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Abstract

Creative thinking is the psychological mechanism underlying the descriptive
process that produces real-life creative outcomes. However, the connection between
individual creative thinking and real-life creativity remains unclear. For example, the
widely employed psychometric tools for creative thinking showed limited predictive
power towards real-life creativity. In addition, empirical evidence for the social
psychology of creativity is inconsistent. Also, the links between creative thinking and
social cognitive process are rarely validated in the field. Besides, some domains that
require creativity lack guiding theories and empirical evidence. Therefore, this
research project aimed to advance the understanding of creative thinking and its role
in real-life situations.

To address the knowledge gap and fulfil the central purpose, we conducted
four pilot and seven main studies using quantitative research methods. Accordingly,
we created an integrative-thinking-based psychometric tool - Function Synthesis
Task and validated its discriminate validity and predictive ability towards engineering
students' creative product design. To understand the link between social comparison
and creativity, we produced a new experimental paradigm that addressed existing
methodological issues. We employed the paradigm and found that competition and
star rating feedback altered speed or performance in creative thinking tasks.
Besides, we produced a new product design task based on a hot topic at the time
and found that ranking feedback benefited engineering students' creative
performance in the task. Moreover, we designed a new un-stereotype intervention
and found its effectiveness in improving marketers' divergent thinking. We also found
that advertising stereotypes increased audiences' perceived creativity.

Our research shows that integrative thinking and social cognition might play
essential roles in developing the theory of creative thinking and offers novel research
tools for future studies. We also form practical advice to guide educators,
organisational leaders, and policymakers to promote creativity, diversity, and

inclusion in real-life situations.



Impact Statement

Until 2022, the psychological investigation of creativity has emerged and
grown for more than half-century. However, the empirical evidence for creative
thinking and real-life creativity remains disconnected. The disconnection could result
in two side effects. First, the effectiveness of real-life creativity training may not be
entirely fulfilled due to the lack of prerequisites. Second, the predictive power and
measurability of real-life professional creativity may be limited due to the lack of
appropriate measures. To address the issue, we created a new psychometric tool —
Function Synthesis Task (FST), based on the concept of integrative thinking that has
been repeatedly found in the process of creative product generation. We found that
FST grasped different aspects of creative thinking from other tasks and showed
more vital predictive power towards real-life creativity. Based on the effectiveness of
FST in predicting real-life creativity, creativity training, coaching, or consultancy
might incorporate integrative thinking in their programmes. Also, the educators may
use FST to predict or evaluate students' creative thinking. Besides, our research
may benefit the theoretical development of integration. Integration is an essential
concept in the field of consciousness and metacognition. Thus, developing
integrative creativity will allow researchers to see the overlap among these mental
processes and develop an in-depth understanding of human beings.

Another unsolved problem is the unclear relationship between intelligence and
creativity, and we proposed that social cognition may help us differentiate two
cognitive abilities. In detail, intelligence tests usually have pre-determined objective
answers so people can spend as many cognitive resources as possible on the task.
However, the reference points of creative products are posterior and subjective. Due
to the lack of objective pre-determined reference points, producing creative
outcomes may automatically induce comparing with others' products and mentalising
others' judgements. In other words, creativity may induce social cognition
spontaneously. The different levels of automatic social information processing in
intelligence and creativity offer a new perspective to understanding the relationship
between human beings' two crucial higher-order cognitive abilities. In the long term,
theoretical development may help gifted education to detect the gifts and unique
potentials of as many students as possible and provide them with increasingly

tailored and valuable education.



Moreover, our research can promote diversity, equality, and inclusion (DEI) in
our society. For instance, we found a positive association between divergent thinking
and stereotype avoidance in advertisement generation. We also discussed that
divergent thinking might avoid the stereotyping rebound effect issue in traditional
counter-stereotype approaches. Therefore, the policymakers and funding
organisations may put increasing efforts into encouraging the supporting academic

and industrial projects that enhance creativity and societal DEI at the same time.
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Chapter 1: Prologue

Creativity is a highly valued attribute for human beings as we consider it a
human characteristic that drives our evolution, promotes us to the most intelligent
species and differentiates us from other animals. We believe human creativity plays
a crucial role in astronomy investigation, technology transformation, artistic
expression, societal emergence, and social development. It is an interdisciplinary
concept whose fundamental role is to forward our observable or perceivable world or
its elements from a known form to an anonymous form.

After 70 years of investigation, creativity researchers now have widely
accepted a two-criteria definition such that creative ideas and products are novel and
effective (Barron, 1955; Bruner, 1962; Cattell & Butcher, 1968; Guilford, 1950;
Jackson & Messick, 1965; Kneller, 1965; Newell et al., 1962; Runco & Jaeger, 2012;
Simonton, 2011; Stein, 1953). Leading by this definition, psychologists are interested
in the creative process that produces creative ideas and products from various
perspectives. From the perspective of cognitive psychology, researchers look at
creative thinking, which indicates the mental structures and processes that lead to
creative ideas and products (Agnoli et al., 2020; Roger E Beaty, Paul J Silvia, et al.,
2014; Finke et al., 1992; Joy Paul Guilford, 1967; Mednick, 1962; Mark A. Runco &
Selcuk Acar, 2019) . Meanwhile, social psychologists investigate the effect of
interpersonal factors (e.g., competition, evaluation, and surveillance) on the creative
process (Amabile, 2011; Amabile, 1983; Amabile et al., 1990; Csikszentmihalyi,
2014; Sternberg & Lubart, 1996). Organisational psychology looks at the descriptive
structures and process that drives creative products (Anderson et al., 2014;
Andriopoulos, 2001; Eveleens, 2010; Martins & Terblanche, 2003; Mumford, 2000;
Mumford & Gustafson, 1988; Shalley et al., 2004; Zhou & George, 2001). Finally,
educational psychologists are interested in teaching structures and processes that
bring creative ideas to students (e.g., curriculum and training) (Collard & Looney,
2014; Craft, 2003; Cropley, 2001; Hernandez-Torrano & lbrayeva, 2020). The four
perspectives overlap and benefit the development of each other. This project
covered and incorporated the above perspectives to theoretically develop the
concept of creative thinking.

Central Purpose
The central purpose of this project was to advance our understanding of

creative thinking and its role in real-life circumstances. In detail, we centred on
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creative thinking, related it to social cognition, and applied it to organisational and
educational practice.
Key Concepts

In the field of creativity, we refer to creative thinking mainly as divergent
thinking and convergent thinking since these are two essential cognitive styles that
play key roles in producing novel thoughts (Mark A. Runco & Selcuk Acar, 2019).
Specifically, divergent thinking indicates one's mental exploration in various
directions, and one of the widely employed divergent thinking tasks is the alternative
uses task (AUT) (Joy Paul Guilford, 1967). On the other hand, convergent thinking is
finding a single correct answer or single best solution for a well-developed problem
(Guilford, 1950; Runco, 2010). The most popular convergent thinking tasks are the
remote associate test (RAT) (Mednick, 1962) and the compound remote associate
test (CRAT) (Bowden & Jung-Beeman, 2003).

Knowledge Gaps

However, in at least three aspects, existing creative thinking tasks and
creativity in real-life situations disconnect (creative thinking-reality disconnection).
First, existing divergent thinking tasks (Barron, 1955; Batey & Furnham, 2006;
Drevdahl, 1956; Hocevar, 1981; Lowenfeld & Beittel, 1959; Merrifield et al., 1964;
Okuda et al., 1991; Zeng et al., 2011) and convergent thinking tasks (Andrews,
1967; Roger E Beaty, Paul J Silvia, et al., 2014; Brougher & Rantanen, 2009; Davis
& Belcher, 1971; Worthen & Clark, 1971) exhibited low predictive power towards
real-life creative performance and accomplishment.

Second, the findings on the impact of real-life social feedback on creative
thinking are inconsistent (Amabile, 1982a; Balietti et al., 2016; Bittner & Heidemeier,
2013; Clark & Goldsmith, 2006; Conti et al., 2001; De Vet & De Dreu, 2007;
Eisenberg & Thompson, 2011; Erat & Gneezy, 2016; Landers et al., 2019; Michinov
& Primois, 2005; Raina, 1968; Redifer et al., 2021; Shalley & Oldham, 1997; Strong
& Gray, 1972; Van de Ven et al., 2011; Van Knippenberg et al., 1981; Van Leeuwen
& Baas, 2017).

Moreover, creativity researchers find it challenging to recruit sufficient
marketers to join an experiment due to the lack of communication between academia
and industry (Amabile, 1996; West et al., 2019), , which may result in the lack of
scientific applications of creative thinking. For example, existing findings showed that

creative thinking could be linked with stereotype avoidance. However, we do not
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have enough field studies to validate how creative thinking helps solve these social
issues in real-life situations.(Gaither et al., 2015; Goctowska & Crisp, 2013, 2014;
Kharkhurin, 2011; Prior & MacWhinney, 2010; Sassenberg & Moskowitz, 2005;
Sassenberg et al., 2017; Wen et al., 2019; Zuo et al., 2019).

Beyond the above three aspects, the disconnection between creative thinking
and creativity in real-life situations has adverse side effects. Here, let us take the
development of creative cognition as an example. With the development of
technology, cognitive psychologists have been generating biological evidence of
creative mental structures and processes and have made fruitful contributions (Beaty
et al., 2020; Benedek & Fink, 2019; Benedek et al., 2014; Benedek & Neubauer,
2013; Gilhooly et al., 2012; Radel et al., 2015; Vartanian, 2016; Zabelina, 2018b).
Nonetheless, the creative cognition and creative neuroscience research have been
overwhelmed by AUT and RAT, which exhibited low predictive validity! toward real-
life creativity. Accordingly, the value of creative cognition, neuroscience, and
physiology studies may be harshly diminished if they cannot detect the mechanisms
responsible for real-life creativity (Runco & Acar, 2012).

Furthermore, the creative thinking-reality disconnection exists in specific
domains. For instance, recent studies reported that creative thinking and engineering
practice disconnect, and existing creative thinking skills could not guarantee high-
guality engineering solutions (Hirshfield & Koretsky, 2020). The situation may be one
factor that results in the slow development of creativity in engineering education
(Carpenter, 2016; Cropley, 2012; Cropley & Cropley, 2010; Richards, 1998).
Research Questions

To address the knowledge gaps, we generated a new psychometric tool — the
Function Synthesis Task (FST), based on the widely mentioned but rarely validated
concept called integrative thinking (also called integration and synthesis in the
literature). Employing AUT, CRAT, and FST, we proposed four research questions
that addressed this project's central purpose and the knowledge gaps in existing
research. First, to advance the understanding of creative thinking, we investigated
the statistical relationship between AUT, CRAT, and FST (Chapter 2). We also

1 Predictive validity indicates the creative thinking tasks' predictive power towards real-life
creative performance rather than the performance at a time point towards the performance at a later

time point. In our thesis, predicative validity and predictive power are interchangeable words.

16



examined the effect of social comparison on AUT, CRAT, and FST (Chapter 3).
These studies helped us identify the relationship between divergent, convergent, and
integrative thinking and clarified the effect of social feedback on different kinds of
creative thinking. To understand creative thinking in real-life situations, we assessed
the impact of stereotypes on marketers' creative thinking and audiences' perceived
advertising creativity in a real-life context in collaboration with industrial organisations
(Chapter 4). In addition, we tested the predictive power of AUT, CRAT, and FST
toward creative engineering design for COVID-19 prevention. The investigation
helped us link creative thinking with real-life engineering problem-solving and
addressed the role of creative thinking in engineering education (Chapter 5).
Main Findings

To answer the research questions, we conducted seven quantitative studies
(along with additional four pilot studies). The results showed that 1) FST grasped
different aspects of creative thinking from AUT and CRAT, 2) social comparison
feedback enhanced the creative performance in FST and engineering product
design, and the time participants spent into solving the CRAT. However, the social
feedback did not affect AUT performance. Also, 3) stereotype avoidance benefitted
marketers' divergent thinking and caused a U-shape effect on the audience's
perceived creativity of advertisements. In addition, 4) FST and AUT, instead of
CRAT, predicted engineering creativity. The integrated main findings, limitations, and
implications were addressed in the General Discussion (Chapter 6).

We summarised the essential information of this PhD project in Figure 1.

Please refer to the figure to track the reading progress.
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Figure 1

Project overview.

Central purpose: advance the understanding of creative thinking and its role in real-life circumstances
Chapter No. Research questions Addressed knowledge gaps Literatures scope Key findings
Generate FST based on the concept Creative  thinking and
of integrative thinking Creative thinking research has psychometric tools FST grasped qualitatively different
Chapter 2 I ! been overwhelmed by AUT and The link between creative aspects of creative thinking from
Investigate the statistical relationshi
Vesion 4 P 1 ©crar product, creative process, | AUT and CRAT
among AUT, CRAT, and FST . o
and creative thinking
. . The link between social Social comparison benefitted efforts
Examine the effect of social Unclear impacts of social ] : : )
Chapter 3 . . _ comparison and creative in FST and CRAT but did not affect
comparison on AUT, CRAT, and FST feedback on creative thinking
thinking AUT
. The link between Stereotype avoidance benefitted
Assess the impact of stereotypes on The lack of field study that P : S
. L . . stereotypes and creativity marketers' divergent thinking and
Chapter 4 marketers’ creative thinking and validates a robust link between
: S i caused a U-shape effect on
audiences’ perceived creativity creativity and stereotypes Advertising creativity ; . d
audiences' perceived creativity
Low predictability of dominant FST and AUT, instead of CRAT,
Determine the predictive validity of creative thinking tasks towards showed predictive power towards
Chapter 5 AUT, CRAT, and FST toward real-life creativity Engineering creativity engineering creativity
engineering product design creativity The lack of engineering Social comparison  benefitted
creativity research engineering creativity
Chapter 6 General discussion: integrated main findings, limitations, and implications.
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Chapter 2: Creative Thinking and Function Synthesis Task
Chapter 2 starts with a review of the psychometric tools (see Appendix A for

Creativity Psychometric Tools Searching Process) and two creative thinking

concepts - divergent and convergent thinking. After that, we address and analyse the
reasons for the low predictive power of existing psychometric tools. Beyond that, we
discuss how integrative thinking helps solve the low-predictive-power issues and why
existing psychometric tools are insufficient. Finally, based on integrative thinking, we
introduce a new psychometric tool, FST. We also demonstrate a correlational study
that examined the statistical relationship between AUT, CRAT, and FST.

Literature Review

Divergent thinking.

Divergent thinking is one of the most important indicators of individual creative
thinking. Its origin is rooted in Guilford’s structure-of-intelligence model, in which
Guilford divided intelligence into 120 abilities such as cognition, memory, divergent
production, and evaluation. In detail, Guilford proposed that divergent thinking ability
refers to the variety of the ideas one can produce in problem-solving, and the level of
variety is determined by the number, the category number, and the level of details of
the produced ideas (Joy P Guilford, 1967; Joy Paul Guilford, 1967). This classic
definition of divergent thinking ability has been piloting the theoretical and
methodological development of divergent thinking since its emergence and is still
widely accepted and employed.

Psychometric tools.

Researchers developed a test battery for individual differences in originality
(i.e., Wilson Test Battery) in the early 1950s. The Unusual Uses Task (UUT) in the
Wilson Test Battery is a widely employed psychometric tool for divergent thinking
(Robert C Wilson et al., 1953; R. C. Wilson et al., 1953). In the UUT, we provide
participants with a common object and a common use it can serve and ask them to
list six other uses. For example, we provide participants with “newspaper” and a
stereotypical use such as “reading”, and participants might list other uses such as
“start a fire”.

Subsequent studies adjusted UUT, and AUT is one of the adjusted versions
(Joy P Guilford, 1967). In AUT, we provide people with a household object (e.qg.,
“paperclip”) and ask them to come up with as many uses as possible. The AUT can

be found in many test batteries, including the Wilson Test Battery (R. C. Wilson et
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al., 1953), Getzel-Jackson Test Battery (GJTB) (Getzels & Jackson, 1961, 1962),
Test of Creativity in Engineering (TCE) (Harris, 1960a, 1960b), Wallach-Kogan
Creativity Test (WKCT) (Wallach & Kogan, 1965b), and Torrance Test of Creative
Thinking (TTCT) (Torrance, 1972).

In addition to UUT and AUT, other divergent thinking tasks provide people
with one concept, such as “summer”, and ask them to produce associations
differently. The Free Association Task asks people to list as many associations
relate to the concept as possible (e.g., “beach, holiday, and ice cream”). The
Association Chain Task asks people to produce chains of associations. Only the first
association should relate to the concept, and the following should be related to the
last associative response (e.g., “beach, sand, castle, war, weapon, and technology”).
The Dissociation Task asks people to think of many unrelated or remotely related
concepts (e.g., “banana, button, and key”) (Benedek et al., 2012). Besides, the
Instance Task in WKCT asks people to list as many instances of a concept as
possible. For “a round thing”, one might come up with “ball”, “earth”, and “stone”
(Wallach & Kogan, 1965a).

Some divergent thinking tasks provide people with a visualised or written item
and ask them to think about the item’s meaning (e.g., cause and effect). For
example, some tasks provide people with a visualised object and ask people to list
as many “what is this” as possible. The example tasks are a Visual Object
Association in TCE (Harris, 1960a, 1960b), a Pattern Meaning Task and a Line
Meaning Task in WKCT, and the Line Meaning Task (Wallach & Kogan, 1965a). A
Questioning Task in TTCT provides people with a contextual drawing and has them
ask as many questions as possible to figure out what is happening in the drawing. A
Causes Guessing Task and a Consequence Guessing Task in TTCT provide people
with a drawing and ask them to think of the causes (consequence) that can result in
(from) the action shown in the drawing (Torrance, 1972). A Causes Guessing Task
and a Consequence Guessing Task in C-SAT are more specific (Sak & Ayas, 2013).
The former task provides participants with a food chain figure and a graph of the
changes in this chain. Participants are asked to list as many chain causes as they
can. In the later task, participants are provided with a figure of a biological
experiment and asked to list related research hypotheses.

In addition, a Number Association Task in Wilson Test provides people with

one number and asks them to list as many synonyms, uses, and things as possible
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for which the number can associate. For example, given the number four,
participants might come up with “coach-and-four” and “quartet” (Robert C Wilson et
al., 1953; R. C. Wilson et al., 1953). A World Associations Task in GJTB provides
people with one common word, such as “bark”, and asks them to think of as many
definitions as possible for “bark” (Getzels & Jackson, 1961). A Product Improvement
Task in TTCT provides people with one product, such as “a stuffed toy”, and asks
people to come up with many unusual ways to change the toy to make it more fun to
play with (Torrance, 1972). Additionally, an Extracurricular Activity Ideation Task
asks people to list as many events as possible that relate to one group of people. For
example, given college students, one of the answers might be organising an event to
promote an on-campus university organisation dedicated to the cinema (Forgeard &
Benson, 2019).

Divergent thinking tasks measure the novelty dimension of ideas via five
aspects of participants’ responses. The measurements are fluency, flexibility,
originality, frequency, and elaboration. Let us take AUT as an example. When we
ask one to come up with as many alternate uses of bricks as possible, one’s
creativity level is positively related to several measures. They are the number of
different uses (fluency), the number of different categories of the uses (flexibility), the
originality score of the uses given by several judges (originality), and the
uncommonness level of the uses based on the occurrence of the uses in a dataset
(frequency). The choice of measures differs across the experimenters. Some
experimenters employ one measure while others measure several. The higher
scores one receives for the measure(s), the better the divergent thinking (Mark A.
Runco & Selcuk Acar, 2019) (see Figure 2a & 2b).
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Figure 2a

Origin, task input, task output, and measures of divergent thinking tasks (continue).

Task Origin Input Output Measures
Wilson Test A common object and its List six other uses for which the Eistiadn
common use. objects could serve. TRqUEnGY
A common object that has a . . L
Getzel-Jackson Test Battery simple stereotyped function List as many uses as possible | Fluency and originality
gsmsual Uses / Alternative Test of Creativity in Engineering | A visualised object List as many uses as possible | Flexibility and originality
es
Wallach-Kogan Creativity Tests | A common object List as many uses as possible | Fluency and frequency
& List as many uses as possible 20
Tofrar.me Tstiol Creive An object and ask as many questions as Flggncy. Rediinyang
Thinking : originality
possible
List as many synonyms, uses,
Number Associations Wilson Test A number and things for which the number | Frequency
can associate
Word Associations Getzel-Jackson Test Battery A common stimulus-word Kistan marsy defikions as Frequency and flexibility

possible to the stimulus-word

List as many “what is this" as

Test of Creativity in Engineering | A visualised object possible Fluency and originality
\ifastltj::nort:{zgr:::‘;(l:iir?:mamng Wallach-Kogan Creativity Tests | A visualised pattern ;Stu::s br:::ypg::isﬁ; Ho il Fluency and frequency

Wallach-Kogan Creativity Tests | A visualised line g:?sra\?visnzz'f‘zr:ze::g\og:sgle Fluency and frequency
Instances Wallach-Kogan Creativity Tests | A classic concept ;ismp:sri'::;‘y possitie instankes Fluency and frequency
Asking for a drawing Torrance Test of Creative Adrawing xs?:brqinl{ngl:v%wi:;sisas Fluency, flexbility, and

Thinking

happening in the drawing

originality
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Figure 2b

Origin, task input, task output, and measures of divergent thinking tasks.

Task Origin Input Output Measures
: Guess as many causes that
;r%:rr::i\ce TRl Otrenive A drawing result in the action shown in the | Fluency, flexibility, and originality
Ciiibis sidanin ™ drawing as possible.
9 9 Afigure of afood chainanda | .o~ " O
C-SAT graph of the changes in this Y Y €@ | Eluency, flexibility, and creativity.
hai of the changes.
. Guess as many consequences
Toqar.me SO Crective Adrawing that result from the action shown | Fluency, flexibility, and originality
Thinking S z :
in the drawing as possible.
A Torrance Test of Creative 3 Gk List the things that would 7 s I
Consequence guessing Thinking An improbable situation happen in the situation Flexibility and originality
List as many hypotheses as
C-SAT Afigure of experiment possible that the researchers Fluency, flexibility, and creativity.
might come up with.
; : . Provide a moralistic ending, a
Fables endings Getzel-Jackson Test Battery A.f at?le inswhichidhe: st ine.wen humorous ending, and a sad Fluency, and originality
missing. A
ending to the fable.
Torrance Test of Creative List the unusual ways of s gier,
Product Improvement Thinking A product improving a product. Fluency, flexibility, and originality
Free association Association Tasks A concept :;':; L e
List chains of associations. Only
the first association relate to the Eliencv of disciminabie
Association Chain Association Tasks A concept concept and the following relate concep{s
to the respectively last
associative response.
List as many concepts as
Dissociation task Association tasks A concept possible that the concepts are Fluency of unrelated concepts
unrelated to each other.
List as many creative ideas as
Extracurricular activity ideation | Extracurricular activity ideation | A group of people possible for a real-life situation | Subjective creativity score

relevant to these people.
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Convergent thinking.

Convergent thinking is another crucial component of creative thinking. Unlike
divergent thinking, which has a widely accepted definition, convergent thinking has
been defined in at least three different ways. For example, some researchers defined
convergent thinking as producing a new entity via the reinterpretation and
reorganisation of one’s experience or knowledge. This definition is derived from the
transformation ability proposed by Guilford (Joy P Guilford, 1967) and the
associative basis proposed by Mednick (Mednick, 1962). Guilford also argued that
the readiness to be flexible might determine convergent thinking ability. Another kind
of convergent thinking refers to a process of finding a single correct answer or single
best solution for a well-developed problem. Specifically, it requires people to be
logical and employ facts, principles, relations, rules, laws, and formulas to solve the
problem where correct answers exist and leaves no room for ambiguity. Therefore,
this definition of convergent thinking is consistent mainly with one’s ability to solve a
problem in that the correct answer exists. In addition, some research conceptualised
convergent thinking as evaluative thinking, in which people use numerous criteria to
select the best solution to existing options (Cropley, 2006). In this project, we employ
the second definition of convergent thinking because it fits the thinking styles of the
classic convergent thinking psychometric tools — RAT.

Psychometric tools.

Many convergent thinking tasks are in close-ended format. Some have one
correct answer and ask participants to come up with this one piece of information.
Let us take the most widely employed convergent thinking task — RAT, as an
example. In RAT, participants encounter several word puzzles. In each puzzle, they
are provided with three words. Participants should consider the fourth word that can
serve a specific associative link between three stimulus words. For instance, the
correct answer to the word puzzle “rat, clue, cottage” is “cheese”. The more word
puzzles one can solve, the better the convergent thinking one exhibits (Mednick,
1962). The following studies produced adjusted versions of RAT by altering word
associative logics (CRAT) (Bowden & Jung-Beeman, 2003) and languages (e.g.,
Chinese Compound Remote Associate Test, CCRAT) (Wu & Chen, 2017). A recent
study proposed a Visual Remote Associates Test (VRAT) in which people are asked

to think of a fourth object that visually co-occurs with three provided objects. Given

24



the pictures of “glove”, “handle”, and “pen”, people must come up with “hand”
(Olteteanu & Zunjani, 2020).

In addition to RAT and CRAT, the Association Task in Wilson Test Battery is
another commonly used convergent thinking task (Robert C Wilson et al., 1953; R.
C. Wilson et al., 1953). The task has several correct answers and asks participants
to come up with one. In detail, participants are asked to think of a word that connects
a pair of words where the connection between them is not apparent. For example,
“‘penny”, “copper”, and “wampum” are correct answers for a pair of words “Indian”
and “Money”. An adjusted version of the Association Task has one correct answer
and asks people to find it from several options. In detail, participants are asked to
choose one letter from five letters where the selected letter is the first letter of the
word that connects a pair of words. For example, given “Tree” and “Dog” and five
letters “b, g, t, w, Z”, the correct answer is “b” for “Bark”. Also, a Quick Responses
Task provides people with 50 words at the rate of one every five seconds and asks
them to report the first word that comes to mind.

Convergent thinking tasks mainly measure the appropriateness dimension of
ideas. They measure this dimension via the number of correct responses of
participants. Let us take the RAT as an example. When we provide participants with
“rat, blue, cottage”, “cheese” is the correct response. Experimenters usually provide
several RAT questions and measure how many questions they can correctly solve.
One’s creativity level is positively related to the number of correct responses (see
Figure 3).

Please allow us to remind readers that we link different thinking (divergent
and convergent thinking) with different measuring dimensions (novelty and
appropriateness) for the convenience of communication. We are not proposing a
causal relationship between the information processing and the measuring
dimension because we can still measure originality in convergent processing tasks.
For instance, the convergent processing task - Quick Responses Task, measured
the originality of people’s responses (Robert C Wilson et al., 1953; R. C. Wilson et
al., 1953). Here, the link aims to bring readers’ attention to the fact that existing tasks
may be able to grasp only one dimension of creative products. We illustrate this

argument in detail in the following sections of this chapter.
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Figure 3

Origin, task input, task output, and measures of convergent thinking tasks.

Task Origin Input Output Measures
y 50 words at the rate of one Tell the first word that came to
Quick Responses Wilson Test every five seconds ik Frequency
A pair of words of which the ; ;
Association Task 1 Wilson Test connection between them is not £arme Up With inerthird, wered Accuracy
that connect two words.
apparent
A pair of words of which the Choose one of the five letters in
Association Task 2 Wilson Test connection between them is not | which one of them is the first Accuracy
apparent and five letters. letter of the correct connection.
Three stimulus words draw from uﬁg?:e‘,fe“;;h:: K 'uflic" k:l m:gf
Remote Associate Test mutually remote associative Y N Accuracy
harar associative connective link
: between the words.
Remote Associate . A ’ Three stimulus words draw from | Come up with the fourth word
Test/Compound remote 1 polnd Remote - mutually remote associative that form compound word with | Accuracy
g est :
associate test cluster. each of the stimulus words.
Come up with the fourth object
. . . that generally co-occurs visually
Visual Remote Associates Test | Three stimulus objects with thie offior shown theee Accuracy
objects.
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Importance of existing psychometric tools.

Divergent thinking. There are at least two reasons that divergent thinking
has become the dominant concept of creative thinking. First, divergent thinking
requires people to explore many mental categories, which often leads to novelty,
which is the core property of creativity (Mark A. Runco & Selcuk Acar, 2019). A
typical divergent thinking task provides people with one piece of information and
asks them to come up with as many pieces of information as possible. Several
aspects of the ideas (e.g., fluency, flexibility) indicate divergent thinking. Therefore,
there is no correct answer in divergent thinking tasks, which constructs creative
opportunities for participants (Finke et al., 1992).

Second, the divergent thinking tasks exhibit high reliability and discriminate
validity. For example, the inter-rater reliability of divergent thinking tasks reached .90
(Meeker et al., 1985; Urban, 2005; Wallach & Kogan, 1965a). Also, existing research
showed la ow correlation between creativity and intelligence scores (between 10% -
25%) (Andrews, 1930; Chassell, 1916; Colvin & Meyer, 1906; Dearborn, 1898;
McCloy & Meier, 1939; Roe, 1953; Terman, 1940). More recent research proposed a
threshold theory of intelligence (IQ) and creativity, saying that low levels of IQ
correspond with low divergent thinking (Torrance, 1962). The others showed that, for
high levels of IQ, divergent thinking is greater for individuals with an 1Q below 120
than those above 120 (Guilford, 1981). These results imply that divergent thinking is
a unique mind construct which deserves effortful investigation (Crockenberg, 1972;
Kim, 2006; MacKinnon, 1965).

