used in combining the parts to create a new form and make 
any comments you think relevant about this strategy ( ease of use, problems 
encountered, do you typically use this technique in solving problems? Etc ... ) • 

Strategy D - Task one 



This is a new type of strategy. In this strategy you are to mentally develop a form. 
At this stage you are only to develop and name/describe your new form. A form which is a 
representation of a general category you are given. 

2Donly 
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In this particular task you will also be given a randomly selected category from 8 different 
categories. You are to use this random category to develop your form. For example you may 
be given a category from one of the following. Read them to the snbjects 

Table 2 
Allowable categories in experiments. 

Categ cry one Examples 

1. Road Signs 
2. Bank Logo 
3. Graphic symbols for operating equipment 
4. Sporting Graphic symbol ( kind of sport ) 
5. Graphic fonn which portrays a physical sense ( sight, sound, touch, taste ) 
6. A new International symbol for tourists 
7. Safety symbols for a hazard 
8. A logo for some new small business 

Before you start remember to write down the name of, strategy number, and the trial number 
etc .... Once you are given the category you are to close your eyes and only open them long 
enough to write down the name/description of a form. You are to turn the page over 
preparing for the next form (using the white pre-printed paper). Then you are to close your 
eyes again without looking around the room. 
You can create as many forms as you like before the end of a 3 ntinute time period. 

2D 
Say you were given the category of a Logo for an international company you are to develop 
a new shape for a new corporation, for example a new airline logo, then another for a fast food 
hamburger chain logo, then a car manufacturer logo, etc ... 

Once the 3 minutes is over then you will be given another new category and another 3 
minutes. 

2D 
Suppose now you are given the category of developing a public service logo, the shape of the 
form or logo could symbolise a youth camp, next a shape of another logo could reflect a child 
care centre, then you could develop a logo for legal aid etc .. 

But remember one idea, one paper. This is repeated 3 times. 

PART 2 

Now that you have done this 3 times you will go back and draw to develop your 
named/described forms using three randomly selected parts given to you for each of the 
three trials from task one. As soon as the parts are named you are to write them down. You are 
to draw on the paper you used in giving the name ( the white papers ). You are to circle the 
final form you developed. 

Now Gather your papers from the first problem set. Find the ones you have marked as 
Problem I. As soon as the parts are named you are to go back and draw to develop the 
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named/described forms from problem one - task one ( which you have just completed). Once 
all of you have fmished problem set one we will move on to the second problem set and 
responses. You will progress through all of the problem sets in order therefore, you will 
perform this task a total of 3 times. 

Strategy D - Task Two 

REMEMBER BEFORE WHEN YOU REINTEERPRETED YOUR FORMS - WE ARE 
GOING TO DO THIS AGAIN. So spread all of your sheets in font of you and look at 
them. 

This task is identical to the ones you have done before in reinterpreting your previous work so 
you should be familiar with it Spread your previous solutions out in front of you and look at 
them. You are to explore your constructions by imagining the form being rotated around or 
forming a mirror image of the form. You are to observe the synthesised form from different 
orientations. In order to aid in performing this task you are encouraged to draw the forms in 
different orientations. You are to use the light yellow paper to draw on. You are only 
allowed to change the proportions of the form, scale, stretch it, slide parts, and change it's 
orientation. not how it is constructed. You cannot rearrange the construction. 
Once you have developed and reorientated a form which you can reinterpret, you are to 
rename and/or describe the new form and circle the form to indicate which drawing is your 
new interpretation. Once you have reinterpreted the original ideas (found on the white paper), 
turn both the white paper and the yellow paper over and move on to reinterpreting the next 
idea. Remember one idea one piece of paper. It is up to you how many re-interpretations 
per original you do and how many originals you re-interpret. You may do as many as 
you like before the end of a 9 minute time period 

As before remember to note the parts you were given, the strategy number, the task number 
etc ... at the top of the paper. 

At the end of this series of trials and this suggested strategy, fill in a questionnaire 
concerning the strategy you used in combining the parts to create a new form and make 
any comments you think relevant about this strategy ( ease of use, problems 
encountered, do you typically use this technique in solving problems? Etc ... ) . 
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Instructions (Group C ) 

Instructions 2D Drawing 

The purpose of this investigation is to explore 4 different strategies people could use to 
combine visual parts to form a mental image. Basically you will be give three parts and using 
these pars we would like you to develop a new form. You can make as many new forms as 
you like. In order to achieve this we would like you to utilise the suggested strategy at the time 
independent from any other strategy. There will be four different strategies explored (Refer to 
the hand out given ). Note in the handout there are 4 Ellipse. They are labelled strategy 
ABCD. These may not necessarily be in that order. The sheet given to you may be different. 
We will proceed from the top down consequently for example strategy C may be done first 
because it is first on the list. Also note that there are two tasks within each Strategy, you will 
be instructed what to do for each task in the different strategies, however, some of the tasks 
will be identical ( point this out in the diagram they have ). For each of the strategies there 
will be 3 trials. Therefore a total of 12 trials or problem sets will be presented to you. 

2D I These explore two dimensional mental synthesis. 

For the sake of consistency throughout these instructions we will define the word Form to 
mean recognisable form. 

Each strategy will have staged tasks for you to do. Listen carefully to the instructions for each 
staged task. 

Note the materials supplied to you are as follows: 
two colour coded folders 
one pad of white pre-printed drawing paper I Hold up the sheets 
one pad of light yellow pre-printed drawing paper 
( In general the white paper is for task 1 and the yellow paper is for task 2 ) 
several sharpened drawing pencils and erasers ( these drawing pencils are soft bnt 
you will still need to press fIrmly so that your work will be able to be 
photocopied) 

Explain the pre-printed sheets in terms of the coded areas. Strategy ( represented by S 
followed by Letters ABCD) -Task numbers (represented by T followed by I & 2)- Problem 
numbers ( they are to write in the problem number) & Response numbers ( they are to write in 
the response number). Talk about how to use them. Tell the subjects not to write in the areas 
on the right hand side of the papers. 

You have before you a slip cover with 15 drawings of basic parts. For the purposes of a 
common understanding let us go through the names of each part. (Indicate the names of the 
parts to them.) 

In general each trial consists of three randomly selected parts which will be given to you. At 
the beginning of each of the trials I will let you know which colour paper you are to use and I 
will call out the strategy letter and the trial number. You are to circle the appropriate S letter 
and the appropriate T number at the top of the pre-printed paper provided. Also in the circles 
next to Prob. & Respon. you are to put the problem number and response number you are 
currently working on. When we start I will call out the names of the three parts to be used in 
that trial. I will repeat the names to ensure that the names were heard correctly. You are to 
note in the space provided and on each paper you use, the parts you were given. Do not write 
in the spaces on the right hand side of the paper this area is for coding purposes. 

2D 
As soon as the parts are named you are to attempt to construct a recognisable form from the 
parts given. These are given in any order and sometimes more than once. All the parts must be 
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used. If two of the same part is mentioned then both are to be used in your created form. The 
form could be anything as long as it could be recognised by another person and that it could be 
easily named without a long description. You can vary the size. position, orientation, or 
proportion ( ego an equilateral triangle can be shaped into an isosceles triangle) of the parts 
but you are not allowed to bend, trim or distort the individual parts in any way. (a circle can 
not be made into an ellipse) 

Here are examples of possible mental constructions. 
Say you are given (the letter L, a circle, and a square ). 
You would draw a square. Then add an upside-down L to the left side of the square. Shrink 
the circle and place it in the middle of the square. Result a flag on a flag pole. 

You are to Draw a circle around your fmal form and write down the name or description next 
the your recognisable form. Then you are to the turn the page over and get a new piece of 
paper and proceed with creating the next form if you have finished one and the available time 
has not run out. Basically one solution one piece of paper. 

Next example! You would draw a circle. Draw the square around the circle. Draw the L at a 
45 degree angle on top of the square forming a V pattern. The result is a TV set. 

Remember to ensure that you have circled the appropriate S number and the appropriate T 
numher at the top of the pre-printed paper provided, the parts you were given are noted on the 
paper. 

Strategy C - Task one 
In this task remember you can create as many solutions as you like before the end of a 3 
minute time period. However, remember one solution one piece of paper. 
Once the 3 minute time period is over you will be given three new parts and asked to do the 
same task again. You will perform this task a total of 3 times. 

In order to aid in the synthesis process it may help to use drawing. The suggested strategy is to 
draw one of the parts given then add the other parts and attempt to construct a solution from 
the parts given. 
As soon as the parts are named you may draw on the white paper provided in order to 
develop your ideas. 

Strategy C - Task Two 
In this task you are to reinterpret your previous solutions. Spread your previous solutions ( the 
ones on the white paper) out in front of you and look at them. You are to pick one, then close 
your eyes, you are to explore your constructions by imagining the forms being rotated around 
or forming a mirror image of the form. You are only allowed to change the proportions of the 
form, scale, stretch it, slide parts, and change it's orientation, not how it is constructed. You 
cannot rearrange the construction. You are to observe the synthesised form from different 
orientations. You are to do this using only mental imagery_ 
You can only open your eyes long enough to write down the name/description of the solution, 
the parts it was derived from, and the trial number strategy number etc ... then draw this new 
imagined form. Only open your eyes after you have new interpretation. Do not develop your 
ideas on paper. You are to use the light yellow paper to draw on. Mter you have drawn the 
reinterpreted form you are to circle the form to indicate your new interpretation. Remember 
one form one piece of paper. Once you have done this turn both the white paper and the 
yellow paper over and pick another previous form then close your eyes again and develop 
another new form. ¥ ou may do as many as you like before the end of a 9 minute time period. 
It is also up to you how many re-interpretations per original you do and how many originals 
you re-interpret. 

As before remember to note the parts you were given, the strategy number, the task number 
etc ... at the top of the paper. 

Example2D 



For instance remember the flag pole example given earlier is turned upside down and the 
vertical leg lengthened. The renamlng now is a golf club hitting a golf ball. 
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At the end of this series of trials and this suggested strategy, fill in a questionnaire 
concerning the strategy you used in combining the parts to create a new form and make 
any comments you think relevant about this strategy ( ease of use, problems 
encountered, do you typically use this technique in solving problems? Etc ••• ) • 

Strategy B - Task one 
Even though this is a new strategy remember you can create as many solutions as you like 
before the end of a 3 minute time period. However, remember one solution one piece of paper. 
Use the wbite pre-printed paper. 
Once the 3 minute time period is over you will be given three new parts and asked to do the 
same task again. You will perform this task a total of 3 times. 

In this strategy you are to close your eyes and attempt to mentally construct your solution 
form from the 3 !>arts given. 
You can only open your eyes long enough to write down the name/description of the solution. 
Once you have done this close your eyes again and develop another form. After the 3 
minutes you will be allowed to draw your named/described forms. When you are drawing 
you cannot change anything you wrote in naming/describing the forms. This is repeated for 
each form created from the three parts named. Once the 3 minute time period is over and after 
you finish drawing the forms, you will be given three new parts and asked to do the same task 
again. 

Strategy B - Task Two 
In this task you are to reinterpret your previous forms. Spread your previous solutions out in 
front of you and look at them. You are to explore your constructions by imagining the form 
being rotated around or forming a mirror image of the form. You are to observe the 
synthesised form from different orientations. In order to aid in performing this task you are 
encouraged to draw to develop your forms. Draw them in different orientations. You are to 
use the light yellow paper to draw on. You are only allowed to change the proportions of the 
form, scale, stretch it, slide parts, and change it's orientation, not how it is constructed. You 
cannot rearrange the construction. 
If you can develop a reinterpretation of your form. You are to rename and/or describe the 
new fonn and circle the form to indicate which drawing is your new interpretation. Once you 
have reinterpreted the original ideas (found on the white paper), turn both the white paper and 
the yellow paper over and move on to reinterpreting the next idea. Remember one idea one 
piece of paper. It is up to you how many re-interpretations per original you do and how many 
originals you re-interpret. You may do as many as you like before the end of a 9 minute time 
period 

As before remember to note the parts you were given, the strategy number. the task number 
etc ... at the top of the paper. 

Example 2D 
For instance remember the flag pole example given earlier is turned upside down and the 
vertical leg lengthened. The renamlng now is a golf club hitting a golf ball. 

At the end of this series of trials and this suggested strategy, fill in a questionnaire 
concerning the strategy you used in combining the parts to create a new form and make 
any comments you think relevant about this strategy ( ease of use, problems 
encountered, do you typically use this technique in solving problems? Etc ... ) . 

Strategy A - Task one 



REMEMBER BEFORE WHEN YOU DREW TO DEVELOP YOUR FORMS - WE 
ARE GOING TO DO THIS AGAIN. 
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In this task and these trials remember you can create as many solutions as you like before the 
end of a 3 minute time period. However, remember one solution one piece of paper. 
Once the 3 minute time period is over you will be given three new parts and asked to do the 
same task again. You wiJl perform this task a total of 3 times. 

In order to aid in the synthesis process it may help to use drawing. The suggested strategy is 
to draw one of the parts given then add the other parts and attempt to construct a solution from 
the parts given. 
As soon as the parts are named you may draw on the white paper provided in order to 
develop your form. . 

Strategy A - Task Two 

REMEMBER BEFORE WHEN YOU REINTEERPRETED YOUR FORMS - WE ARE 
GOING TO DO THIS AGAIN. So spread all of your sheets in font of you and look at 
them. 

In this task you are to reinterpret your previous forms. Spread your previous solutions out in 
front of you and look at them. You are to explore your constructions by imagining the form 
being rotated around or forming a mirror image of the form. You are to imagine observing the 
synthesised form from different orientations. In order to aid in performing this task you are 
encouraged to draw the forms you have created in different orientations. You are to use the 
light yellow paper to draw on. You are only aJlowed to change the proportions of the form. 
scale, stretch it, slide parts, and change it's orientation, not how it is constructed. You cannot 
rearrange the construction. 
If you can develop a reinterpretation of your form, you are to rename and/or describe the new 
form and circle the form to indicate which drawing is your new interpretation. This is done so 
your form can be identified. Even if you only have one drawing on the page stiJl circle it fotr 
purposes of consistency. Once you have reinterpreted the original form (found on the white 
paper), turn both the white paper and the yeJlow paper over and move on to reinterpreting the 
next form. Remember one form one piece of paper. It is up to you how many re­
interpretations per original you do and how many originals you re-interpret. You may do as 
many as you like before the end of a 9 minute time period 

As before remember to note the parts you were given, the strategy number, the task number 
etc ... at the top of the paper. 

Example2D 
For instance: Remember the flag pole example given earlier is turned upside down and the 
vertical leg lengthened. The renaming now is a golf club hitting a golf ball. 

At the end of this series of trials and this suggested strategy, fill in a qnestionnaire 
concerning the strategy you used in combining the parts to create a new form and make 
any comments you think relevant abont this strategy ( ease of use, problems 
encountered, do you typically use this techniqne in solving problems? Etc ••. ) • 

Strategy D - Task one 
This is a new type of strategy. In this strategy you are to mentaJly develop a form. 



At this stage you are only to develop and name/describe your new form. A form which is a 
representation of a general category you are given. 

20 only 
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In this particular task you will also be given a randomly selected category from 8 different 
categories. You are to use this random category to develop your form. For example you may 
be given a category from one of the following. Read them to the subjects 

Table 2 
Allowable categories in experiments. 

Category one Examples 

1. Road Signs 
2. Bank Logo 
3. Graphic symbols for operating equipment 
4. Sporting Graphic symbol ( kind of sport ) 
5. Graphic form which portrays a physical sense ( sight. sound, touch. taste ) 
6. A new International symbol for tourists 
7. Safety symbols for a hazard 
8. A logo for some new small business 

Before you start remember to write down the name of, strategy number, and the trial number 
etc .... Once you are given the category you are to close your eyes and only open them long 
enough to write down the name/description of a form. You are to turn the page over 
preparing for the next form (using the white pre-printed paper). Then you are to close your 
eyes again without looking around the room. 
You can create as many forms as you like before the end of a 3 minute time period. 

20 
Say you were given the category of a Logo for an international company you are to develop 
a new shape for a new corporation, for example a new airline logo, then another for a fast food 
hamburger chain logo, then a car manufacturer logo, etc ... 

Once the 3 minutes is over then you will be given another new category and another 3 
minutes. 

20 
Suppose now you are given the category of developing a public service logo, the shape of the 
form or logo could symbolise a youth camp, next a shape of another logo could reflect a child 
care centre, then you could develop a logo for legal aid etc .. 

But remember one idea, one paper. This is repeated 3 times. 

PART 2 

Now that you have done this 3 times you will go back and draw to develop your 
named/described forms using three randomly selected parts given to you for each of the 
three trials from task one. As soon as the parts are named you are to write them down. You are 
to draw on the paper you used in giving the name ( the white papers ). You are to circle the 
final form you developed. 

Now Gather your papers from the first problem set Find the ones you have marked as 
Problem 1. As soon as the parts are named you are to go back and draw to develop the 
named/described forms from problem one - task one ( which you have just completed ). Once 



all of you have fInished problem set one we wiJI move on to the second problem set and 
responses. You wiJI progress through all of the problem sets in order therefore. you wiJI 
perform this task a total of 3 times. 

Strategy D - Task Two 
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REMEMBER BEFORE WHEN YOU REINTEERPRETED YOUR FORMS - WE ARE 
GOING TO DO THIS AGAIN. So spread all of your sheets in font of you and look at 
them. 

This task is identical to the ones you have done before in reinterpreting your previous work so 
you should be familiar with it. Spread your previous solutions out in front of you and look at 
them. You are to explore your constructions by imagining the form being rotated around or 
forming a mirror image of the form. You are to observe the synthesised form from different 
orientations. In order to aid in performing this task you are encouraged to draw the forms in 
different orientations. You are to use the light yellow paper to draw on. You are only 
allowed to change the proportions of the form. scale. stretch it. slide parts. and change it's 
orientation, not how it is constructed. You cannot rearrange the construction. 
Once you have developed and reorientated a form which you can reinterpret. you are to 
rename and/or describe the new form and circle the form to indicate which drawing is your 
new interpretation. Once you have reinterpreted the original ideas (found on the white paper). 
turn both the white paper and the yellow paper over and move on to reinterpreting the next 
idea. Remember one idea one piece of paper. It is up to you how many re-interpretations 
per original you do and how many originals you re-interpret. You may do as many as 
you like before the end of a 9 minute time period 

As before remember to note the parts you were given. the strategy number. the task number 
etc ... at the top of the paper. 

At the end of this series of trials and this suggested strategy, fill in a questionnaire 
concerning the strategy you used in combining the parts to create a new form and make 
any comments you think relevant about this strategy ( ease of use, problems 
encountered, do you typically use this technique in solving problems? Etc ... ) . 
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Instructions (Group D ) 

Instructions 2D Drawing 

The purpose of this investigation is to explore 4 different strategies people could use to 
combine visual parts to form a mental image. Basically you will be give three parts and using 
these pars we would like you to develop a new form. You can make as many new forms as 
you like. In order to achieve this we would like you to utilise the suggested strategy at the time 
independent from any other strategy. There will be four different strategies explored (Refer to 
the hand out given ). Note in the handout there are 4 Ellipse. They are labelled strategy 
ABCD. These may not necessarily be in that order. The sheet given to you may be different. 
We will proceed from the top down consequently for example strategy C may be done first 
because it is first on the list. Also note that there are two tasks within each Strategy. you will 
be instructed what to do for each task in the different strategies, however, some of the tasks 
will be identical ( point this out in the diagram they have ). For each of the strategies there 
will be 3 trials. Therefore a total of 12 trials or problem sets will be presented to you. 

2D These explore two dimensional mental synthesis. 

For the sake of consistency throughout these instructions we will define the word Form to 
mean recognisable form. 

Each strategy will have staged tasks for you to do. Listen carefully to the instructions for each 
staged task. 

Note the materials supplied to you are as follows: 
two colour coded folders 
one pad of white pre-printed drawing paper I Hold up the sheets 
one pad of light yellow pre-printed drawing paper 
( In general the white paper is for task 1 and the yellow paper is for task 2 ) 
several sharpened drawing pencils and erasers ( these drawing pencils are soft but 
you will still need to press firmly so that your work will be able to be 
photocopied) 

Explain the pre-printed sheets in terms of the coded areas. Strategy ( represented by S 
followed by Letters ABCD ) -Task numbers (represented by T followed by I & 2 )- Problem 
numbers ( they are to write in the problem number) & Response numbers ( they are to write in 
the response number). Talk about how to use them. Tell the subjects not to write in the areas 
on the right hand side of the papers. 

You have before you a slip cover with 15 drawings of basic parts. For the purposes of a 
common understanding let us go through the names of each part. (Indicate the names of the 
parts to them.) 

In general each trial consists of three randomly selected parts which. will be given to you. At 
the beginning of each of the trials I will let you know which colour paper you are to use and I 
will call out the strategy letter and the trial number. You are to circle the appropriate S letter 
and the appropriate T number at the top of the pre-printed paper provided. Also in the circles 
next to Prob. & Respon. you are to put the problem number and response number you are 
currently working on. When we start I will call out the names of the three parts to be used in 
that trial. I will repeat the names to ensure that the names were heard correctly. You are to 
note in the space provided and on each paper you use, the parts you were given. Do not write 
in the spaces on the right hand side of the paper this area is for coding purposes. 

2D 
As soon as the parts are named you are to attempt to construct a recognisable form from the 
parts given. These are given in any order and sometimes more than once. All the parts must be 
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used. If two of the same part is mentioned then both are to be used in your created form. The 
form could be anything as long as it could be recognised by another person and that it could be 
easily named without a long description. You can vary the size, position, orientation, or 
proportion ( ego an equilateral triangle can be shaped into an isosceles triangle) of the parts 
but you are not allowed to bend, trim or distort the individual parts in any way. (a circle can 
not be made into an ellipse ) 

Here are examples of possible mental constructions. 
Say you are given (the letter L, a circle, and a square ). 
You would draw a square. Then add an upside-down L to the left side of the square. Shrink 
the circle and place it in the middle of the square. Result a flag on a flag pole. 

You are to Draw a circle around your final form and write down the name or description next 
the your recognisable form. Then you are to the tum the page over and get a new piece of 
paper and proceed with creating the next form if you have finished one and the available time 
has not run out. Basically one solution one piece of paper. 

Next example! You would draw a circle. Draw the square around the circle. Draw the L at a 
45 degree angle on top of the square forming a V pattern. The result is a TV set. 

Remember to ensure that you have circled the appropriate S number and the appropriate T 
number at the top of the pre-printed paper provided, the parts you were given are noted on the 
paper. 

Strategy C - Task one 
In this task remember you can create as many solutions as you like before the end of a 3 
minute time period. However, remember one solution one piece of paper. 
Once the 3 minute time period is over you will be given three new parts and asked to do the 
same task again. You will perform this task a total of 3 times. 

In order to aid in the synthesis process it may help to use drawing. The suggested strategy is to 
draw one of the parts given then add the other parts and attempt to construct a solution from 
the parts given. 
As soon as the parts are named you may draw on the white paper provided in order to 
develop your ideas. 

Strategy C - Task Two 
In this task you are to reinterpret your previous solutions. Spread your previous solutions ( the 
ones on the white paper) out in front of you and look at them. You are to pick one, then close 
your eyes, you are to explore your constructions by imagining the forms being rotated around 
or forming a ntirror image of the form. You are only allowed to change the proportions of the 
form, scale, stretch it, slide parts, and change it's orientation, not how it is constructed. You 
cannot rearrange the construction. You are to observe the synthesised form from different 
orientations. You are to do this using only mental Imagery • 
You can only open your eyes long enough to write down the name/description of the solution, 
the parts it was derived from, and the trial number strategy number etc ... then draw this new 
imagined form. Only open your eyes after you have new interpretation. Do not develop your 
ideas on paper. You are to use the light yellow paper to draw on. After you have drawn the 
reinterpreted form you are to circle the form to indicate your new interpretation. Remember 
one form one piece of paper. Once you have done this turn both the white paper and the 
yellow paper over and pick another previous form then close your eyes again and develop 
another new form. You may do as many as you like before the end of a 9 ntinute time period. 
It is also up to you how many re-interpretations per original you do and how many originals 
you re-interpret. 

As before remember to note the parts you were given, the strategy number, the task number 
etc ... at the top of the paper. 



Example2D 
For instance remember Ibe flag pole example given earlier is turned upside down and Ibe 

vertical leg lenglbened. The renaming now is a golf club hitting a golf ball. 
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At the end ofthis series of trials and this suggested strategy, till in a questionnaire 

concerning the strategy you used in combining the parts to create a new form and make 

any comments you think relevant about this strategy ( ease of use, problems 

encountered, do you typically use this technique in solving problems? Etc ••• ) . 

Strategy A • Task one 

REMEMBER BEFORE WHEN YOU DREW TO DEVELOP YOUR FORMS· WE 

ARE GOING TO DO THIS AGAIN. 

In Ibis task and Ibese trials remember you can create as many solutions as you like before Ibe 

end of a 3 minute time period. However, remember one solution one piece of paper. 

Once Ibe 3 minute time period is over you will be given Ibree new parts and asked to do Ibe 

same task again. You will perfonn Ibis task a total of 3 times. 

In order to aid in Ibe synlbesis process it may help to use drawing. The suggested strategy is 

to draw one of Ibe parts given Iben add Ibe olber parts and attempt to construct a solution from 

Ibe parts given. 
As soon as Ibe parts are named you may draw on Ibe white paper provided in order to 

develop your fonn. 

Strategy A - Task Two 
In Ibis task you are to reinterpret your previous fonns. Spread your previous solutions out in 

front of you and look at Ibem. You are to explore your constructions by imagining !be fonn 

being rotated around or forming a mirror image of !be form. You are to imagine observing Ibe 

synthesised form from different orientations. In order to aid in performing Ibis task you are 

encouraged to draw Ibe forms you have created in different orientations. You are to use Ibe 

light yellow paper to draw on. You are only allowed to change Ibe proportions of Ibe fonn, 

scale, stretch it, slide parts, and change it's orientation, not how it is constructed. You cannot 

rearrange the construction. 
If you can develop a reinterpretation of your form, you are to rename and/or describe Ibe new 

form and circle the form to indicate which drawing is your new interpretation. This is done so 

your fonn can be identified. Even if you only have one drawing on Ibe page still circle it fotr 

purposes of consistency. Once you have reinterpreted Ibe original fonn (found on Ibe white 

paper), turn bolb Ibe white paper and Ibe yellow paper over and move on to reinterpreting Ibe 

next fonn. Remember one fonn one piece of paper. It is up to you how many re­

interpretations per original you do and how many originals you re-interpret, You may do as 

many as you like before Ibe end of a 9 minute time period 

As before remember to note Ibe parts you were given, Ibe strategy number, !be task number 

etc ... at Ibe top of Ibe paper. 

Example2D 
For instance: Remember The renaming now is a golf club hitting a golf ball. 