Convergent thinking. Creativity researchers are in praise of convergent
thinking for at least two reasons. Initially, the typical process of convergent thinking
requires and produces knowledge, while knowledge plays a crucial role in creative
achievements (Cropley, 2006). For instance, convergent thinking tasks require
individuals to employ existing knowledge to find a correct combination of several
elements (prepare knowledge), develop a higher level of combination skills and
achieve correct answers quicker afterwards (produce knowledge). Also, most of the
descriptive creative process models start from “preparation”, which indicates that a
creative process requires the accumulation of relevant knowledge (we discuss the
argument in the Creative Process section of this chapter). Additionally, previous
research made it clear that individual needs ten years of accumulation of knowledge

and skills in a domain to generate creative outputs (Ericsson, 2006). Thus,
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convergent thinking is prominent in the creative process, supported by its close link
with knowledge.

Second, the convergent thinking tasks belong to the traditional cognitive
research approach that measures accuracy and speed (Anderson, 1991; Shepard &
Cooper, 1986). They avoid the possible contaminations (e.g., inter-rater
disagreement) of the subjective scoring method in divergent thinking tasks.

Creative cognition and neuroscience.

Existing psychometric tools support the development of creative cognition and
creative neuroscience. In the early 1990s, cognitive psychologists officially
developed a creative cognition approach that aims to explore the basic cognitive
processes and structures of creative ideas production (Finke et al., 1992).

Cognition process framework. One creative cognition stream explores
persons’ cognitive process in AUT and (C)RAT. They found that creative thought
replies to normal cognition, including attention, memory, and cognitive control and
the creative outcomes come from the function of these basic cognitive processes
(Abraham, 2018; Benedek & Fink, 2019; Sternberg & Lubart, 1996; Weisberg, 1986).

For example, researchers examined how different attentional states affect
creative thoughts and achievements. The attentional states include focused
attention, defocused attention (Benedek et al., 2014; Martindale, 1999), broad
attention (Rowe et al., 2007), flexible attention (Vartanian, 2009), and leaky attention
(Zabelina et al., 2015). They found that people who can focus and flexibly switch
attention perform well in creative thought tasks, while people with broad and leaky
attention report a higher level of creative achievement (Zabelina, 2018a; Zabelina &
Ganis, 2018).

Existing research found that memory plays a role in altering the creative level
of thoughts. For instance, existing research looked at memory organisation
(Benedek et al., 2017; Kenett et al., 2014; Kenett et al., 2018), memory retrieval
(Benedek & Neubauer, 2013; Merten & Fischer, 1999), memory construction process
(directed vs. undirected) (Abraham & Windmann, 2007; Campbell, 1960; Gabora,
2018; Simonton, 2011; Ward et al., 1997), memory content (semantic memory vs.
episodic memory) (Gilhooly et al., 2007; Leon et al., 2014; Nusbaum et al., 2017).
The theories for memory organisation argue that associative hierarchies alter
creative performance. However, the theories for memory retrieval suggest that AUT

performance is altered by associative fluency (Benedek & Neubauer, 2013).

28



Additionally, empirical evidence showed that cognitive control and creative
cognition are firmly related, but cognitive control is a double-edged sword. For
example, the research examined how updating, inhibition, and shifting relates to
divergent thinking. In detail, updating refers to monitoring incoming information and
revising working memory by replacing absolute information with new and relevant
information. Inhibition indicates the suppression of dominant but irrelevant responses
tendencies and inhibition rather than shifting. Shifting refers to switching between
tasks and mental states and disengaging irrelevant mental sets and tasks irrelevant
to divergent thinking tasks (Friedman et al., 2006; Jonides & Smith, 1997; Miyake et
al., 2000). They found that updating and inhibition rather than shifting are relevant to
divergent thinking (Benedek et al., 2014). On the other hand, exposure to high
inhibition demands leads to impaired inhibition ability and enhances fluency and
originality in divergent thinking, but no such effect on RAT (Radel et al., 2015).

Some researchers reviewed the neuroscience evidence. The review suggests
that cognitive processes such as goal-direct memory retrieval, domain response
inhibition, and internally focused attention are related to creative performance.
Among them, goal-direct memory retrieval indicates the ability to search episodic
and semantic memory for task-relevant information. Domain response inhibition is
the ability to suppress interference from dominant or salient response tendencies
during divergent thinking. Finally, internally focused attention refers to self-generated
thought processes and shielding internal processes from external interference (Beaty
etal., 2019).

Cognitive neuroscience. The neuroscience research of divergent thinking is
also fruitful (Roger E. Beaty et al., 2014, Beaty et al., 2019; Roger E Beaty, Paul J
Silvia, et al., 2014; Benedek & Fink, 2019; Dietrich, 2004; Fink et al., 2009; Gabora,
2018). For example, researchers found that divergent thinking is associated with
active alpha activity in parietal areas (Benedek et al., 2011), prefrontal cortex, and
the right hemisphere (Fink et al., 2011; Jauk et al., 2012). In addition, existing
research has been converging: divergent thinking requires the activation of both
hemispheres, and striatum (Cools & D'Esposito, 2011; Mayseless et al., 2013;
Zabelina et al., 2016) and prefrontal cortex, and with functional connectivity in the
frontal, temporal, and parietal brain regions for semantic processing and combination
of related information (Benedek et al., 2014; Bilder & Knudsen, 2014; De Dreu et al.,
2012; Dietrich & Kanso, 2010).
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The brain regions and networks in the prefrontal cortex and striatum interest
genetic experts because both areas are closely linked to the neurotransmitter
dopamine (DA) (Boot et al., 2017; Nijstad et al., 2010; Zabelina et al., 2016). Existing
research found a U-shape relationship between DA? and divergent thinking. In detalil,
compared to low and high levels of DA, a medium level of DA is associated with a
higher level of flexibility (Chermahini & Hommel, 2010), fluency (Akbari Chermahini &
Hommel, 2012; Ueda et al., 2016), and originality in AUT (Agnoli et al., 2022).

Low predictive power of creative thinking tasks.

Accordingly, the reviewed evidence, creative cognition and neuroscience
studies are overwhelmed by AUT and (C)RAT. However, existing creative thinking
tasks disconnect with real-life creativity. For instance, divergent thinking performance
may exhibit low predictive power toward real-life creativity (Hocevar, 1981; Zeng et
al., 2011).

Divergent thinking tasks. For example, existing research found that self-
reported creative activities show higher predictive power to real-life problem findings
tasks than the divergent thinking task AUT (Okuda et al., 1991). The low predictive
power is especially explicit for professional creativity. In detail, existing research
found a low to medium correlation between divergent thinking and students’
creativity (Marx = .48, Minor = .20, Mr = .30) (Drevdahl, 1956; Lowenfeld & Beittel,
1959; Merrifield et al., 1964) and occupational people’s creativity (Maxr = .55, Minr
= .30, Meanr = .38) (Barron, 1955; Barron & Harrington, 1981). Also, individual
divergent thinking could not predict the creative performance of architects
(MacKinnon, 1965) and scientists (Gough, 1961) (-1 <r < 0) (for the review, see
(Batey & Furnham, 2006)).

Creative personality research also indicates the disconnection between
divergent thinking and creative achievements. For example, researchers linked
divergent thinking with the big five personality traits: openness to experience,
extraversion, agreeableness, neuroticism, and conscientiousness. The results
showed that fluency and originality are positively related to social traits such as

openness to experience (Walker & Jackson, 2014), extraversion (Batey et al., 2009),

2 The DA was indicated by spontaneously Eye Blink Rate (SEBR) in the experiments,
considering that SEBR is a reliable predictor of DA when it comes to creative behaviour (Boot et al.,
2017)
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or both (Furnham et al., 2009). However, a meta-analysis of creative genius
personality showed that the people who obtain creative achievements have an anti-
social tendency (Feist, 2010).

Convergent thinking tasks. Four studies conducted during 1963-1983 failed
to find a significant relationship between a RAT and creative accomplishment
(Andrews, 1967; Davis & Belcher, 1971; Worthen & Clark, 1971). Also, the accuracy
in convergent thinking insight problems3(DeYoung, 2020) shows no relation to self-
report everyday creativity and creative achievement (Roger E Beaty, Emily C
Nusbaum, et al., 2014). In addition, mathematical insight problems may be more
predictive of real-life design problems compared to TTCT and RAT (Brougher &
Rantanen, 2009).

Disconnections between creative thinking tasks and creative practice.

We propose that the low predictive power of creative thinking tasks may result
from the disconnect between the creative thinking tasks and the creative practice.
Creative practice refers to creative performance in a real-life context. There are two
differences between creative thinking and creative practice. First, in terms of the
outcome, creative thinking drives initial thoughts, while creative practice requires
creative final products or achievements in a specific domain. Regarding the process
that produces the outcome, creative thinking and creative practice refer to mental
and descriptive behavioural processes. Here, we review the concepts for creative
products (behaviour outcome) and creative process (behavioural process) and
discuss their linkage with creative thinking tasks.

Creative products. The creativity definitions mainly focus on addressing the
properties of creative ideas* and products. Back in the 1950s, the field forerunners
proposed a two-criteria argument that creative ideas and products should be novel®
and effective® (Barron, 1955; Guilford, 1950; Stein, 1953). In detail, an idea or

product should be distinguishable from the established ones to be novel. Beyond

3 An example of an insight problem is that: An American football team won 79-32, yet not one
man scored as much as a single point. How is that possible? The correct answer is: It was a women’s
or coed football team.

4 Both creative ideas and products in this thesis indicate behavioural outputs.

5 Novel is sometimes labelled as original, unique, different, new, unusual, and uncommon.

6 Effective is sometimes labelled as useful, appropriate, valuable, and logical.

31



that, a novel idea or product should exhibit utility to be creative (Runco & Jaeger,
2012; Simonton, 2011). For example, a creative product can be an original
technology that solves a challenging problem, a scientific discovery that forwards our
understanding of the universe or human beings, or an artistic painting that brings
aesthetic pleasure with a unique expression. Since the 1960s, the two-criteria
argument has become the standard definition of creativity (Bruner, 1962; Cattell &
Butcher, 1968; Jackson & Messick, 1965; Kneller, 1965; Newell et al., 1962).

Subsequent systematic reviews also addressed the importance of novelty and
effectiveness. For example, Besemer and her colleagues analysed 125 criteria for
creativity in 90 pieces of literature. They found that creative products should be
original and provide implications for future creative products (novelty). Also, creative
products should fit the needs of a challenging situation (effectiveness) and combine
seemly unrelated elements into a new entity (elaboration and synthesis) (Besemer &
Treffinger, 1981). Recently, Henriksen reviewed 220 creativity assessments and
found that creative ideas should have the quality of uniqueness to be attractive to the
audience (novelty). In addition, they should bring (potential) value to the audience
(effectiveness) and have a certain integrated aesthetic quality within the relevant
task, domain, and context (wholeness) (Henriksen et al., 2015). Therefore, the
essential role of novelty and effectiveness are full-bodied in creativity research.

Beyond academia, the industrial practice also admits the essential role of
novelty and effectiveness in creative products. For example, U.S. Patent and
Trademark Office has declared that an entity that “invents or discovers any new and
useful process, machine, manufacture, or composition of matter, or any new and
useful improvement thereof, may obtain a patent”. Specifically, the new (novelty)
requires a patent to have no apparent connection with previous inventions and
discoveries. Also, the useful (effectiveness) requires a patent to fulfil the intentioned
purpose (Alexandria).

Instead, some researchers held up an implicit theory of creativity that
disagrees with characterising creativity in specific dimensions. The implicit theory
prefers evaluating ideas or products by a group of experts working in the
corresponding domain, and the creativity of ideas or products is determined by the
consensus among the experts (Amabile, 1982b; Hennessey, 1994; Hickey, 2001).
Evaluating creative products via consensual assessment of experts is reasonable

because domain-specific knowledge plays a crucial role in creative production (Baer
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et al., 2004; Kaufman et al., 2009). For example, many of the leading theories, such
as the componential theory of creativity (Amabile, 1983), the evolving-system model
of creativity (Gruber, 1988), the system model of creativity (Csikszentmihalyi, 2015),
and the investment theory of creativity (Sternberg & Lubart, 1991), have addressed
the importance of domain-specific knowledge in producing creative products.

However, the implicit theory does not undermine the essential role of novelty
and effectiveness in creative ideas and products in everyday and domain-specific
contexts. For everyday creativity (Kaufman & Beghetto, 2009; Richards et al., 1988),
lay people associate it with unconventional thoughts (relevant to the novelty aspect
of creativity) (Sternberg, 1985) or goodness and contributions to the society (relevant
to the effectiveness aspect of creativity) (Niu & Sternberg, 2002; Rudowicz & Yue,
2000). For domain-specific creativity, the experts in engineering creativity (Cropley &
Cropley, 2005; Shah et al., 2003; Thompson & Lordan, 1999), advertising creativity
(Ang & Low, 2000; Haberland & Dacin, 1992; Kover et al., 1995; Rosengren et al.,
2020), scientific creativity, and artistic creativity agree on the essential roles of
novelty and effectiveness. Therefore, the standard definition of creativity such that
the creative ideas and products require novelty and effectiveness.

Creative process. Creative process refers to the descriptive stages
responsible for the generation of creative ideas and creative products (Lubart, 2001).
It is crucial to differentiate between creative process, creative thinking, and creative
cognition. In this thesis, the creative process refers to descriptive models that
describe the behavioural actions that lead to creative ideas or products (Amabile,
1983; Campbell, 1960; Wallas, 1926). Creative thinking explores the cognitive
structures or styles that enhance individuals’ ability to produce creative ideas
(Koestler, 1964; Mednick, 1962; R. C. Wilson et al., 1953) and construct
corresponding psychometric tools. Creative cognition identifies how basic cognitive
processes such as perception, attention, memory, and cognitive control contribute to
the production of creative thought (Finke et al., 1992). We discussed creative
thinking and creative cognition in previous sections. Here, we focus on the creative
process.

Wallas constructed the earliest creative process model, including the stages
of preparation, incubation, illumination, and verification (Wallas, 1926). The
preparation stage has three tasks: identifying a problem or a challenge, gathering

information, and putting effort into tackling the problem. This stage requires
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conscious work on the issue with problem-relevant knowledge and analytical skills.
The incubation stage requires one to not think about the problem and work on other
topics (or take a break from any thoughts and walk outside). The assumption is that,
during the break, the person’s mind would keep working on the problem and
unconsciously associate (e.g., combine) information. This unconscious stage has the
potential to bring us inspiration and “happy ideas”. The illumination stage is when
these “happy ideas” suddenly and immediately come to us in a clear image (known
as the “aha moment”). In addition, the verification stage involves evaluating or further
developing the “happy ideas”. Some following descriptive models applied Wallas’s
model with minor adjustments. For example, McNally inserted a stage of immersion
between the stages of preparation and incubation and replaced the stage of
verification with the stages of explication and creative synthesis (McNally, 1982).
Based on the models of McNally, Shaw specified the importance of validation with
feedback loops at each stage (Shaw, 1989). Also, Carson applied the model to a
family therapy domain (Carson, 1999).

Consistent with Wallas’ model, Campell’s two-stage model of blind-variation-
and-selective-retention (BVSR) also supports the occurrence of the “aha moment”,
but with different interpretations or emphasis on the creative process (Campbell,
1960). In detail, Wallas’s model assumes a unique construction of the creative
process. In contrast, the BVSR model views knowledge expansion via creativity,
learning, perception, and biological evolution as sharing the mechanism — BVSR.
According to BVSR, the internal emission of ideational variations is blind. They are
independent of the external context they occur, and the final solution and all potential
ideas, no matter whether correct or incorrect, have the same probability of occurring.
Once the internal emission blindly encounters a chance that one idea matches the
selection criterion, people experience the “aha moment”, and the creative process
terminates. In other words, BVSR argues that a creative solution is always
unexpected and surprising (Simonton, 2010). Subsequent studies use the model to
describe the process of novel scientific discovery (Simonton, 2008, 2011).

Both Wallas’s and BVSR models suppose that the creative process (e.g.,
knowledge expansion) differs from the non-creative process. However, a
componential theory of creativity suggests no difference between creative and non-
creative processes during problem-solving (Amabile, 1983). In detail, the theory

suggests that all problem-solving starts with an assigned task or a problem (task
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presentation) and knowledge preparation from either memory retrieval or new
knowledge learning (preparation). Then, one is likely to generate several possible
outcomes with different information processing pathways (response generation) and
test the appropriateness or usefulness of the possible outcomes (response
validation). After the response validation, people can terminate the process or return
to the task presentation depending on the progress toward the goal (outcome).
Producing an outcome may require a long series of loops through the problem-
solving process. The componential model of creativity proposes that the occurrence
of a creative outcome is determined by task motivation, domain-specific skills, and
creative-relevant skills. In detail, task motivation is high when the task matches one’s
existing preference and interests and is low when the task appears with external
social and environmental constraints. Domain-relevant skills refer to the familiarity
with a domain, the factual knowledge of the domain in question, and the technical
skills required in the domain. Creative-relevant skills include creative cognitive styles,
heuristics, creative working styles, personalities, and personal strategies for creative
thinking.

The following creativity studies revised Amabile’s model and applied it to
domain-specific settings such as education (Treffinger, 1995), artistic production
(Botella et al., 2013; Mace & Ward, 2002), organisational innovation (Cropley &
Cropley, 2012), and engineering product design (Howard et al., 2007).

Consistent with descriptive models, the earliest creative cognition model — the
Geneplore model - also proposes a two-stage creative process, including the
generation and exploration phases (Finke et al., 1992). In the generation phase,
people construct mental representations with various properties such as novelty,
ambiguity, meaningfulness, emergence, incongruity, and divergence. These mental
representations are called preventive structures, for which the examples are visual
patterns, category exemplars, mental blends, and verbal combinations. After the
generation of pre-inventive structures, people interpret them in meaningful ways via
regeneration and modification in the exploration phase. If the initial preventive
structure solves the problem within pre-determined constraints (e.g., specified
product type, category, features, functions, components, or resource), it becomes a
creative product. Otherwise, people return to the generation phase and generate
another pre-inventive structure which might be more assuring. The likely cognitive

process underlying the generation phase includes information retrieval, association,
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synthesis, transformation, analogical transfer, and categorical reduction. The likely
cognitive process underlying the exploration phase includes attribute finding,
conceptual interpretation, functional inference, contextual shifting, hypothesis testing,
and searching for limitations. However, no one process is uniquely associated with
one phase or another. Beyond that, the Geneplore model of creativity proposes an
ordered, organised, and ordinary approach to studying creative cognition. For
instance, it assumes that having the generation phase occur before the exploration
phase may optimise the utility of the pre-inventive structure (ordered). Second, it
assumes that the creative cognition process is constructed in an organised manner
rather than random combinations (organised). Third, it assumes that everyone can
think more creatively (ordinary).

We learn at least two things according to existing descriptive models of the
creative process. First, all the models agree on a two-stage creative process,
including generating and evaluating creative ideas and products. Second,
researchers have different opinions regarding the relationship between creative and
non-creative processes. For instance, Wallas assumed that the creative process is
unique from the other knowledge processes. Campbell assumed that the creative
process shares the BVSR mechanism with the knowledge expansion in perception
and learning. On the other hand, Amabile and the Geneplore model assumed no
difference between creative and non-creative processes and skills, while knowledge
determines the creativity level of process outcome.

We now have grasped an overview of creative thinking and practice. Next, we
illustrate the disconnections between the two and how the disconnections may result
in the low predictive power of creative thinking tasks.

Disconnections between creative thinking and creative practice. There
are two explicit disconnections between creative thinking and creative practice. First,
the measures of previous creative thinking tasks could not grasp two dimensions of
creative products. As we have introduced above, the standard definition of creativity
explicitly addresses that creative ideas and products must be novel and effective.
However, scoring systems of most creative thinking tasks grasp only one dimension
of creative products. For instance, most divergent thinking tasks measured fluency,
flexibility, originality, and frequency, which implies one’s potential to produce novel
ideas (see Figure 2) (Runco 2008). Additionally, most convergent thinking tasks

grasp accuracy, which was associated with one’s ability to produce effective and
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appropriate ideas (see Figure 3). None of them properly grasped both dimensions of
creative products.

Second, divergent and convergent thinking tasks may not be able to simulate
the information processing of creative processes. For example, all descriptive
theories of the real-life creative process imply that the creative process starts from
several pieces of information derived from prepared information. However, divergent
thinking tasks always ask participants to give answers from one piece of information
(see task input in Figure 2).

Also, all descriptive theories of the creative process indicated an open-ended
format, such that the creative process is not to produce the right or wrong answer but
to produce several outcomes (and offer a chance to select the best in a specific
context). However, convergent thinking tasks were always in a close-ended format,
which does not construct creative opportunities or opportunities to grasp creativity
(see task output in Figure 3).

It is important to note that close-ended convergent thinking tasks themselves
are not problematic because solving close-ended questions may require creative
thinking. For instance, some researchers proposed that divergent thinking is the
foundation of solving close-ended questions (Brophy, 1998). Also, the open-ended
and close-ended questions may play distinctive roles in generating creative thoughts.
For instance, a two-stage theory of creativity argues that the first stage of creative
ideation is using divergent thinking to generate several novel ideas (open-ended
stage). After that, people come to the second stage, where finding a correct and
appropriate answer from the generated ideas is critical (close-ended stage)
(Campbell, 1960; Cropley, 2016; Simonton, 1999). Some researchers, on the other
side, proposed that the open-ended and close-ended stages emerge simultaneously
(Perkins, 1998; Sternberg & Davidson, 2005) In this situation, the open-ended
aspect involves an associative and effortless process, and the close-ended aspect
involves a logical and rule-based process (Lin & Lien, 2013).

Although solving close-ended questions and creative thinking are mandatory
for each other, the close-ended questions which measure one’s creative thinking
with one piece of information cannot grasp creative performance. There are three
reasons. As we said before, real-life creative problem-solving in many domains
involves open-ended problems without a single correct answer. For example,

engineering creative problem solving has been defined as an open-ended process
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that allows multiple answers (Belski, 2017). Also, using a close-ended question with
a single correct answer may stop the participants from coming up with original
thoughts when originality is the key element that represents one’s creative thinking
(Finke et al., 1992). Consistently, existing research found that open-ended questions
rather than close-ended questions benefit mathematical creativity (Livne et al., 2008;
Wijaya, 2018) and extend the effort and time spent on the divergent investigation
(Weinberger et al., 2016).

Admittedly, a close-ended question with a single correct answer can be open-
ended when the answer can be obtained in multiple ways (Epstein et al., 1997). For
example, some people may use two ways and obtain a single solution, while others
may use ten ways and obtain a single solution. However, looking at the solution
cannot detect how many ways they have tried. In other words, a creative thinking
task should allow multiple observable solutions to make creative thinking measurable
to grasp creative thinking from a behavioural level.

Integrative thinking.

When divergent and convergent thinking disconnect from creative practice,
some researchers suggest further complementary processes that may help construct
the connection (e.g., formulating problems, asking the right questions, extracting
value from original ideas, and bringing ideas to reality) (Runco, 2008). Meanwhile,
some researchers proposed that integrating divergent and convergent thinking may
produce qualitatively new elements or entities and link to real-life creativity (Cropley,
2006; Tan, 2015; Zittoun et al., 2007). The latter argument is consistent with a widely
mentioned but rarely validated thinking style — integrative thinking.

Integrative and convergent thinking look similar since both require integrating
several pieces of information. The main difference is that integrative thinking is open-
ended, which allows multiple answers (Belski, 2017) and constructs creative
opportunities (Finke et al., 1992), while convergent thinking is close-ended that
contains a single correct answer (Bowden & Jung-Beeman, 2003).

Importance.

If researchers pay extra attention during the literature review, they may find
that creativity researchers have explicitly or implicitly emphasised the role of
integrative thinking in the creative process. For example, some descriptive creative

process models put synthesis as a mandatory stage in production (McNally, 1982).
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Likewise, the definition of creativity adds synthesis as a mandatory dimension of
creative ideas and products (Henriksen et al., 2015).

Here, we offer some relevant arguments that the leading scholars proposed.
At an early stage of creativity research, some leading scholars started addressing
the importance of integrative thinking. For example, Guilford regarded the ability to
synthesise and reorganise information as an essential element of the ability to create
(Guilford, 1950). In 1960s, Rhodes’s description made this argument clearer. He
proposed that, original ideas, as an output of creativity, are the by-products of a
human mind thinking about the elements of a subject and their relationships and
embody or articulate the elements into a new entity (Rhodes, 1961). At the same
time, Mednick proposed an associative basis of creativity such that creative ideas
result from combination of remotely associate and seemly unrelated elements
(Mednick, 1962). For example, he cited the self-reflection of several creative genius
(e.g., Albert Einstein) who shared a similar thought that a combinatory play of seemly
unrelated elements is essential in their productive thought. Although Mednick’s work
focused on the distance of elements (remote associations) rather than the
combination of elements (integration), his work is an important attempt in addressing
the important role of integrative thinking in creativity.

Two years after the publication of Mednick’s work, Koestler illustrated a
possible mechanism of elements combined in human minds — bisociation (Dubitzky
et al., 2012; Koestler, 1964). Koestler assumed that the human mind has patterns
and fixed codes. The patterns are skills, habits, and abilities that shape our thoughts
and behaviours, and we may have different patterns in different domains (e.qg.,
philosophy and chess games). Fixed codes are rules we acquired from the external
environments (e.g., moral arguments and chess game rules). As humans grow up,
the patterns are more rigid, and the fixed codes are increasingly automated. When
fixed codes in two different patterns are connected, people can see the associations
between two unrelated and independent patterns. As a result, they may engage in
further intellectual synthesis, which could result in creative ideas. Koestler claimed
that bisociation might be the general mechanism of original ideas. It requires one to
tolerate the chaos of unrelated or conflicting information and find new ways to mix
them.

Consistent with the above theories, Rothenberg produced a series of case

study analyses and found that creative genius or their works had shown the
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tendency to integrate contradicted ideas into one piece of novel work (Rothenberg,
1976). For example, Rothenberg introduced the story of Eugene O’Neill, a playwriter
and Novel laureate in literature. In detail, O’Neill was inspired by the spontaneously
opposite thoughts of his roommates and incorporated at least four logically opposite
ideas in the central symbol of the play The Iceman Cometh. The symbol exhibit at
least three different connotations. Rothenberg also talked about Frank Lloyds Wright
- a well-known creative architect. Frank referred to his creative idea of constructing
Organic Architecture as a simultaneous affirmative negation of three dimensions
(i.e., building, furnishing, and surrounding) to achieve as many aspects of harmony
between humans and nature as possible. More than that, he offered the creative
stories of influential people in mathematics, science (Pinocare and Waston), music
(Arnold Schoenberg), and poetry (Marianne Moore). He showed that these creative
geniuses had experienced the spontaneously processing of opposite thoughts (i.e.,
Janusian thinking). Moreover, Rothenberg also introduced the concept of
Homospatial thinking, which indicates that creative ideas are articulated by
integrating two or more unrelated entities in the same space (i.e., Homospatial
thinking). Overall, Rothenberg’s work strengthens the theory of integrative thinking,
especially for creative genius.

Another expert for creative genius research, Simonton, also tapped the
importance and the potential mechanism of integrative thinking in the creative
process (Simonton, 2011). In the extended model of BVSR, Simonton proposed that
the creative process for complex and challenging problems requires more than a
single process, but an integrative process based on association richness. In detail,
when people create, they do not rely alone on the information associations in a
divergent or convergent thinking manner. Instead, they may spontaneously engage
in unconstrained associations via various thinking styles. The associative richness
may result in several intersections in a semantic network. A successful solution to a
problem may emerge at one of the intersections. Although the integration
mechanism proposed by Simonton differs from Koestler, both experts agreed on the
significant role of integration in the creative process.

Moreover, Carl Jung proposed that the opposition is essential in all works.
Jung found validation for the “unitary world” in a symbol in every culture throughout
history: the mandala or “magic circle,” signifying both undifferentiated unity and

integrated wholeness. In Jung’s (CW volume 14) unus Mundus, in the “potential
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world outside of time”, everything is interconnected, and there is no difference
between psychological and physical facts and between past, present, or future. This
borderline state where time, space, and eternity are “held together” by the magic
circle of the mandala forms the backdrop for Jung’s most basic formulation about the
structure and dynamics of the psyche (Boeree, 2006; Jung, 2014). Here, the
interconnected and unitary world also comes from creating an integration of
oppositions.

Margaret Boden, the expert whose working stream is Creativity and Artificial
Intelligence, also addressed the role of integrative thinking in her three-roads model
of creativity. In detail, Boden proposes that creative ideas and products may be
reached by combination, exploration, and transformation of mental elements in our
conceptual spaces. The combination involves integrating familiar elements into
unfamiliar entities without previously existing structures (this is about finding
intersections). Exploration involves using previously existing rules (e.g., Chess
game) to generate novel structures that may or may not have been realised before
the exploration took place (this is about finding an alternative way of thinking). In
addition, transformational creativity involves generating structures by altering
previously existing conceptual spaces (this is about altering assumptions). Among
the three, combination and exploration are the most common mental manipulation
within conceptual spaces (Boden, 2009, 2010).

The neural complexity of a highly creative brain also implies the importance of
integrative thinking: this is because the neural circuits of the highly creative brain are
more highly interconnected and complex than the less creative one (Andreasen,
2005; Heilman et al., 2003). In other words, a highly creative brain not simply has
strong activation in a particular area (e.g., right frontal or temporal area). It shows
more robust connectivity between major associative regions, consistent with the idea
that creative people can link remote associate elements. In detail, the more remote
associates they generate, the more likely they find common ground for these remote
associates (i.e., association integration). In other words, when one stimulus activates
separate brain areas spontaneously, it activates the processing of more information
which is more likely to result in information integration (Feist, 2010; Ramachandran &
Hubbard, 2003).