At the end of this series of trials and this suggested strategy, till in a questionnaire 

concerning the strategy you used in combining the parts to create a new form and make 

any comments you think relevant about this strategy ( ease of use, problems 

encountered, do you typically nse this technique in solving problems? Etc ••• ) • 

Strategy B - Task one 
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Even though this is a new strategy remember you can create as many solutions as you like 
before the end of a 3 minute time period. However, remember one solution one piece of paper. 
Use the white pre-printed paper. 
Once the 3 minute time period is over you will be given three new parts and asked to do the 
same task again. You will perform this task a total of3 times. 

In this strategy you are to close your eyes and attempt to mentally construct your solution 
form from the 3 parts given. 
You can only open your eyes long enough to write down the name/description of the solution. 
Once you have done this close your eyes again and develop another form. After the 3 
minutes you will be allowed to draw your named/described forms. When you are drawing 
you cannot change anything you wrote in naming/describing the forms. This is repeated for 
each form created from the three parts named. Once the 3 minute time period is over and after 
you finish drawing the forms, you will be given three new parts and asked to do the same task 
again. 

Strategy B - Task Two 

REMEMBER BEFORE WHEN YOU REINTEERPRETED YOUR FORMS - WE ARE 
GOING TO DO THIS AGAIN. So spread all of your sheets in font of you and look at 
them. 

In this task you are to reinterpret your previous forms. Spread your previous solutions out in 
front of you and look at them. You are to explore your constructions by imagining the form 
being rotated around or forming a mirror image of the form. You are to observe the 
synthesised form from different orientations. In order to aid in performing this task you are 
encouraged to draw to develop your the forms. Draw different orientations. You are to use the 
light yellow paper to draw on. You are only allowed to change the proportions of the form, 
scale, stretch it, slide parts, and change it's orientation, not how it is constructed. You cannot 
rearrange the construction. 
If you can develop a reinterpretation of your form. You are to rename and/or describe the 
new form and circle the form to indicate which drawing is your new interpretation. Once you 
have reinterpreted the original ideas (found on the white paper), turn both the white paper and 
the yellow paper over and move on to reinterpreting the next idea. Remember one idea one 
piece of paper. It is up to you how many re-interpretations per original you do and how 
many originals you re-interpret. You may do as many as you like before the end of a 9 
minute time period 

As before remember to note the parts you were given, the strategy number, the task number 
etc ... at the top of the paper. 

Example2D 
For instance remember the flag pole example given earlier is turned upside down and the 
vertical leg lengthened. The renaming now is a golf club hitting a golf ball. 

At the end of this series of trials and this suggested strategy, fill in a questionnaire 
concerning the strategy you used in combining the parts to create a new form and make 
any comments you think relevant about this strategy ( ease of use, problems 
encountered, do you typically use this technique in solving problems? Etc ... ) . 
Strategy D - Task one 
This is a new type of strategy. In this strategy you are to mentally develop a form. 
At this stage you are only to develop and name/describe your new form. A form which is a 
representation of a general category you are given. 

2D only 
In this particular task you will also be given a randomly selected category from 8 different 
categories. You are to use this random category to develop your form. For example you may 
be given a category from one of the following. Read them to the subjects 
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Table 2 
Allowable categories in ex.periments. 

Category one Examples 

l. Road Signs 
2. Bank Logo 
3. Graphic symbols for operating equipment 
4. Sporting Graphic symbol ( kind of sport ) 
5. Graphic form which portrays a physical sense ( sight, sound. touch. taste) 
6. A new International symbol for tourists 
7. Safety symbols for a hazard 
8. A logo for some new small business 

Before you start remember to write down the name of, strategy number, and the trial number 
etc .... Once you are given the category you are to close your eyes and only open them long 
enough to write down the name/description of a form. You are to turn the page over 
preparing for the next form (using the white pre-printed paper). Then you are to close your 
eyes again without looking around the room. 
You can create as many forms as you like before the end of a 3 minute time period. 

2D 
Say you were given the category of a Logo for ao international company you are to develop 
a new shape for a new corporation, for example a new airline logo, then another for a fast food 
hamburger chain logo, then a car manufacturer logo, etc ... 

Once the 3 minutes is over then you will be given another new category and another 3 
minutes. 

2D 
Suppose now you are given the category of developing a public service logo, the shape of the 
form or logo could symbolise a youth camp, next a shape of another logo could reflect a child 
care centre, then you could develop a logo for legal aid ele .. 

But remember one idea, one paper. This is repeated 3 times. 

PART 2 

Now that you have done this 3 times you will go back and draw to develop your 
named/described forms using three raodomly selected parts given to you for each of the 
three trials from task one. As soon as the parts are named you are to write them down. You are 
to draw on the paper you used in giving the name ( the white papers ). You are to circle the 
final form you developed. 

Now Gather your papers from the first problem set. Find the ones you have marked as 
Problem I. As soon as the parts are named you are to go back and draw to develop the 
named/described forms from problem one - task one (which you have just completed ). Once 
all of you have finished problem set one we will move on to the second problem set and 
responses. You will progress through all of the problem sets in order therefore, you will 
perform this task a total of 3 times. 

Strategy D - Task Two 
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REMEMBER BEFORE WHEN YOU REINTEERPRETED YOUR FORMS - WE ARE 
GOING TO DO THIS AGAIN. So spread all of your sheets in font of you and look at 
them. 

This task is identical to the ones you have done before in reinterpreting your previous work so 
you should be familiar with it. Spread your previous solutions out in front of you and look at 
them. You are to explore your constructions by imagining the form being rotated around or 
forming a mirror image of the form. You are to observe the synthesised form from different 
orientations. In order to aid in performing this task you are encouraged to draw the forms in 
different orientations. You are to use the light yellow paper to draw on. You are only 
allowed to change the proportions of the form. scale. stretch it. slide parts. and change it's 
orientation, not how it is constructed. You cannot rearrange the construction. 
Once you have developed and reorientated a form which you can reinterpret. you are to 
rename andlor describe the new form and circle the form to indicate which drawing is your 
new interpretation. Once you have reinterpreted the original ideas (found on the white paper). 
turn both the white paper and the yellow paper over and move on to reinterpreting the next 
idea. Remember one idea one piece of paper. It is up to you how many re-interpretations 
per original you do and how many originals you re-interpret. You may do as many as 
you like before the end of a 9 minute time period 

As before remember to note the parts you were given. the strategy number. the task number 
etc ... at the top of the paper. 

At the end of this series of trials and this suggested strategy, fill in a questionnaire 
concerning the strategy you used in combining the parts to create a new form and make 
any comments you think relevant about this strategy ( ease of use, problems 
encountered, do you typically use this technique in solving problems? Etc ... ) • 



86£: 
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Instructions ( Group A ) 

Instructions 3D Drawing 

The purpose of this investigation is to explore 4 different strategies people could use to 
combine visual parts to form a mental image. Basically you will be give three parts and using 
these pars we would like you to develop a new form. You can make as many new forms as 
you like. In order to achieve this we would like you to utilise the suggested strategy at the time 
independent from any other strategy. There will be four different strategies explored (Refer to 
the hand out given ). Note in the handout there are 4 Ellipse. They are labelled strategy 
ABCD. Also note that there are two tasks within each Strategy, you will be instructed what to 
do for each task in the different strategies, however, some of the tasks will be identical ( point 
this out in the diagram they have ). For each of the strategies there will be 3 trials. Therefore a 
total of 12 trials or problem sets will be presented to you. 

3D These explore three dimensional mental synthesis. 

For the sake of consistency throughout these instructions we will define the word Form to 
mean Practical object or invention. 

Each strategy will have staged tasks for you to do. Listen carefully to the instructions for each 
staged task. 

Note the materials supplied to you are as follows: 
two colour coded folders 
one pad of white pre-printed drawing paper I Hold up the sheets 
one pad of light yellow pre-printed drawing paper 
( In general the white paper is for task 1 and the yeUow paper is for task 2 ) 
several sharpened drawing pencils and erasers ( these drawing pencils are soft but 
you will still need to press firmly so that your work will be able to be 
photocopied) 

Explain the pre-printed sheets in terms of the coded areas. Strategy ( represented by S 
followed by Letters ABCD) -Task numbers (represented by T followed by 1 & 2)- Problem 
numbers ( they are to write in the problem number) & Response numbers ( they are to write in 
the response number). Talk about how to use them. Tell the subjects not to write in the areas 
on the right hand side of the papers. 

You have before you a slip cover with 15 drawings of basic parts. For the purposes of a 
common understanding let us go through the names of each part. (Indicate the names of the 
parts to them.) 

In general each trial consists of three randomly selected parts which will be given to you. At 
the beginning of each of the trials I will let you know which colour paper you are to use and I 
will call out the strategy letter and the trial number. You are to circle the appropriate S letter 
and the appropriate T number at the top of the pre-printed paper provided. Also in the circles 
next to Prob. & Respon. you are to put the problem number and response number you are 
currently working on. When we start I will call out the names of the three parts to be used in 
that trial. I will repeat the names to ensure that the names were heard correctly. You are to 
note in the space provided and on each paper you use, the parts you were given. Do not write 
in the spaces on the right hand side of the paper this area is for coding purposes. 

3D 
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As soon as the parts are named you are to attempt to construct a practical object from the parts 
given. These are given in any order and sometimes more than once. All the parts must be 
used, and the object must be of some practical value. If two of the same parts are mentioned 
then both are to be used in the object. You can vary the size, position, proportion, or 
orientation of the parts but you are not allowed to bend, trim or distort the individual parts in 
any way with the exceptions of the wire and the tube. These have been defined as bendable. 
The parts can be put inside one another. They can be solid or hollow. They can be made from 
any material including wood, metal, glass, rubber, or plastic, in any combination. In addition 
you are given an object category randomly selected from a list of 8 categories (read the 
examples to them). Coupled with each new set of three randomly selected parts in each trial, 
you are given a new randomly selected object category. 

Table 2 
Allowable object categories in experiments on creative invention. 

I. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 

Category one 

Furniture 
Personal Items 
Transportation 
Scientific Instruments 
Appliances 
Tools & Utensils 
Weapons 
Toys & Games 

Examples 

Chairs. Tables, Lamps, etc ... 
Jewellery, glasses. etc ... 
Cars, boats etc ... 
Measuring devices. etc .. . 

Washing machines, toasters, etc .. . 
Screwdrivers. spoons, etc ... 
Guns, missiles, etc ... 
Baseball bats, dons etc ... 

Here is an example: If you are given a sphere, a rectangular block, and a cylinder. Then you 
are given the category of toys. You could draw a long cylinder then add the block one 113 the 
way up the cylinder and add the sphere to the top of the cylinder and say it is a pogo stick. 

Remember to ensure that you have circled the appropriate S number and the appropriate T 
number at the top of the pre-printed paper provided, the parts you were given are noted on the 
paper and the category you were given is on the paper. 

Strategy A - Task one 
In this task and these trials remember you can create as many solutions as you like before the 
end of a 3 minute time period. However, remember one solution one piece of paper. 
Once the 3 minute time period is over you will be given three new parts and asked to do the 
same task again. You will perform this task a total of 3 times. 

In order to aid in the synthesis process it may help to use drawing. The suggested strategy is 
to draw one of the parts given then add the other parts and attempt to construct a solution from 
the parts given. 
As soon as the parts are named you may draw on the white paper provided in order to 
develop your form. 

Strategy A - Task Two 

In this task you are to reinterpret your previous forms. Spread your previous solutions out in 
front of you and look at them. You are to explore your constructions by imagining the form 
being rotated around or forming a mirror image of the form. You are to imagine observing the 
synthesised form from different orientations. In order to aid in performing this task you are 
encouraged to draw the forms you have created in different orientations. You are to use the 
light yellow paper to draw on. You are only allowed to change the proportions of the form, 
scale, stretch it, slide parts, and change it's orientation, not how it is constructed. You cannot 
rearrange the construction. 
If you can develop a reinterpretation of your form, you are to rename and/or describe the new 
form and circle the form to indicate which drawing is your new interpretation. This is done so 
your form can be identified. Even if you only have one drawing on the page still circle it fotr 
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purposes of consistency. Once you have reinterpreted the original form (found on the white 
paper), turn both the white paper and the yellow paper over and move on to reinterpreting the 
next form. Remember one form one piece of paper. It is up to you how many re­
interpretations per original you do and how many originals you re-interpret. You may do as 
many as you like before the end of a 9 minute time period 

As before remember to note the parts you were given, the strategy number, the task number 
ele ... at the top of the paper. 

Example 3D 
For instance remember the pogo stick example the rectangular block slides to the bottom of 
the cylinder, the whole objects is scaled down and it becomes a potato masher. 
Or 
The Sphere is scaled up in size and it becomes a big helium balloon ride. The cylinder 
becomes a grab post and the rectangular block becomes a seat. 

At the end of this series of trials and this suggested strategy, fill in a questionnaire 
concerning the strategy you used in combining the parts to create a new form and make 
any comments you think relevant about this strategy ( ease of use, problems 
encountered, do you typically use this technique in solving problems? Etc .•. ) . 

Strategy B • Task one 
Even though this is a new strategy remember you can create as many solutions as you like 
before the end of a 3 minute time period. However, remember one solution one piece of paper. 
Use the white pre-printed paper. 
Once the 3 minute time period is over you will be given three new parts and asked to do the 
same task again. You will perform this task a total of 3 times. 

In this strategy you are to close your eyes and attempt to mentally construct your solution 
form from the 3 parts given. 
You can only open your eyes long enough to write down the name/description of the solution. 
Once you have done this close your eyes again and develop another form. After the 3 
minutes you wlli be allowed to draw your named/described forms. When you are drawing 
you cannot change anything you wrote in naming/describing the forms. This is repeated for 
each form created from the three parts named. Once the 3 minute time period is over and after 
you fmish drawing the forms, you will be given three new parts and asked to do the same task 
again. 

Strategy B • Task Two 

REMEMBER BEFORE WHEN YOU REINTEERPRETED YOUR FORMS· WE ARE 
GOING TO DO THIS AGAIN. So spread all of your sbeets in font of you and look at 
them. 

In this task you are to reinterpret your previous forms. Spread your previous solutions out in 
front of you and look at them. You are to explore your constructions by imagining the form 
being rotated around or forming a mirror image of the form. You are to observe the 
synthesised form from different orientations. In order to aid in performing this task you are 
encouraged to draw the forms in different orientations. You are to use the light yellow paper 
to draw on. You are only allowed to change the proportions of the form, scale, stretch it, slide 
parts, and change it's orientation, not how it is constructed. You cannot rearrange the 
construction. 
If you can develop a reinterpretation of your form. You are to rename and/or describe the 
new form and circle the form to indicate which drawing is your new interpretation. Once you 
have reinterpreted the original ideas (found on the white paper), turn both the white paper and 
the yellow paper over and move on to reinterpreting the next idea. Remember one idea one 
piece of paper. It is up to you how many re-interpretations per original you do and how many 
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originals you re-interpret. You may do as many as you like before the end of a 9 minute time 
period 

As before remember to note the parts you were given, the strategy number, the task number 
etc ... at the top of the paper. 

Example 3D 
For instance remember the pogo stick example the rectangular block slides to the bottom of 
the cylinder, the whole objects is scaled down and it becomes a potato masher. 
Or 
The Sphere is scaled up in size and it becomes a big helium balloon ride. The cylinder 
becomes a grab post and the rectangular block becomes a seat. 

At the end of this series of trials and this suggested strategy, fill in a questionnaire 
concerning the strategy you used in combining the parts to create a new form and make 
any comments you think relevant about this strategy ( ease of use, problems 
encountered, do you typically use this technique in solving problems? Etcu.) . 

Strategy C - Task one 

REMEMBER BEFORE WHEN YOU DREW TO DEVELOP YOUR FORMS - WE 
ARE GOING TO DO THIS AGAIN. 

In this task remember you can create as many solutions as you like before the end of a 3 
minute time period. However, remember one solution one piece of paper. 
Once the 3 minute time period is over you will be given three new parts and asked to do the 
same task again. You will perform this task a total of 3 times. 

In order to aid in the synthesis process it may help to use drawing. The suggested strategy is to 
draw one of the parts given then add the other parts and attempt to construct a solution from 
the parts given. 
As soon as the parts are named you may draw on the white paper provided in order to 
develop your ideas. 

Strategy C - Task Two 
In this task you are to reinterpret your previous solutions. Spread your previous solutions ( the 
ones on the white paper) out in front of you and look at them. You are to pick one, then close 
your eyes, you are to explore your constructions by imagining the forms being rotated around 
or forming a mirror image of the form. You are only allowed to change the proportions of the 
form, scale, stretch it, slide parts, and change it's orientation, not how it is constructed. You 
cannot rearrange the construction. You are to observe the synthesised form from different 
orientations. You are to do this using only mental imagery. 
You can only open your eyes long enough to write down the name/description of the solution, 
the parts it was derived from, and the trial number strategy number ele ... then draw this new 
imagined form. Only open your eyes after you have new interpretation. Do not develop your 
ideas on paper. You are to use the light yellow paper to draw on. After you have drawn the 
reinterpreted form you are to circle the form to indicate your new interpretation. Remember 
one form one piece of paper. Once you have done this turn both the white paper and the 
yellow paper over and pick another previous form then close your eyes again and develop 
another new form. You may do as many as you like before the end of a 9 minute time period. 
It is also up to you how many re-interpretations per original you do and how many originals 
you re-interpret. 

As before remember to note the parts you were given, the strategy number, the task number 
etc ... at the top of the paper. 

Example 3D 
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For instance remember with the pogo stick example the rectangular block slides to the bottom 
of the cylinder, the whole objects is scaled down and it becomes a potato masher. 
Or 
The Sphere is scaled up in size and it becomes a big helium balloon ride. The cylinder 
becomes a grab post and the rectangular block becomes a seat. 

At the end of this series of trials and this suggested strategy, fill in a questionnaire 
concerning the strategy you used in combining the parts to create a new form and make 
any comments you think relevant about this strategy ( ease of use, problems 
encountered, do you typically use this technique in solving problems? Etc ••. ) • 

Strategy D - Task one 
This is a new type of strategy. In this strategy you are to mentally develop a form. 
At this stage you are only to develop and name/describe your new form. A form which is a 
representation of a general category you are given. 

3D only 
Remember we defined the word Form to mean Practical object or invention. 

Before you start remember to write down the name of, strategy number, and the trial number 
e!C .... Once you are given the category you are to close your eyes and only open them long 
enough to write down the name/description of a form. You are to turn the page over 
preparing for the next form (using the white pre-printed paper). Then you are to close your 
eyes again without looking around the room. 
You can create as many forms as you like before the end of a 3 ntinute time period. 

3D 
Say you were given the category of Farming & Gardening you could develop a way to plan 
seeds, then a novel way to get rid of weeds, next a way to protect you from the sun, and then I 

an animal shelter etc... I 

Once the 3 minutes is over then you will be given another new category and another 3 
minutes. 

3D 
Suppose now you are given the category of Sporting equipment you could develop a new 
piece of equipment for children with a handicap, then a sporting device helping lost 
backpackers, then something to teach people to swim, etc ... 

But remember one idea, one paper. This is repeated 3 times. 

Now that you have done this 3 times you will go back and draw to develop your 
named/described forms using three randomly selected parts given to you for each of the 
three trials from task one. As soon as the parts are named you are to write them down. You are 
to draw on the paper you used in giving the name ( the white papers ). You are to circle the 
final form you developed. 

Now Gather your papers from the first problem set. Find the ones you have marked as 
Problem I. As soon as the parts are named you are to go back and draw to develop the 
named/described forms from problem one - task one ( which you have just completed ). Once 
all of you have fmished problem set one we will move on to the second problem set and 
responses. You will progress through all of the problem sets in order therefore, you will 
perform this task a total of 3 times. 
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Strategy D • Task Two 

REMEMBER BEFORE WHEN YOU REINTEERPRETED YOUR FORMS· WE ARE 
GOING TO DO THIS AGAIN. So spread all of your sheets in font of you and look at 
them. 

This task is identical to the ones you have done before in reinterpreting your previous work so 
you should be fantiliar with it. Spread your previous solutions out in front of you and look at 
them. You are to explore your constructions by imagining the form being rotated around or 
fornting a mirror image of the form. You are to observe the synthesised form from different 
orientations. In order to aid in performing this task you are encouraged to draw the forms in 
different orientations. You are to use the light yellow paper to draw on. You are only 
allowed to change the proportions of the form, scale, stretch it, slide parts, and change it's 
orientation, not how it is constructed. You cannot rearrange the construction. 
Once you have developed and reorientated a form which you can reinterpret, you are to 
rename and/or describe the new form and circle the form to indicate which drawing is your 
new interpretation. Once you have reinterpreted the original ideas (found on the white paper), 
turn both the white paper and the yellow paper over and move on to reinterpreting the next 
idea. Remember one idea one piece of paper. It is up to you how many re·interpretations 
per original you do and how many originals you re·interpret. You may do as many as 
you like before the end of a 9 minute time period 

As before remember to note the parts you were given, the strategy number, the task number 
etc ... at the top of the paper. 

At the end of thls series of trials and this suggested strategy, fill in a questionnaire 
concerning the strategy you used in combining the parts to create a new form and make 
any comments you think relevant about this strategy ( ease of use, problems 
encountered, do you typically use this technique in solving problems? Etc .•• ) . 



305 

Instrnctions ( Group B ) 

Instructions 3D Drawing 

The purpose of this investigation is to explore 4 different strategies people could use to 
combine visual parts to form a mental image. Basically you will be give three parts and using 
these pars we would like you to develop a new form. You can make as many new forms as 
you like. In order to achieve this we would like you to utilise the suggested strategy at the time 
independent from any other strategy. There will be four different strategies explored (Refer to 
the hand out given ). Note in the handout there are 4 Ellipse. Tbey are labelled strategy 
ABCD. These may not necessarily be in that order. Tbe sheet given to you may be different. 
We will proceed from the top down consequently for example strategy B may be done first 
because it is first on the list. Also note that there are two tasks within each Strategy, you will 
be instructed what to do for each task in the different strategies, however, some of the tasks 
will be identical ( point this out in the diagram they have ). For each of the strategies there 
will be 3 trials. Tberefore a total of 12 trials or problem sets will be presented to you. 

3D I These explore three dimensional mental synthesis. 

For the sake of consistency throughout these instructions we will define the word Form to 
mean Practical ohject or invention. 

Each strategy will have staged tasks for you to do. Listen carefully to the instructions for each 
staged task. 

Note the materials supplied to you are as follows: 
two colour coded folders 
one pad of white pre·printed drawing paper I Hold up the sheets 
one pad of light yellow pre-printed drawing paper 
( In general the white paper is for task 1 and the yellow paper is for task 2 ) 
several sharpened drawing pencils and erasers ( these drawing pencils are soft bnt 
you wlll still need to press firmly so that your work will be able to be 
photocopied) 

Explain the pre-printed sheets in terms of the coded areas. Strategy ( represented by S 
followed by Letters ABCD ) -Task numbers ( represented by T followed by 1 & 2 )- Problem 
numbers ( they are to write in the problem number) & Response numbers ( they are to write in 
the response number). Talk about how to use them. Tell the subjects not to write in the areas 
on the right hand side of the papers. 

You have before you a slip cover with 15 drawings of basic parts. For the purposes of a 
common understanding let us go through the names of each part. (Indicate the names of the 
parts to them.) 

In general each trial consists of three randomly selected parts which will be given to you. At 
the beginning of each of the trials I will let you know which colour paper you are to use and I 
will call out the strategy letter and the trial number. You are to circle the appropriate S letter 
and the appropriate T number at the top of the pre-printed paper provided. Also in the circles 
next to Prob. & Respon. you are to put the problem number and response number you are 
currently working on. When we start I will call out the names of the three parts to be used in 
that trial. I will repeat the names to ensure that the names were heard correctly. You are to 
note in the space provided and on each paper you use, the parts you were given. Do not write 
in the spaces on the right hand side of the paper this area is for coding purposes. 

3D 
As soon as the parts are named you are to attempt to construct a practical object from the parts 
given. Tbese are given in any order and sometimes more than once. All the parts must be 



306 

used, and the object must be of some practical value. If two of the same parts are mentioned 
then both are to be used in the object You can vary the size, position, proportion, or 
orientation of the parts but you are not allowed to bend, trim or distort the individual parts in 
any way with the exceptions of the wire and the tube. These have been defined as bendable. 
The parts can be put inside one another. They can be solid or hollow. They can be made from 
any material including wood, metal, glass, rubber, or plastic, in any combination. In addition 
you are given an object category randomly selected from a list of 8 categories ( read the 
examples to them ). Coupled with each new set of three randomly selected parts in each trial, 
you are given a new randomly selected object category. 

Table 2 
Allowable object categories in experiments on creative invention. 

l. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 

Category one 

Furniture 
Personal Items 
Transportation 
Scientific Instruments 
Appliances 
Tools & Utensils 
Weapons 
Toys & Games 

Examples 

Chairs, Tables, Lamps, etc ... 
Jewellery. glasses. etc ... 
Cars, boats etc ... 
Measuring devices. etc ... 

Washing machines, toasters, etc ... 
Screwdrivers. spoons. etc ... 
Guns, missiles, etc ... 
Baseball bats, dolls etc ... 

Here is an example: If you are given a sphere, a rectangular block, and a cylinder. Then you 
are given the category of toys. You could draw a long cylinder then add the block one 1/3 the 
way up the cylinder and add the sphere to the top of the cylinder and say it is a pogo stick. 

Remember to ensure that you have circled the appropriate S number and the appropriate T 
number at the top of the pre-printed paper provided, the parts you were given are noted on the 
paper and the category you were given is on the paper. 

Strategy B - Task one 
Even though this is a new strategy remember you can create as many solutions as you like 
before the end of a 3 minute time period. However, remember one solution one piece of paper. 
Use the white pre-printed paper. 
Once the 3 minute time period is over you will be given three new parts and asked to do the 
same task again. You will perform this task a total of 3 times. 

In this strategy you are to close your eyes and attempt to mentally construct your solution 
form from the 3 parts given. 
You can only open your eyes long enough to write down the name/description of the solution. 
Once you have done this close your eyes again and develop another form. After the 3 
minutes you will be allowed to draw your named/described forms. When you are drawing 
you cannot change anything you wrote in naming/describing the forms. This is repeated for 
each form created from the three parts named. Once the 3 minute time period is over and after 
you fmish drawing the forms, you will be given three new parts and asked to do the same task 
again. 

Strategy B - Task Two 
In this task you are to reinterpret your previous forms. Spread your previous solutions out in 
front of you and look at them. You are to explore your constructions by imagining the form 
being rotated around or forming a mirror image of the form. You are to observe the 
synthesised form from different orientations. In order to aid in performing this task you are 
encouraged to draw the forms in different orientations. You are to use the light yellow paper 
to draw on. You are only allowed to change the proportions of the form, scale, stretch it, slide 
parts, and change it's orientation, not how it is constructed. You cannot rearrange the 
construction. 
If you can develop a reinterpretation of your form. You are to rename and/or describe the 
new form and circle the form to indicate which drawing is your new interpretation. Once you 
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have reinterpreted the original ideas (found on the white paper), turn both the white paper and 
the yellow paper over and move on to reinterpreting the next idea. Remember one idea one 
piece of paper. It is up to you how many re-interpretations per original you do and how many 
originals you re-interpret. You may do as many as you like before the end of a 9 minute time 
period 

As before remember to note the parts you were given, the strategy number, the task number 
etc ... at the top of the paper. 