Existing research also found that highly creative people can mentally

synthesise visual parts. For example, Nicola Tesla, who contributed to the modern
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alternating current electricity supply system design, can mentally visualise and
design every detail of new thought and make it a product (Pickover, 2015).
Consistently, the cognitive psychologist Finke conducted a creativity task that
measures one’s mental ability to synthesise visual patterns. In the task, participants
were asked to mentally assemble three parts to make a recognisable figure or easily
named in 2 minutes. Then, they wrote down the figure’s name and drew it. After that,
judges rated the correspondence of the names and the drawing on a 5-point scale.
The creative, highly correspondent output would be marked. It would be highly
creative. Otherwise, it would be non-creative patterns, poor correspondence, wrong
parts, or no pattern (Finke & Slayton, 1988). This task taps the integrative processing
in the creative process. However, this task still constructs limited creative
opportunities for participants, allowing people to create only one mental image. In
addition, this task cannot simulate the real-life situation, such that the combination of
formats does not construct the real-life products. In real-life, problem-solving is
critical for products, and the function is the key.

Psychometric tools.

Though none of the existing psychometric tools claimed to be integrative
thinking tasks, some of them start with several pieces of information and end with
several pieces of information that may require the integration of information. Here,
we name them “several-several tasks”.

For example, a Figure Concept Task in Wilson Test provides people with
twenty drawings of objects and individuals (e.g., drawing A: a child wearing a hat,
drawing B: a woman wearing a hat, drawing C: young birds in a nest) and ask them
to find the common features of two or more drawings (e.g., drawing A & B: wearing a
hat, drawing A & C: young, drawing A & B: family). The performance is measured by
frequency (Robert C Wilson et al., 1953; R. C. Wilson et al., 1953). A Hidden Shapes
Task in GJTB asks people to find as many geometric figures as possible hidden in
the given patterns and forms. The performance is measured by fluency,
appropriateness, and originality (Getzels & Jackson, 1961). A Similarities Task in
Wallach-Kogan Battery provides people with two objects (e.g., cat and mouse) and
asks them to come up with many similarities between the two objects. The
performance is measured by fluency and frequency (Wallach & Kogan, 1965a). An
Adjusted Unusual Uses Task (Engineering) in Test of Creativity in Engineering

provides people with two visualised objects and asks them to list many uses when
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the two objects are used together. The performance is measured by flexibility and
originality (Harris, 1960a, 1960b). An Association Combination Task provides people
with two seemly unrelated words (e.g., “summer” and “high”) and asks them to think
of as many associations as possible that can relate the two words (e.g., “aeroplane”).
The performance is measured by fluency (Benedek et al., 2012).

For some several-several tasks, the provided information is incorporated into
a situational story. For example, a Just Suppose Task in TTCT provides people with
an improbable situation (e.g., clouds had strings attached to them which hang down
to earth) and asks them to list the possible outcomes of the situation. The
performance is measured by flexibility and originality (Torrance, 1972). A Fable
Ending Task in GJTB provides people with a fable in which the ending was missing
(e.g., a mischievous dog bites people without warning) and asks them to write a
moralistic ending, a humorous ending, and a sad ending. The performance is
measured by fluency and originality (Getzels & Jackson, 1961).

Some several-several tasks incorporate domain-specific information and are
used in student examinations. An Opportunity Identification Competence
Assessment asks participants to generate many ideas that can lead to social,
environmental, and economic gains for a new start-up in sustainable development.
The performance is measured by fluency, flexibility, and elaboration (Baggen et al.,
2018; Corbett, 2007). An Interaction Graph Task in C-SAT provides people with a
graph of reversed changes in the amount of two variables and an effect that induces
the changes and asks them to come up with many pairs of variables that can fit the
graph. A Sugar Experiment Task in C-SAT provides people with a figure of an
experiment and a hypothesis. The task asks them to consider many mandatory
adjustments to the figure to prove the hypothesis. A String Experiment Task in C-
SAT provides people with a Physics experiment and asks them to list many
mandatory changes on the figure to achieve a goal (Sak & Ayas, 2013). The three

tasks in C-SAT measure fluency, flexibility, and creativity in general (see Figure 4).
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Figure 4

Origin, task input, task output, and measures of several-several tasks.
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Weaknesses in grasping integrative thinking. However, the several-
several tasks may not be able to represent integrative thinking. We propose two
reasons here.

First, several several-several tasks require domain-specific knowledge, which
may contaminate thinking skills assessment. For example, the Opportunity
Identification Task requires business entrepreneurship knowledge in technology-
based fields; The interaction graph task, sugar experiment task, and string
experiment task in C-SAT require interdisciplinary science, chemistry, and physics
knowledge, respectively. Therefore, we can attribute the task performance to neither
pure domain-specific knowledge nor pure creative thinking.

The domain-specific knowledge is also frequently required in creative
problem-solving tasks, which may produce concerns when experimenters consider
employing them. For instance, an in-basket exercise asks people to respond to a
packet of 22 problems as HR directors. This task requires the knowledge of
organisational human resources (Shalley, 1991). A make-up problem in GJTB
provides people with four paragraphs containing several numerical statements.
Participants are asked to list as many mathematical problems as possible based on
the given paragraphs. This task involves mathematics knowledge (Getzels &
Jackson, 1961). A complex problem-solving task in a hypothetical World War 1
military context asks participants to generate a plan to handle the situation, which
requires knowledge or experience in leadership (An et al., 2016). Besides, a Musical
Expression Test requires participants to produce a one-minute improvisation based
on step-by-step instruction that requires knowledge of music (Barbot & Lubart, 2012)

(see Figure 5).
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Figure 5

Origin, task input, task output, and measures of creative problem-solving tasks.
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Furthermore, several-several tasks may not require integrative thinking.
According to the Cambridge Dictionary, integrative thinking is the synonym of
synthesis that refers to the acts or outputs of mixing or combining different ideas,
influences, or things to make an entity that is new or different from the items
considered separately’. However, the several-several tasks mostly ask people to find
common qualities in given elements. For example, the Association Combination
Task asks for common associations; the Unusual Uses Task 2 asks for common
uses; The Figure Concept Task, Hidden Shapes Task, and Similarity Task ask for
common shapes. The process of finding common qualities may not construct
creative opportunities for creating qualitatively new entities.

Admittedly, there are figural tasks that ask people to come up with new visual
elements. For example, there are various drawing tasks in TTCT and TCT-DP that
ask people to draw pictures based on provided shapes. Similarly, a Divergent
Pareidolias Task asks participants to draw pictures based on a natural landscape
photograph. Also, a mental synthesis task asks people to mentally make a
recognisable figure based on three selected shapes (see Figure 6). However,
existing studies found specialised hubs and interactive systems in our brain for
creativity in verbal and figural tasks (Zhu et al., 2017). For example, visual creativity
in the figural task in TTCT is negatively related to functional connectivity in the
precuneus and medial frontal cortex (MFC) of the posterior default mode network
(PDMN). Nonetheless, verbal creativity in verbal tasks in TTCT is negatively related
to functional connectivity in the medial prefrontal cortex (mPFC). Although visual and
verbal creativity positively correlates with the functional connectivity between the
default mode network (DMN) and frontoparietal network (FPN), the distinct aspects

still require us to see visual and verbal creativity as different.

7 https://dictionary.cambridge.org/dictionary/english/synthesis
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Figure 6

Origin, task input, task output, and measures of figural creative thinking tasks.
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Function Synthesis Task (FST).

Divergent, convergent, and integrative thinking are essential elements in
creative thinking. For the first two, the psychometric tools are widely employed but
exhibit low predictive power due to the disconnects between creative thinking and
creative products and creative thinking and creative processes.

Therefore, we proposed a new psychometric tool - FST — with the potential to
simulate the integrative thinking process. In the FST, people see three functions and
come up with objects that fulfil the three functions by naming as many objects as
possible. Let’s take the functions “profit, advertise, decorate” as an example. A
magazine is an appropriate answer for the given functions because we can use
magazines to generate profits for publishers, advertise products, and decorate a
bookshelf). The FST measures are effectiveness, fluency, flexibility, originality, and
frequency of the responses at the appropriate and accurate levels.

FST has the potential to address some of the issues of divergent and
convergent thinking tasks. In detail, FST simulates the starting and ending points of
the creative process. It provides people with several pieces of information (i.e., three
functions). It asks people to come up with as many pieces of information as possible
(i.e., objects that fulfil all three functions). In addition, FST grasps two dimensions of
creative products. In detail, appropriate, accurate effectiveness and fluency aim to
indicate one’s ability to produce effective ideas. The other seven measures indicate
one’s ability to create novel ideas. Therefore, FST has features of both AUT and
CRAT but differs from them (see Figure 7).
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Figure 7

Visualisation of information processing measures for AUT, CRAT, and FST.
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Moreover, FST addresses the issues surrounding several-several tasks. For
instance, the given functions (e.g., “entertain, immerse, recreate”) occurs in everyday
contexts that do not require domain-specific knowledge. Also, thinking of the objects
that can fulfil the three functions given requires people to integrate several pieces of
elements into qualitatively new entities. This process may grasp the nature of
integrative thinking. In addition, FST is a verbal task complementary to figural tasks.

Therefore, we conducted Study 1 to examine the discriminate validity of FST.
In detail, the study assessed the statistical relationship among the measures of AUT,
CRAT, and FST. We predicted that

Hypothesis 1: FST grasps distinct and common aspects of creative thinking
from AUT and CRAT.

Shared measuring aspect (SMA).

To be more specific about the distinct and shared aspects in hypothesis 1, we
introduce a new concept - the shared measuring aspect (SMA). There are three
measuring aspects for each measure in AUT, CRAT, and FST: task, accuracy,
and method. The task aspect has three categories: AUT, CRAT, and FST. Also,
the accuracy aspect has two types: appropriateness and accuracy. Additionally,
the method aspect has three categories: qualitative novelty, quantitative novelty, and
effectiveness. Accordingly, each measure intersects with three measuring aspects
(see Figure 8). For example, FST appropriate effectiveness is at the intersection of
FST (task), appropriateness (accuracy), and effectiveness (method). AUT
appropriate originality is at the intersection of AUT (task), appropriateness
(accuracy), qualitative novelty (method). CRAT accurate fluency is at the intersection

of CRAT (task), accuracy (accuracy), quantitative novelty (method).

51



Figure 8

Three measuring aspects of measures for AUT, CRAT, and FST.

Measures / Aspects Task Accuracy Method

AUT appropriate fluency AUT Appropriateness Quantitative novelty
AUT appropriate flexibility AUT Appropriateness Quantitative novelty
AUT appropriate originality AUT Appropriateness Qualitative novelty
AUT appropriate frequency AUT Appropriateness Qualitative novelty
CRAT accurate fluency CRAT Accurateness Quantitative novelty
FST appropriate fluency FST Appropriateness Quantitative novelty
FST appropriate flexibility FST Appropriateness Quantitative novelty
FST appropriate originality FST Appropriateness Qualitative novelty
FST appropriate frequency FST Appropriateness Qualitative novelty
FST appropriate effectiveness FST Appropriateness Effectiveness
FST accurate fluency FST Accurateness Quantitative novelty
FST accurate flexibility FST Accurateness Quantitative novelty
FST accurate originality FST Accurateness Qualitative novelty
FST accurate frequency FST Accurateness Qualitative novelty

FST accurate effectiveness FST Accurateness Effectiveness




SMA indicates the shared measuring aspects of any two of AUT, CRAT, and
FST measures and there are at least two approaches to identify SMA values. The
first approach assumes that the three shared measuring aspects have the same
predictive power, so SMA is the number of shared measuring aspects (SMAN =
number of shared measuring aspects). For example, SMA between FST appropriate
effectiveness and AUT appropriate originality is one because they only share
accuracy aspect (i.e., SMANEsT appropriate effectiveness & AUT appropriate originality = 1). FOr
another example, SMA between FST appropriate effectiveness and CRAT accurate
fluency is zero because they do not share any measuring aspect (i.e., SMANgst
appropriate effectiveness & AUT appropriate originality = 0).

The second approach assumes that the three shared measuring aspects yield
different predictive power toward shared variance of measures (here, we label SMA
as SMAP). Although SMANEsT appropriate fluency & FST accurate originality = SMANEST appropriate fluency
& AUT appropriate originality = 1, SMAPEST appropriate fluency & FST accurate originality COuld be larger than
SMAPEST appropriate fluency & AUT appropriate originality, if the task aspect has larger different
predictive power than the accuracy aspect.

There are six possibilities of predictive power ranking of three measuring

aspects (see Figure 9).

Figure 9
Scoring methods for SMA.

Scoring methods Task Accuracy Method
SMAP(TAM) 1 2 3
SMAPTMA) 1 3 2
SMAFATM) 2 1 3
SMAPMTA) 2 3 1
SMAPMAT) 3 2 1
SMAP-:AMT) 3 1 2
*SMAN 1 1 1

We assigned 1, 2, and 3 to the three measuring aspects based on six

possibilities. The higher the assigned score, the higher the predictive power the

53



measuring aspect has. Accordingly, SMAP equals to the sum of assigned scores for
shared measuring aspects and SMAP alters when we employ different scoring
methods. For example, when two measures share task and method aspects,
SMAPT<A<M) = 4 put SMAPA<TM) = 5 Here, we predicted that,

Hypothesis 2: SMA can predict the shared variance (R) between AUT,
CRAT, and FST measure in a positive direction.
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Study 1 Method

We conducted an online observational study which asked participants to finish
three creative thinking tasks, including FST, AUT, and CRAT. We measured the
performance in the three tasks. We also collected self-reported responses regarding
self-efficacy in creative thinking and creative performance.

Participants.

We recruited 148 participants (62 female, 82 males, and four prefer not to
say) on Amazon Mechanical Turk (MTurk). The average age of participants was
33.90-year-old (SD = 10.62). Most participants were from America (81.76%), 7.43 %
were from India, and 10.81% were from Angola, Brazil, Britain, Canada, China,
Columbia, and other areas of Asia and Europe. All participants identified themselves
as English native-speaker. All participants gave consent and received £7.50 for 1
hour of their time. The UCL Ethics Committee approved the study.

Data screening. We excluded the responses from the participants who did an
online search for the correct answers (N = 19): the participants who copied and
pasted the online resources and who self-reported an online search behaviour.
Furthermore, we excluded the responses from the participants who knew the tasks
and the corresponding answers before our experiment (N = 42). For instance, the
participants self-reported the experience and memory of the task and answers. In
addition, we excluded the responses from the participants who did not put effort into
our experiment (e.g., spent less than 30 seconds in each round; Wrote nothing or
random words such as alphas; N =18)). After the data screening, 104 responses
stayed in the analysis pool.

Post-hoc power analyses using GPower suggested that we had enough
power (1.00) to detect the effect at the p = .05 level (coefficient of determination r?
= .20, effect size |r| = .44, tail(s) = 2, err prob = .05, correlation HO = 0)

Materials.

AUT. In each round of AUT, participants were asked to think of as many uses
of an object as possible. Our study employed six objects: "brick", "hanger"”,
"paperclip”, "tire", "newspaper”, and "mug".

To measure the performance in AUT, we created six answer pools of six AUT
guestions. For example, the answer pool of brick and paperclip were separate. For
each AUT question, we put corresponding answers of all participants in the answer

pool, allowing us to mark the answers without bias. The first marking criteria was

55



appropriateness; We marked an answer as appropriate if it was an appropriate use
of the object. The second marking criteria was unusualness; we gave one, two or
three points for basic, alternative, and unusual uses, respectively. The third marking
criterion was the category. For instance, "computers”, "phones”, and "VR" belong to
one category — technology. We asked judges to determine the category and the
categorisation logic based on their subjective experience and evaluation. The fourth
marking criteria was the occurrence of an answer, equalling the number of answers
divided by the number of all answers. For example, if the number of the answer "VR"
and its similar answers "virtual reality" and "VR" was 10 in the answer pool, and the
number of all answers was 232 in the answer pool, the occurrence of the answer
"VR" was 0.043 (10/232). We gave one point to the answers that occurred more
frequently than 0.05 and two points to answers that occurred more frequently than
0.01 and less than or equal to 0.05. We gave three points to answers that occurred
less frequently than or equal to 0.01.

The marking criteria resulted in three measures of AUT, which were
appropriate fluency (i.e., number of appropriate answers), appropriate flexibility (i.e.,
category of numbers of appropriate answers), and appropriate originality (i.e.,
originality score received of appropriate answers). The higher value of the AUT
measures, the greater the divergent thinking that a participant displayed. Please see
Appendix B for the full version: Alternative Uses Task - Data Collection, Marking, and

Cleaning.
CRAT. Participants were asked to finish six novel rounds of CRAT randomly

selected from eighteen rounds of CRAT. To prepare the questions for CRAT, we
looked at the solving rate of 144 CRAT questions reported by a previous study
(Bowden & Jung-Beeman, 2003). With the aim of averaging solving rate for each
round was 50% - 70%, we randomly chose five questions for each round.

In each question, we provided participants with three stimulus words, and they
were asked to produce the fourth word that made up a common compound word or
phrase with each of the three stimulus words. For example, the correct answer to the
guestion "cottage/Swiss/cake" is "cheese".

We measured the accurate fluency (i.e., the average number of correct
answers in CRAT of each round). The higher the CRAT measures, the better
participants' convergent thinking. Please see Appendix C for the full

version: Compound Remote Associate Test - Data Collection and Marking.
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FST. Participants were asked to finish six novel rounds of FST. Participants
were given three functions and had to think of as many objects as possible that
provided all three functions. The FST questions we employed were

“interact/immerse/recreate”, “profit/advertise/decorate”, “customise/comfort/sanitise”,
“illuminate/alarm/contain”, “protect/entertain/comfort”, and
“store/package/disseminate”.

To measure the performance in FST, we put answers in answers pools (six
FST questions, so we had six answer pools) as with the AUT. The first three marking
criteria were effectiveness and purposefulness of an answer when fulfilling each of
three functions. Specifically, if an answer fulfilled the first function given, the overall
effectiveness score of this answer was 3. If an answer was not generated to fulfil the
first function given but can provide the function naturally, the overall effectiveness
score was 2. If an answer did not fit the first two situations but still fulfilled the first
function, the overall effectiveness score was 1. If an answer could not fulfil the first
function, the first effectiveness score was 0. Each answer received three
effectiveness scores (there were three functions). The fourth marking criteria was
appropriateness, and we marked an answer as appropriate if none of the
effectiveness scores equalled zero. We marked an answer as wrong if one of the
effectiveness scores equalled zero. The fifth marking criterion was accuracy. An
accurate answer must satisfy three criteria. First, it must be an appropriate answer.
Second, it must be a material object that could be touched and seen. Third, it must
be able to fulfil the three functions given to the same users. For example, "an office
building" is an appropriate answer for "profit, advertise, decorate" because it is not
only able to make a profit or advertise information for companies but also able to
decorate the urban landscape. However, "an office building" is not an accurate
answer because it cannot provide functions to the same users. The sixth marking
criterion was the originality of the answers. We gave one, two, or three points to
easy-to-think-of objects, novel and expected objects, and objects that were novel
and unexpected, respectively. The seventh marking criteria were flexibility, which
followed AUT's criteria.

The seven marking criteria resulted in ten measures for FST. In an
appropriate dimension, we had appropriate fluency, appropriate flexibility,
appropriate originality (i.e., originality score of appropriate answers), appropriate

effectiveness (i.e., an average of three effectiveness scores of appropriate answers),
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and appropriate frequency. In an accurate dimension, we had accurate fluency (i.e.,
number of accurate answers), accurate flexibility (i.e., category of numbers of
accurate answers), accurate originality (i.e., originality score of accurate answers),
and accurate effectiveness (i.e., an average of three effectiveness scores of
accurate answers), and accurate frequency. We also measure RT. The higher the
value of the FST measures, the greater the participant's integrative thinking. Please

see Appendix D for the full version: Function Synthesis Task - Data Collection,

Marking, and Cleaning.

Answer Pool Marking. We employed the Answer Pool Marking strategy in
Study 1 and throughout the project. We provided marking instruction and training to
two judges in this marking strategy. Following training, we asked the judges to mark
all the answers in an answer pool. Note: In Answer Pool Marking, judges did not
mark answers for each participant (Each Participant Marking) but marked each
answer. Also, each answer appeared once. Compared to Each Participant Marking,
Answer Pool Marking had three advantages. First, in Each Participant Marking,
judges were likelier to correlate the performance in task A to task B. For example,
they tended to score higher for participants’ performance in task B if they performed
well in Task A. However, Answer Pool Marking disassociated participants’
performance in different tasks and avoided this bias. Second, in Each Participant
Marking, judges were likelier to correlate fluency and originality. For instance, they
gave higher originality scores to the answers from participants who came up with
more ideas. However, Answer Pool Marking avoided this bias because judges could
not associate individual fluency and originality. Third, Each Participant Marking
required judges to mark the same answer several times, which may lead to
inconsistent marks. For instance, participants marked the same answer differently for
different participants simply because they were in a different moods. However,
Answer Pool Marking avoided this error because judges were asked to mark one
answer only once. Accordingly, we inferred that Answer Pool Marking also saved
time for judges.

Creative self-efficacy inventory. We measured creative self-efficacy with an
established creative self-efficacy inventory (Abbott, 2010). The inventory contained
28 statements describing activities that covered four dimensions of divergent thinking
and creative performance. Divergent thinking includes fluency, flexibility, elaboration,

and originality (Mark A. Runco & Selcuk Acar, 2019) Creative performance includes
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aptitude for the domain, impressing the field, and maintaining a creative personality
(Csikszentmihalyi, 2014). An example of creative thinking statement was "come up
with many possible solutions to a solution". An example of a creative performance
statement was that "convince others that you have made a valuable contribution”.
Participants rated how confident they could do the activities on a 100-point scale.

Please see Appendix E for the full version: Creative Self-efficacy Inventory.

We calculated the creative self-efficacy based on the ratings. Specifically, we
summed the ratings for each dimension. The higher the summed ratings, the higher
the confidence in the dimension. We also summed all ratings (Cronbach's alpha
=.96). The higher the summed ratings, the higher the overall creative self-efficacy.

Procedure.

At the beginning of the experiment, we notified everyone interested in our
experiment that they must be an English native speaker to join the experiment and
asked them whether they were English native speakers. People who identified
themselves as not English native speakers explained the importance of language
fluency for our experiment and proceeded to the end of the experiment. People who
identified as English native speakers were counted as participants and proceeded to
the next step.

In the next step, participants read the participant information sheet and gave
consent to participate. Next, we showed participants a brief introduction page which
told them that existing research suggested that creativity is correlated with one's
performance in AUT, CRAT, and FST. This stage is to increase their interest and
attention to our experiment. Due to the high accessibility of AUT answers and CRAT
answers from an online search, we replaced the names of AUT and CRAT as the
Usage Task and the Relatedness Task, respectively. This introduction aimed to
encourage the participants to take our experiment seriously. Name replacement
aimed to increase the difficulty of finding the answers from the online resource.

Next, participants were asked to complete AUT, CRAT, and FST randomly.
Participants encountered two sections for all tasks. The first section was a task
instruction which showed participants the rules and an example of the task.
Participants had to pass an instruction understanding test to proceed to the second
page. The aim of the understanding test was to ensure that participants had paid
enough attention and fully understood the instruction's key messages (e.g., rules).

The second section was the six rounds of the main task. It was important to note that
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there was a self-evaluation page after each round of AUT and FST. On the self-
evaluation page, participants were asked to drop their answers into one of three
categories regarding unusualness.

After the creative thinking tasks, participants finished a manipulation check
which asked them to report where they got the answers from and a questionnaire
regarding creative self-efficacy. In the end, we collected demographic information.

Please see Appendix F for the full version: Study 1 Script.

Study 1 Results
Inter-rater reliability. We provided marking instruction and training to two

judges from psychology and engineering backgrounds. The inter-rater reliability for

all measures was acceptable (Cronbach’s a > .60). Therefore, none of the measures

was excluded. Please see Table 1 for the details.

Table 1
Intraclass Correlation Coefficients (ICC) with Two-way Mixed Effects Model for
Measures in FST and AUT (N of Items = 2).

95% ClI
Measures ICC Lower Bound Upper Bound
AUT appropriate fluency 91 .89 .92
AUT appropriate flexibility .89 .84 .92
AUT appropriate originality .90 .83 .93
FST appropriate fluency .97 .96 .98
FST appropriate flexibility .94 .90 .97
FST appropriate originality .95 .87 .98
FST appropriate effectiveness .92 .89 .94
FST accurate fluency .83 45 .92
FST accurate flexibility .79 37 91
FST accurate originality .81 .67 .89
FST accurate effectiveness .84 .78 .89

a. Cronbach’s a is the average measures of intraclass correlation coefficients.

b. Cronbach’s a using an absolute agreement definition.

60



Statistical assumptions. To prepare an appropriate dataset for statistical
analysis of Maximum Likelihood Factor Analysis, Pearson Correlation, and Linear

Regression, we did a series of assumption tests on the variables. All the variables

met the assumption of non-zero variances, no outlier, related pairs, linearity, and no

autocorrection. The skewness (between + 2) & kurtosis (between 5), and Shapiro—

Wilk test indicated that the data contained approximately normally distributed error.

Please see Table 2 for Descriptive Statistics of all variables in this study and Table 3

for normality test results. Further assumption tests could be found in the following

running texts.

Table 2

Descriptive Statistics for Measures of FST, AUT, CRAT, and Creative Self Efficacy.

Measures M SD
AUT appropriate fluency 5.47 3.08
AUT appropriate flexibility 4.49 1.41
AUT appropriate originality 1.87 0.28
AUT appropriate frequency 1.17 0.09
CRAT accurate fluency 1.88 1.38
FST appropriate fluency 2.86 1.94
FST appropriate flexibility 2.88 0.99
FST appropriate originality 1.48 0.21
FST appropriate frequency 1.26 0.15
FST appropriate effectiveness 2.10 0.19
FST accurate fluency 1.35 1.00
FST accurate originality 1.39 0.52
FST accurate flexibility 1.31 0.56
FST accurate frequency 2.15 0.64
FST accurate effectiveness 0.01 0.01
Creative self-efficacy 56.31 20.70
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Table 3
Normality Tests for Measures of AUT, CRAT, FST, and Creative Self-efficacy.

Shapiro-Wilk
Measures Skewness Kurtosis

Statistics  p value
AUT appropriate fluency 1.50 3.93 90** <.001
AUT appropriate flexibility 0.44 0.45 .98 120
AUT appropriate originality -1.18 1.52 91** <.001
AUT appropriate frequency 0.07 -0.61 .98 .070
CRAT accurate fluency 0.72 -0.25 93** <.001
FST appropriate fluency 1.36 2.21 .90** <.001
FST appropriate flexibility 0.85 0.70 95** .001
FST appropriate originality 0.27 -0.02 .99 .323
FST appropriate frequency 0.02 -0.59 .98 .072
FST appropriate effectiveness -0.19 -0.17 .99 430
FST accurate fluency 1.30 1.61 89** <.001
FST accurate originality -0.45 1.78 89** <.001
FST accurate flexibility 0.30 1.84 93** <.001
FST accurate frequency -2.15 5.06 76** <.001
FST accurate effectiveness 0.25 -0.40 .98 .062
Creative self-efficacy -0.31 -0.03 .99 334

*p < .05 (2-tailed). **p < .01 (2-tailed).

To examine the construct validity, we examined how AUT, CRAT, and FST
measures relate to each other. In detail, we conducted an exploratory factor analysis
and Pearson correlation analysis.

Exploratory factor analysis.

Choosing a factor analysis method. For the investigation of the factor
structure from a bunch of variables, there were various common-used factor analysis
methods such as confirmatory factor analysis (CFA), principal component analysis
(PCA), and exploratory factor analysis (EFA). We employed EFA rather than CFA
because FST was a new task which had not been examined before. Specifically,

CFA was inappropriate for our study since CFA required a well-established
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hypothesis or theoretical foundations about the latent variables (i.e., factors) for the
manifest variables. On the other hand, EFA was appropriate as it allowed the dataset
to find the underlying factor structures (Cronbach & Meehl, 1955).

We employed EFA rather than PCA since the results of EFA were more stable
than that of PCA. In detail, the key process of EFA dissociated the shared variance,
the unique variance, and the error variance of a manifest variable. The objective of
EFA was to form an underlying factor structure via analysing how the shared
variance of manifest variables was covaried. However, the process of PCA did not
dissociate shared variance and unique variance of a manifest variable. The objective
of PCA was to reduce the number of manifest variables via analysing how all the
variance of manifest variables was covaried. Therefore, PCA would yield different
variances when factors were correlated and uncorrelated. However, EFA would yield
the same and stable results in these two situations.

Among the factor extraction methods of EFA, we chose Maximum Likelihood
Factoring Analysis (MLFA) since our variables were relatively normally distributed.
Statistical theorists suggested that MLFA should be the best choice for EFA because
it computes the model's goodness of fit and should be employed when data are
normally distributed (Joreskog & Lawley, 1968; Lawley & Maxwell, 1973).

MLFA with all variables. Initially, we examined the factorability of our
dataset. Kaiser-Meyer-Olkin measure (KMO = .83) and Bartlett’s test of sphericity (X2
(105) = 2037.86, p < .001) indicated that our sample was adequate for factor
analysis. However, we excluded the variable CRAT accurate fluency due to its low
communality (0.10) and the low primary factor loading (0.15). The two low values
indicated that CRAT accurate fluency did not share a common variance with the
other variables.