Example 3D 
For instance remember the pogo stick example the rectangular block slides to the bottom of 
the cylinder, the whole objects is scaled down and it becomes a potato masher. 
Or 
The Sphere is scaled up in size and it becomes a big helium balloon ride. The cylinder 
becomes a grab post and the rectangular block becomes a seat. 

At the end of this series of trials and this suggested strategy, fill in a questionnaire 
concerning the strategy you used in combining the parts to create a new form and make 
any comments you think relevant about this strategy ( ease of use, problems 
encountered, do you typically use this technique in solving problems? Etc ••• ) . 

Strategy C - Task one 
In this task remember you can create as many solutions as you like before the end of a 3 
minute time period. However, remember one solution one piece of paper. 
Once the 3 minute time period is over you will be given three new parts and asked to do the 
same task again. You will perform this task a total of 3 times. 

In order to aid in the synthesis process it may help to use drawing. The suggested strategy is to 
draw one of the parts given then add the other parts and attempt to construct a solution from 
the parts given. 
As soon as the parts are named you may draw on the white paper provided in order to 
develop your ideas. 

Strategy C - Task Two 
In this task you are to reinterpret your previous solutions. Spread your previous solutions ( the 
ones on the white paper) out in front of you and look at them. You are to pick one, then close 
your eyes, you are to explore your constructions by imagining the forms being rotated around 
or forming a mirror image of the form. You are only allowed to change the proportions of the 
form, scale, stretch it, slide parts, and change it's orientation, not how it is constructed. You 
cannot rearrange the construction. You are to observe the synthesised form from different 
orientations. You are to do this using only mental imagery. 
You can only open your eyes long enough to write down the name/description of the solution, 
the parts it was derived from, and the trial number strategy number etc ... then draw this new 
imagined form. Only open your eyes after you have new interpretation. Do not develop your 
ideas on paper. You are to use the light yellow paper to draw on. After you have drawn the 
reinterpreted form you are to circle the form to indicate your new interpretation. Remember 
one form one piece of paper. Once you have done this tom both the white paper and the 
yellow paper over and pick another previous form then close your eyes again and develop 
another new form. You may do as many as you like before the end of a 9 minute time period. 
It is also up to you how many re-interpretations per original you do and how many Originals 
you re-interpret. 

As before remember to note the parts you were given, the strategy number, the task number 
etc ... at the top of the paper. 

Example 3D 
For instance remember with the pogo stick example the rectangular block slides to the bottom 
of the cylinder, the whole objects is scaled down and it becomes a potato masher. 
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The Sphere is scaled up in size and it becomes a big helium baUoon ride. The cylinder 

becomes a grab post and the rectangular block becomes a seat. 
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At the end of this series of trials and this suggested strategy, fill in a questionnaire 

concerning the strategy yon used in combining the parts to create a new form and make 

any comments you think relevant about this strategy ( ease of use, problems 

encountered, do you typicaUy use this technique in solving problems? Etc ••• ) . 

Strategy A - Task one 

REMEMBER BEFORE WHEN YOU DREW TO DEVELOP YOUR FORMS - WE 

ARE GOING TO DO THIS AGAIN. 

In this task and these trials remember you can create as many solutions as you like before the 

end of a 3 minute time period. However, remember one solution one piece of paper. 

Once the 3 minute time period is over you will be given three new parts and asked to do the 

same task again. You will perform this task a total of 3 times. 

In order to aid in the synthesis process it may help to use drawing. The suggested strategy is 

to draw one of the parts given then add the other parts and attempt to construct a solution from 

the parts given. 
As soon as the parts are named you may draw on the white paper provided in order to 

develop your form. 

Strategy A - Task Two 

REMEMBER BEFORE WHEN YOU REINTEERPRETED YOUR FORMS - WE ARE 

GOING TO DO THIS AGAIN. So spread aU of your sheets in font of you and look at 

them. 

In this task you are to reinterpret your previous forms. Spread your previous solutions out in 

front of you and look at them. You are to explore your constructions by imagining the form 

being rotated around or forming a mirror image of the form. You are to imagine observing the 

synthesised form from different orientations. In order to aid in performing this task you are 

encouraged to draw the forms you have created in different orientations. You are to use the 

light yeUow paper to draw on. You are only allowed to change the proportions of the form, 

scale, stretch it, slide parts, and change it's orientation, not how it is constructed. You cannot 

rearrange the construction. 
If you can develop a reinterpretation of your form, you are to rename andlor describe the new 

form and circle the form to indicate which drawing is your new interpretation. This is done so 

your form can be identified. Even if you only have one drawing on the page still circle it fotr 

purposes of consistency. Once you have reinterpreted the original form (found on the white 

paper), turn both the white paper and the yellow paper over and move on to reinterpreting the 

next form. Remember one form one piece of paper. It is up to you how many re­

interpretations per original you do and how many originals you re-interpret. You may do as 

many as you like before the end of a 9 minute time period 

As before remember to note the parts you were given, the strategy number, the task number 

etc ... at the top of the paper. 

Example 3D 
For instance remember the pogo stick example the rectangular block slides to the bottom of 

the cylinder, the whole objects is scaled down and it becomes a potato masher. 

Or 
The Sphere is scaled up in size and it becomes a big helium baUoon ride. The cylinder 

becomes a grab post and the rectangular block becomes a seat. 
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At the end of this series of trials and this suggested strategy, fill in a questionnaire 

concerning the strategy you used in combining the parts to create a new form and make 

any comments you think relevant about this strategy ( ease of use, problems 

encountered, do you typically use this technique in solving problems? Etc .•• ). 

Strategy D - Task oue 
This is a new type of strategy. In this strategy you are to mentally develop a form. 

At this stage you are only to develop and name/describe your new form. A form which is a 

representation of a general category you are given. 

3D only 
Remember we defined the word Form to mean Practical object or invention. 

Before you start remember to write down the name of, strategy number, and the trial number 

etc .... Once you are given the category you are to close your eyes and only open them long 

enough to write down the name/description of a form. You are to turn the page over 

preparing for the next form (using the white pre-printed paper). Then you are to close your 

eyes again without looking around the room. 

You can create as many forms as you like before the end of a 3 minute time period. 

ID 
I 

Say you were given the category of Farming & Gardening you could develop a way to plani 

seeds, then a novel way to get rid of weeds, next a way to protect you from the sun, and then I 

an animal shelter ele ... 

Once the 3 minutes is over then you will be given another new category and another 3 

minutes. 

3D 
Suppose now you are given the category of Sporting equipment you could develop a new 

piece of equipment for children with a handicap, then a sporting device helping lost 

backpackers, then something to teach people to swim, etc ... 

But remember one idea, one paper. This is repeated 3 times. 

Now that you have done this 3 times you will go back and draw to develop your 

named/described forms using three randomly selected parts given to you for each of the 

three trials from task one. As soon as the parts are named you are to write them down. You are 

to draw on the paper you used in giving the name ( the white papers ). You are to circle the 

final form you developed. 

Now Gather your papers from the first problem set. Find the ones you have marked as 

Problem I. As soon as the parts are named you are to go back and draw to develop the 

named/described forms from problem one - task one ( which you have just completed ). Once 

all of you have fmished problem set one we will move on to the second problem set and 

responses. You will progress through all of the problem sets in order therefore, you will 

perform this task a total of 3 times. 

Strategy D - Task Two 

REMEMBER BEFORE WHEN YOU REINTEERPRETED YOUR FORMS - WE ARE 

GOING TO DO THIS AGAIN. So spread all of your sheets in font of you and look at 

them. 
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This task is identical to the ones you have done before in reinterpreting your previous work so 

you should be familiar with it. Spread your previous solutions out in front of you and look at 

them. You are to explore your constructions by imagining the form being rotated around or 

forming a mirror image of the form. You are to observe the synthesised form from different 

orientations. In order to aid in performing this task you are encouraged to draw the forms in 

different orientations. You are to use the light yellow paper to draw on. You are only 

allowed to change the proportions of the form, scale, stretch it, slide parts, and change it's 

orientation, not how it is constructed. You cannot rearrange the construction. 

Once you have developed and reorientated a form which you can reinterpret, you are to 

rename andlor describe the new form and circle the form to indicate which drawing is your 

new interpretation. Once you have reinterpreted the original ideas (found on the white paper), 

turn both the white paper and the yellow paper over and move on to reinterpreting the next 

idea. Remember one idea one piece of paper. It is up to you how many re-interpretations 

per original you do and how many originals you re-interpret_ You may do as many as 

you like before the end of a 9 minute time period 

As before remember to note the parts you were given, the strategy number, the task number 

etc ... at the top of the paper. 

At the end of this series of trials and this suggested strategy, fill in a questionnaire 

concerning the strategy you used in combining the parts to create a new form and make 

any comments you think relevant about this strategy ( ease of use, problems 

encountered, do you typically use this technique in solving problems? Etc_ •• ) _ 
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Instructions ( Group C ) 

Instructions 3D Drawing 

The purpose of this investigation is to explore 4 different strategies people could use to 

combine visual parts to form a mental image. Basically you will be give three parts and using 

these pars we would like you to develop a new form. You can make as many new forms as 

you like. In order to achieve this we would like you to utilise the suggested strategy at the time 

independent from any other strategy. There will be four different strategies explored (Refer to 

the hand out given ). Note in the handout there are 4 Ellipse. They are labelled strategy 

ABCD. These may not necessarily be in that order. The sheet given to you may be different. 

We will proceed from the top down consequently for example strategy C may be done first 

because it is first on the list. Also note that there are two tasks within each Strategy, you will 

be instructed what to do for each task in the different strategies, however, some of the tasks 

will be identical ( point this out in the diagram they have ). For each of the strategies there 

will be 3 trials. Therefore a total of 12 trials or problem sets will be presented to you. 

3D I These explore three dimensional mental synthesis. 

For the sake of consistency throughout these instructions we will derme the word Form to 

mean Practical object or invention. 

Each strategy will have staged tasks for you to do. Listen carefully to the instructions for each 

staged task. 

Note the materials supplied to you are as follows: 

two colour coded folders 

one pad of white pre-printed drawing paper I Hold up the sheets 

one pad of light yellow pre·printed drawing paper 

( In general the white paper is for task 1 and the yellow paper is for task 2 ) 

several sharpened drawing pencils and erasers ( these drawing pencils are soft but 

you will still need to press firmly so that your work will be able to be 

photocopied) 

Explain the pre-printed sheets in terms of the coded areas. Strategy ( represented by S 

followed by Letters ABeD) -Task numbers (represented by T followed by I & 2)- Problem 

numbers ( they are to write in the problem number) & Response numbers ( they are to write in 

the response number ). Talk about how to use them. Tell the subjects not to write in the areas 

on the right hand side of the papers. 

You have before you a slip cover with 15 drawings of basic parts. For the purposes of a 

common understanding let us go through the names of each part. (Indicate the names of the 

parts to them.) 

In general each trial consists of three randomly selected parts which will be given to you. At 

the beginning of each of the trials I will let you know which colour paper you are to use and I 

will eaU out the strategy letter and the trial number. You are to circle the appropriate S letter 

and the appropriate T number at the top of the pre-printed paper provided. Also in the circles 

next to Prob. & Respon. you are to put the problem number and response number you are 

currently working on. When we stat! I wiU eaU out the names of the three parts to be used in 

that trial. I will repeat the names to ensure that the names were beard correctly. You are to 

note in the space provided and on each paper you use, the parts you were given. Do not write 

in the spaces on the right hand side of the paper this area is for coding purposes. 

3D 
As soon as the parts are named you are to attempt to construct a practical object from the parts 

given. These are given in any order and sometimes more than once. All the parts must be 
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used, and the object must be of some practical value. If two of the same parts are mentioned 

then both are to be used in the object. You can vary the size, position, proportion, or 

orientation of the parts but you are not allowed to bend, trim or distort the individual parts in 

any way with the exceptions of the wire and the tube. Tbese have been defmed as bendable. 

The parts can be put inside one another. They can be solid or hollow. They can be made from 

any material including wood, metal, glass, rubber, or plastic, in any combination. In addition 

you are given an object category randomly selected from a list of 8 categories ( read the 

examples to them ). Coupled with each new set of three randomly selected parts in each trial, 

you are given a new randomly selected object category. 

Table 2 

Allowable object categories in experiments on creative invention. 

1-
2. 
3. 
4. 
5. 
6. 
7. 
8. 

Category one 

Furniture 
Personalltems 
Transportation 
Scientific Instruments 

Appliances 
Tools & Utensils 
Weapons 
Toys & Games 

Examples 

Chairs, Tables, Lamps, etc ... 

Jewellery, glasses. etc ... 

Cars, boats etc ... 
Measuring devices. etc .. . 

Washing machines. toasters, etc .. . 

Screwdrivers, spoons, etc ... 

Guns. missiles, etc ... 
Baseball bats, dolls etc ... 

Here is an example: If you are given a sphere, a rectangular block, and a cylinder. Then you 

are given the category of toys. You could draw a long cylinder then add the block one 113 the 

way up the cylinder and add the sphere to the top of the cylinder and say it is a pogo stick. 

Remember to ensure that you have circled the appropriate S number and the appropriate T 

number at the top of the pre-printed paper provided, the parts you were given are noted on the 

paper and the category you were given is on the paper. 

Strategy C - Task one 
In this task rementher you can create as many solutions as you like before the end of a 3 

minute time period. However, remember one solution one piece of paper. 

Once the 3 minute time period is over you will be given three new parts and asked to do the 

same task again. You will perform this task a total of 3 times. 