After that, we conducted an MLFA with an obligue method (i.e., oblimin
rotation) for the remaining 14 variables in FST and AUT. The Kaiser-Meyer-Olkin
measure (KMO = .83), Bartlett’s test of sphericity (X? (91) = 2018.13, p < .001), and
goodness-of-fit test, X? (52, N = 104) = 394.05, p < .001, indicated that our sample
was adequate for factor analysis. The primary factor loadings of all variables were
above .50 (see Table 4) the correlations between the factors were above .32 or

above (see Table 5), indicating that our dataset was adequate for oblimin rotations.
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Table 4

Pattern Matrixa and Communalities from a Maximum Likelihood Factor Analysis of

14 Items in AUT and FST.

Factor loading

ltems Communalities
1 2 3
Component 1: AUT
AUT appropriate flexibility 1.01 -0.03 0.01 1.00
AUT appropriate fluency 0.94 0.04 -0.03 0.91
AUT appropriate frequency 0.69 0.05 -0.05 0.49
AUT appropriate originality 0.53 -0.04 0.04 0.28
Component 2: FST appropriate quantity and accurate all
FST accurate fluency -0.01 1.05 -0.14 0.94
FST accurate flexibility 0.01 1.03 -0.07 0.98
FST appropriate fluency 0.04 0.88 -0.03 0.78
FST appropriate flexibility 0.06 0.80 0.05 0.75
FST accurate effectiveness 0.01 0.74 0.19 0.77
FST accurate frequency -0.02 0.69 0.23 0.71
FST accurate originality 0.06 0.61 0.36 0.84
Component 3: FST appropriate quality
FST appropriate originality 0.01 -0.04 0.98 0.93
FST appropriate frequency 0.02 0.02 0.94 0.92
FST appropriate effectiveness 0.05 0.19 0.65 0.65

Note. N = 104. The rotation method was oblimin rotation with Kaiser Normalization.

Rotation converged in 4 iterations. The primary factor loadings were in bold.

64



Table 5

Internal Consistency (Cronbach’s a, cf. a), Composite Reliability (CR), Average
Variance Extracted (AVE), and Component Correlation Matrix from a Maximum
Likelihood Factor Analysis of 14 Iltems in AUT and FST.

Component a CR AVE 1 2 3

1: AUT .69 .88 .66 -

2: FST appropriate guantit
PPIOp a y .94 71 .54 -
and accurate all

3: FST appropriate quality .92 9 .76 .36 .64 -

Note. N = 104. The rotation method was oblimin rotation with Kaiser Normalization.
The square root of AVE of component 1 was .82. The square root of AVE of

component 2 was .84. The square root of AVE of component 3 was .87.

Based on the criteria that the eigenvalue was larger than 1, The oblimin
rotations extracted a three-factor model, which explained 78.08% of the variance.
Factor 1 consisted of all the variables in AUT, so we labelled factor 1 as AUT. Factor
2 consisted of two quantitative variables (i.e., fluency and flexibility) in FST
appropriate dimension and all the variables in FST accurate dimension, so we
labelled the second factor 2 as FST appropriate quantity and accurate all. Finally,
factor 3 consisted of three qualitative variables (i.e., originality, frequency, and
effectiveness) in FST appropriate dimension, so we labelled factor 3 as FST
appropriate quality.

For items in factor 1 (AUT), the internal consistency was less than but close
to .70 (Cronbach’s a = .69). There was an increase in internal consistency by
eliminating the item AUT appropriate originality (Cronbach’s a = .72)8. The

8 We excluded the AUT appropriate originality that shared the least variance with the other
AUT variables and replicated the analysis. The results were consistent with the reported results,

except for two differences. First, in the reported results, the first factor was AUT, and the second was
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composite reliability score was .88, and AVE was .66, indicating acceptable reliability
and convergent validity of the AUT factor. The square root of AVE was larger than
the correlations among three factors, indicating a discriminant validity of the factor.

For items in factor 2 (FST appropriate quantity and accurate all), the internal
consistency was above .70 (Cronbach’s a = .91). No substantial increase in internal
consistency was achieved by eliminating more items. The composite reliability score
was .94, and AVE was .71, indicating acceptable reliability and convergent validity of
the factor - FST appropriate quantity and accurate all. The square root of AVE was
larger than the correlations among three factors, indicating a discriminant validity of
the factor.

For items in factor 3 (FST appropriate quality), the internal consistency was
above .70 (Cronbach’s a = .92). No substantial increase in internal consistency was
achieved by eliminating more items. The composite reliability score was .90, and
AVE was .76, indicating acceptable reliability and convergent validity of the factor -
FST appropriate quality. The square root of AVE was larger than the correlations
among three factors, indicating a discriminant validity of the factor.

MLFA with appropriate - dimension variables. We replicated the above
analysis with the variables in AUT, CRAT, and the FST appropriate dimension. We
reasoned that: FST (10 variables) had more variables than AUT (4 variables) and
CRAT (1 variable), and the variables in FST were correlated with each other. This
situation may strengthen the latent variable related to FST and bias the three tasks’
underlying factor structure.

Initially, we examined the factorability of our dataset. Kaiser-Meyer-Olkin
measure (KMO = .78) and Bartlett’s test of sphericity (X? (45) = 961.36, p <.001)
indicated that our sample was adequate for factor analysis. However, we excluded
variable CRAT accurate fluency due to low communality (.09) and the low primary
factor loading (.18). The two low values indicated that CRAT accurate fluency did not

share a common variance with the other variables.

FST Appropriate Quantity and Accurate All. However, the order of these two factors was reversed
when we excluded AUT appropriate originality. Second, in the reported results, the valence of the
factor AUT was positive. However, the valence of the factor AUT was reversed when we excluded

AUT appropriate originality.
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After that, we conducted an MLFA with an oblique method (i.e., oblimin
rotation) for the remaining nine variables in FST and AUT. The Kaiser-Meyer-Olkin
measure (KMO = .77), Bartlett’s test of sphericity (X? (36) = 945.35, p <.001), and
goodness-of-fit test, X? (19, N = 104) = 199.39, p < .001, indicated that our sample
was adequate for factor analysis. The primary factor loadings of all variables were

above .40° (see Table 6). The correlations between the factors were above .32 or

above (see Table 7), indicating that our dataset was adequate for oblimin rotations.

Table 6
Pattern Matrixa and Communalities from a Maximum Likelihood Factor Analysis of

Items in AUT and FST Appropriate Dimension.

9

Factor loading

ltems Communalities
1 2

Factor 1: FST appropriate dimension
FST appropriate frequency 1.04 -0.11 0.99
FST appropriate originality 0.97 -0.1 0.86
FST appropriate effectiveness 0.8 0.02 0.65
FST appropriate flexibility 0.51 0.28 0.47
FST appropriate fluency 0.46 0.3 0.43

Factor 2: AUT
AUT appropriate flexibility 0.01 0.98 0.97
AUT appropriate fluency 0 0.96 0.93
AUT appropriate frequency -0.04 0.73 0.51
AUT appropriate originality 0.02 0.51 0.27

Note. N = 104. The rotation method was oblimin rotation with Kaiser Normalization

Rotation converged in 4 iterations. The primary factor loadings were in bold.

® We excluded the FST appropriate fluency whose primary factor loading was lower than .500

and replicated the analysis. The results showed no local minimum was found in 25 iterations, and

extraction was terminated.
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Table 7
Internal Consistency (Cronbach’s a, cf. a), Composite Reliability (CR), Average
Variance Extracted (AVE), and Component Correlation Matrix from a Maximum

Likelihood Factor Analysis of 9 Items in AUT and FST Appropriate Dimension.

Component a CR AVE 1 2
1. FST appropriate dimension .78 .88 .62 -
2: AUT .69 .88 .67 46 -

Note. N = 104. The rotation method was oblimin rotation with Kaiser Normalization.
The square root of AVE of component 1 was .79. The square root of AVE of

component 2 was .81.

Based on the criteria that the eigenvalue was larger than 11°, the oblimin
rotations extracted a two-factor model, which explained 67.40% of the variance.
Factor 1 consisted of the variables in FST appropriate dimension, so we labelled it
as FST appropriate. Factor 2 consisted of the variables in AUT, so we labelled it as
AUT. The internal consistency values!?, composite reliability, and AVE indicated both
factors' acceptable reliability and convergent validity. In addition, the square roots of
the AVE of both factors were larger than the correlations between them, indicating a
discriminant validity of the factor.

MLFA with accurate - dimension variables. Following the logic of the last
analysis, we replicated the above analysis for the variables in AUT and CRAT and
the variables in the FST accurate dimension. The extraction was terminated until we
excluded the CRAT accurate fluency (communality value = .23), which shared the

least common variance with the other variables.

10 Considering that the MLFA with all variables extracted three variables, we tried extracting
three factors here. However, no local minimum was found in 25 iterations, and the extraction was
terminated.

11 We excluded the AUT appropriate originality, which lowered the internal consistency of
AUT measures. The results showed no local minimum was found in 25 iterations, and extraction was

terminated.
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The results of the factorability examination were like the above analysis.
Kaiser-Meyer-Olkin measure (KMO = .82) and Bartlett’s test of sphericity (X? (45) =
1125.57, p <.001) indicated that our sample was adequate for factor analysis.
However, we excluded variable CRAT accurate fluency due to low communality (.09)
and the low primary factor loading (.21).

We conducted an MLFA with an oblique method (i.e., oblimin rotation) for the
remaining nine variables in FST and AUT. The Kaiser-Meyer-Olkin measure (KMO
= .83), Bartlett's test of sphericity (X? (36) = 1104.26, p < .001), and goodness-of-fit
test, X2 (19, N = 104) = 129.82, p < .001, indicated that our sample was adequate for
a piece of factor analysis. The primary factor loadings of all variables were above .50
(see Table 8) the correlations between the factors were above .32 or above (see

Table 9), indicating that our dataset was adequate for oblimin rotations.

Table 8
Pattern Matrixa and Communalities from a Maximum Likelihood Factor Analysis of 9

ltems in AUT and FST Accurate Dimension.

Factor loading N
ltems T 5 Communalities

Factor 1: AUT

AUT appropriate flexibility 1.01 -0.02 1.00
AUT appropriate fluency 0.94 0.03 0.91
AUT appropriate frequency 0.69 0.02 0.49
AUT appropriate originality 0.53 -0.02 0.27
Factor 2: FST accurate dimension
FST accurate flexibility -0.01 1 0.98
FST accurate fluency -0.02 0.97 0.92
FST accurate effectiveness 0 0.87 0.76
FST accurate frequency -0.02 0.84 0.68
FST accurate originality 0.07 0.83 0.75

Note. N = 104. The rotation method was oblimin rotation with Kaiser Normalization.

Rotation converged in 3 iterations. The primary factor loadings were in bold.
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Table 9
Internal Consistency (Cronbach’s a, cf. a), Composite Reliability (CR), Average
Variance Extracted (AVE), and Component Correlation Matrix from a Maximum

Likelihood Factor Analysis of 9 Iltems in AUT and FST Accurate Dimension

Component a CR AVE 1 2
1: AUT .94 .88 .66 -
2: FST accurate dimension .69 .96 .82 54 -

Note. N = 104. The rotation method was oblimin rotation with Kaiser Normalization.
The square root of AVE of component 1 was .81. The square root of AVE of

component 2 was .90.

Based on the criteria that the eigenvalue was larger than 112, the oblimin
rotations extracted a two-factor model, which explained 75.15% of the variance.
Factor 1 consisted of the variables in AUT, so we labelled it as AUT. Factor 2
consisted of the variables in FST, so we labelled it as FST accurate dimension. The
internal consistency values'®, composite reliability, and AVE indicated both factors'
acceptable reliability and convergent validity. In addition, the square roots of the AVE
of both factors were larger than the correlations between them, indicating a
discriminant validity of the factor.

MLFA with FST variables. We also explored the latent variables of the ten
measured variables for FST. The Kaiser-Meyer-Olkin measure (KMO = .82),
Bartlett’s test of sphericity (X? (45) = 1643.02, p < .001), and goodness-of-fit test, X?
(26, N = 104) = 358.37, p <.001, indicated that our sample was adequate for a piece

12 Considering that the MLFA with all variables extracted three variables, we tried extracting
three factors here. However, the three-factor model that was extracted was not significant, X? (7, N =
104) =10.32, p = .17.

13 We excluded the AUT appropriate originality and replicated the analysis. The results were
consistent with the reported results, except for two differences. First, in the reported results, the first
factor was AUT, and the second factor was FST appropriate quantity and accurate all. However, the
order of these two factors was reversed when we excluded AUT appropriate originality. Second, in the
reported results, the valence of the factor AUT was positive. However, the valence of the factor AUT

was reversed when we excluded AUT appropriate originality.
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of factor analysis. The primary factor loadings of all variables were above .60 (see

Table 10). The correlations of between the factors were above .32 or above (see

Table 11), indicating that our dataset was adequate for oblimin rotations.

Table 10

Pattern Matrixa and Communalities from a Maximum Likelihood Factor Analysis of

10 Items in FST.

Factor loading

ltems Communalities
1 2

Factor 1: FST appropriate quality and accurate all
FST accurate fluency 1.05 -0.14 0.94
FST accurate flexibility 1.04 -0.08 0.98
FST appropriate fluency 0.90 -0.03 0.78
FST appropriate flexibility 0.83 0.05 0.75
FST accurate effectiveness 0.75 0.18 0.63
FST accurate frequency 0.68 0.23 0.71
FST accurate originality 0.63 0.37 0.83

Factor 2: FST appropriate quantity
FST appropriate originality -0.05 1 0.93
FST appropriate frequency 0.01 0.95 0.92
FST appropriate effectiveness 0.21 0.64 0.63

Note. N = 104. The rotation method was oblimin rotation with Kaiser Normalization.

Rotation converged in 4 iterations. The primary factor loadings were in bold.
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Table 11

Internal Consistency (Cronbach’s a, cf. a), Composite Reliability (CR), Average
Variance Extracted (AVE), and Component Correlation Matrix from a Maximum
Likelihood Factor Analysis of 10 Items in FST.

Component a CR AVE 1 2

1: FST appropriate quantit
PPIOp a y .95 73 -
and accurate all

2: FST appropriate quality .92 91 g7 54 -

Note. N = 104. The rotation method was oblimin rotation with Kaiser Normalization.
The square root of AVE of component 1 was .86. The square root of AVE of
component 2 was .88.

Based on the criteria that the eigenvalue was larger than 1, the oblimin
rotations extracted a two-factor model, which explained 82.28 % of the variance.
Factor 1 consisted of appropriate fluency, appropriate flexibility, and all variables in
accurate dimension, so we labelled it as FST appropriate quantitative novelty and
accurate all. Factor 2 consisted of appropriate originality, fluency, and effectiveness,
so we labelled it as FST appropriate qualitative novelty and qualitative effectiveness.
The internal consistency values, composite reliability, and AVE indicated both
factors' acceptable reliability and convergent validity. In addition, the square roots of
the AVE of both factors were larger than the correlations between them, indicating a
discriminant validity of the factor.

MLFA with AUT variables. We also explored the latent variables of the four
manifest variables for AUT. The Kaiser-Meyer-Olkin measure (KMO = .69), Bartlett's
test of sphericity (X? (6) = 351.67, p <.001), and goodness-of-fit test, X2 (2, N = 104)
=18.28, p <.001, indicated that our sample was adequate for a piece of factor
analysis. Based on the criteria that the eigenvalue was larger than 1, MLFA

extracted only one factor with all four variables, and the solution could not be rotated.
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Pearson correlation analysis.

In this section, we present the Pearson correlation results in tables (see Table

12 — 13) and demonstrate them in text after the tables.

Table 12

Correlations Cross Creative Self-efficacy and Creative Thinking (All

Participants, N = 104).

Creative Self-efficacy

AUT appropriate fluency
AUT appropriate flexibility
AUT appropriate originality
AUT appropriate frequency
CRAT accurate fluency
FST appropriate fluency
FST appropriate flexibility
FST appropriate originality
FST appropriate frequency
FST appropriate effectiveness
FST accurate fluency

FST accurate flexibility
FST accurate originality
FST accurate frequency

FST accurate effectiveness

.00
.02
-.02
A7
23*
A7
18
.20*
A7
-.28%*
.01
-.04
-.02
-.09
-.19

*p < .05 (2-tailed). **p < .01 (2-tailed).

73



Table 13
Correlations for AUT, CRAT, and FST Measures (All Participants, N = 104).

Pearson Correlations 1 2 3 4 5 6 7 8 9

1. AUT appropriate -

fluency
2. AUT appropriate

flexibility

3. AUT appropriate 53** .63** -

originality

4. AUT appropriate .58** S58** b4 -

frequency

5. CRAT accurate .20* .23* .22* .16 -

fluency

6. FST appropriate AG** A8*  30%* .26  .24* -

fluency

7. FST appropriate AB** A8**  20%%  DPB*  26%* -
flexibility .

8. FST appropriate A1 12 .01 A1 .01 27 26%*
originality

9. FST appropriate A3 A1 .00 A2 .04 3% 33 G7**
frequency

10. FST appropriate .24* .24* .20* -.02 .14 .03 -.07 -.06
effectiveness



11. FST accurate
fluency

12. FST accurate
flexibility

13. FST accurate
originality

14. FST accurate
frequency

15. FST accurate

effectiveness

27 45% -
22%  A8%  36%*

A7 A1 AT -

*p < .05 (2-tailed). **p < .01 (2-tailed).
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Correlations of AUT. The results showed significant positive associations
among the measures in AUT. Specifically, there was a strong association (r >=.90)
between appropriate fluency and flexibility. All the other variables were associated at
moderate level (.40 <=r < .70).

Correlations of appropriate dimension in FST. The results showed
significant positive associations among the appropriate-dimension measures of FST.
Specifically, there were strong associations between appropriate fluency and
flexibility. There were moderate associations between appropriate originality and
frequency. There were weak associations (0 < r < .40) between appropriate fluency
and originality, between appropriate fluency and frequency, and between appropriate
flexibility and frequency. The results also showed a significant negative association
between appropriate effectiveness and originality, while effectiveness was not
associated with other measures.

Correlations of accurate dimension in FST. The results showed significant
positive associations among the accurate-dimension measures of FST. Specifically,
there was a high association (.70 <=r < .90) between accurate fluency and flexibility.
There were moderately associations between accurate flexibility and originality,
accurate flexibility and frequency, and accurate frequency and effectiveness.
However, accurate effectiveness was not associated with other measures.

Correlations of cross dimensions in FST. The results showed significant
positive associations among all measures of FST. For the measures that were
partially in the same dimension (e.g., appropriate fluency and accurate fluency),
there was a strong association between appropriate and accurate fluency. There
were moderate associations between appropriate and accurate flexibility and
between appropriate and accurate originality. However, there was no significant
association between appropriate and accurate frequency and between appropriate
and accurate effectiveness.

There was a high association between appropriate flexibility and accurate
flexibility for the measures in a completely different dimension (e.g., appropriate
fluency and accurate flexibility). There was a moderate association between
appropriate flexibility and accurate fluency. Notably, there was a significant negative
association between appropriate originality and accurate effectiveness. Except for
the above, all the other variables were positively associated at a weak level or not

associated.
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Correlations among AUT, CRAT, and FST. The results showed significant
positive associations among measures in AUT, CRAT, and FST. In detail, both AUT
appropriate fluency and flexibility were moderately associated with FST appropriate
fluency, appropriate flexibility, and accurate fluency, and weakly associated with FST
appropriate effectiveness, accurate flexibility, and accurate originality. AUT
appropriate originality was weakly associated with FST fluency, flexibility,
effectiveness in the appropriate dimension and FST fluency, flexibility, and frequency
in the accurate dimension. AUT appropriate frequency was weakly associated with
FST appropriate fluency and flexibility. CRAT accurate fluency was weakly
associated with appropriate fluency, flexibility, and originality in AUT and appropriate
and accurate fluency in FST. None of the other associations was significant.

Correlations among creative self-efficacy and others. The results showed
significant positive associations between creative self-efficacy and creative thinking.
For instance, creative self-efficacy was weakly associated with CRAT accurate
fluency and FST appropriate originality. Also, there was a significant negative
association between creative self-efficacy and FST appropriate effectiveness.

Predictive power of SMA towards AUT, CRAT & FST correlations.

Statistical assumptions. We firstly examined statistical assumptions for
dependent variables in linear regressions (i.e., correlations among AUT, CRAT, and
FST measures!4). The data met the assumption of independent errors as the Durbin-
Watson value was larger than 1 and less than 3. The normal P-P plot of
standardised residuals did not show completely points on the line. The scatterplot of
standardised predicted values showed that the variables met the assumptions of
homogeneity of variance. There is not an issue of heteroscedasticity.

Correlations between SMA and correlations. The results showed that
correlations among AUT, CRAT, and FST measures were significantly positively
associated with SMA (see Table 14).

14 To clean the data, we excluded the correlations that were not significant. However, the

results remained consistent when we included the correlations that were not significant.
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Table 14
Correlations Between SMA and Shared Variance Among AUT, CRAT, and FST (N
=77).

. SMAN -

] SMAP(T<A<M) .93** -

. SMAP(T<M<A) 95" 94" -

. SMAPA<TM) 93" 95" 84" -

. SMAPM<T<A) 94" 80" .94 76" -

. SMAPM<A<T) .94™ 75" .84" .80™ .95™ -

7. SMAPAM<T) 95" 84" 81" 93" 85" 94" -

8.R 76" 76™ 70" 78" 63" 657 74" -
*p < .05 (2-tailed). **p < .01 (2-tailed).

o 01~ WN P

Regression of SMA towards correlations. Following the correlation results,
we conducted single linear regressions to examine the predictive power of different
SMA on the correlations. The results showed that SMAN explained a significant
amount of the variance in correlations among AUT, CRAT, and FST, F (1, 75) =
99.48, p <.001, R? = .57, R2adjusted = .56. In detail, SMAN was a significant predictor of
correlations among creative thinking measures, B = .26, Beta = .76, t (75) =
9.97, p <.001, 95% CI [.21, .31] (Durbin-Watson = 1.975, std. residual (min) = -3.91,
std. residual (max) = 1.76).

Regression of SMA towards correlations. Following the correlation results,
we conducted single linear regressions to examine the predictive power of different
SMA on the correlations. The results showed that SMAN explained a significant
amount of the variance in correlations among AUT, CRAT, and FST, F (1, 75) =
99.49, p <.001, R? = .57, R2adjusted = .56. In detail, SMAN was a significant predictor of
correlations among creative thinking measures, B = .26, Beta = .76, t (75) =
9.97, p <.001, 95% CI [.21, .31] (Durbin-Watson = 1.98, std. residual (min) = -3.91,
std. residual (max) = 1.76).

The results showed that SMAT<AM explained a significant amount of the
variance in correlations among AUT, CRAT, and FST, F (1, 75) = 103.97, p <.001,
R? = .58, R?adjusted = .58. In detail, SMA™A<M was a significant predictor of
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correlations among creative thinking measures, B = .12, Beta = .76, t (75) =
10.20, p <.001, 95% CI [.10, .15] (Durbin-Watson =1.89, std. residual (min) = -3.43,
std. residual (max) =1.72).

The results showed that SMAT<M<A explained a significant amount of the
variance in correlations among AUT, CRAT, and FST, F (1, 75) = 70.96, p <.001, R?
= .49, R?adjusted = .48. In detail, SMATM<A was a significant predictor of correlations
among creative thinking measures, B = .11, Beta = .70, t (75) = 8.42, p < .001, 95%
CI1[.09, .14] (Durbin-Watson =1.94, std. residual (min) = -3.57, std. residual (max) =
2.11).

The results showed that SMAA<TM explained a significant amount of the
variance in correlations among AUT, CRAT, and FST, F (1, 75) = 120.44, p <.001,
R? = .62, R?adjusted = .61. In detail, SMAA<T*M was a significant predictor of
correlations among creative thinking measures, B = .13, Beta = .79, t (75) =
10.97, p <.001, 95% CI [.11, .15] (Durbin-Watson = 1.93, std. residual (min) = -3.53,
std. residual (max) = 1.52).

The results showed that SMAM<T<A explained a significant amount of the
variance in correlations among AUT, CRAT, and FST, F (1, 75) =50.38, p < .001, R?
= .40, R?adjusted = .39. In detail, SMAM<T<A was a significant predictor of correlations
among creative thinking measures, B = .10, Beta = .63, t (75) = 7.10, p < .001, 95%
CI1[.07, .13] (Durbin-Watson = 2.10, std. residual (min) = -3.64, std. residual (max) =
1.98).

The results showed that SMAM<A<T explained a significant amount of the
variance in correlations among AUT, CRAT, and FST, F (1, 75) = 55.16, p < .001, R?
= .42, R?adjusted = .42. In detail, SMAM<A<T was a significant predictor of correlations
among creative thinking measures, B = .10, Beta = .65, t (75) = 7.43, p < .001, 95%
CI1[.08, .13] (Durbin-Watson = 2.06, std. residual (min) = -3.71, std. residual (max) =
1.62).

The results showed that SMAA<M<T explained a significant amount of the
variance in correlations among AUT, CRAT, and FST, F (1, 75) = 89.69, p < .001, R?
= .55, R?adjusted = .54. In detail, SMAAM<T was a significant predictor of correlations
among creative thinking measures, B = .12, Beta = .74, t (75) = 9.47, p < .001, 95%
CI[.10, .15] (Durbin-Watson = 1.88, std. residual (min) = -3.76, std. residual (max) =
1.36).
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Exploratory analysis on gender difference.

The results of the independent samples test showed that, compared to male
participants, female participants received significantly higher scores for appropriate
fluency, flexibility, and originality in AUT and FST. Female participants also received
a significantly higher score for FST accurate originality. None of the other measures
revealed a significant difference between female and male participants (see Table
15).
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Table 15

Results of Independent Sample Tests Examining the Gender Differences for Creative

thinking.
Female (N=45) Male (N=59) 95% ClI
Measures t (102) p value
M SD M Low Up
AUT appropriate
6.59 3.26 462 2.67  3.38* .001 0.81 3.12
fluency
AUT appropriate
4.96 1.27 413 141  3.11* .002 0.30 1.36
flexibility
AUT appropriate
o 1.95 0.18 1.81 0.32 2.65* .009 0.04 0.25
originality
AUT appropriate
1.18 0.09 1.16 0.09 1.19 237  -0.01 0.06
frequency
CRAT accurate
2.06 1.27 1.74 1.45 1.17 245  -0.22 0.86
fluency
FST appropriate
3.23 1.92 258 1.93 1.71 .090 -0.10 141
fluency
FST appropriate
3.10 1.04 271 0.93 2.03* .045 0.01 0.78
flexibility
FST appropriate
S 1.54 0.21 143 0.20 2.80* .006 0.03 0.19
originality
FST appropriate
1.26 0.15 1.26 0.15 0.29 772  -0.05 0.07
frequency
FST appropriate
_ 2.08 0.20 211 0.18 -0.67 503 -0.10 0.05
effectiveness
FST  accurate
1.53 0.91 121 1.05 1.65 103  -0.07 0.71
fluency
FST  accurate
1.36 0.56 1.28 0.55 0.80 427  -0.13 0.31
flexibility
FST  accurate
1.53 0.50 129 052  2.30* .023 0.03 044

originality
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FST  accurate
2.15 0.58 2.15 0.69 0.02 983 -0.25 0.26
frequency

FST accurate
0.01 0.01 0.01 0.01 -1.45 151 0.00 0.00

effectiveness

Creative self- 12.4
_ 58.76 23.23 54.43 1853 1.06 .293 -3.79
efficacy

*p < .05 (2-tailed). **p < .01 (2-tailed).

Study 1 Discussion

Study 1 supported hypothesis 1, that FST grasps distinct and common
aspects of creative thinking from AUT and CRAT, and hypothesis 2, that SMA can
predict the shared variance between AUT, CRAT, and FST.

MLFA. According to MLFA results, the measures that shared the task aspect
shared the most variance (cluster 1). In detail, AUT measures shared the most
variance. FST appropriate fluency and flexibility and all accurate measures shared
variance (cluster 2). Also, FST measures appropriate originality, frequency, and
effectiveness shared variance (cluster 3). However, CRAT accurate fluency did not
share variance with AUT and FST measures.

There are two takeaways from the results. First, we can infer that AUT, CRAT,
and FST may grasp different aspects of creative thinking because AUT, CRAT, and
FST measures were grouped in different clusters. The finding implies that three
thinking tasks represent qualitatively different thinking styles. In detail, AUT
represents divergent thinking, CRAT represents convergent thinking, and FST may
represent integrative thinking. We can also infer that divergent, convergent, and
integrative thinking represent different cognitive processes. Second, FST may grasp
more aspects of creative thinking than AUT and CRAT because FST measures were
divided into more clusters than AUT and CRAT measures. The finding is consistent
with previous arguments that integrative thinking combines divergent and convergent
thinking (Cropley, 2006; Tan, 2015; Zittoun et al., 2007).

However, MLFA results cannot tell a comprehensive story to us. For example,
we cannot infer the predictive power of the accuracy aspect and method aspects’
predictive power toward the shared variance. Therefore, we conducted a Pearson

correlation analysis which associated measures in the three tasks.
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Pearson correlations. The Pearson correlation results offer us five pieces of
information.

1. Many significant associations were positive (60 of 62).

2. There were strong positive correlations (r > .92) between the measures
that shared the method aspect in quantitative novelty, the accuracy aspect
in appropriateness, and the task aspect in AUT or FST.

3. There were high positive correlations between the measures that shared
the method aspect in quantitative novelty and the task aspect in AUT or
FST (.69 <r=<.92).

4. There were moderate positive correlations between the measures that
shared the accuracy aspect in appropriateness and the task aspect in AUT
or FST (.52 <r < .64).

5. There was a weak negative correlation between FST appropriate
originality and FST appropriate and accurate effectiveness (-.27 =<r <
-.25).

Pearson correlation results supported MLFA results and offered us further
information. First, the results showed that AUT, CRAT, and FST grasped different
aspects of creative thinking, which again support our argument that AUT, CRAT, and
FST represent different thinking styles.