In order to aid in the synthesis process it may help to use drawing. The suggested strategy is to 

draw one of the parts given then add the other parts and attempt to construct a solution from 

the parts given. 
As soon as the parts are named you may draw on the white paper provided in order to 

develop your ideas. 

Strategy C - Task Two 
In this task you are to reinterpret your previous solutions. Spread your previous solutions ( the 

ones on the white paper) out in front of you and look at them. You are to pick one, then close 

your eyes, you are to explore your constructions by imagining the forms being rotated around 

or fonning a mirror image of the form. You are only allowed to change the proportions of the 

form, scale, stretch it, slide parts, and change it's orientation, not how it is constructed. You 

cannot rearrange the construction. You are to observe the synthesised form from different 

orientations. You are to do this using only mental imagery. 

You can only open your eyes long enough to write down the name/description of the solution, 

the parts it was derived from, and the trial number strategy number etc ... then draw this new 

imagined form. Only open your eyes after you have new interpretation. Do not develop your 

ideas on paper. You are to use the light yellow paper to draw on. After you have drawn the 

reinterpreted form you are to circle the form to indicate your new interpretation. Remember 

one form one piece of paper. Once you have done this turn both the white paper and the 

yellow paper over and pick another previous form then close your eyes again and develop 
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another new form. You may do as many as you like before the end of a 9 minute time period. 

It is also up to you how many re-interpretations per original you do and how many originals 

you re-interpret. 

As hefore remember to note the parts you were given, the strategy number, the task number 

etc ... at the top of the paper. 

Example 3D 
For instance remember with the pogo stick example the rectangular block slides to the bottom 

of the cylinder, the whole objects is scaled down and it becomes a potato masher. 

Or 
The Sphere is scaled up in size and it becomes a big helium balloon ride. The cylinder 

becomes a grab post and the rectangular block becomes a seat. 

At the end of this series of trials and tbis suggested strategy, fill in a questionnaire 

concerning the strategy you used in combining the parts to create a new form and make 

any comments you think relevant about this strategy ( ease of use, problems 

encountered, do you typically use this technique in solving problems? Etc ... ) . 

Strategy B - Task one 
Even though this is a new strategy remember you can create as many solutions as you like 

before the end of a 3 minute time period. However, remember one solution one piece of paper. 

Use the white pre-printed paper. 

Once the 3 minute time period is over you will be given three new parts and asked to do the 

same task again. You will perform this task a total of 3 times. 

In this strategy you are to close your eyes and attempt to mentally construct your solution 

form from the 3 parts given. 
You can only open your eyes long enough to write down the name/description of the solution. 

Once you have done this close your eyes again and develop another form. After the 3 

minutes you will be allowed to draw your named/described forms. When you are drawing 

you cannot change anything you wrote in naming/describing the forms. This is repeated for 

each form created from the three parts named. Once the 3 minute time period is over and after 

you finish drawing the forms, you will be given three new parts and asked to do the same task 

again. 

Strategy B - Task Two 
In this task you are to reinterpret your previous forms. Spread your previous solutions out in 

front of you and look at them. You are to explore your constructions by imagining the form 

being rotated around or forming a mirror image of the form. You are to observe the 

synthesised form from different orientations. In order to aid in performing this task you are 

encouraged to draw the forms in different orientations. You are to use the light yellow paper 

to draw on. You are only allowed to change the proportions of the form, scale, stretch it, slide 

parts, and change it's orientation, not how it is constructed. You cannot rearrange the 

construction. 
If you can develop a reinterpretation of your form. You are to rename and/or describe the 

new form and circle the form to indicate which drawing is your new interpretation. Once you 

have reinterpreted the original ideas (found on the white paper), turn both the white paper and 

the yellow paper over and move on to reinterpreting the next idea. Remember one idea one 

piece of paper. It is up to you how many re-interpretations per original you do and how many 

originals you re-interpret. You may do as many as you like before the end of a 9 minute time 

period 

As before remember to note the parts you were given, the strategy number, the task number 

etc ... at the top of the paper. 
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Example 3D 
For instance remember the pogo stick example the rectangular block slides to the bottom of 

the cylinder, the whole objects is scaled down and it becomes a potato masher. 

Or 
The Sphere is scaled up in size and it becomes a big helium halloon ride. The cylinder 

becomes a grab post and the rectangular block becomes a seat. 

At the end of this series of trials and this suggested strategy, fill in a questionnaire 

concerning the strategy you used in combining the parts to create a new form and make 

any comments you think relevant about this strategy ( ease of use, problems 

encountered, do you typically use this technique in solving problems? Etc ••. ) • 

Strategy A - Task one 

REMEMBER BEFORE WHEN YOU DREW TO DEVELOP YOUR FORMS - WE 

ARE GOING TO DO THIS AGAIN. 

In this task and these trials remember you can create as many solutions as you like before the 

end of a 3 minute time period. However, remember one solution one piece of paper. 

Once the 3 minute time period is over you will be given three new parts and asked to do the 

same task again. You will perform this task a total of 3 times. 

In order to aid in the synthesis process it may help to use drawing. The suggested strategy is 

to draw one of the parts given then add the other parts and attempt to construct a solution from 

the parts given. 
As soon as the parts are named you may draw on the white paper provided in order to 

develop your form. 

Strategy A - Task Two 

REMEMBER BEFORE WHEN YOU REINTEERPRETED YOUR FORMS - WE ARE 

GOING TO DO THIS AGAIN. So spread all of your sheets in font of you and look at 

them. 

In this task you are to reinterpret your previous forms. Spread your previous solutions out in 

front of you and look at them. You are to explore your constructions by imagining the form 

being rotated around or forming a mirror image of the form. You are to imagine observing the 

synthesised form from different orientations. In order to aid in performing this task you are 

encouraged to draw the forms you have created in different orientations. You are to use the 

light yellow paper to draw on. You are only allowed to change the proportions of the form, 

scale, stretch i~ slide parts, and change it's orientation, not how it is constructed. You cannot 

rearrange the construction. 
If you can develop a reinterpretation of your form, you are to rename and/or describe the new 

form and circle the form to indicate which drawing is your new interpretation. This is done so 

your form can be identified. Even if you only have one drawing on the page still circle it fotr 

purposes of consistency. Once you have reinterpreted the original form (found on the white 

paper), turn both the white paper and the yellow paper over and move on to reinterpreting the 

next form. Remember one form one piece of paper. It is up to you how many re­

interpretations per original you do and how many Originals you re-interpret. You may do as 

many as you like before the end of a 9 minute time period 

As before remember to note the parts you were given, the strategy number, the task number 

etc ... at the top of the paper. 

Example 3D 
For instance remember the pogo stick example the rectangular block slides to the bottom of 

the cylinder, the whole objects is scaled down and it becomes a potato masher. 

Or 



The Sphere is scaled up in size and it becomes a big helium balloon ride. The cylinder 

becomes a grab post and the rectangular block becomes a seat. 

315 

At the end of this series of trials and this suggested strategy, fill in a questionnaire 

concerning the strategy you used in combining the parts to create a new form and make 

any comments you think relevant about this strategy ( ease of use, problems 

encountered, do you typically use this technique in solving problems? Etc •.• ) • 

Strategy D - Task one 
This is a new type of strategy. In this strategy you are to mentally develop a form. 

At this stage you are only to develop and name/describe your new form. A form which is a 

representation of a general category you are given. 

3D only 
Remember we defined the word Form to mean Practical object or invention. 

Before you start remember to write down the name of, strategy number, and the trial number 

ele .... Once you are given the category you are to close your eyes and only open them long 

enough to write down the name/description of a form. You are to turn the page over 

preparing for the next form (using the white pre-printed paper). Then you are to close your 

eyes again without looking around the room. 

You can create as many forms as you like before the end of a 3 minute time period. 

ID 
I 

Say you were given the category of Farmlng & Gardening you could develop a way to plan 

seeds, then a novel way to get rid of weeds, next a way to protect you from the sun, and then I 

an animal shelter ele ... 

Once the 3 minutes is over then you will be given another new category and another 3 

minutes. 

3D 
Suppose now you are given the category of Sporting equipment you could develop a new 

piece of equipment for children with a handicap, then a sporting device helping lost 

backpackers, then something to teach people to swim, etc ... 

But remember one idea, one paper. This is repeated 3 times. 

Now that you have done this 3 times you will go back and draw to develop your 

named/described forms using three randomly selected parts given to you for each of the 

three trials from task one. As soon as the parts are named you are to write them down. You are 

to draw on the paper you used in giving the name ( the white papers ). You are to circle the 

final form you developed. 

Now Gather your papers from the first problem set. Find the ones you have marked as 

Problem I. As soon as the parts are named you are to go back and draw to develop the 

named/described forms from problem one - task one ( which you have just completed ). Once 

all of you have finished problem set one we wiU move on to the second problem set and 

responses. You will progress through all of the problem sets in order therefore, you will 

perform this task a total of 3 times. 

Strategy D - Task Two 
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REMEMBER BEFORE WHEN YOU REINTEERPRETED YOUR FORMS - WE ARE 

GOING TO DO THIS AGAIN. So spread all of your sheets in font of you and look at 

them. 

This task is identical to the ones you have done before in reinterpreting your previous work so 

you should be familiar with it. Spread your previous solutions out in front of you and look at 

them. You are to explore your constructions by imagining the form being rotated around or 

forming a mirror image of the form. You are to observe the synthesised form from different 

orientations. In order to aid in performing this task you are encouraged to draw the forms in 

different orientations. You are to use the light yellow paper to draw on. You are only 

allowed to change the proportions of the form, scale, stretch it, slide parts, and change it's 

orientation. not how it is constructed. You cannot rearrange the construction. 

Once you have developed and reorientated a form which you can reinterpret, you are to 

rename and/or describe the new form and circle the form to indicate which drawing is your 

new interpretation. Once you have reinterpreted the original ideas (found on the white paper), 

turn both the white paper and the yellow paper over and move on to reinterpreting the next 

idea. Remember one idea one piece of paper. It is up to you how many re-interpretations 

per original you do and how many originals you re-interpret. You may do as many as 

you like before the end of a 9 minute time period 

As before remember to note the parts you were given, the strategy number, the task number 

etc ... at the top of the paper. 

At the end of this series of trials and this suggested strategy, fill in a questionnaire 

concerning the strategy you used in combining the parts to create a new form and make 

any comments you think relevant about this strategy ( ease of use, problems 

encountered, do you typically use this technique in solving problems? Etc .•• ) • 
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Instructions ( Group D ) 

Instructions 3D Drawing 

The purpose of this investigation is to explore 4 different strategies people could use to 

combine visual parts to form a mental image. Basically you will be give three parts and using 

these pars we would like you to develop a new form. You can make as many new forms as 

you like. In order to achieve this we would like you to utilise the suggested strategy at the time 

independent from any other strategy. There will be four different strategies explored (Refer to 

the hand out given ). Note in the handout there are 4 Ellipse. They are labelled strategy 

ABCD. These may not necessarily be in that order. The sheet given to you may be different. 

We will proceed from the top down consequently for example strategy C may be done fIrst 

because it is fIrst on the list. Also note that there are two tasks within each Strategy, you will 

be instructed what to do for each task in the different strategies, however, some of the tasks 

will be identical ( point this out in the diagram they have ). For each of the strategies there 

will be 3 trials. Therefore a total of 12 trials or problem sets will be presented to you. 

3D These explore three dimensional mental synthesis. 

For the sake of consistency throughout these instructions we will defme the word Form to 

mean Practical object or invention. 

Each strategy will have staged tasks for you to do. Listen carefully to the instructions for each 

staged task. 

Note the materials supplied to you are as follows: 

two colour coded folders 

one pad of white pre-printed drawing paper I Hold up the sheets 

one pad of light yellow pre-printed drawing paper 

( In general the white paper is for task 1 and the yellow paper is for task 2 ) 

several sharpened drawing pencils and erasers ( these drawing pencils are soft but 

you wiu still need to press firmly so that your work will be ahle to be 

photocopied) 

Explain the pre-printed sheets in terms of the coded areas. Strategy ( represented by S 

followed by Letters ABCD ) -Task numbers ( represented by T followed by 1 & 2 )- Problem 

numbers ( they are to write in the problem number) & Response numbers ( they are to write in 

the response number). Talk about how to use them. Tell the subjects not to write in the areas 

on the right hand side of the papers. 

You have before you a slip cover with 15 drawings of basic parts. For the purposes of a 

common understanding let us go through the names of each part (Indicate the names of the 

parts to them.) 

In general each trial consists of three randomly selected parts which will be given to you. At 

the beginning of each of the trials I will let you know which colour paper you are to use and I 

will eaU out the strategy letter and the trial number. You are to circle the appropriate S letter 

and the appropriate T number at the top of the pre-printed paper provided. Also in the circles 

next to Prob. & Respon. you are to put the problem number and response number you are 

currently working on. When we start I will call out the names of the three parts to be used in 

that trial. I will repeat the names to ensure that the names were heard correctly. You are to 

note in the space provided and on each paper you use, the parts you were given. Do not write 

in the spaces on the right hand side of the paper this area is for coding purposes. 

3D 
As soon as the parts are named you are to attempt to construct a practical object from the parts 

given. These are given in any order and sometimes more than once. All the parts must be 
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used, and the object must be of some practical value, If two of the same parts are mentioned 

then both are to be used in the object. You can vary the size, position, proportion, or 

orientation of the parts but you are not allowed to bend, trim or distort the individual parts in 

any way with the exceptions of the wire and the tube. These have been defined as bendable. 

The parts can be put inside one another. They can be solid or hollow. They can be made from 

any material including wood, metal, glass, rubber, or plastic, in any combination. In addition 

you are given an object category randomly selected from a list of 8 categories ( read the 

examples to them ). Coupled with each new set of three randomly selected parts in each trial, 

you are given a new randomly selected object category. 

Table 2 

Allowable object categories in experiments on creative invention. 

I. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 

Category one 

Furniture 
Personal Items 
Transportation 
Scientific Instruments 

Appliances 
Tools & Utensils 
Weapons 
Toys & Games 

Examples 

Chairs, Tables. lamps. etc ... 

Jewellery, glasses, etc ... 

Cars, boats etc ... 
Measuring devices, etc ... 

Washing machines. toasters, etc ... 

Screwdrivers. spoons, etc ... 
Guns, missiles, etc ... 
Baseball bats, dolls etc ... 

Here is an example; If you are given a sphere, a rectangular block, and a cylinder. Then you 

are given the category of toys. You could draw a long cylinder then add the block one 113 the 

way up the cylinder and add the sphere to the top of the cylinder and say it is a pogo stick. 

Remember to ensure that you have circled the appropriate S number and the appropriate T 

number at the top of the pre-printed paper provided, the parts you were given are noted on the 

paper and the category you were given is on the paper. 

Strategy C - Task one 
In this task remember you can create as many solutions as you like before the end of a 3 

minute time period. However, remember one solution one piece of paper. 

Once the 3 minute time period is over you will be given three new parts and asked to do the 

same task again. You will perform this task a total of 3 times. 

In order to aid in the synthesis process it may help to use drawing. The suggested strategy is to 

draw one of the parts given then add the other parts and attempt to construct a solution from 

the parts given. 
As soon as the parts are named you may draw on the white paper provided in order to 

develop your ideas. 

Strategy C - Task Two 
In this task you are to reinterpret your previous solutions. Spread your previous solutions (the 

ones on the white paper) out in front of you and look at them. You are to pick one, then close 

your eyes, you are to explore your constructions by imagining the forms being rotated around 

or forming a mirror image of the form. You are only allowed to change the proportions of the 

form, scale, stretch it, slide parts, and change it's orientation, not how it is constructed. You 

cannot rearrange the construction. You are to observe the synthesised form from different 

orientations. You are to do this using only mental imagery. 

You can only open your eyes long enough to write down the name/description of the solution, 

the parts it was derived from, and the trial number strategy number etc ... then draw this new 

imagined form. Only open your eyes after you have new interpretation. Do not develop your 

ideas on paper . You are to use the light yellow paper to draw on. After you have drawn the 

reinterpreted form you are to circle the form to indicate your new interpretation. Remember 

one form one piece of paper. Once you have done this turn both the white paper and the 

yellow paper over and pick another previous form then close your eyes again and develop 
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another new form You may do as many as you like before the end of a 9 minute time period. 

It is also up to you how many re-interpretations per original you do and how many originals 

you re-interpret. 

As before remember to note the parts you were given, the strategy number, the task number 

etc ... at the top of the paper. 

Example 3D 
For instance remember with the pogo stick example the rectangular block slides to the bottom 

of the cylinder, the whole objects is scaled down and it becomes a potato masher. 

Or 
The Sphere is scaled up in size and it becomes a big helium balloon ride. The cylinder 

becomes a grab post and the rectangular block becomes a seat 

At the eud of this series of trials and this suggested strategy, fill in a questionnaire 

concerning the strategy you used in combining the parts to create a new form and make 

any comments you think relevant about this strategy (ease of use, problems 

encountered, do you typically use this technique in solving problems? Etc •.• ) • 

Strategy A - Task one 

REMEMBER BEFORE WHEN YOU DREW TO DEVELOP YOUR FORMS - WE 

ARE GOING TO DO THIS AGAIN. 

In this task and these trials remember you can create as many solutions as you like before the 

end of a 3 minute time period. However, remember one solution one piece of paper. 

Once the 3 minute time period is over you will be given three new parts and asked to do the 

same task again. You will perform this task a total of 3 times. 

In order to aid in the synthesis process it may help to use drawing. The suggested strategy is 

to draw one of the parts given then add the other parts and attempt to construct a solution from 

the parts given. 
As soon as the parts are named you may draw on the white paper provided in order to 

develop your form. 

Strategy A - Task Two 
In this task you are to reinterpret your previous forms. Spread your previous solutions out in 

front of you and look at them. You are to explore your constructions by imagining the form 

being rotated around or forming a mirror image of the form. You are to imagine observing the 

synthesised form from different orientations. In order to aid in performing this task you are 

encouraged to draw the forms you have created in different orientations. You are to use the 

light yellow paper to draw on. You are only allowed to change the proportions of the form, 

scale, stretch it, slide parts, and change it's orientation, not how it is constructed. You cannot 

rearrange the construction. 

If you can develop a reinterpretation of your form you are to rename and/or describe the new 

form and circle the form to indicate which drawing is your new interpretation. This is done so 

your form can be identified. Even if you only have one drawing on the page still circle it fotr 

purposes of consistency. Once you have reinterpreted the original form (found on the white 

paper), turn both the white paper and the yellow paper over and move on to reinterpreting the 

next form. Remember one form one piece of paper. It is up to you how many re­

interpretations per original you do and how many originals you re-interpret You may do as 

many as you like before the end of a 9 minute time period 

As before remember to note the parts you were given, the strategy number, the task number 

etc ... at the top of the paper. 
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Example 3D 
For instance remember the pogo stick example the rectangular block slides to the bottom of 

the cylinder, the whole objects is scaled down and it becomes a potato masher. 

Or 
The Sphere is scaled up in size and it becomes a big helium balloon ride. The cylinder 

becomes a grab post and the rectangular block becomes a seat. 

At the end of this series of trials and this suggested strategy, fill in a questionnaire 

concerning the strategy you used in combining the parts to create a new form and make 

any comments you think relevant about this strategy ( ease of use, problems 

encountered, do you typically use this technique in solving problems? Etc ••• ) • 

Strategy B - Task one 
Even though this is a new strategy remember you can create as many solutions as you like 

before the end of a 3 minute time period. However, remember one solution one piece of paper. 

Use the white pre·printed paper. 

Once the 3 minute time period is over you will be given three new parts and asked to do the 

same task again. You will perform this task a total of 3 times. 

In this strategy you are to close your eyes and attempt to mentally construct your solution 

form from the 3 parts given. 

You can only open your eyes long enough to write down the name/description of the solution. 

Once you have done this close your eyes again and develop another form. After the 3 

minutes you will be allowed to draw your named/described forms. When you are drawing 

you cannot change anything you wrote in naming/describing the forms. This is repeated for 

each form created from the three parts named. Once the 3 minute time period is over and after 

you finish drawing the forms, you will be given three new parts and asked to do the same task 

again. 

Strategy B • Task Two 

REMEMBER BEFORE WHEN YOU REINTEERPRETED YOUR FORMS· WE ARE 

GOING TO DO THIS AGAIN. So spread all of your sheets in font of you and look at 

them 

In this task you are to reinterpret your previous forms. Spread your previous solutions out in 

front of you and look at them. You are to explore your constructions by imagining the form 

being rotated around or forming a mirror image of the form. You are to observe the 

synthesised form from different orientations. In order to aid in performing this task you are 

encouraged to draw the forms in different orientations. You are to use the light yellow paper 

to draw on. You are only allowed to change the proportions of the form, scale, stretch it, slide 

parts, and change it's orientation, not how it is constructed. You cannot rearrange the 

construction. 
If you can develop a reinterpretation of your form. You are to rename and/or describe the 

new form and circle the form to indicate which drawing is your new interpretation. Once you 

have reinterpreted the original ideas (found on the white paper), turn both the white paper and 

the yellow paper over and move on to reinterpreting the next idea. Remember one idea one 

piece of paper. It is up to you how many re-interpretations per original you do and how many 

originals you re-interpret. You may do as many as you like before the end of a 9 minute time 

period 

As before remember to note the parts you were given, the strategy number, the task number 

etc .. , at the top of the paper. 

Example 3D 
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For instance remember the pogo stick example the rectangular block slides to the bottom of 
the cylinder, the whole objects is scaled down and it becomes a potato masher. 
Or 
The Sphere is scaled up in size and it becomes a big helium balloon ride. The cylinder 
becomes a grab post and the rectangular block becomes a seat. 

At the end of this series of trials and this suggested strategy, fill in a questionnaire 
concerning the strategy you used in combining the parts to create a new form and make 
any comments you think relevant about this strategy ( ease of use, problems 
encountered, do you typically use this technique in solving problems? Etc ••• ) • 

Strategy D - Task one 
This is a new type of strategy. In this strategy you are to mentally develop a form. 
At this stage you are only to develop and name/describe your new form. A form which is a 
representation of a general category you are given. 

3D only 
Remember we defined the word Form to mean Practical object or invention. 

Before you start remember to write down the name of, strategy number, and the trial number 
etc .... Once you are given the category you are to close your eyes and only open them long 
enough to write down the name/description of a form. You are to turn the page over 
preparing for the next form (using the white pre-printed paper). Then you are to close your 
eyes again without looking around the room. 
You can create as many forms as you like before the end of a 3 ntinute time period. 

3D 
Say you were given the category of Farnting & Gardening you could develop a way to plan 
seeds, then a novel way to get rid of weeds, next a way to protect you from the sun, and then 
an animal shelter ele ... 

Once the 3 minutes is over then you will be given another new category and another 3 
minutes. 

3D 
Suppose now you are given the category of Sporting equipment you could develop a new 
piece of equipment for children with a handicap, then a sporting device helping lost 
backpackers, then something to teach people to swim, etc ... 

But remember one idea, one paper. This is repeated 3 times. 

Now that you have done this 3 times you will go back and draw to develop your 
named/described forms using three randomly selected parts given to you for each of the 
three trials from task one. As soon as the parts are named you are to write them down. You are 
to draw on the paper you used in giving the name ( the white papers ). You are to circle the 
final form you developed. 

Now Gather your papers from the first problem set. Find the ones you have marked as 
Problem 1. As soon as the parts are named you are to go back and draw to develop the 
named/described forms from problem one - task one ( which you have just completed ). Once 
all of you have fmished problem set one we will move on to the second problem set and 
responses. You will progress through all of the problem sets in order therefore, you will 
perform this task a total of 3 times. 
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Strategy D - Task Two 

REMEMBER BEFORE WHEN YOU REINTEERPRETED YOUR FORMS - WE ARE 
GOING TO DO THIS AGAIN_ So spread all of your sheets in font of you and look at 
them. 

This task is identical to the ones you have done before in reinterpreting your previous work so 
you should be familiar with it. Spread your previous solutions out in front of you and look at 
them. You are to explore your constructions by imagining the form being rotated around or 
forming a mirror image of the form. You are to observe the synthesised form from different 
orientations. In order to aid in performing this task you are encouraged to draw the forms in 
different orientations. You are to use the light yellow paper to draw on. You are only 
allowed to change the proportions of the form, scale, stretch it, slide parts, and change it's 
orientation, not how it is constructed. Y DU cannot rearrange the construction. 
Once you have developed and reorientated a form which you can reinterpret, you are to 
rename and/or describe the new form and circle the form to indicate which drawing is your 
new interpretation. Once you have reinterpreted the original ideas (found on the white paper), 
turn both the white paper and the yellow paper over and move on to reinterpreting the next 
idea. Remember one idea one piece of paper. It is up to you how many re-interpretations 
per original you do and how many originals you re-interpret. You may do as many as 
you like before the end of a 9 minute time period 

As before remember to note the parts you were given, the strategy number, the task number 
etc ... at the top of the paper. 

At the end of this series of trials and this suggested strategy, fill in a questionnaire 
concerning the strategy you used in combining the parts to create a new form and make 
any comments you think relevant about this strategy ( ease of use, problems 
encountered, do you typically use this technique in solving problems? Etc ... ) . 
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Instructions 
Instructions to .Judges 2D Drawing 

Thank you for coming this morning and helping with our research. Here is some coffee and cookies. If you 
wish just belp yourselves when you want some. We wO) work on judging the first balf of responses before 
lunch, then we will break for lunch at around 12:00 then return upstairs and f'mish the rest of the judging from 
1:00 untn approximately 4:30. I say approximately because each person may judge at a different rate than 
others. 

The purpose of this investigation was to explore different strategies people could use to combine visual parts to 
form a mental image. Basically the subjects were given three parts randomly selected from a group of 15 parts, 
using these three random parts they were to develop a new form. They could make as many new forms as they 
liked. 

They were to develop 8 recognisable form. 

12D This explored two-dimensional mental synthesis. I 
Mental synthesis is described as tbe ability to imagine the assembly of a final part made from component parts. 

As soon as the parts were named they were to attempt to construct a recognisable form, from the parts given. 
These are given in any order and sometimes more than once. All the parts must be used, and the object must 
be able to be recognised by another persoIL If two of the same parts are mentioned then both were to be used in 
the object. They could vary the size, position, proportion, or orientation of the parts but were not allowed to 
bend, trim or distort the individual parts in any way (circle could not be made into an ellipse). Give an 
example of the Flag and the TV set. 

As judges your task is to assess the results of their work. Note at the top of each paper there will be two scales 
running from 1 thru to 5. A mark of 5 is the highest mark and a mark of I is the lowest mark. The first scale is 
for correspondence. The second scale is for originality or creativity. On each paper you are to circle a number 
for correspondence and a number for originaUty (creativity). If there is no respome for that paper tick the box 
marked no response. We would like you to keep your papers in order so start with the top paper, mark it by 
circling a number from 1~5 for correspondence then a number for originality (creativity) and turn it over and 
place it in the box beside you then proceed to the next paper. Do this until you have finished the stack of 
papers. 

You are judging the ideas not the drawing quality. 