Second, cross-task measures may grasp the similar aspect of creative
thinking. For instance, fluency and flexibility of appropriate answers grasped the
most similar aspects as they shared the highest level of variance. Also, appropriate
answers in the same tasks and fluency and flexibility of appropriate and accurate
answers shared a high level of variance. In other words, the number, and the
category number of (appropriate) answer, though in different creative-thinking tasks,
may grasp a similar aspect of creative thinking.

We can see that all the cross-task measures that shared variance were in
AUT and FST rather than CRAT. What can we learn from it? On the one hand, the
overlap between AUT and FST measures indicates the overlap between divergent
and integrative thinking. On the other hand, the lack of overlap between CRAT
measures and the others may be attributed to two potential explanations. For
instance, convergent thinking may overlap with neither divergent nor integrative
thinking. Another explanation is that CRAT is a language-based task while AUT and

FST are functions/uses-based. The differences in the knowledge base may induce
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the differences in the measures. Therefore, it is important to note that, though the
CRAT measure did not share variance with AUT and FST measures, CRAT may
share some cognitive processes with AUT and FST.

Third, originality and effectiveness in FST were negatively correlated with
each other. It implies that originality and effectiveness may grasp opposite aspects of
creative thinking. Also, the novelty and effectiveness of the produced ideas FST
changed in the opposite ways. Therefore, we can infer that the thinking style grasped
by FST may not be able to benefit the originality and effectiveness of idea generation
at the same time.

However, the patterns of the significant correlations between .19 to .50 were
unclear. Therefore, we conducted a regression analysis, measuring SMA's predictive
power towards the correlations.

Regression analysis. The linear regression results showed that all the
scoring methods for SMA significantly predicted the shared variance between
creative thinking measures. Again, regression analysis results supported the
previous argument that AUT, CRAT, and FST grasped different aspects of creative
thinking. They also showed that the appropriate and accurate answers represented
different aspects of creative thinking, and quantitative novelty measures, qualitative
novelty measures, and effectiveness measures also grasped different aspects of
creative thinking. More than that, the results showed that SMAA>T>M > SMAT>A>M >
SMAN > SMAA>M>T > SMAT>M>A > SMAM>A>T > SMAM>T>A.

The results supported hypothesis 1 and informed us how different aspects of
SMA weighted in predicting shared variances. In detail, compared to the difference
between the measures in different task aspects, the differences between the
measures in different accuracy aspects may be larger. In addition, the difference
between the measures in different method aspects may be the least among the three
aspects. However, it is important to note that: the difference between the measures
in different accuracy aspects was the largest maybe because it already entails the
difference in the task aspect, such that AUT only has appropriate answers and
CRAT only has accurate answers. Therefore, the difference in the accuracy aspect
can still be attributed to the task aspect.

Strength.

Advance understanding of creative thinking with FST. The generation of

FST advanced our understanding of creative thinking by showing that creative
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thinking is not limited to the widely accepted and employed concepts such as
divergent and convergent thinking. Integrative thinking may be crucial in real-life
creative performance in social contexts. Accordingly, our research highlights the
importance of understanding integrative thinking in the creative process, and FST
has the potential to change the situation that creative thinking research is
overwhelmed by AUT and CRAT.

Limitations and suggestions.

Can FST represent integrative thinking? Although we generated FST
based on integrative thinking, it is still early to define FST as an integrative thinking
task. One of the reasons is that the creativity research field does not have a widely
accepted definition of integrative thinking. Therefore, we do not define integrative
thinking but differentiate it from divergent and convergent thinking. In detail, the three
thinking skills' starting and ending points of information processing are different. The
generation of FST was also based on the difference. Therefore, the link between
FST and integrative thinking may disappear if their information process does not
match.

Suggestions. Therefore, we suggest that future studies further explore the
relationship between integrative thinking and FST. Here are the directions:

1. Work on the definition of integrative creativity.

2. Produce more empirical evidence regarding the physiology, neuroscience,
cognitive, affective, and behavioural mechanisms underlying FST and
compare it with AUT and CRAT.

3. Actively linking the outcome of the first two steps would help further
advance the understanding of integrative thinking.

This chapter has introduced FST and links it with AUT and CRAT. The next

chapter links creative thinking with social comparison and explore how comparative

social feedback affects people's performance in different creative thinking tasks.
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Chapter 3: Creative Thinking and Social Comparison

As an important quality of human beings, creative thinking is either affected by
the social context or a solution to social issues. This chapter focuses on the former
view. Here, we review the theories that specify the role of social context on creativity
and talk about the implicit assumptions of these theories. Next, we highlight why
studying the link between creative thinking and social comparison is important. In
addition, we introduce the concept of social comparison and review the empirical
evidence that investigates how social comparison affects creative thinking.
Moreover, we discuss the inconsistency of existing evidence and propose a hew
experimental paradigm (Repeated Rounds of Creativity Tasks with Social Feedback;
RRCTSF) to study the topic. After that, we demonstrate three studies (with one pilot
study) that examined the effect of different kinds of comparative social feedback (i.e.,
competition and star rating) on CRAT, AUT, and FST.

Literature Review

Creativity is affected by social context: social psychology of creativity.

An educational creativity psychologist Plucker defined creativity as “the
interaction of aptitude, process, and environment by which an individual or group
produces a perceptible product that is both novel and useful as defined within a
social context” (Plucker et al., 2004).

Several theories specify the role of social context on creativity. For example,
the system model of creativity proposes that creative accomplishment results from
the interaction of three forces. They are a field (“selects from the variations produced
by individuals those that are worth preserving”), a cultural domain (“selects new
ideas or forms that are worth preserved and transmitted to the following
generations”), and the individual (“brings about some change in the domain”)
(Csikszentmihalyi, 2014). Also, Boden distinguished personal and historical creativity
and proposed that personal creativity is an intrapersonal process (Boden, 2004).

Some researchers suggest that social and environmental factors interact with
personality characteristics and cognitive skills to affect the creative process and
output. For example, Amabile proposed that social and environmental factors that
induce extrinsic constraints alter intrinsic task motivations and influence creative
performance in the componential theory of creativity. Also, Amabile and her
colleagues conducted a series of experiments studying the effect of the social

context (e.g., evaluation, competition, surveillance, coaction) on kids’ creativity
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(Amabile et al., 1990) and found inconsistent results. After that, they applied the
theory in an organisational setting and found that social context is a double-edged
sword for creativity.

Amabile and her colleagues also found that social context is a double-edged
sword for creativity because social context induces extrinsic motivations. On the one
hand, extrinsic motivations may make people feel that they are dictated, undermining
creativity. For example, creative performance in an organisation would be
undermined by criticising new ideas, generating political problems, emphasising the
status quo, being conservative in top management, and under excessive pressure
(Amabile, 2011). On the other hand, extrinsic motivations may confirm people’s
competence and induce their excitement about the work. For instance, creative
performance in an organisation would be enhanced by inducing a sense of positivity,
creating collaborative team spirit, allowing autonomy, encouraging new ideas, and
having an innovation-encouraging vision in the top management (Amabile, 1983,
1993; Amabile & Mueller, 2008).

The investment theory of creativity proposes consistent arguments for
extrinsic motivations. In detail, creative people are willing to pursue unknown areas
with growth potential, persistent when encountering resistance, and eventually
receive admiration (buy low and sell high). The intelligence, knowledge, thinking
styles, personality, motivations, and environments are six distinct but related
resources for the creative production of these people. Furthermore, the
environmental resources indicate that an individual’s creativity would not display
without a supportive and rewarding environment (Sternberg & Lubart, 1996).

More recently, a dual pathway model of creativity incorporates situational and
dispositional variables on creative performance. The dual pathway model suggests
that novel and effective ideas are obtained via two qualitatively different cognitive
processes — cognitive flexibility and persistence. In the flexibility pathway, people
follow the two-stage generation and evaluation process. In detail, they have broad
attentional focus and switch flexibly between approaches to the task. It is related to
increased dopamine and reduced inhibition and allows more distant associations,
which lead to more original thoughts. However, this one may reduce cognitive control
and increase distractibility. Therefore, we may need cognitive inhibition later to evoke
our internal goals and intentions to take out poor solutions (evaluation). On the other

hand, people systematically and effortfully explore the possibilities in a few

87



categories or perspectives in the persistence pathway. Exploring a limited number of
categories may result in obvious and readily available solutions at the beginning.
However, in-depth exploration may lead to an original response within the category
of people persisted. Furthermore, the process requires a high level of cognitive
control to remove irrelevant thoughts from working memory and fully focus on the
task. Therefore, they are more focused and less flexible in the persistence pathway
(Nijstad et al., 2010).

It remains unknown whether the two pathways are negatively related. Some
researchers argued that cognitive processes must play different roles in different
pathways, so two pathways are negatively related. For instance, attention must focus
on a task and ignore distraction in persistence. However, this also reduces the
breadth of attentional focus and prevents flexibility. Therefore, the two pathways
might require attentional states, but we can switch from more flexible to more
systematic processing modes. For instance, we can be flexible and persistent when
stuck requires in-depth exploration (Geneplore model). However, this means that the
executive function is important in creative thoughts.

Two assumptions.

Bottom-up process vs. top-down process. According to the above theories
that address the importance of social context on creativity, social context affecting
the creative process is a bottom-up process (Simonton, 2010), which refers to a
stimuli-detection mechanism. In detail, bottom-up processing of social stimuli is
driven by people’s ability to detect social stimuli. Based on this assumption, the
creative process is an intrapersonal process by default. The effect of social context is
determined by the salience of the social stimuli and individual ability to trigger the
social effect on creativity. However, the social psychology of creativity can also be a
top-down process which is a knowledge-driven mechanism. For instance, top-down
processing of social stimuli is driven by people’s acquired predictions about others’
thoughts and behaviour. Based on this assumption, the creative process is an
interpersonal process by default, and the effect of social factors is determined by the
people’s social expectations and acquired response rules (Sarter et al., 2001).

Early cognitive psychologists refer to higher-order cognition as internalising
the social world. For example, Mead (1934) proposed that people systematically
process the rule-based social world into every aspect of mind operation. This

process determined cognitive processing and behaviour (Mead & Schubert, 1934).

88



Vygotsky emphasised that people constantly internalise others’ actions around them,
so social interaction forms the fundamental of higher-order cognition such as
intelligence (Sternberg, 2003; Vygotsky, 1997), p.24. Therefore, an individual
creative potential may start with the internalisation of social interactions by not just
copying but rather a transformation or reorganisation of incoming information and
mental structures based on existing knowledge.

Automatic vs. controlled social cognition. The existing theories of social
psychology of creativity also assume social cognition in creativity as a controlled
processing, such that people detect social stimuli when experimenters deliver them
deliberately. However, the human mind and social environment are inseparable and
mutually constitutive concepts. Therefore, the processing of social information may
be automatic. For being creative, self-evaluation can be an interactive referential
process in which people compare their ideas against other people’s ideas, relevant
culture domains, and experts’ and audiences’ acceptability in relevant domains
(Sawyer, 2006; Silvia et al., 2008; Sternberg, 2006). The automatic social cognition
in the creative process also explains the research that found creative people have
anti-social tendencies (Feist, 1998). It takes effort to not compare with others and not
think about what others think. Therefore, isolating oneself during the creative
process can save cognitive resources.

Accordingly, we can infer that the novelty-oriented creative process is more
likely to induce automatic social cognition than the accuracy-oriented process. For
example, the novelty measure of AUT and FST (not CRAT) may spontaneously
induce social comparison because novel ideas are those that others can rarely think
of, so the others’ performance is the reference point. Without awareness, AUT and
FST may automatically activate social signals within one’s existing knowledge and
change their behaviour. Therefore, people doing AUT and FST and receiving
feedback about their performance may process the given information, their ideas,
and the potential ideas of the other people at the same time. On the other hand,
CRAT that has correct answers may not evoke social comparison automatically
because the reference point is a pre-determined logically correct answer. Because
social comparison has been automatically induced in AUT and FST rather than
CRAT, the deliberately given social comparison stimuli may have a different effect on

performance in CRAT and AUT & FST. Thankfully, existing research examined how
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social comparison affects creative thinking. Before we review the empirical evidence,
please allow us to introduce social comparison.

Social comparison.

Human beings seek reference points to evaluate their opinions, values, and
abilities (i.e., self-evaluation). In some contexts, existing objective standards serve
as a reference point. When the objective standard is not available or insufficient,
people are likely to consider how other people think or do and compare with them.
More than the motive of self-evaluation, people tend to do upward social comparison
to improve themselves and downward comparison to enhance a positive sense of
self (Festinger, 1954; Helgeson & Mickelson, 1995).

Take the case of a creative artist, Vincent Van Gogh, as an example. Vincent
used his teacher’s feedback as a reference point to gauge his learning progress.
Also, he intentionally compared with superior others (i.e., upward comparison) to
estimate how much he had learned and what he still needed to learn (Johnson &
Stapel, 2007; Wheeler, 1966). In addition, Vincent compared with inferior others
(downward comparison). When he needed to make decisions about work selling and
idea construction, he discerned bad ideas by referring to the people whose works he
deemed worse than his own (Bandura & Jourden, 1991). When Vincent felt
threatened by other gifted artists’ achievements, he also do downward comparisons
to maintain a positive sense of self (Hakmiller, 1966).

Social comparison affects creativity.

Previous creativity research generated empirical evidence regarding the effect
of social comparison on creativity. In detail, existing studies examined how the
presence (Michinov & Primois, 2005; Redifer et al., 2021; Shalley & Oldham, 1997;
Strong & Gray, 1972; Van Knippenberg et al., 1981), the expectations (Clark &
Goldsmith, 2006; De Vet & De Dreu, 2007; Van de Ven et al., 2011) and the
direction (Van de Ven et al., 2011) of comparative social feedback in ranking
competition (Amabile, 1982a; Balietti et al., 2016; Conti et al., 2001; Eisenberg &
Thompson, 2011; Landers et al., 2019; Raina, 1968; Van Leeuwen & Baas, 2017) or
zero-sum competition (Bittner & Heidemeier, 2013; Erat & Gneezy, 2016) affect
divergent thinking, convergent thinking, and creative design or side products of
creativity at individual and group levels.

The positive effect of expecting and receiving comparative social feedback

seems relatively robust on divergent and convergent thinking tasks at the individual
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level. For instance, when performing in a “Ask and Guess Test” and an “Imagination
Test”, secondary school students who were told that the top three performers were
written on the school bulletin board generated more ideas with higher flexibility than
the students who were told nothing about the competition (Raina, 1968). When the
experimenter asked a group of participants to attack or defend a castle by
completing the UUT, the defenders generated more ideas than the attackers and the
participants (they knew nothing about the castle game) (Van Leeuwen & Baas,
2017). When controlling the intrinsic motivation, the originality of ideas generated by
psychological undergraduates who were told that they were competing against a top
ranking was higher than those who were told nothing about the competition (Landers
et al., 2019). Business undergraduates who were told their performance would be
compared with the other participants generated more ideas with higher flexibility than
those who were told nothing about the comparison (Shalley & Oldham, 1997).

In addition, Canadian University’s students and staff who were told that the
top three performers would receive cash prizes and that the best performer would be
acknowledged generated more creative music than those told nothing about the
competition (Eisenberg & Thompson, 2011). When undertaking an interactive
drawing task on a computer, the participants whose monetary rewards were based
on their performance generated more innovative drawings than those whose
monetary rewards were fixed (Balietti et al., 2016). Furthermore, the positive effect of
comparative social feedback remains for convergent thinking — CRAT. A
correlational study supported this positive association by showing a positive
association between benign envy (i.e., a comparative social emotion), the intention
to study, and the performance in CRAT (Van de Ven et al., 2011).

More than that, comparative social information also benefits group creativity.
For example, university instructors and training consultants were allocated into 3-4
person groups online. They were given five days to express as many ideas as
possible about the definitions and examples of groups or teams’ constructions.
Compared to the groups that received no information about other group members’
activities, the groups that received information about group members’ contributions
produced more ideas with better quality (Michinov & Primois, 2005). The information
included 1) the number of ideas each member produced, 2) the number of times they

logged in to the platform, and 3) the time they spent on the task.
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However, the positive effect of expecting comparative social feedback still has
a chance to flip for gender differences. For instance, a group of 6-10-year-old boys
were told to design paper collages. Some of them were told that the top three
performers would receive a prize (experimental group), and some were told that the
prize winner would be raffled off (control group). The results showed that the
experimental group created more creative paper collages than the control group
(Conti et al., 2001). However, the positive effects of competition on creative product
design disappear for girls. In Conti’s and Amabile’s experiment, the 6-10-year-old
girls in the competition group performed less creative than those in the no-
competition group (Amabile, 1982a; Conti et al., 2001).

Also, the positive effect of expecting comparative social feedback may
disappear when we replace a creative thinking task with a creative problem-solving
task - an “in-basket exercise”. For example, there was no difference between the
performance of undergraduate students from Organisational Behaviour who were
told that their performance would be compared with the other participants and those
who knew nothing about comparison (Shalley, 1995).

More than that, existing evidence shows that social comparison undermines
creativity. For instance, Bittner and Heidemeier recruited German Master’s students
and allocated them to three groups. A promotion focus group started the experiment
by writing the ideal self and developmental goals. A prevention focus group wrote
about their ought and responsibilities, and a control group did not write anything.
After that, they finished a mindset questionnaire and an instance task. The instance
task consisted of five words, and participants indicated the words that had similarities

in that they had categories in common (e.g., “compass”, “clock”, “roadmap”, “polar

I

star”, “course”). The results showed that the promotion focus group exhibited a less
competitive mindset and pointed out more solutions in an instance task than the
prevention group. Also, the control group did not differ in mindset but pointed out
more solutions in instance task than the prevention group. The following experiment
also allocated people into different groups and measured performance on AUT for 10
minutes. The competition group was told that their performance was compared to
others, and only the winner received rewards. The cooperation group was told that
their performance was added to others’ performance, and their summed scores
determined the final rewards. The results showed that competition significantly

indirectly affected fluency in AUT, mediated by the prevention focus level. In detall,

92



the competition group exhibited a significantly higher prevention focus than the
cooperation and control groups and a lower prevention focus associated with higher
AUT fluency (Bittner & Heidemeier, 2013).

Consistently, Erat and colleagues found the negative effect of competition on
insight problems. In detalil, they asked participants to develop a hidden and non-
obvious solution for a word/picture puzzle, and they were told that their performance
was evaluated. In the control condition, participants were told about the evaluation
thing. In the piece-rate condition, one’s evaluation outcome determined their
received monetary rewards. In the competition condition, one’s evaluation was
compared with another participants, and only the winner received monetary rewards.
The results showed that participants in piece-rate and competition groups put more
effort into rebus puzzle problems than control groups but did not perform better.
Also, competition groups performed worse than control groups (Erat & Gneezy,
2016).

The above studies examined how the presence and expectation of
comparative social feedback affect creativity. Other studies examined how the
direction of comparative social feedback (e.g., upward and downward comparison)
affects creativity. For example, Redifer and colleagues asked participants to do UUT
and metaphor tasks. The researchers provided participants with three kinds of
artificial comparative social information in which people saw the average and their
own scores. Participants’ scores were higher and lower than the average in positive
and negative conditions. In the control condition, participants did not receive a score.
The results showed that, compared to negative and no feedback, positive feedback
for creative thinking tasks led to significantly lower perceived difficulties during the
subsequent tasks.

Additionally, although the experiment did not find the effect of feedback on
creative performance, they found that lower perceived difficulty was significantly
associated with higher fluency scores (rather than originality scores) during
subsequent UUT and metaphor tasks (Redifer et al., 2021). Therefore, the results
showed that downward comparison lowered the perceived difficulties of the divergent
thinking task, which may benefit fluency. Beyond that, Van de Van found that upward
comparison benefited performance in the CRAT only when participants feel a

possibility to improve and experience benign envy (Van de Ven et al., 2011).

93



Further studies found that engaging in comparative social information
undermines side-products of creativity. For example, receiving a low-ranking position
for performance on AUT could reduce one’s creative self-efficacy (Strong & Gray,
1972). It also reduce the likability and perceived value of the AUT (Van Knippenberg
et al., 1981). For first-year undergraduate students who were sensitive to social
comparison, verbalising ideas when completing the UUT undermined the ideas’
originality (De Vet & De Dreu, 2007). For undergraduates in the southeast US, the
attention to social comparison information negatively affected their creativity in
purchasing decisions (Clark & Goldsmith, 2006).

Interpretations for inconsistent findings.

Existing studies yield inconsistent effects of social comparison on creativity.
There are at least five potential causes, including inconsistent social comparison
manipulation, contaminated monetary rewards, contaminated expected evaluation,
inconsistent creativity measures, and other moderators.

First, the studies induced social comparison in different ways. As we can see
in the evidence review, some studies induced social comparison with competition,
while the others induced ranking. Some studies induced social comparison with
expecting feedback while others with receiving feedback. The studies that
manipulated social comparison in the same way, may induce different stress levels
affected by task instructions or experiment contexts, while stress had a complex
effect on creativity (Byron et al., 2010).

Second, the studies employed different creativity tasks. As we have
mentioned, different thinking tasks may induce different levels of automatic social
cognition. The unknown and complex social cognition may alter the effect of social
comparison.

Third, most studies did not dissociate monetary and social rewards while
monetary rewards have a separate effect on creativity. In detail, studies that induced
participants with expected comparative feedback normally linked the competition
outcome or ranking outcome with monetary rewards such as cash (Balietti et al.,
2016; Eisenberg & Thompson, 2011; Van Leeuwen & Baas, 2017) and art material
rewards (Amabile, 1982a; Conti et al., 2001). However, considering that monetary
rewards have a large and complex impact on creativity (Eisenberger et al., 1998;
Eisenberger & Rhoades, 2001; Wang & Holahan, 2017), we could not attribute the

effect of the stimulus to either social feedback or monetary reward. For example,
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compared with a person in the lower-ranking position in a contest, a participant who
gains a higher-ranking position would receive greater monetary rewards. Therefore,
participants may be creative for higher ranking positions or more money.

Fourth, existing studies did not dissociate different social rewards, such as
non-comparative evaluation (e.g., an objective score) and comparative evaluation,
while both have complex impacts on creativity. Our research focused on the effect of
comparative social feedback on creativity. However, there is another research
stream showing that expected evaluation affects creativity inconsistently (Amabile et
al., 1990; Baer, 1997, 1998b; Hennessey, 1989; King & Gurland, 2007; Lei et al.,
2020; LOKSA & LOKSOVA, 2000; Shalley, 1995; Shalley & Perry-Smith, 2001;
Slijkhuis et al., 2013; Wang et al., 2017; Yuan & Zhou, 2008; Zhou & Oldham, 2001).
The overall inconsistent results could result from evaluation, comparison, or both.

Even though existing studies induced participants with the pure ranking
position without monetary rewards and with a strictly controlling effect of evaluation,
the results may still alter in different studies as comparative social feedback would
evoke a multitude of psychological mechanisms. Different people may perceive
different levels of difficulties in creativity tasks at a cognition level. At a motivation
level, expecting or receiving comparative social feedback evokes social comparison
spontaneously (Festinger, 1954) In social comparison, people use the information to
evaluate their own opinions, beliefs, abilities, or decisions (Bandura & Jourden,
1991), to maintain a good sense of themselves (Hakmiller, 1966), or to motivate
themselves to improve (Johnson & Stapel, 2007; Wallace & Gruber, 1989; Wheeler,
1966). At the affection level, engaging in comparative social feedback would elicit
admiration, envy (Nabi & Keblusek, 2014; Van de Ven, 2017), the joy of winning, and
the fear of losing (Astor et al., 2013). Also, individual creativity would be affected by
social comparison sensitivity (Clark & Goldsmith, 2006; De Vet & De Dreu, 2007),
the fear of losing out (Cheng & Hong, 2017), and the type of envy (i.e., benign envy
and malicious envy) that was recalling (Van de Ven et al., 2011). Also, the regulatory
focus (Bittner & Heidemeier, 2013) and the directions of comparison (Van de Ven et
al., 2011) may moderate the relationship. Therefore, the evoked psychological
mechanisms not only mediate but also moderate the relationship between social

comparison and creativity.
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Repeated rounds of creativity tasks with social feedback (RRCTSF).

To address the experimental issues in the previous studies, we produced a
paradigm (RRCTSF) to examine the effect of zero-sum competition and evaluation
on AUT, CRAT, and FST. In RRCTSF, we took out monetary rewards and
dissociated evaluation and competition. Also, the manipulation of comparative social
feedback remained consistent throughout different creative thinking tasks.
Considering that existing research found inconsistent effects of comparative social
feedback on individual creative thinking, and this is the first behavioural study that
rigorously compares the effect of comparative social feedback on different creative
thinking tasks our studies answer two exploratory questions:

First: how does comparative social feedback affect individual performance in
AUT, CRAT, and FST?

Second: does comparative social feedback have different effects on individual
performance in AUT, CRAT, and FST?
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Study 2 (Pilot) Method

We employed a within-subject design with social feedback, either competition,
star rating, or control, as within subject conditions. The dependent variables were
speed and accurate fluency in Chinese Compound Remote Associate Problems
(CCRAP) (Wu & Chen, 2017). The study was generated on the Qualtrics platform.

Participants.

One hundred and one Mandarin Native speakers (64 women, Mage = 29.16
years) were recruited using a convenience sampling strategy. They were all given an
information sheet and signed on informed consent.

Materials.

CCRAP. CCRAP integrated CRAT's design, considered the different linguistic
attributes of Chinese and English and fitted the language habit of Mandarin
speakers. CCRAP consisted of 120 items. Participants saw three stimulus words in
each item. They came up with the fourth word that made up an actual two-character

word with each of the three stimulus words. For instance, the correct answer of the

item: " (fire)i%(fall)/ #§ (indicate)" was "g2 (dot)", since " (dot)" made up “£2

(ignition)/3% mA(drop-point)/Ag & (direction)”. We measured accurate fluency (Thissen,

1983) in CCRAP. The accurate fluency in CCRAP indicated participants' convergent
thinking. The higher the accurate fluency, the greater the convergent creativity.

We also measured the speed in CCRAP. This dependent variable fulfilled an
exploratory purpose because speed could have different indications on the task
performance. In detail, the time spent in a task (speed) may be associated with the
creative thinking ability, the effort that a participant put into creative thinking, the
fatigue that participants experienced, or the typing proficiency in either positive or
negative directions.

Procedure.

Participants were told to play a word puzzle game (the word puzzles were
CCRAP items). They read instructions, which explained the rules of the experiment.
To enter the main experiment, participants had to answer seven questions to ensure
they fully understood the instruction. Considering the game's complexity, each
participant had three opportunities to answer the questions. The game consisted of
18 rounds, each of which consisted of five CCRAP items. The rounds were shown in

random order. The difficulties of items were calculated based on normative data for
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CCRAP, and the accumulated difficulties for each round were the same. The
guestions in each round were random and non-repeated. These 18 rounds were
divided into three blocks, each representing one condition (i.e., six rounds per
block/condition).

In the control condition, participants were told that they were playing
independently; they received the number of correct answers after each round. In the
competition condition, participants were told that they were competing with another
player randomly selected from our participant pool. The competitors differed in each
round; they received feedback informing the number of correct answers and the
competition winner after each round. In the star rating conditions, participants were
told that a star rating system would evaluate their performance. The system
considered participants' results, other players' results, and the difficulties of
guestions; they received feedback informing the number of correct answers and the
star rating at the end of each round. The information about the number of correct
answers reflected participants' true performance, while the competition's winner was
selected randomly, and the star ratings were given randomly.

Participants encountered three conditions in random order. They had 2
minutes to complete each round, but they did not have to run out of time. At the end
of the experiment, we asked for gender and age. They left their email address if they

wanted us to update the correct answer for all CCRAP items.

Study 2 (Pilot) Results

Most participants did not finish the experiment in the pilot study. As a result,
we did not have sufficient power in the pilot, and none of the dependent variables
showed a significant result. However, participants provided valuable comments on
the RRCTSF paradigm in terms of length and difficulties of the word puzzle items.
For example, they reported the paradigm's limitation, which helped us to generate an
efficient experiment in the next study. Specifically, participants' feedback centred
around five things. First, five items per round were too lengthy and too difficult.
Second, two minutes gave them too much time pressure, and they could not finish
the test. Third, the star- rating system in the star rating condition was not trustworthy.
Fourth, winner selection did not make sense since we did not provide them with the

competitor's number of correct answers. Finally, five participants stopped the
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experiment in the middle of the game and continued several hours later. The pause
would easily make our manipulation invalid. To overcome these limitations, we

adjusted the procedure in the following studies.

Study 2 Method

We replicated the experimental design in the pilot study but changed the
materials (i.e., replaced CCRAP with CRAT) and adjusted procedures.

Participants.

One hundred and one English Native speakers (43 women, Mage = 37.43
years) were recruited on Mturk using a simple random sampling strategy. All
participants were workers on Mturk and were recruited based on the principle - first
come, first serve. Participants were all given an information sheet and signed on
informed consent. They received $4.09 as a participant fee.

Post-hoc power analyses using GPower suggested that we had enough
power (.98) to detect the effect at the p = .05 level (partial n? = .05, effect size f = .23,
number of groups = 1, number of measurements = 3, corr among rep measures = .5,
nonsphericity correction ¢ = 1).

Materials.

CRAT. In CRAT, participants saw three stimulus words and came up with the
fourth word that made up a common compound word or phrase with each of the
three stimulus words. For instance, if they saw “cottage/Swiss/cake”, they should
come up with the fourth word “cheese” since it is made up of “cottage cheese/Swiss
cheese/cheesecake”. We replicated the measurement in the pilot study.