Each stack of papers is arranged differently. They are randomised, so the order each of you is judging the 
papers in a different order. Again! Thank you for your help. Any questions??? 
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Instructions 
Instructions to Judges 3D Drawing 

Thank you for coming this morning and belping with our research. Here is some coffee and cookies. If you 
wish just help yourselves when you want some. We wO] work on judging the first half of responses before 
lunch, then we will break for luncb at around 12:00 then return upstairs and f"mish the rest of the judging from 
1:00 until approximately 4:00. 

The purpose of this investigation was to explore different strategies people could use to combine visual parts to 
form a mental image. Basically the subjects were given three parts randomly selected from a group of 15 parts, 
using these three random parts they were to develop a new form. They could make as many new forms as tbey 
liked. 
They were to develop a Practical object or inventioIL 

13D This explored three-dimensional mental synthesis. I 
Mental synthesis is described as the ability to imagine the assembly of a final part made from component parts. 

As soon as the parts were named tbey were to attempt to construct a practical object from the parts given. 
These are given in any order and sometimes more than once. All the parts must be used, and the object must be 
of some practical value. If two of the same parts are mentioned then both were to be used in the object. They 
could vary the size, position, proportion, or orientation of the parts but were not allowed to bend, trim or 
distort the individual parts in any way with the exceptions of the wire and the tube. These have been defined as 
bendable. The parts could be put inside one another. They could be solid or hollow. They could be made from 
any material including wood, metal, glass, ruhber, or plastic, in any comhinadolL In addition they were given 
an object category randomly selected from a list of 8 categories (read tbe ",!!!!!In to them). Coupled with each 
new set of three randomly selected parts in each trial, they were given a new randomly selected object category. 

Table 2 
Allowable object categories in experiments on creative invention. 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 

Category one 

Furniture 
Personal Items 
Transportation 
Scientific Instruments 
Appliances 
Tools & UtensDs 
Weapons 
Toys & Games 

Examples 

Chairs, tables, lamps, etc ••• 
Jewellery, glasses, etc •.• 
Cars, boats etc .•. 
Measuring devices, etc ••• 
Washing machines, toasters, etc ••• 
Screwdrivers, spoons, etc ••• 
Guns, missiles, etc •.• 
Baseball bats, dolls etc ••• 

Here is an example: They could be given a sphere, a rectangular block, and a cylinder. Then given the category 
of toys and Games. They could add the sphere to the top of the cylinder then add the block one 113 the way up 
the cylinder and say It is a pogo stick. 

As judges your task is to assess the results of their work. Note at the top of each paper there will be two scales 
running from 1 thru to S. A mark of S is the highest mark and a mark of 1 is the lowest mark. The first scale is 
for practicality. The second scale is for originality or creativity. On each paper you are to circle a number for 
practicality and a number for originality (creativity). If there is no response for that paper tick the box marked 
no response. We would like you to keep your papers in order so start with the top paper mark it by circling a 
number from 1-5 for practicality then a number for originality (creativity) and tum it over and place it in the 
box beside you then proceed to the next paper. Do this until you have flnished the stack of papers. 

You are judging the ideas not the drawing quality. 

Each stack of papers is arranged differently. They are randomlsed, so the order each of you is judging tbe 
papers in a different order. Thank you for your help. Any questions? 
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2D Creative results [Different Cohorts of Judges] 

Df'8w'na Stl1lle&iH &: Crntlvt Menlll Synlhsb (Crath-ily 20) fID JlMtaul 

Slratem' A Slralq)' A SltII''''' 8 S,rtI'fI)' B Stra1tCY C S'f'8tqy C Stratqy D SIrl.1eaY D 
T ... , Task 1: T.,. , T""" T .. " Tukl T,*' T ... ' 

T~. 

CrMtiu 
IndllWial 
Otsiane:rs 45 11 43 ,. .l3 23 28 ,. I ". 

Vis · Corn 
(Students) .. " .l3 16 J8 18 " JO I "" 

NoR-dai, .w:iS 
(l .... Shtdenu) 34 20 .. 14 ,. 11 J5 27 I ". 

T",' 
Cretltin '19 .. '" 

,. 11. 61 .. n I 1U 

Number of creative responses attributed to subject type, stral'egy type and task 

Drawilll SI"'ICp~ &: Craath'c Mental Synch " (Cralhi l, 10) (VCJ .. «t, I 

Stnlea,y A Slralq;)' A SlralqJ' B SmkIY B Straleo C Stnt", C Slralqy D SlralfIY D 
T"'" Ttik 1: T .. , T •• ., T,*' T"'" T"'" T,*' 

T~. 

Creative 
Indusubl 
Desi,ners , , , • 8 , 7 , I J1 

Vb - Corn 
(Sludc n15) • , , , 1 6 , , I J1 

Non-designers 
(lAw 5tudtnu) , , , , , , , 1 

, ... 
Totll I CnlulVl' .. , 11 11 14 ,. " 11 ,. 

Number of creative responses attributed to subject type. strategy type and task 

Drawinc Sll'1IlrpH &: Crnlh c Menll l Synthtsls (Cmllhiay 2D) [NolHlaip judges] 

SIf'8tegy A Strtlqy A Stnl~ B Slrstqy B Stl1llfgY C Slralqy C SII'1IIq)' D Strategy D 
T"'" T"'" T",,' T.,kl T"'" T"" T ... ' Took' 

T~. 

Creative 
Industrial 
Dai,1lf1'S 20 6 n " 11 1 28 " I ,>0 

Vis . Corn 
(Sludtnts) " " " 11 " " 18 7 I '09 

Non-dtsig .... rs 
(lAw Itude:nl.5) 8 • ,. 8 11 7 " 8 

, 
11 

TOlal I C~ali"t .. 13 " " J6 " " '" JOO 

Number of crearive responses attributed to subject type. straregy rype and task 
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2D Correspondence results [Different Cohorts of Judges] 

Dnwina Sll"IIltPtS &: Crftliv~ Menial SYlllb ' ' . (Co.. ,I ' f+\)ndtJl«' 20) (ID JIKiJtflI 

Slr'IIlqy A Slnllq;)' A Slr'IIlf'I,)' B Stl"llltIY 8 Stl"lllqy C 511'111..,. C Sll"IIlf'I)' D Sll"IIttgY D 
T,*' T .... ' T ••• T ... ' T ... , T,*' T"'" T"", 

Tota' 
C Oi l 'pnndl'nte 

Indusrri.1 
De5ilnen " 

., 9' '" .. JO " 31 I ... 
Y~ -Com 
(Students) 78 29 ., J8 '9 2. 3l 40 I JIi7 

Non4$.rw:rs 
(lAw "~tlllS) ., 11 80 " " 21 43 39 I "" 
T~~ 
Crntlve 2.14 9' 2.l6 119 '97 13 ' 26 "' I 'lOO 

Number of creative responses attributed to subject type. strategy type and task 

Ol'llwl", Slnllrp~ ott Crative MftItaI Synct ' t. (COii V-ViM" 20) (VC Jud.-I 

Sltalqy It. Sll"lll~ A SU'IlIf'I,)' 8 SIn' 11.1' B SI .... e ' c StntTiIY C Straiti)' D SlI"IIIII)' D 

T ... ' T,*2 T,*' T,*' T,* , T,*2 T,*' T,*' 
T~. 

COl i 4 is r ..... hnte 
Industrial 
Desi,JleI'$ 7 , , , , , 2 2 I le 

Vb: - Com 
(Sludenu) • I 4 I • I 4 , I 12 

Non-desiaJlers 
( lAw students) 4 , • • , • , , I " 
To<. 
e .,.IUH' 11 3 IS , , 2 7 • I .. 

Number of crealive responses attributed to subject type, strmegy type and task 

01"11_1", Sll"IIlewtK It C,,"live MmtaI S,n1"', (Co. li 7L'OlWknu 2D) [NO JPdcesl 

SUa'...,- " SU'II'q,)' A SIr"'qy 8 Su'.tqy 8 SC,.lqy CS,,..,.,,' C SU'II'rt)' 0 Slral~ 0 
T ... , T ... , T .. , T .. , T,* ' T ... , T ... I T ... ' 

T~ 

Co.usponckf1ft 
Inch&ai.t 
Designers 29 14 29 ,. 17 • 17 II I 134 

Vb · Com 
(SluMnU) 2J IS JO ,. ,. ,. ,. II I 1)6 

Non-d 7 i pen 
(u_SfUdcnu) " 

, II 4 21 2 II 8 I 19 

T~" 
Crulive ., J7 " 24 54 " 

., JJ I ,.. 

Number of creative responses 3nribmed ro subjecl type. strategy type and task 
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3D Creative results [Different Cohorts of Judges] 

0 .... 1 ... Stra'.-a" Cmlin ! M~lIl Synt' '. (Cratl"hy 3D) lID JudaesJ 

StI'llUCY A Straiti)' A SU"I' fI)' 8 SU'II' ,.,. 8 StnlfI,Y C S,ralq;)' C Slrllf1,Y D SlrI ' fIY D 
T"'" T", T ... ' T ... , T ... , T ... ' T ... , T ... , 

TOta' 
Creallve 

IndUilrial 
Desi.ntrs " 12 " 18 JO " 81 IJ I 135 

VII_ Corn 
(StudenlS) " 'Q 2J 4 " 4 7Q " I '00 

Non-dedlntrl 
(Law stuoenlS) 3 4 " • , , 

" 2 I 79 

T ... ' I CrntlH! J9 16 .. 16 •• " '" " 47. 

Number of creative responses auributed to subject type, strategy type and task 

Drawl. 51nl7 ... &: Cradu MftIlaI SyntJMIIl (Cralh-ily 3D) IVCJudaesl 

51",1..,. A Sa ... , W' A StnIle&Y. Stl'lllttY B St"1eIY CS, ... ,,.,. C Stratqy D Slralf1,Y 0 
T ... , T .. , T,* ' T ... ' T."" Ta .. 2 T ... , T ... , 

T .... 
Cradve 

Indusuill 
lHt:faners 13 " " " 19 13 " 16 I '" 
Vu · Corn 
(SlUdmu) 'Q • 13 7 .. " 

,. 13 I '44 

Nonodtsigotl'5 
(Law Sludenlll) 2 7 , , , • 28 • I " 
Toeal 
Cruth't " 31 70 .. 38 19 14' 33 I ... 

Number of creative responses 3ltri bU[ed to subject type, strategy type and task 

Drawl", S' rltllit"l" C M lh" Mtnta! Synlheli, (Crulivily JD) INO jud~J 

SIr.'fIY A St .... eay /I. Sa .... ii 8 S' I"II'tj)' B SU"I'ea;y C Stnuqy C StJ'll ' rtlY 0 S.nlq;)' 0 
T ... , T ... , T ... , T"" T,* , T"", T"", T"", 

T~" 
Crativt 

l oouttrb l 
DftiIMf'J " 13 ]4 ,Q " • .. 'Q I 177 

Vis _ Com 
(StvdtnU) • 7 " 

, 'Q , ,. 7 I 11. 

NorHttlilikil 
(Law studbItJ) , , 13 7 2 , 27 • I 00 

T .... 
emu", 11 23 .. 11 .. " IS' " I '55 

Number of crearive responses attributed 10 subject type, strategy Iype and task 
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3D Practicality results [Different Cohorts of Judges] 

Dt'lwlng Slnl lrgles &: Creath'e Menla' Synlbeil (Practicality 3D) ]10 judaesl 

SU'lltIY A Sl!'II ltgy A Slrllt'JY 8 Slral~ B Stt'ltt'IY C Straltgy C Slra'tU D SIrs1raY D 
T"" 1 T"" , T,..1 T~2 T""1 T"'" T"'1 T ... , 

TouI 
PnlclicalilY 

Industrial 
Designers 28 20 66 31 " " 12 23 I 119 

VI5. Com 
(Students) " l' 24 1 1 20 I' • l' I U. 
Non-d~gners 

(Law Sludtnu) , 13 " 20 " 31 , 1. I 1<6 

Total 
e rraLivf '1 " liS 63 73 73 2 1 " I .10 

Number of creative responses attributed to subject type. strategy type and task 

Drawl", Slnlltgies" Creative MnataI 5y,., I, (PnKtkdIY JD) (VC Judcesl 

Sll'IIkiY A Slrat~ A SlrslltgY 8 Strates;y B Scl"l~ C SIt'llfI,Y C Stn.ltgy 0 SlrIIlt'ty D 
T", 1 T ... 2 T ... 1 T,*2 T,*1 T .. 1<2 T",1 T ... 2 

T",. 
PractlalllY 

Industria. 
Daignerr , 7 " 10 , , 12 l' I " 
Vis - Corn 
(Sludenl.ll) , , • 6 1 , 4 3 I " 
Non-designers 
(Law ~udfnl.s) 1 2 , 3 12 3 0 , I " 
TOlal 
Crellh't 17 18 40 l' 11 l' l' " I 167 

Number of creative responses attri buted [0 subject rype. strategy type and task 

0,. .. ·1'" Slrltflier &: Crelth'e Menll ' Synlhesil (Practicality JD) (NO judges] 

SIrl1ear ,\ Slnutgy A SlIltegy B SIDlecl" 8 Strall!lJ' C SIt'llegy C SlnllelY D StnllC(O' 0 
T ... 1 T ... , T",1 TaJIi. 1 T.bk I Ttik l Task I T"", 

T",. 
Praclicalily 

Industrial 
Designers 17 23 " " 24 '0 17 21 I lOJ 

V15 · Corn 
(Students) 18 11 '1 l' 8 14 13 l' I 11' 

Non·deo>igll(!n 
( LaW.uudC'I1U) l' 13 " 11 " " '0 l' I 137 

Tou.1 
Crcad\'C' " 47 " " 54 " SO 57 I 45S 

Number of creative responses attributed [0 subject type, strategy type and task 
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