Motives of social comparison. We measured social comparison motives
using a well-known questionnaire (Helgeson & Mickelson, 1995). This inventory
included six sub-scales which focused on the motives for self-improvement, motives
for a common bond, motives for altruism, self-enhancement, self-destruction, and
self-evaluation, respectively (see Appendix G).

Individualism and collectivism. We were interested in the relationship
between ideologies on creative thinking, so we measured individualism and
collectivism using a well-validated questionnaire (Triandis & Gelfand, 1998). This
inventory included four sub-scales; one focused on horizontal individualism— in

which people were seeking a unique position in a group —and included items such
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as “l would rather depend on myself than others”. Second, one focus on vertical
individualism — in which people wanted high status and were aggressive in
competitions—included items such as “Winning is everything”. Third, one focused on
horizontal collectivism —in which people viewed themselves as being similar to
others — and included items such as “I feel good when | cooperate with others”.
Finally, one focused on vertical collectivism — in which people were willing to
sacrifice their benefit for the sake of in-group objectives — and included items such
as “Parents and children must stay together as much as possible” (see Appendix H).
The reliabilities for both scales were acceptable (see Table 16).

We measured individualism and collectivism in and only in study 2 since the
author was interested in the link between culture and creativity at the time of
experiment conduction (i.e., personal exploratory interests). The relationship
between cultural background and creative thinking was not the focus of this research
project and does not fit well with research logic holistically. Therefore, we reported

relevant results but would not discuss them in further detail.

Table 16
Scale Reliability for Motives of Social Comparison and Individualism &
Collectivism.

Cronbach's a N of ltems
Self-improvement .81 5
Self enhancement .87 5
Self-evaluation .78 3
Common bond .79 4
Horizontal individualism .64 4
Vertical individualism 74 4
Individualism 72 8
Horizontal collectivism .73 4
Vertical collectivism 72 4
Collectivism .79 8
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Procedure.
We replicated the procedure in the pilot study. However, considering the
limitations of the pilot study, we made some changes to improve the efficiency of this

paradigm (please see Appendix | for Study 2 Script) In detalil:

1. There were three items in one round.

2. Time limits for each round were 3 minutes.

3. The star rating was given based on the performance (please see Appendix
J for Scoring and Star Rating Algorithm for CRAT (Study 2)).

4. We added a competitor allocation page before each round of the

competition block. The allocation page showed “we are allocating you a competitor”,
and the page lasted 3 seconds.

5. The feedback of the competition comprised both the winner and the
number of correct answers of two players (the correct number of correct answers of
competitors was set randomly).

6. We emphasised that participants could not stop in the middle of each block.

7. We added two questionnaires at the end of the experiment. The
guestionnaires measured cultural background and motivations of social comparison.

8. In the debriefing script, which was used to reveal the study’s true purpose,
we asked participants if they suspected that we were not being completely honest
with them (57 participants did not suspect our study, and 44 of them suspected our
honesty).

Study 2 Results

Statistical assumptions. To prepare an appropriate dataset for within
subject repeated measures ANOVA, we did a series of assumption tests on the
dependent variables. All the variables met the assumption of independence of
variables, and sphericity. There was no outlier. The skewness (between + 2) &
kurtosis (between £3), and Shapiro—Wilk test indicated that the data contained
approximately normally distributed error. Please see Table 17 for descriptive

statistics and Table 18 for normality tests of all measures.
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Table 17

Descriptive Statistics for Measures of Speed, Accuracy, Individualism,

Collectivism, and Social Comparison Motivations.

M SD
Speed _ Competition 47.01 30.38
Speed _ Star rating 48.85 30.17
Speed _ Control 43.40 25.44
Accurate fluency _ Competition 12.78 3.83
Accurate fluency _ Star rating 12.80 3.85
Accurate fluency _ Control 12.36 3.91
Self-improvement 3.98 0.80
Self enhancement 2.96 1.06
Self-evaluation 3.94 0.88
Common bond 3.57 0.93
Horizontal individualism 4.141 0.648
Vertical individualism 2.965 0.952
Individualism 3.553 0.644
Collectivism _ Horizontal 3.688 0.770
Collectivism _ Vertical 3.507 0.820
Collectivism 3.598 0.679
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Table 18

Normality Tests for Measures of Speed, Accuracy, Individualism, Collectivism, and

Social Comparison Motivations.

Shapiro-Wilk
Skewness Kurtosis  Statistic p value
Speed _ Competition 1.62 2.91 .86** <.001
Speed _ Star rating 1.07 0.62 90** <.001
Speed _ Control 1.33 2.30 .90** <.001
Accurate fluency _ Competition -0.45 -0.52 95** .001
Accurate fluency _ Star rating -0.43 -0.60 95** <.001
Accurate fluency _ Control -0.49 -0.31 .96** .004
Self-improvement -1.40 2.46 .89** <.001
Self enhancement -0.47 -0.54 .94** <.001
Self-evaluation -1.66 3.47 .82** <.001
Common bond -0.55 -0.03 .96** .004
Horizontal individualism -0.72 0.50 94** <.001
Vertical individualism 0.06 -0.32 .98 155
Individualism -0.05 -0.44 .99 .548
Collectivism _ Horizontal -0.72 0.82 .94** <.001
Collectivism _ Vertical -0.37 0.32 97* .032
Collectivism -0.82 1.67 .96** .005

*p < .05 (2-tailed). **p < .01 (2-tailed).

CRAT ANOVA. We performed three-way repeated measures ANOVA on the

speed to determine whether participants spent more or less time in different

conditions. There was a significant main effect of speed, F (1, 100) = 5.32, p = .006,

n?= .05, Q = .83. The following-up t-test'® showed that participants spent more time, t
(100) = 3.06, p =.009, 95% CI [1.11, 9.80], in the star rating condition (M = 48.85,
SD = 3.00) than control condition (M = 43.40, SD = 2.53). However, the speed did
not reveal significant differences between the competition (M = 47.01, SD = 3.02)
and the star rating conditions, t (100) = -1.04, p =.904, 95% CI [-6.16, 2.48], and

15 p values in this thesis were Bonferroni corrected.
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between the competition and control conditions, t (100) = 2.35, p = .062, 95% CI [-
0.12, 7.35] (see Figure 10). Also, the main effect did not reveal a significant
difference for CRAT accurate fluency, F (1, 100) = 1.54, p = .218, n°>= .02, Q = .32.

Figure 10

CRAT speed in competition, star rating, and control conditions.

Speed in CRAT
60 L
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§ 40
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Conditions

Correlations of CRAT measures. We correlated speed and CRAT accurate
fluency. The results showed significant positive correlations between speed and
accurate fluency in the star rating and control conditions. In detail, speed and
accurate fluency was weakly associated in star rating condition, r = .26, p = .009,
and in control condition, r = .20 p = .045. However, speed and accurate fluency were
not significantly associated in the competition condition.

Correlations with self-reported measures. The results showed that there
were significant positive associations between motives of self-improvement and
CRAT accurate fluency. In detail, the motive of self-improvement was weakly
associated with accurate fluency in the competition and star rating conditions (see
Table 19).
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Table 19

Correlations Cross CRAT Speed, Accurate Fluency, and Motives of Social

Comparison.

Self- Self Self- Common

improvement enhancement evaluation bond
Speed _ Competition A5 10 .04 A1
Speed _ Star rating 14 .02 -.06 .06
Speed _ Control 13 A1 .00 A2
Accurate fluency _ Competition .26** -.05 .20 .06
Accurate fluency _ Star rating  .21* -.07 .16 .08
Accurate fluency _ Control A2 -.02 13 .05

*p < .05 (2-tailed). **p < .01 (2-tailed).

The results also showed significant positive associations between
individualism and accurate fluency in the star rating condition. In detail, the vertical
individualism and the average of horizontal and vertical individualism were weakly

associated with accurate fluency in the star rating condition (see Table 20).

Table 20

Correlations Cross CRAT Speed, Accuracy, and Individualism.

Horizontal Vertical

individualism individualism Individualism

Speed _ Competition .08 -.05 .00
Speed _ Star rating A7 -.05 .05
Speed _ Control .07 -.07 -.02
Accurate fluency _ Competition .07 .16 15
Accurate fluency _ Star rating 14 .25* .26**
Accurate fluency _ Control .08 A1 12

*p < .05 (2-tailed). **p < .01 (2-tailed).

The results did not show a significant association between collectivism and

CRAT accurate fluency (see Table 21).
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Table 21

Correlations Cross CRAT Speed, Accuracy, and Collectivism.

Horizontal Vertical

collectivism collectivism  Collectivism
Speed _ Competition .07 .08 .09
Speed _ Star rating .09 .05 .08
Speed _ Control A2 .18 .18
Accurate fluency _ Competition -.01 -.05 -.04
Accurate fluency _ Star rating -.04 .02 -.01
Accurate fluency _ Control A1 10 A2

*p < .05 (2-tailed). **p < .01 (2-tailed).

Exploratory analysis on gender difference. The results of the independent

samples test showed that speed and accurate fluency in CRAT did not reveal a

significant difference between female and male participants (see Table 22).

Table 22
Gender Difference in CRAT Measure (N femate = 43, N male = 58, df = 99).
95% CI
Measures Gender M SD t p values Lower Upper
Speed Female 49.29 3341
- 0.65 0.518 -8.19 16.14
_ Competition Male  45.32 28.09
Speed Female 50.88 32.23
_ 0.58 0.564 -8.56 15.61
_ Star rating Male  47.35 28.74
Speed Female 41.97 23.47
-049 0629 -1269 7.71
_ Control Male  44.46 26.96
Accurate fluency Female 12.70 4.14
N -0.19 0.85 -1.68  1.39
_ Competition Male 12.84 3.62
Accurate fluency Female 13.07 3.78
_ 0.60 0.55 -1.07 2.01
_ Star rating Male 1260 3.91
Accurate fluency Female 12.44 401
0.19 0.85 -1.42 172
_ Control Male 12.29 3.87
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Study 3 Methods

We replicated the experimental design in Study 2 but changed the materials
(i.e., replaced CRAT with AUT) and adjusted the procedure.

Participants.

We recruited 64 English Native speakers (25 females, M age = 36.61, SD age =
10.62) from Mturk using a simple random sampling strategy and a first come, first
serve principle. Participants were all given an information sheet and signed on
informed consent. They received $4.09 as a participant fee.

Using GPower, we conducted a priori power analyses based on the results in
Study 1. The results suggested that a sample size of 55 could offer enough power
(.84) to detect the effect at the p = .05 level (partial n? = .05, effect size f = .23,
number of groups = 1, number of measurements = 3, a err prob = .05, power = .83,
corr among rep measures = .20, nonsphericity correction ¢ = 1).

Materials.

AUT. As we did in Study 1, we asked participants to think of as many uses of
household objects as possible in six rounds. We measured appropriate fluency,
appropriate originality, and appropriate frequency. We did not measure appropriate
flexibility since previous studies showed that it was positively associated with
appropriate fluency. For the details of the measuring strategy, please refer to AUT in
Materials in Study 1.

Procedure.

The procedure was replicated in Study 2 (see Appendix K for Study 3 script).

Participants read AUT instructions and had to pass the instruction test to enter the
main experiment. The experiment consisted of 6 rounds, each of which consisted of
one round of AUT. The six rounds were divided into three blocks, representing one
condition (i.e., two rounds per block/condition). The manipulations of the competition,
star-rating, and control conditions remained almost the same as in Study 2, with
reasonable changes. First, we added a competitor allocation page to make the
competition more trustworthy. Also, we offered participants 5 minutes to finish each
round as AUT may require longer typing time than CRAT. In addition, participants

received subject scores rather than the number of correct answers in the feedback

screens (please see Appendix L for Scoring and Star Rating Algorithm for AUT

(Study 3)). Participants encountered three conditions randomly, and the six different
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AUT objects were randomly matched with conditions. For instance, the probabilities

for brick to appear in competition, star-rating, and control conditions were the same.

After the main experiment and the self-report questionnaires for motives of social

comparison and individualism & collectivism (see Materials in Study 2), participants

reported demographic information and received a debriefing statement. Please see

Table 23 for the sale reliability of self-report questions.

Table 23
Scale Reliability for Motives of Social Comparison and Individualism and
Collectivism.

Cronbach's a N of Items
Self-improvement .82 5
Self enhancement .86 5
Self-evaluation .66 3
Common bond .78 4
Horizontal individualism e 4
Vertical individualism .80 4
Individualism 74 8
Horizontal collectivism 73 4
Vertical collectivism .82 4
Collectivism .83 8

Study 3 Results

Inter-rater reliability. We provided marking instruction and training to two

judges: one each from psychology and medical science backgrounds. Following

training, we asked judges to ask mark the originality an answer pool. Inter-rater

reliability was found between two judges for all markings (Cronbach’s a = .89).

Statistical assumptions. To prepare an appropriate dataset for within

subject repeated measures ANOVA, we did a series of assumption tests on the

dependent variables. All the variables met the assumption of independence of

variables, and sphericity. There was no outlier. The skewness (between * 2) &

kurtosis (between +10) indicated that the data contained approximately normally
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distributed error. Please see Table 24 for descriptive statistics and Table 25 for

normality tests of all measures.

Table 24
Descriptive Statistics for AUT Measures of Speed, Accuracy, Individualism, Collectivism,

and Motives of Social Comparison.

M SD
Speed _ Competition 119.11 68.77
Speed _ Star rating 121.13 72.88
Speed _ Control 115.53 62.43
Appropriate fluency _ Competition 8.58 3.33
Appropriate fluency _ Star rating 8.53 3.28
Appropriate fluency _ Control 8.42 3.45
Appropriate originality _ Competition 1.93 0.21
Appropriate originality _ Star rating 1.91 0.16
Appropriate originality _ Control 1.90 0.19
Appropriate frequency _ Competition 0.99 0.24
Appropriate frequency _ Star rating 0.96 0.25
Appropriate frequency _ Control 0.96 0.24
Self-improvement 4.16 0.67
Self enhancement 3.23 1.00
Common bound 3.82 0.82
Self-evaluation 3.97 0.74
Horizontal individualism 3.82 0.71
Vertical individualism 3.04 0.99
Individualism 3.43 0.67
Horizontal collectivism 3.93 0.71
Vertical collectivism 3.71 0.82
Collectivism 3.82 0.67
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Table 25

Normality Tests for AUT Measures of Speed, Accuracy, Individualism,

Collectivism, and Motives of Social Comparison.

Shapiro-Wilk
Skewness Kurtosis Statistic p value
Speed _ Competition 0.86 -0.05 .92%* <.001
Speed _ Star rating 0.77 -0.45 .92%* <.001
Speed _ Control 0.76 0.04 .94** .005
Appropriate fluency _ Competition 0.27 -0.91 .96* .039
Appropriate fluency _ Star rating 0.39 -0.89 .95* 011
Appropriate fluency _ Control 0.37 -0.91 .95* .015
Appropriate originality _ Competition  -0.28 -0.11 .99 .854
Appropriate originality _ Star rating -0.08 0.54 .99 .896
Appropriate originality _ Control -0.38 -0.10 .99 671
Appropriate frequency _ Competition  0.05 0.12 .99 911
Appropriate frequency _ Star rating 0.42 2.97 .95* 011
Appropriate frequency _ Control 0.31 0.11 .99 .748
Self-improvement -1.82 6.83 .85** <.001
Self enhancement -0.95 0.22 .90** <.001
Common bound -1.04 1.07 91** <.001
Self-evaluation -1.12 1.30 .89** <.001
Horizontal individualism -0.84 1.89 95** .006
Vertical individualism -0.12 -0.89 97 .098
Individualism -0.75 1.58 .96* .046
Horizontal collectivism -1.55 2.98 .85** <.001
Vertical collectivism -1.18 1.30 .89** <.001
Collectivism -1.56 3.54 .88** <.001

*p < .05 (2-tailed). **p < .01 (2-tailed).
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AUT ANOVA. We performed a three-way (competition vs star-rating vs
control) repeated measures ANOVA measures. None of AUT measures - speed F
(1, 63) = 0.46, p = .633, n°= .01, Q = .12, appropriate fluency F (1, 63) =0.25, p
=.783, n?>= .00, Q = .09, appropriate originality, F (1, 63) = 1.13, p = .325, = .02, Q
= .25, and appropriate frequency, F (1, 63) = 0.85, p = .431, n°= .01, Q = .19,
revealed a significant difference in the three conditions.

Correlations of AUT measures. The results showed that there were
significant positive associations among measures for AUT. In the competition
condition, appropriate fluency was moderately correlated with speed, and
appropriate frequency was weakly associated with speed, appropriate fluency, and
appropriate originality (see Table 26). In the star rating condition, appropriate fluency
was weakly associated with speed. Appropriate originality was weakly associated
with speed and moderately associated with appropriate originality. Also, the
appropriate frequency was moderately associated with appropriate fluency (see
Table 27). In the control condition, there were weak or moderate correlations

between the two AUT measures (see Table 28).

Table 26
Correlations for AUT Measures in Competition Condition.
1 2 3 4
Speed -
Appropriate fluency 53** -
Appropriate originality 24 21 -
Appropriate frequency 27 26%* 25%* -

*p < .05 (2-tailed). **p < .01 (2-tailed).
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Table 27

Correlations for AUT Measures in Star Rating Condition.

1 2 3 4
Speed -
Appropriate fluency AQ** -
Appropriate originality 33** A4x* -
Appropriate frequency A7 A4** .23 -
*p < .05 (2-tailed). **p < .01 (2-tailed).
Table 28
Correlations for AUT Measures in Control Condition.

1 2 3 4

Speed -
Appropriate fluency A5%* -
Appropriate originality A46** A5** -
Appropriate frequency 33** 31 AL1** -

*p < .05 (2-tailed). **p < .01 (2-tailed).

112



Correlations with self-reported measures. The results showed a significant
negative association between motives of self-improvement and AUT measures. In
detail, the motive of self-enhancement was weakly associated with appropriate

frequency in the competition condition (see Table 29).

Table 29
Correlations Cross AUT Measures and Motives of Social Comparison.

Self- Self Common Self-

improvement enhancement bound evaluation
Speed _ Competition 22 -.03 .16 .02
Speed _ Star rating A1 .00 .01 .00
Speed _ Control .05 .05 -.05 .02
Appropriate fluency _ Competition .02 -.16 .08 .03
Appropriate fluency _ Star rating -.05 -.18 .06 -.05
Appropriate fluency _ Control .03 -11 A2 -.05
Appropriate originality _ Competition -.13 -.12 -.15 -.03
Appropriate originality _ Star rating -.09 -.04 -.19 -.08
Appropriate originality _ Control -.13 -.16 -.01 .02
Appropriate frequency _ Competition .07 -.28* .03 .01
Appropriate frequency _ Star rating  -.20 -.08 .07 -.20
Appropriate frequency _ Control .06 -.18 A5 .01

*p < .05 (2-tailed). **p < .01 (2-tailed).
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The results also showed significant negative associations between
individualism and AUT measures. In detail, horizontal individualism was weakly
associated with appropriate originality in the control condition, and vertical
individualism was weakly associated with appropriate frequency in the star rating
condition. Also, average individualism was weakly associated with appropriate

frequency in both star rating and control conditions (see Table 30).

Table 30

Correlations Cross AUT Measures and Individualism.

Horizontal Vertical

individualism individualism Individualism

Speed _ Competition .10 -.02 .04
Speed _ Star rating .04 10 .09
Speed _ Control .06 .18 A7
Appropriate fluency _ Competition -.02 -.21 -17
Appropriate fluency _ Star rating -12 -.17 -.19
Appropriate fluency _ Control -.09 -.15 -.16
Appropriate originality _ Competition -.02 -.17 -.13
Appropriate originality _ Star rating .01 .04 .04
Appropriate originality _ Control -.30* -.08 -.22
Appropriate frequency _ Competition -.04 -.24 -.20
Appropriate frequency _ Star rating -.10 -.28* -.26*
Appropriate frequency _ Control -.23 -.18 -.25*

*p < .05 (2-tailed). **p < .01 (2-tailed).
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The results also showed significant negative associations between
collectivism and AUT measures. In detail, vertical collectivism was weakly
associated with appropriate originality in the competition condition, and average
collectivism was weakly associated with appropriate originality in the competition

condition and appropriate frequency in the competition condition (see Table 31).

Table 31

Correlations Cross AUT Measures and Collectivism.

Horizontal Vertical

collectivism collectivism Collectivism

Speed _ Competition 10 .05 .08
Speed _ Star rating -.02 .07 .03
Speed _ Control -.10 -.06 -.09
Appropriate fluency _ Competition .08 .02 .05
Appropriate fluency _ Star rating -.09 -.06 -.08
Appropriate fluency _ Control -.04 -.09 -.07
Appropriate originality _ Competition  -.17 -.29* -.27*
Appropriate originality _ Star rating -.02 -.02 -.02
Appropriate originality _ Control -.10 -.10 -11
Appropriate frequency _ Competition  -.23 -.22 -.25*
Appropriate frequency _ Star rating =17 -.05 =12
Appropriate frequency _ Control -.17 -.23 -.23

*p < .05 (2-tailed). **p < .01 (2-tailed).
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Exploratory analysis on gender difference. The results of the independent

samples test showed that none of the AUT measures revealed a significant

difference between female and male participants (see Table 32).

Table 32

Gender Difference in AUT Measure (N female = 25, N male = 39, df = 62).

95% CI
Measures Gender M SD t p values Lower Upper
Speed Female 134.35 77.25
- 1.43 0.157 -9.92 59.94
_ Competition Male 109.34 61.80
Speed Female 120.76 78.29
_ -0.03 0.974 -38.23 37.02
_ Star rating Male 121.37 70.25
Speed Female 108.80 59.04
-0.69 0.494 -43.16 21.06
_ Control Male 119.85 64.89
Appropriate fluency Female 9.54 3.45
- 1.89 0.064 -0.10 3.25
_ Competition Male 7.96 3.15
Appropriate fluency Female 9.32 3.31
. 156 0.125 -0.37 2.96
_ Star rating Male 8.03 3.21
Appropriate fluency Female 8.99 3.33
1.06 0.292 -0.83 2.71
_ Control Male 8.05 3.52
Appropriate frequenc Female 1.01 0.24
PPIOP N a Y 0.36 0.722 -0.10 0.15
_ Competition Male 0.99 0.25
Appropriate frequency Female 0.94 0.30
_ -0.42 0.679 -0.16 0.10
_ Star rating Male 0.97 0.22
Appropriate frequenc Female 0.94 0.24
PPIOP a Y -0.55 0.582 -0.16 0.09
_ Control Male 0.97 0.24
Appropriate originalit Female 1.87 0.20
PPIOP N J Y -1.69 0.096 -0.20 0.02
_ Competition Male 1.96 0.21
Appropriate originalit Female 1.95 0.17
PRToP _ J Y 155 0.126 -0.02 0.14
_ Star rating Male 1.89 0.14
Appropriate originalit Female 1.89 0.18
PPIOP J Y -0.33 0.742 -0.12 0.08
_ Control Male 1.90 0.20
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Study 4 Method

We replicated the experiment design in Study 2 but changed the materials
(i.e., replaced CRAT with FST) and adjusted the procedure.

Participants.

We recruited 52 participants (21 females, M age = 35.54, SD age = 11.17) from
Mturk using a simple random sampling strategy and a first come, first serve principle.
Participants were all given an information sheet and signed on informed consent.
They received $4.09 as a participant fee.

According to a priori power analysis in Study 3, we needed 55 participants to
achieve enough power (.84). We also did post hoc power analyses based on the
significant results in this study. The results suggested that 52 participants offered
enough power (partial n?= .09, effect size f = .31, number of groups = 1, number of
measurements = 3, corr among rep measures = .50, nonsphericity correction = 1).

Materials.

FST. As we did in Study 1, we provided participants with three functions and
asked them to think of as many objects as possible that fulfilled all three functions.
We measured fluency, flexibility, originality, frequency, and effectiveness in
appropriate and accurate dimensions. For the details of the measuring strategy,
please refer to FST in Study 1 Materials. Also, we were interested in the number of
answers produced (all fluency). The more answers one came up with, the more effort
a participant invested into the task and the higher potential they had for original ideas
(Runco, 2010).

Creative self-efficacy. We employed the 28-statement creative self-efficacy
inventory. Please refer to the creative self-efficacy inventory in Materials in Study 1
(Cronbach’s a = .95).

Procedure.

We replicated the procedure in Study 2 and Study 3 (see Appendix M
for Study 4 Script). Participants read the FST instruction and had to pass the

instruction test to enter the main experiment. Like Study 3, the experiment consisted
of six rounds, each of which consisted of one round of FST. We divided them into
three blocks, each representing one condition. The manipulations of the competition,
star-rating, and control condition remained almost the same as in Study 3, with

reasonable changes (see Appendix N for Scoring and Star Rating Algorithm for FST
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(Study 4)). For example, we offered participants 7 minutes to finish each round as
FST may require longer typing time than AUT and CRAT. Also, our study aim was
not to examine the effect of speed but to allow participants to think as creatively as
possible - the creativity-encouraged mindset may require a longer time. Participants
encountered three conditions in a random order in the main experiment. Afterwards,
they did questionnaires for creative self-efficacy, reported demographic information,

and received a debriefing statement.

Study 4 Results

Inter-rater reliability. We provided marking instruction and training to two
judges from psychology and engineering backgrounds. The inter-rater reliability for
all measures was acceptable (see Table 33) (Cronbach’s a > .60). Therefore, none

of the measures was excluded.

Table 33
Intraclass Correlation Coefficients (ICC) with Two-way Mixed Effects Model for
Measures in FST (N of Items = 2).

95% CI
Measures ICC Lower Bound Upper Bound
FST appropriate fluency .94 .95 .98
FST appropriate flexibility .92 .88 .99
FST appropriate originality 91 .84 .99
FST appropriate effectiveness 91 .86 .98
FST accurate fluency .78 .37 .93
FST accurate flexibility .76 27 .92
FST accurate originality .79 .60 .97
FST accurate effectiveness .82 72 .96

a. Cronbach’s a is the average measures of intraclass correlation coefficients.

b. Cronbach’s a using an absolute agreement definition.
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Statistical assumptions. To prepare an appropriate dataset for within
subject repeated measures ANOVA, we did a series of assumption tests on the
dependent variables. All the variables met the assumption of independence of
variables, and sphericity. There was no outlier. The skewness (between * 3) &
kurtosis (between £7) indicated that the data contained approximately normally

distributed error. Please see Table 34 for descriptive statistics and Table 35 for

normality tests of all measures.

Table 34

Descriptive Statistics for FST Measures, Individualism, Collectivism, and Motives of

Social Comparison.

M SD
Speed _ Competition 167.43 83.81
Speed _ Evaluation 169.44 84.80
Speed _ Control 158.57 87.40
All fluency _ Competition 11.33 5.67
All fluency _ Star rating 10.06 5.11
All fluency _ Control 10.34 5.00
Appropriate fluency _ Competition 4.17 2.55
Appropriate fluency _ Star rating 3.74 2.08
Appropriate fluency _ Control 4.35 2.49
Appropriate flexibility _ Competition 2.57 1.56
Appropriate flexibility _ Star rating 2.26 1.12
Appropriate flexibility _ Control 2.56 1.39
Appropriate originality _ Competition 1.33 0.54
Appropriate originality _ Star rating 1.27 0.45
Appropriate originality _ Control 1.36 0.38
Appropriate frequency _ Competition 2.21 0.76
Appropriate frequency _ Star rating 2.17 0.69
Appropriate frequency _ Control 2.30 0.54
Appropriate effectiveness _ Competition 1.32 0.47
Appropriate effectiveness _ Star rating 1.35 0.48
Appropriate effectiveness _ Control 1.45 0.41
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Accurate fluency _ Competition
Accurate fluency _ Star rating
Accurate fluency _ Control
Accurate flexibility _ Competition
Accurate flexibility _ Star rating
Accurate flexibility _ Control
Accurate originality _ Competition
Accurate originality _ Star rating
Accurate originality _ Control
Accurate frequency _ Competition
Accurate frequency _ Star rating
Accurate frequency _ Control
Accurate effectiveness _ Competition
Accurate effectiveness _ Star rating
Accurate effectiveness _ Control

Creative self-efficacy

1.62
1.39
1.48
1.04
0.85
0.81
0.81
0.69
0.66
131
1.18
1.17
0.85
0.85
0.77
62.72

1.61
1.38
1.61
0.89
0.70
0.78
0.60
0.47
0.56
0.87
0.77
0.90
0.59
0.55
0.57
14.79
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Table 35
Normality Tests for FST Measures, Individualism, Collectivism, and Motives of

Social Comparison.

Shapiro-Wilk

Skewnes Kurtosi p

S S Statistic  value
Speed _ Competition 0.26 -1.26 93** .003
Speed _ Evaluation 0.15 -1.31 93** .004
Speed _ Control 0.34 -1.22 92** .001
All fluency _ Competition 0.48 -1.25 87** <.001
All fluency _ Star rating 0.96 -0.25 .85** <.001
All fluency _ Control 0.67 -0.48 .97 170
Appropriate fluency _ Competition 0.63 0.37 92%* .002
Appropriate fluency _ Star rating 0.62 0.86 .96 .097
Appropriate fluency _ Control 0.51 -0.44 97 228
Appropriate flexibility _ Competition 0.67 0.92 92** .003
Appropriate flexibility _ Star rating 0.28 0.35 .95* .022
Appropriate flexibility _ Control 1.04 1.65 .96 .064
Appropriate originality _ Competition -0.69 -0.07 .94* .010
Appropriate originality _ Star rating -0.62 -0.14 .88** <.001
Appropriate originality _ Control -1.07 2.20 91** .001
Appropriate frequency _ Competition -1.26 0.76 .90** <.001
Appropriate frequency _ Star rating -1.11 0.95 .90** <.001
Appropriate frequency _ Control -1.86 5.27 92%* .002
Appropriate effectiveness _ Competition  -1.09 0.55 .95* .039
Appropriate effectiveness _ Star rating -0.87 0.16 .88** <.001
Appropriate effectiveness _ Control -0.92 1.58 .89** <.001
Accurate fluency _ Competition 2.01 6.34 .89** <.001
Accurate fluency _ Star rating 1.51 2.39 .89** <.001
Accurate fluency _ Control 1.38 1.33 91** .001
Accurate flexibility _ Competition 0.88 -0.27 .88** <.001
Accurate flexibility _ Star rating 0.86 0.11 92** .002
Accurate flexibility _ Control 1.11 0.94 .96* .047
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Accurate originality _ Competition 0.46 -1.04 92** .002

Accurate originality _ Star rating 0.28 -0.64 94x* .007
Accurate originality _ Control 0.66 -0.32 .95* .037
Accurate frequency _ Competition 0.35 -1.01 91** .001
Accurate frequency _ Star rating 0.08 -0.77 .94* .013
Accurate frequency _ Control 0.27 -1.02 .96 .099
Accurate effectiveness _ Competition 0.61 -0.28 93** .007
Accurate effectiveness _ Star rating 0.11 -0.66 .97 169
Accurate effectiveness _ Control 0.17 -0.98 .96 .091
Creative self-efficacy -0.03 -0.51 .99 918

*p < .05 (2-tailed). **p < .01 (2-tailed).

FST ANOVA. We performed a three-way (competition vs star-rating vs
control) repeated measures ANOVA on speed, fluency, flexibility, originality, and
frequency in appropriate and accurate dimensions. There was a significant main
effect of all fluency, F (1, 51) = 5.05, p = .008, n? =.09, Q = .81. The following-up t-
test'® showed that participants produced more ideas, t (51) = 2.93, p = .015, 95% CI
[0.20, 2.34], in competition condition (M =11.33, SD = 5.67) than star rating
condition (M = 10.06, SD = 5.11). All fluency in control condition (M = 10.34, SD
=.69) did not significantly differ from competition t (51) = 2.30, p =.077, 95% ClI [-
0.08, 2.06], and star rating conditions t (51) =-0.71, p = 1.000, 95% CI [-1.26, 0.08]
(see Figure 11). None of the other measures — speed, F (1, 51) = 0.98, p = .381, n?
=.02, Q= .22, appropriate fluency, F (1, 51) = 1.95, p = .148, n> = .04, Q = .40,
appropriate flexibility, F (1, 51) = 1.45, p = .238, n? = .03, Q = .31, appropriate
originality, F (1, 51) = 0.73, p = .486, n?> = .01, Q = .17, appropriate frequency, F (1,
51)=0.76, p = .47, n> = .02, Q = .18, appropriate effectiveness, F (1, 51) = 1.97, p

=.145, n? = .04, Q = .40, revealed a significant difference in the three conditions.

16 p values were Bonferroni corrected.
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Figure 11

FST fluency in competition, star rating, and control conditions.
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Correlations of FST measures. The results showed that, in the competition
condition, there were significant positive associations between each FST measure in
appropriate and accurate dimensions. Also, the time spent doing FST (speed) was
weakly associated with all fluency. However, all fluency and speed were not
associated with other FST measures (see Table 36).

In the star rating condition, there were significant positive associations
between each FST measure in appropriate and accurate dimensions. However,
accurate fluency was not associated with appropriate flexibility, originality, frequency,
and effectiveness, and accurate flexibility was not associated with appropriate
originality. In addition, all fluency was negatively associated with appropriate
effectiveness but not the other FST measures. Finally, speed was not associated
with any of the FST measures.

In the control condition, there were significant positive associations between
each two FST measures in appropriate and accurate dimensions, except that
accurate fluency was not associated with appropriate originality and effectiveness.
Also, all fluency was positively associated with the other FST measures, such that
there was a moderate correlation between all fluency and appropriate fluency. All
fluency was also weakly correlated with accurate fluency, frequency, and

effectiveness. Speed was not associated with any of the FST measures.
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Table 36

Correlations for FST Measures in Competition Condition (N = 52).

1 2 3 4 5 6 7 8 9 10 11 12

1. All fluency -

2. Appropriate fluency A7 -

3. Appropriate flexibility .15 84x* -

4. Appropriate originality -.02 63** .68 -

5. Appropriate frequency -.06 B66**  71¥ 94 -
6. Appropriate

effectiveness -17 B62*  63**  86**  91** -

7. Accurate fluency -.02 .69** 53** .38** .38** A0** -

8. Accurate flexibility -12 B1**  67*  46* 48  50** 87+ -
9. Accurate originality -.19 S59x*  Bgx* B8  5er* 55  g5**  |75**

10. Accurate frequency  -.19 S56** 5y B2 B 54** 67 77 95% -

11. Accurate

effectiveness -.22 BS2xx B3 A7 AQ¥  B3** 3%  74**  93** Q5%
12. Creative self-efficacy -.01 -.10 -.13 -.16 -11 -.14 -.03 -.05 -.05 -.03 -.01 -
13. Speed .30* .20 19 .06 -.05 -.05 .25 .20 .08 .02 -.03 .08

*p < .05 (2-tailed). **p < .01 (2-tailed).
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The results showed a significant negative association between creative self-
efficacy and an FST measure. In detail, creative self-efficacy was moderately
associated with accurate fluency in the control condition. Creative self-efficacy was
not significantly associated with other FST measures.

Exploratory analysis on gender difference. The results of independent
samples test showed a significant difference in accurate fluency in star rating
condition, t (50) = -2.05, p = .045, 95% CI [-.85, -.01], such that female participants
(M =0.92, SD = 0.76) produced fewer accurate answer for FST than male
participants (M = 1.35, SD = 0.73) when participants received star ratings. None of
the other measures revealed significant difference between female and male

participants (see Tables 37 — 39).

125



Table 37

Gender Difference in FST Measure in Competition Condition (N female = 21, N male

= 31, df = 50).
95% ClI
Measures Gender M SD t p values Lower Upper
Female 2.15 0.31
Speed 0.04 0.968 -0.14 0.15
Male 2.15 0.22
Female 10.83 5.83
All fluency -0.51 0.610 -4.07 241
Male 11.66 5.63
Appropriate Female 3.56 2.44
-1.44 0.156 -2.46 041
fluency Male 4.59 2.58
Appropriate Female 2.35 1.55
-0.86 0.394 -1.27 0.51
flexibility Male 2.73 1.57
Appropriate Female 1.19 0.59
o -1.53 0.133 -0.53 0.07
originality Male 1.42 0.49
Appropriate Female 2.08 0.92
-1.09 0.279 -0.66 0.20
frequency Male 2.31 0.63
Appropriate Female 1.22 0.57
_ -1.25 0.218 -0.43 0.10
effectiveness Male 1.39 0.38
Accurate Female 1.25 1.01
-1.36 0.180 -1.52 0.29
fluency Male 1.86 1.89
Accurate Female 0.87 0.74
-1.14 0.261 -0.79 0.22
flexibility Male 1.15 0.97
Accurate Female 0.66 0.49
o -1.47 0.148 -0.58 0.09
originality Male 0.91 0.65
Accurate Female 1.15 0.79
-1.07 0.291 -0.75 0.23
frequency Male 1.41 0.92
Accurate Female 0.71 0.46
_ -1.42 0.162 -0.57 0.10
effectiveness Male 0.95 0.66
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Table 38

Gender Difference in FST Measure in Star Rating Condition (N femae = 21, N male =

31, df = 50).
95% ClI
p
Measures Gender M SD t Lower Upper
values
Female 2.19 0.28
Speed 0.93 0.359 -0.08 0.21
Male 2.13 0.24
Female 9.71 4.56
All fluency -0.40 0.694 -3.50 2.35
Male 10.29 551
Appropriate Female 3.69 2.13
-0.13 0.899 -1.27 112
fluency Male 3.77 2.09
Appropriate Female 2.35 1.35
0.42 0.674 -051 0.78
flexibility Male 2.21 0.96
Appropriate Female 1.34 0.51
o 0.90 0.372 -0.14 0.37
originality Male 1.22 0.41
Appropriate Female 2.09 0.74
-0.62 0.538 -0.51 0.27
frequency Male 2.22 0.65
Appropriate Female 1.35 0.50
) 0.07 0.947 -0.27 0.28
effectiveness Male 1.34 0.47
Accurate Female 1.43 1.56
0.17 0.868 -0.72 0.85
fluency Male 1.36 1.26
Accurate Female 0.88 0.87
0.25 0.801 -0.35 0.45
flexibility Male 0.83 0.56
Accurate Female 0.65 0.56
o -0.55 0.586 -0.34 0.20
originality Male 0.72 0.41
Accurate Female 0.92 0.76
-2.05* 0.045 -0.85 -0.01
frequency Male 1.35 0.73
Accurate Female 0.68 0.55
_ -1.88 0.066 -0.59 0.02
effectiveness Male 0.96 0.53

127



Table 39

Gender Difference in FST Measure in Control Condition (N female = 21, N male = 31,

df = 50).
95% ClI
Measures Gender M SD t p values Lower Upper
Female 2.12 0.32
Speed 0.16 0.878 -0.15 0.17
Male 2.11 0.26
Female 10.07 5.02
All fluency -0.31 0.756 -3.31 242
Male 10.51 5.05
Appropriate Female 3.89 2.16
-1.08 0.284 -2.17 0.65
fluency Male 4.65 2.68
Appropriate Female 2.31 1.09
-1.06 0.295 -1.21 0.37
flexibility Male 2.73 1.56
Appropriate Female 1.35 0.47
o -0.03 0.973 -0.22 0.21
originality Male 1.36 0.31
Appropriate Female 2.28 0.67
-0.14 0.890 -0.33 0.29
frequency Male 2.31 0.44
Appropriate Female 1.40 0.47
_ -0.65 0.522 -0.31 0.16
effectiveness Male 1.48 0.37
Accurate Female 1.33 1.44
-0.52 0.605 -1.16 0.68
fluency Male 1.57 1.74
Accurate Female 0.89 0.82
0.61 0.546 -0.31 0.58
flexibility Male 0.76 0.76
Accurate Female 0.79 0.65
o 1.34 0.187 -0.11 0.53
originality Male 0.58 0.48
Accurate Female 1.34 1.01
1.09 0.283 -0.23 0.79
frequency Male 1.06 0.82
Accurate Female 0.84 0.63
_ 0.66 0.515 -0.22 0.43
effectiveness Male 0.73 0.53

Study 2 — 4 Discussion

Social feedback and creative thinking. The results showed that social

feedback affected the speed in CRAT and the individual performance in FST but
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affected neither performance nor speed in AUT. In detail, participants spent more
time in CRAT when they received star rating outcomes than the controlled outcomes.
Participants produced more ideas in FST when they received competition outcomes
than star rating outcomes. In other words, star rating feedback made participants to
spend longer time into CRAT but did not change their performance. Compared to the
star rating feedback, competition feedback encouraged participants to put more
effort into Study 4 and did benefit the production of ideas. Therefore, social feedback
did show an impact on the effort on creative thinking but did not show an impact on
the creative thinking outcome.

The findings were inconsistent with the studies that found a positive effect of
comparative social feedback on divergent and convergent thinking tasks (Balietti et
al., 2016; Eisenberg & Thompson, 2011, Landers et al., 2019; Michinov & Primois,
2005; Raina, 1968; Shalley & Oldham, 1997; Van de Ven et al., 2011; Van Leeuwen
& Baas, 2017). They were also inconsistent with the studies that found negative
effects (Bittner & Heidemeier, 2013; Erat & Gneezy, 2016). However, the result was
consistent with the study, which found that expecting comparative social feedback
had no impact on creative problem solving in “in-basket exercise” (Shalley, 1995).
The inconsistency between our findings and existing evidence was reasonable
because we employed a new experimental paradigm that included novel social
comparison manipulations and removed the contaminated monetary rewards from
social rewards. To fully understand the impact of social comparison on creative
thinking, we need more research in the field.

Competition vs star rating for FST all fluency. In addition, the competition
feedback made participants produce more ideas than the star rating condition.
However, none of the existing empirical evidence showed the difference between
competition and star rating. We suggest two potential mechanisms here. First, the
competition may induce more stress than star-rating because of the fear of losing or
the joy of winning. However, the star rating system always shows participants a view
of earning stars, which may not induce as much stress and motivation as competition
(Akinola et al., 2019; Talbot et al., 1992; Yeh et al., 2015).

AUT, CRAT vs FST. Considering that the same manipulation induced a
different impact on AUT, CRAT, and FST, the results for studies 2- 4 also supported
hypothesis 1 (see Chapter 2). In detail, FST may grasp different elements from AUT

and CRAT. However, we should be aware of the confounding variables such that
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studies 2 — 4 employed different participants. Therefore, the different impacts of
social feedback in different studies may result from the differences in the sample.

Objective vs subjective feedback. Another confounding variable is the way
that we represented the performance. In detail, participants received the number of
correct/accurate answers in CRAT and FST but received the score of answers in
AUT. Here, the number of correct/accurate answers was objective. In contrast, the
answers’ scores were subjective, plus subjective feedback may induce mentalising
(i.e., the inference of others’ minds (Frith & Frith, 2006; V. K. Lee & L. T. Harris,
2013)) and affect performance. The control condition in AUT may be a social
condition. In other words, we propose that the control condition in AUT induced
mentalising of the scoring system. In contrast, the control condition in CRAT and
FST did not induce mentalising, which may lead to no impact on AUT and the impact
on CRAT and FST.

Automatic social cognition in AUT. The different results in different studies
may be explained by our argument that novelty-orientated tasks rather than
accuracy-orientated tasks induced automatic social comparison (please see
literature review in this chapter). That is, the feedback format in AUT (e.g., creativity
score) was more novelty-orientated and CRAT and FST (e.g., the number of
correct/accurate answers) were more accuracy-orientated. This explanation is
consistent with our above argument that AUT’s control condition was probably still a
social condition.

Strength.

Link social comparison and creative thinking with RRCTSF. Studies 2 - 4
offered empirical evidence regarding how comparative social feedback affects
different kinds of creative thinking with a novel experimental paradigm — RRCTSF.
RRCTSF is the first paradigm that allows online experiments in the field of social
psychology of creativity. Considering the difficulties of manipulating social context in
an online experiment and the difficulties of giving dynamic and trustworthy feedback
on individuals’ creative potential or performance, RRCTSF has mainly addressed
three issues that existed in the research stream of social comparison and creativity
(see Chapter 3).

First, RRCTSF dissociates monetary and social rewards from a competitive
context by taking out the material rewards. Our result supports existing research

findings, which dissociated competition and material rewards (Shalley & Oldham,
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1997). Hence, we suggest that social researchers pay more attention to social
stimulus dissociation. We could learn from existing studies that we normally treat
material rewards as an incentive for competition. However, material rewards seem to
contaminate the positive effect of social competition.

The second issue has been addressed to an extent: we argued that different
anticipation of evaluation outcome would change the effect of expected evaluation,
so we controlled the anticipation by providing participants with the evaluation
outcome after each round. Our result was inconsistent with most existing research,
which found negative effects of expected evaluation. We attributed the inconsistency
to the differences between the natures of expected evaluation and evaluation
outcome — evoking expectation does not provide information while providing
outcome provides social information. To fully address the second issue, we suggest
two further studies - one could control the anticipation of expected evaluation. For
instance, give participants examples of evaluation. Another could compare the effect
of expected evaluation and received an evaluation.

The third issue, which is about inconsistent measures of creativity, has been
addressed. We employed the most widely used divergent thinking task (AUT),
convergent thinking task (CRAT), and our new thinking task (FST) and made the
social comparison effect comparable.

Limitations and suggestions.

External validity. One of the limitations of this paradigm is the external
validity (generalisation) of the results, which is a common limitation in most
laboratory studies (Davis, 2008). For instance, participants may not need to do six
rounds of AUT, CRAT, and FST in real-life contexts. This intense workflow could not
simulate real-life situations, so the effect of social comparison may not remain in
real-life situations.

Mixed effect of expectations. The paradigm'’s second limitation relates to
the “repeated rounds of tasks”, which may induce mixed effects of receiving the
feedback of the previous round(s) and expecting the feedback of the current round,
which is a common limitation within subject experiments (i.e., carryover effect). Here
is an example. When a participant received competition feedback in round 2 and was
going to receive star rating feedback in round 3, the participant’s performance in

round 3 could be affected by 1) the win-or-lose feedback in round 2, 2) the
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expectation of the star rating in round 3, or 3) both. Therefore, the effect of different
stimuli was interacting with each other, which is a confounding variable.

Subjective feedback. The other limitation relates to “feedback” when the
paradigm is used for the tasks with non-objective feedback. The uniqueness of
feedback for creative tasks (especially divergent thinking tasks) is that the reference
point of the feedback is normally subjective. Even though we told participants that we
had a pre-established scoring system, which was used to increase the level of
objectivity, it was still hard to guarantee that this scoring system would be perceived
as an objective reference point for participants. The problem is that if an experiment
requires participants to trust the feedback, a lack of objectivity may induce the lack of
trust. Again, it is important to note that this limitation is special for the tasks that allow
creative opportunities (e.g., AUT) but not for the cognitive tasks (e.g., CRAT), which
have objective answers.

Limited comparability. Another limitation of this sub-project is that, even
though we can predictively compare the effect of comparative social feedback on
AUT, CRAT, and FST, we could not quantify the differences statistically.

Suggestions. Based on the limitations, we suggest future studies replicating
the paradigm using a between-subject design. In other words, participants would
participate either competition, star rating, or control condition. Accordingly, they
would not be able to guess the study’s intention and would have more cognitive
resources to finish the tasks. In addition, we suggest comparing the effect of non-
objective and objective feedback to the tasks by dissociating the non-objective and
objective aspects of creativity outcomes. For example, future studies could compare
the effect of fluency-only feedback, originality-only feedback, frequency-only
feedback, mixed feedback, and no feedback on AUT and FST performance. We
predict that originality- and frequency-only feedback would induce mentalising or
social comparison mindset and have different impacts on creative thinking compared
to the fluency-only feedback. It would also be worthwhile to study the effect of
feedback directions. For example, we can compare the effect of win/loss in
competition conditions. We can also compare the effect of different levels of star
rating in the star rating condition. Moreover, future studies can work on the
trustworthiness of the feedback in RRCTSF. Moreover, future studies can make the

results comparable.
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Overall, this chapter has explored how social feedback affects creative
thinking and found that comparative social feedback may change participants task
performance in CRAT and FST. The next chapter investigates how creative thinking

affects social problem-solving.
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Chapter 4: Divergent Thinking and Stereotypes in Advertising

When social context affects creative thinking, creative thinking solves societal
problems in return. For example, evolutionary anthropologists claimed that creativity
might be an important booster for society establishment (Diamond, 2014). Also, the
stories of creative genius in science, architecture, and arts (see Chapter 2) have
taught us that creativity benefits the development of (at least) science and arts,
playing a crucial role in human evolution and sustainability. Recently, increasing
evidence shows a negative association between divergent thinking and stereotypical
thinking, especially for people who exhibits low personal need for structure
(Goctowska et al., 2014). In other words, the creativity could be positively related to
stereotype avoidance (Sassenberg et al., 2017) and promote diversity, equality, and
inclusion. Therefore, we linked advertising stereotypes and creativity and examined
how stereotype avoidance affects marketers' creative thinking and audiences'
perceived creativity.

Literature Review

Advertising stereotypes.

Researchers and the advertising industry are paying increased attention to
advertising stereotypes because advertisers typically use stereotypes in their
creative products as a communication tactic. However, such stereotypes may impact
both brands and society and the social responsibility of media-based advertisements
(Baker, 2014; Cho et al., 2017). For example, stereotypical advertisements tend to
overrepresent ideal and attractive imagery, such as skinny women (Eisend &
Langner, 2010; Elliott & Elliott, 2005). They also underrepresent imagery of minority
groups, such as homosexual couples (Bowen & Schmid, 1997; Oakenfull et al.,
2008). In addition, stereotypical advertisements represent some social groups with
generalised biases. For example, older people are depicted with poor health or stay-
at-home spouses as undereducated(Neuhaus, 2011).

Advertising stereotypes undermine human well-being.

The above stereotypical depictions in advertising are double-edged swords. In
detail, they help to communicate with the target audience efficiently (Eisend et al.,
2014; Lysonski & Pollay, 1990; Pick & Eisend, 2014) because stereotypical
depictions are congruent with widespread beliefs about social reality (Johnson &
Grier, 2012; Lee & Schumann, 2004). However, on the other hand, such stereotyped

depictions significantly undermine the audience's cognitive processes and well-being
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(Behm-Morawitz & Mastro, 2009; McKenzie et al., 2018; Rosengren et al., 2013). For
example, over-exposure to attractive bodies in advertisements induces upward
comparison (Gulas & McKeage, 2000; Martin & Kennedy, 1993; Mastro et al., 2009;
Richins, 1991). The upward comparison can increase audience body
anxiety(Halliwell & Dittmar, 2004) and self-objectification (Fredrickson & Roberts,
1997; Zimmerman & Dahlberg, 2008). It also reduces self-satisfaction (Bissell &
Rask, 2010; Wan et al., 2013) and performance on cognitive tasks (Davies et al.,
2002; Steele & Aronson, 1995). Also, under-representation or biased representations
of some social groups even foster prejudice and discrimination (Fiske, 1998; Fiske et
al., 2004; Harris & Fiske, 2006, 2007) and, in turn, unfairly limit their career
opportunities (Knoll et al., 2011; Taylor & Stern, 1997). The situation suggests that
avoiding stereotypes in mass communications is socially responsible behaviour.

Advertising stereotypes result in negative audience reaction.

Robust evidence demonstrates that stereotype avoidance has a positive
effect while stereotype use produces harmful effects on audience reactions. For
example, schema incongruity processing theory—representing minority groups in
advertisements induces a mismatch between the audience's expectations and the
perceived information (Lee & Schumann, 2004), which motivates in-depth
information processing of advertising products (Grier & Brumbaugh, 1999). Existing
research found that in-depth information processing induces self-categorisation
change for people who are open-minded towards minority groups (Brumbaugh &
Grier, 2006; Grier et al., 2006). The processing also increases social connectedness
and empathy and evokes positive reactions towards the corresponding social groups
and advertising brands (Akestam et al., 2017b; Grier & Brumbaugh, 1999;
Rosengren et al., 2013). They also found that people who hold negative impressions
of the minority groups perceive the advertisement as irrelevant to themselves and
react neutrally (Aaker et al., 2000).

Stereotypical depictions of minority groups also negatively affected the
behaviour of minority groups. A recent meta-analysis demonstrated that when
perceiving advertising imagery of majority groups, members from minority groups
evoke negative attitudes towards the advertisements and the advertising brands and
lower purchase intention towards the advertising products (Eisend & Hermann,
2019). Moreover, stereotypical information in advertisements generates reactance in

target audiences: arousal and defensive responses; audiences detect a persuasive
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intention of communication (Brehm, 1966; Hammock & Brehm, 1966; Henderson-
King et al., 2001; Petty & Cacioppo, 1979). For example, advertising imagery that
delivers stereotypical information about females (e.g., physical characteristics and
occupation roles) may induce a high level of advertising reactance and lead to more
negative attitudes towards the advertisement and the advertising brand (Akestam et
al., 2017a).

There is a large gap between oneself and others when perceiving
stereotypical information, and this gap also explains reactions to stereotyped
advertisements (McLeod et al., 2001). Target audiences tend to overestimate the
advertisements' negative impact on other people (Dahlén et al., 2013; Scharrer,
2002; Youn et al., 2000). Therefore, the audience is likely to react negatively to
stereotyped advertisements since they may be concerned about the negative
impacts on members of the social groups represented with bias (Eisend, 2015).

Stereotype avoidance elicits positive audience reaction.

However, advertisements that avoid stereotypes elicit positive audience
responses. For example, consider schema incongruity processing theory—
representing minority groups in advertisements induce a mismatch between the
audience's expectations and the perceived information (Lee & Schumann, 2004),
which motivates in-depth information processing of advertising products (Grier &
Brumbaugh, 1999). For people who are open-minded toward minority groups, in-
depth information processing induces self-categorisation change (Brumbaugh &
Grier, 2006; Grier et al., 2006). It also increases social connectedness and empathy
and evokes positive reactions toward the corresponding social groups and
advertising brands (Akestam et al., 2017b; Grier & Brumbaugh, 1999; Rosengren et
al., 2013). Conversely, people with negative impressions of the minority groups
perceive the advertisement as irrelevant and react neutrally (Aaker et al., 2000).

Link stereotypes with divergent thinking.

Stereotype.

According to flexible social cognition theory (Harris & Harris, 2017), people
hold multiple probable attributions when considering another person. Some of those
attributions are relevant to social category-based stereotypes, which result from a
mental societal hierarchical structure that categorises other people at different levels
(Ellemers et al., 1999). The other attributions are stereotype-irrelevant or -

inconsistent information, such as the trait information inferred from the person's
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behaviour in a context. This information does not correspond to existing stereotypes
(Bai et al., 2020; Fiske et al., 1999; Fiske & Neuberg, 1989). People can access
either set of information if motivated to do so (Harris, 2021).

Stereotype activation is an oversimplified process in which people link another
person with the attributes relevant to the most accessible or salient social category,
such as gender (Clement & Schiereck, 1973; Harris & Fiske, 2009; Nelson & Klutas,
2000). In other words, stereotype activation is a process of close associations in
which people link an element (i.e., the other person) with its closely associated
elements from a salient category (i.e., stereotypes-consistent information).

On the other hand, stereotype avoidance is when people employ stereotype-
irrelevant or -inconsistent information, which helps them perceive the person as
unique (Park et al., 1991). The process indicates remote associations in which
people connect two elements (i.e., the other person and stereotype-inconsistent
information) that seems irrelevant. There are various stereotype avoidance
approaches. For instance, researchers provided counter-stereotypical exemplars
(Blair et al., 2001) and formed counter-stereotypic intentions (Blair & Banaji, 1996) to
decrease stereotypes. They also trained people to reject stereotypic targets after a
social category prime (Kawakami et al., 2000) and taught the low stereotype
consensus among people (Sechrist & Stangor, 2001). In addition, forming concrete
implementation intentions for egalitarianism is also a stereotype avoidance approach
(Mendoza et al., 2010).

We can see that stereotype avoidance is likely to share similar cognitive
mechanisms with divergent thinking, in which people explore different mental
categories and make associations between remote elements (Joy P Guilford, 1967;
Runco & Acar, 2012; Mark A Runco & Selcuk Acar, 2019).

Divergent thinking benefits stereotype avoidance.

The close link between stereotype avoidance and creative thinking is
supported by the work of Sassenberg and his colleagues. They conducted a series
of studies showing that priming a creative mindset exerts efficient control over
stereotype activation. For example, in a lexical decision task, people were asked to
respond to stereotypical targets after African American primes. The results showed
that, after writing down three situations/activities/ ideas in which participants were
creative, participants responded slower after writing down situations/activities/ ideas

in which they were thoughtful and after they wrote nothing (Sassenberg &
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Moskowitz, 2005). In other words, creative thoughts may decrease stereotypes. The
creative priming also facilitates remote associations when the experimenters
employed primes and targets irrelevant to human beings (“sugar”, “tea”, “sweet”) in
the lexical decision task (Sassenberg et al., 2017).

Stereotype avoidance benefits divergent thinking.

Further empirical evidence supports the similar mechanisms of stereotype
avoidance and creative thinking. For example, avoiding stereotypes by priming
stereotype-inconsistent information boosts creativity. In one study, cognitive flexibility
in a pasta-naming task was more significant for people who were asked to generate
words to describe a female mechanic (stereotype-inconsistent) than for those who
were asked to label a male mechanic (stereotype-consistent) (Gaither et al., 2015).
When developing a novel idea and sketching a poster for a nightclub, people perform
better when required to generate stereotype-inconsistent category combinations
rather than stereotype-consistent ones (Goctowska & Crisp, 2013; Wen et al., 2019;
Zuo et al., 2019). When replacing the poster sketching task with a Chinese idiom
riddle test, stereotype-inconsistent information is relevant to a better performance
than stereotype-consistent information (Zuo et al., 2019). Overall, existing studies
arrive at the same conclusion: stereotype-inconsistent information induces more
individual creative thinking compared to stereotype-consistent information.

Further evidence supporting a link between stereotype avoidance and
creative thinking comes from studies of racial identity and creative thinking. Priming
multi-racial identities benefit multi-racial people's convergent thinking and mono-
racial people's divergent thinking, while priming a mono-racial mindset does not
affect mono-racial people's convergent thinking (Gaither et al., 2015). There are two
possible reasons for multi-racial people being more creative than mono-racial
people. First, multi-racial people may have more knowledge accessibility than mono-
racial people (Goctowska & Crisp, 2014). Second, multi-racial people may need
greater cognitive flexibility than mono-racial people (Kharkhurin, 2011; Prior &
MacWhinney, 2010) due to the need to identify (Leong & Ward, 2000; Phinney &
Devich-Navarro, 1997) and integrate cultural inconsistency (Cheng et al., 2008;
Tadmor et al., 2009). Cognitive flexibility helps multi-racial people switch between
different cultural frameworks (Hong et al., 2000). In a word, the multi-identity
broadens the breadth of self-identity (Der-Karabetian & Balian, 1992; King & Ruiz-
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Gelices, 2003) and extends the scope of people's ideas (Hadis, 2005; Zhai &
Scheer, 2004).

The discussion thus far demonstrates a positive relationship between
stereotype avoidance and creative thinking. However, can this positive relationship
maintain when we talk about stereotype avoidance and perceived creativity? As far
as we know, existing research has not investigated this link, so we compare
audiences' responses to advertising stereotypes and advertising creativity.

Advertising creativity.

Unlike advertising stereotypes, advertising creativity receives undoubted
appreciation in the marketing field. Creativity is a long-standing mandatory criterion
of a good advertisement (Bernstein, 1974; Edwards, 1956). Marketing education
commonly includes one or two creativity-focused chapter(s) in the advertising
student textbook (Smith & Yang, 2004). The advertising industry has set several
impactful advertisements awards, such as Clio's, which advertising agencies admire
(Smith & Yang, 2004; Till & Baack, 2005).

Previous studies conceptualised advertising creativity in multiple dimensions
(e.g., divergence, relevance, effectiveness, and connectedness), with divergence
and relevance as two necessary dimensions (Ang et al., 2007; Ang et al., 2014; Ang
& Low, 2000; Kover et al., 1995; Kover et al., 1997; Tellis, 1997). In the field of
advertising creativity, divergence is defined as the extent to which advertising
messages are original (Haberland & Dacin, 1992), unexpected (Ang & Low, 2000;
Haberland & Dacin, 1992), novel (Ang & Low, 2000; Kover et al., 1995), exciting,
new (Kover et al., 1995), imaginative (Duke, 2001), different, unusual (Smith & Yang,
2004), or unique (Smith et al., 2008). In addition, relevance (Till & Baack, 2005)
indicates that creative advertisements should be meaningful, appropriate, or valuable
to the audience (Ang & Low, 2000; Haberland & Dacin, 1992; Smith & Yang, 2004).

Audiences have similar positive reactions to advertising creativity. Compared
to non-creative advertisements, creative advertisements induce more positive
feelings (Ang et al., 2007; Baack et al., 2008). Creative advertisements also elicit
greater information processing (Smith et al., 2008; Smith et al., 2007; Yang & Smith,
2009) and a higher level of perceived product quality (Modig & Rosengren, 2013).
More than that, audiences exhibit greater attention (Pieters et al., 2002), likings

(Kover et al., 1995; Lehnert et al., 2013; Mannix & Neale, 2005), memory recalls
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(Pick et al., 1991; Sheinin et al., 2011), and purchase intentions toward creative
advertisements and corresponding brands and products (Till & Baack, 2005).

Considering the meaningful role that media plays in our society (Blowfield,
2005; Herbst et al., 2013; Pollay, 1986) and the impactful role that stereotypes and
creativity play in developing a positive brand reputation and human well-being
(Cravens & Piercy, 2006; Kotler et al., 1990), we use a stereotype intervention to
disrupt stereotype activation, encourage stereotype avoidance, and highlight the
stereotypes-creativity link for real-life marketers. We predicted that:

Hypothesis 3: The stereotype intervention reduces marketers’
stereotypicality and benefits their divergent thinking,

especially when motivated to develop and maintain good relationships with
potential and existing customers (Hawkins & Mothersbaugh, 2010). Here,
stereotypicality represents the extent to which a marketer's dependence on
stereotypical imagery.

We also measure whether stereotype avoidance relates to perceived
creativity when watching the advertisements. Based on similar audience responses
toward advertisements that avoid stereotypes and highlight creativity, we predicted
that:

Hypothesis 4: There is a negative relationship between the stereotypicality of
advertisements and the audiences’ perceived creativity and purchase intention.

Here, stereotypicality represents the extent that an advertisement exhibits

stereotypical imagery.

Study 5 (Pilot) Method

We began with a pilot study to develop and benchmark our dependent
variable. Then, we developed a consumer labelling task in collaboration with
marketers to match a crucial decision in developing media communications and
marketing campaigns as closely as possible.

Participants.

We recruited an independent advertising non-professional general population
sample (N = 152, 69 women, Mage = 33.3 years) who were residents where our
marketers worked using Amazon Mechanical Turk (MTurk). Most generic
participants were residents of the USA (68%), 29% were residents of the UK, and

3% were from the Netherlands and Western countries (i.e., Canada and lItaly).
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However, we did not exclude these latter participants since they are geographically
and culturally close to the populations where our marketers worked and were likely
to share similar stereotypes with our marketers.

Materials.

Consumer labelling task. We developed consumer labelling task to reflect a
crucial decision in developing media communications and marketing campaigns.
Participants read real-world consumer segmentation data and selecting many, few,
or none amongst seventeen consumer labels that characterized the consumer
segmentation data.

For example, a piece of consumer segmentation data included consumers’
attitudes to life (e.g., “life is too boring, need more adventure and excitement”), brand
preference (e.g., buyers index for Cable TV Networks), hobbies (e.g., sports, read),
and gender split (e.g., male (42%) and female (58%)). Also, the seventeen customer
labels were creative, eco-friendly, risk seeker, active, loyal, unhealthy, price
driven, anxious, adventurous, lazy, security preferred, convenience preferred, self-
conscious, socialising, status-driven, fickle, and introverted. (See Appendix O for the

further details of the Consumer Labelling Task).

We assigned stereotypicality scores to the consumer labels based on the
selection frequency. The more frequently the participants selected a consumer label,
the more stereotypical the consumer label. We summed the selection frequency of
each consumer label and ranked them. The higher ranking of a consumer label, the
higher the stereotypicality of that label to the consumer segmentation data.

Procedure.

Participants completed two consumer labelling tasks with different consumer
segmentation data. Consumer labels were the same for two tasks and were
presented in random order. Participants also described the consumer segmentation

in an open-ended question (we did this for exploratory and did not discuss it further).

Study 5 (Pilot) Results
Consumer labels. We conducted a chi-square analysis to determine whether
the choice of consumer labels significantly differed. The results showed that, in Task

1, the proportion of participants who selected the most stereotypical label
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convenience preferred (11) significantly differed from those who selected unhealthy
(2), anxious (4), lazy (5), self-conscious (6), price driven (8), status driven (12), risk
seeker (13), security preferred (14), fickle (16), and introverted (17), but did not
differ by those who selected active (3), creative (7), adventurous (9), loyal (10), eco-
friendly (11), and socialising (15) (see Tables 40 — 41 for descriptive statistics of the
consumer labelling tasks).

Table 40
Descriptive statistics of Consumer Labels in Consumer Labelling Tasks 1.
Task 1

Consumer Labels Occurrence Stereotypicality = Ranking
Creative 6.09% 5.24 7
Eco-friendly 4.79% 3.82 11
Risk seeker 4.46% 3.44 13
Active 7.40% 6.33 3
Loyal 5.22% 4.27 10
Unhealthy 9.03% 6.75 2
Price driven 6.53% 5.14 8
Anxious 7.29% 5.78 4
Adventurous 5.99% 4.63 9
Lazy 6.86% 5.55 5
Security preferred 4.46% 3.35 14
Convenience preferred 8.92% 7.54
Self-conscious 6.86% 5.44 6
Socialising 4.46% 3.31 15
Status driven 4.68% 3.52 12
Fickle 3.81% 2.79 16
Introverted 3.16% 2.12 17

Note. 2the ranking number is based on the stereotypicality value.

17 Ranking of the label appears in parenthesis.
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Table 41

Descriptive statistics of Consumer Labels in Consumer Labelling Tasks 2.

Task 2
Consumer Labels Occurrence  Stereotypicality Ranking
Creative 9.64% 7.15 2
Eco-friendly 5.38% 3.74 9
Risk seeker 5.88% 3.97 8
Active 13.02% 10.00 1
Loyal 6.88% 5.27 7
Unhealthy 3.88% 2.16 13
Price driven 4.38% 2.67 10
Anxious 3.00% 1.68 14
Adventurous 9.26% 6.72 3
Lazy 2.75% 1.58 15
Security preferred 3.88% 2.60 11
Convenience preferred 3.50% 2.21 12
Self-conscious 7.13% 5.37 6
Socialising 7.89% 5.75
Status driven 8.51% 6.37 4
Fickle 2.50% 1.36 17
Introverted 2.50% 1.54 16

Note. 2the ranking number is based on the stereotypicality value.

Stereotypicality. We conducted a paired sample t-test to determine whether

the stereotypicality of the labels at higher stereotypical ranking positions was

significantly higher than those at lower stereotypical ranking positions. The results

showed that, in Task 1, the stereotypicality of the most stereotypical

label convenience preferred (1) was not significantly higher than the second and the

third stereotypical labels (i.e., unhealthy (2) and active (3)) but was significantly

higher than the other thirteen labels.
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Study 5 Methods

Armed with the consumer labelling task, we considered the link between
stereotyping and creative thinking in the generation of advertisements. Specifically,
we used a novel stereotype intervention that

e Provided marketers with multi-racial identity information about the self,

e Disrupted the employment of stereotype-consistent information,

e Encouraged the use of stereotype-inconsistent information, and

e Made salient a link between stereotyping and creativity.

We predicted that the stereotype intervention reduces marketers’
stereotypicality and benefit their creative thinking.

We employed a two condition (intervention vs no intervention) X 2 time (pre-
vs post-intervention) mixed design, with the former as a between-subjects factor. We
measured whether stereotype intervention impacts marketers’ stereotypicality,
divergent thinking, and creative outputs derived from real consumer segmentation
data.

Participants.

We recruited 136 marketers (93 women, Mage = 36.10 years) using convenient
samples and snowballing techniques from a stable of brands across a multi-national
company. Most responses were from the UK participants (55%), 26% were from the
USA, 13% were from the Netherlands, and 6% were from other European countries.
Sixty-nine participants participated in the experimental condition subject to our
intervention, while the remainder comprised the control condition and did not receive
the intervention. We did not analyse any data before data completion, determined by
a specific cut-off date.

We did a pattern analysis of missing data and found that 52.9% of participants
did not complete the main measures. Therefore, we report results only for those
participants who completed all measures (N = 53; 34 in the experimental group, 19
in the control group) (Jakobsen et al., 2017).

Post-hoc power analyses using GPower suggested that we had enough
power (1.00) to detect the effect at the p = .05 level (partial n2 = .09, effect size f
= .31, number of groups = 2, number of measurements = 4, corr among rep

measures = .50, nonsphericity correction ¢ = 1).
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Materials.

Consumer labelling task. To measure stereotypicality in advertisement
creation, we employed the two consumer labelling tasks from Study 5 (Pilot).

AUT. To measure divergent thinking (i.e., creativity), participants completed
the AUT, where they thought of as many uses as possible for a brick and a mug. We
assigned fluency scores for each participant, equalling the number of appropriate
answers. The higher the fluency, the greater the participant’s divergent thinking.

We assigned an appropriate frequency score to each answer based on its
frequency® in a generic sample answer pool. If the frequency of an answer was 5%
or above, the frequency score of the answer was 0. If the frequency of an answer
was between 1% to 5%, the frequency of the answer was 1. If the frequency was
below 1%, the frequency score of the answer was 2. The higher the frequency a
participant performed, the greater the participant’s divergent thinking.

Procedure.

All participants provided informed consent and completed an online test
consisting of one round of the AUT, a consumer labelling task, the gender bias scale,
and demographic information. The experimental group was exposed to the
stereotype intervention the following day, while the control group did not receive any
deliberate intervention. In addition, participants in the experimental group were
asked to complete a post-test two weeks after the intervention. Meanwhile, the
control group completed a post-test three days after the pre-test. The post-test
replicated all tasks in the pre-test with two consumer labelling tasks (one task was

repeated and the other novel) (see Appendix P for Study 5 Script).

Stereotype intervention. The stereotype intervention was promoted to
marketeers as a workshop to boost creativity, not as a stereotype reduction
workshop. There were two parts to the intervention. In the first part, we primed
participants with a multi-identity mindset. Participants completed a DNA swab and
received ancestral DNA information while amongst their team members who were
also participants. They then joined a brief lecture that provided a primer on DNA and
information on how to interpret their results. We thought that the DNA results, either

for themselves or their team members, would be surprising enough for them to

18 Frequency of an answer = (Occurrence of the answer across all participants / The number

of all answers) X 100
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consider that each person is more than simply the single generic ethnic category
assigned to them societally.

In the second part, usually the following day, we focused on stereotype
reduction. This approach made salient the marketeers’ professional selves and the
responsibility they have to those roles to be creative and to avoid perpetuating
negative stereotypes. Building on their DNA experience, we discussed psychological
illusions that suggested perception could differ from reality. We linked stereotypes
and creativity, explaining that moving away from reliance on stereotypes could boost
the creativity of advertisements. We discussed how stereotypes are acquired and
processed in the brain. We gave them opportunities to discuss within their brand
teams what processes may better avoid reliance on contextual events that promote
the use of stereotypes as heuristics. We provided them with a toolkit to combat the
employment of stereotype-consistent information. Also, we asked participants to
reflect on their creative thinking process and identify the pressure points where
stereotype activation was likely to occur, for instance, deadlines that promote

heuristic thinking.

Study 5 Results

Statistical assumptions. To prepare an appropriate dataset for mixed
repeated measures ANOVA, we did a series of assumption tests on the variables. All
the variables met the assumption of non-zero variances, independence of variables,
homogeneity of variance, and sphericity. There was no outlier. The skewness
(between + 2) & kurtosis (between *2) indicated that the data contained
approximately normally distributed error. Please see Table 42 for descriptive

statistics and Table 43 for normality tests of all measures.

146



Table 42

Descriptive Statistics for Measures in Study 5 (N = 34).

M SD
Labelling stereotype - pre - exp 775.91 308.79
Labelling stereotype - post - exp 531.13 315.35
AUT appropriate fluency - pre - exp 2.94 2.47
AUT appropriate fluency - post - exp 3.40 291
AUT appropriate frequency - pre - exp 2.34 2.56
AUT appropriate frequency - post - exp 3.12 3.53
Labelling stereotype - pre - ctrl 827.00 298.01
Labelling stereotype - post - ctrl 698.13 206.59
AUT appropriate fluency - pre - ctrl 3.11 2.67
AUT appropriate fluency - post - ctrl 3.03 2.25
AUT appropriate frequency - pre - ctrl 2.47 3.13
AUT appropriate frequency - post - ctrl 2.21 2.33
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Table 43

Normality test for Measures in Study 5.

Shapiro-Wilk
p

Skewness Kurtosis  Statistic value
Labelling stereotype — pre! — exp? -0.90 0.47 93* .027
Labelling stereotype — post® - exp 0.22 -0.90 .93* .038
AUT appropriate fluency - pre - exp 0.64 -1.21 79** <.001
AUT appropriate fluency - post - exp 0.70 -1.07 78** <.001
AUT appropriate frequency - pre -exp  0.97 -0.52 T9** <.001
AUT appropriate frequency - post-exp 1.16 0.67 .82** <.001
Labelling stereotype - pre — ctrl* -0.42 -0.42 .94 271
Labelling stereotype - post - ctrl 0.40 0.40 .92 137
AUT appropriate fluency - pre - ctrl 0.75 0.75 75%* <.001
AUT appropriate fluency - post - ctrl 0.63 0.63 .83** .003
AUT appropriate frequency - pre - ctrl ~ 1.89 1.89 76%* <.001
AUT appropriate frequency - post - ctrl  1.00 1.00 .86* 011

*p < .05 (2-tailed). **p < .01 (2-tailed).
Notes. pre indicates pre-intervention condition. 2exp indicates experimental

condition. 2post indicates post-intervention condition. “ctrl indicates control condition.

Stereotypicality of consumer labels?®. We performed a mixed measures
ANOVA to examine the effect of the stereotype intervention on consumer label
scores. There was a significant main effect of time, F (1, 51) = 23.15, p<.001, Q =
0.67, such that stereotypicality scores pre-intervention (M = 794.23, SD = 303.09)
was higher than post-intervention (M = 591.00, SD = 290.55).

The condition X time interaction did not reveal a significant effect.

Nonetheless, we conducted simple effect tests to probe our hypotheses. There was

19 We found no significant differences on this measure for all participants, including those with
missing data.

20 participants did the label task 1 in the pre-intervention task and did label tasks 1 & 2 in the
post-intervention. Therefore, the stereotypicality score pre-intervention was the score of label task 1,

and the stereotypicality score post-intervention was the average score of label task 1 and label task 2.
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a significant difference between the experimental and control condition after the
stereotype intervention, t (51) =-2.07, p = .044, 95% CI [-167.00, -80.72], such that
the stereotypicality scores were lower in experimental condition (M =531.13, SD =
315.35) than the control condition (M = 698.13, SD = 206.59). The stereotypicality
before the intervention did not reveal significant differences t (51) =-0.59, p = .561,
95% CI [-226.49, 124.32], between the experimental (M = 775.91, SD = 308.79) and
control conditions (M = 827.00, SD = 298.01).

There was also a significant difference between the stereotypicality scores in
the experimental condition, t (33) = 4.96, p < .001, 95% CI [144.30, 345.26], such
that the stereotypicality scores were higher in pre-intervention condition (M = 775.91,
SD = 308.79) than post-intervention (M = 531.13, SD = 315.35). There was also a
significant difference between the stereotypicality scores in the control condition, t
(18) = 2.37, p =.029, 95% CI [14.59, 243.14], such that the stereotypicality scores
were higher in pre-intervention condition (M = 827.00, SD = 298.01) than post-
intervention (M = 698.13, SD = 206.59).

Following the significant differences pre- to post-intervention in both
experimental and control conditions, we compared stereotypicality scores separately
in pre-intervention (task 1) with stereotypicality scores in the repeated task (task 1)
and the non-repeated task (task 2). In the experimental condition, there was a
significant reduction of stereotypicality scores in repeated tasks, t (33) =4.19, p
<.001, 95% CI [134.13, 386.81], and non-repeated tasks, t (33) = 3.64, p <.001,
95% CI [101.20, 356.98], such that the stereotypicality scores was higher in pre-
intervention condition than the repeated task (M = 515.44, SD = 375.73) and the
non-repeated task (M = 546.82, SD = 396.65) in post-intervention.

In the control condition, there was a significant reduction of stereotypicality
scores in repeated tasks, t (33) = 3.40, p = .003, 95% CI [64.61, 274.13], such that
the stereotypicality scores was higher in pre-intervention condition than task 1 in
post-intervention (M = 657.63, SD = 182.99). However, in task 2, the stereotypicality
scores in the control condition did not reveal significant differences, t (18) = 1.28, p
=.216, 95% CI [-56.49, 233.22], pre- (M = 827.00, SD = 298.01) to post-intervention
(M =738.63, SD = 277.52).
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Divergent thinking in the AUT?L. To examine the effect of stereotype
intervention on divergent thinking, we performed a mixed ANOVA on frequency in
the AUT. There was a significant condition X time interaction, F (1, 51) =5.22, p
.027, Q =0.31 (see Figure 12). However, neither condition, F (1, 51) = 0.27, p
=.607, Q=.08, nor time, F (1, 51) = 0.39, p = .536, Q = .09, revealed significant

differences in the main effects.

Figure 12

AUT frequency in experimental and control groups.
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We followed up this interaction with simple effect tests. There was a
significant difference between the frequency in the experimental condition, t (33) = -
2.82, p =.008, 95% CI [-.54, -.09], such that frequency was lower pre-intervention (M
= 0.65, SD = 0.32) than post-intervention (M = 0.97, SD = 0.72). The originality in the
control condition did not reveal significant differences pre- to post-intervention. The
frequency before the intervention did not reveal significant difference, t (51) = 1.76, p
=0.085, 95% CI [-.05, .70].

2! For all participants, including those with missing data, there was a significant main effect of
condition on divergent thinking after the intervention, F (1, 62) = 5.113, p =.027, CI [-0.00, 0.22], such
that frequency post-intervention in experimental condition (M = 1.00, SD = 0.76) was higher than

control condition (M = 0.61, SD = 0.52). There were no other significant main effects or interactions.
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We performed a mixed ANOVA on the fluency in the AUT to determine
whether the marketers produced more or fewer ideas after the intervention. Neither
condition, F (1, 51) = 0.02, p = .882, Q =.05, time, F (1, 51) = 0.42, p = .520, Q = .10,
nor condition X time interaction, F (1, 51) = 0.84, p = .363, Q = .15, revealed
significant differences.

Exploratory analysis. The experimental manipulation affected the
stereotypicality in the labelling task and the frequency in the AUT and showed the
same pattern. Therefore, we conducted mediation analyses to examine whether the
significant effects on the stereotypicality in the labelling task were mediated by the
frequency in the AUT. In addition, we examined whether the significant effect of the
intervention on post-intervention stereotypicality mediated post-intervention
frequency scores. The indirect effects showed that the relationship between post-
intervention frequency and post-intervention stereotypicality was insignificant.

Also, we examined whether the significant effect of time on stereotypicality
was mediated by the frequency in the experimental group. The indirect effects
showed that the relationship between the frequency in the experimental group and
the stereotypicality in the experimental group was not significant. Both results implied
that the AUT frequency did not mediate the effect of the intervention on the

stereotypicality in the labelling task.

Study 6 (Pilot) Method

Study 5 demonstrated a link between stereotype avoidance and creative
thinking from the perspective of advertising generation. We next look at the link from
the perspective of advertising consumption. To create appropriate stimuli for the
main experiment, we conducted a pilot observational study that measured the
perceived stereotypicality of protected characteristic groups (i.e., race/ethnicity,
gender, sexual orientation, and disability) in a series of video advertisements. To
predict the effects of stereotypicality on perceived creativity, we also measured the
perceived creativity and emotion valence towards the video advertisements.

Participants.

We recruited 61 participants (women = 39, Mage = 31.43 years) from the
online participant subject pool Prolific Academic. We decided on the sample size
based on a rule of thumb to estimate a normal distribution (Simmons et al., 2011). All

participants had been residents in the UK for more than five years. More than half of
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the participants had a bachelor’s degree (66%). Most participants did not report a
long-standing disability (92%). Most participants were White British (85%), 7% were
Asian British, 5% were Black British, and 3% were mixed ethnicities. Also, most
participants reported themselves as heterosexuals (75%), 21% reported themselves
as LGBTQ, and 4% preferred not to report. Participants gave informed consent and
received £7.50 for 1 hour of their time.

Post-hoc power analyses using GPower suggested that we had enough
power (1.00) to detect the effect at the p = .05 level (r? = .83, effect size |r] = .911,
correlation p HO = 0).

Materials.

Advertisements. We acquired video advertisements from an online database
https://adsoftheworld.com for advertisement stimuli. We chose the website since it
contained advertisements aired in the UK. We set up three criteria when selecting
video advertisements. First, the advertisements were disseminated in 2017, three
years before data collection, so they were neither too old to be irrelevant nor too
recent to be highly memorable for UK residents. Secondly, the length of each
advertisement was 30 seconds to facilitate sufficient stimuli to boost statistical power
without placing an undue burden on participants. Finally, they were all live-action
videos featuring human actors instead of animation or animated objects or animals.
At the time point of video acquirement, 66 video advertisements satisfied the three
criteria, and we employed them as experiment stimuli.

The advertising brand or product covered various industries such as gambling
industries (e.g., Betway), food products (e.g., Bisto), financial service comparison
website (e.g., Go compare), personal care product (e.g., Remington air plates), and
car (e.g., Mazda). (Please see Appendix Q for List of Advertising Brands and
Products)

Familiarity. We measured the familiarity of each advertisement. Participants
respond to “how familiar are you with the advertisement?” on a 7-point Likert scale.
The higher the rating, the more familiarity with the advertisement.

Perceived stereotypicality scales. We measured the perceived
stereotypicality towards each advertisement with four question sets. Each question
set asked participants to evaluate the degree to which an advertisement represented

one protected characteristic group of people. The groups included women,
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LGBTQIA+, ethnic minorities (BAME), and the disabled. Within each question set,
the participants started with a yes-no question to evaluate whether an advertisement
represented a specific group of people. If participants answered yes, we asked them
to assess the degree of representativeness, significance, stereotypicality, and social
interactions for the chosen category/categories on a 7-point Likert scale. The
statements were “how explicit is the character to its social category (e.g., women)?”
“How significant a role did the character play in the advertisement?” “How
stereotypical is the role being performed by the character?” and “How
positive/negative would you describe the interaction?” If participants answered no,
we proceeded participants to the next question set. After answering four question
sets about four social groups, participants rated the advertisement’s overall
stereotypicality on a 7-point Likert scale.

We calculated the perceived stereotypicality of each advertisement based on
participants’ ratings on the 7-point Likert scale. Specifically, we summed the ratings
on representativeness, significance, interaction, and overall inclusivity. Then, we
subtracted the stereotypicality ratings (scale reliability: Cronbach’s a = .60). The
higher the summed ratings, the less stereotypical the advertisement.

Perceived creativity scales. We asked participants to evaluate the
divergence, relevance, and overall creativity on 7-point Likert scales to measure the
perceived creativity towards each advertisement. First, participants rated how much
did agree/disagreed with five statements: “the advertisement was different”, “the
advertisement was uncommon”, “the advertisement was relevant to you”, “the
advertisement was meaningful to you”, and “how creative do you think the
advertisement was” (Smith et al., 2008). We summed the ratings on the five
statements (scale reliability: Cronbach’s a = .94). The higher the summed ratings,
the more creativity the participants perceived from the advertisement.

Emotion valence scales. To measure the level of positive and negative
emotions elicited by each advertisement, we asked participants to evaluate emotion
valence on a 7-point Likert scale. Participants rated emotional valence with two
statements. They were “how positive do the advertisement make you feel?” and
‘how negatively does the advertisement make you feel?” (Ang et al., 2014).

Procedure.

At the beginning of this study, all participants gave consent and answered a

guestion about the year they began UK residence. We proceeded only with the
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participants living in the UK for five years or above to the main task to ensure our
sample was aware of British societal stereotypes. Participants watched an
advertisement in each round of the main task and rated it regarding its familiarity,
stereotypicality, creativity, and emotional valence. Participants rated 22
advertisements in the main task, with a time limit of 5 minutes per advertisement.
The advertisements did not repeat and were randomly selected from the larger set of

66 advertisements. Participants then provided demographic information.

Study 6 (Pilot) Results

Statistical assumptions. To prepare an appropriate dataset for Pearson
correlations, we did a series of assumption tests on the variables. All the variables
met the assumption of related pairs, linearity, and homogeneity of variance. There
was no outlier. The skewness (between * 3) & kurtosis (between £5) indicated that
the data contained approximately normally distributed error. Please see Table 44 for

descriptive statistics and Table 45 for normality tests of all measures.
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Table 44

Descriptive Statistics for Measures in Study 6 (Pilot), N = 61.

M SD
Familiarity 1.02 0.96
Perceived stereotypicality 11.08 4.67
Positive emotion 3.09 1.37
Negative emotion 1.18 0.88
Perceived creativity 2.72 1.09
Perceived divergence 3.15 1.24
Perceived convergence 2.00 1.17
Perceived difference 3.34 1.31
Perceived uncommonness 2.96 1.22
Perceived relevance 2.14 1.17
Perceived meaningfulness 1.86 1.25
Perceived overall creativity 3.29 1.17
Perceived LGBQIA+ 0.33 1.18
Perceived BAME 2.99 1.82
Perceived disability 0.11 0.26
Perceived female 5.05 2.31
Perceived overall inclusivity 2.60 1.15

155



Table 45
Normality test for Measures in Study 6 (Pilot).

Shapiro-Wilk
Skewness Kurtosis  Statistic p value

Familiarity 1.29 0.99 .85** <.001
Perceived stereotypicality 0.53 0.62 .98 .35
Positive emotion 0.07 -0.41 .99 .87
Negative emotion 0.88 0.83 93** .002
Perceived creativity 0.21 0.31 .99 747
Perceived divergence -0.12 -0.39 .99 .909
Perceived convergence 0.85 0.67 .95* .013
Perceived difference -0.02 -0.31 .99 .990
Perceived uncommonness -0.16 -0.53 .98 .583
Perceived relevance 0.79 0.54 .95* .023
Perceived meaningfulness 0.83 0.51 94** .006
Perceived overall creativity -0.12 -0.60 .99 .709
Perceived LGBQIA+ 7.29 55.31 24** <.001
Perceived BAME 0.47 -0.13 97 .188
Perceived disability 2.21 4.31 S57** <.001
Perceived female 0.05 -0.44 .98 409
Perceived overall inclusivity 0.51 -0.10 .98 261

*p < .05 (2-tailed). **p < .01 (2-tailed).

Correlations. We correlated familiarity, perceived stereotypicality, creativity,
and positive and negative emotions of each participant. Results indicated that
familiarity, positive emotion, and perceived creativity yield significant positive
associations (see Table 46). The correlation between positive emotion and perceived
creativity was strong (see Figure 13a — 13c). Perceived stereotypicality and negative

emotion were associated with neither of the other variables.
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Table 46
Correlations Between Familiarity, Perceived Stereotypicality, Perceived

Creativity, Positive Emotion, and Negative Emotion.

Variable 1 2 3 4

1. Familiarity -

2. Positive stereotypicality -12 -

3. Perceived creativity 50** A3 -

4. Positive emotion AT .20 83

5. Negative emotion .035 -.07 A2 -.02

*p < .05 (2-tailed). **p < .01 (2-tailed).

Figure 13a

A positive correlation between familiarity and positive emotion.
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Figure 13b
A positive correlation between familiarity and perceived creativity.
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Figure 13c

A positive correlation between perceived creativity and positive emotion.
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Study 6 Method

To examine the effect of stereotypicality of advertising on audience
responses, we conducted an online experiment that manipulated stereotypicality
across three levels (high, medium, low) in a within-subject design. In addition, we
measured the perceived creativity of the advertisements. Finally, we also measured
purchase intention toward the advertising product as a proxy for the effectiveness of
the advertisements as an exploratory variable.

Participants.

We recruited 102 participants (women = 67, Mage = 30.46 years) on Prolific
Academic. Half of the participants had a bachelor's degree or above. Most
participants did not report a long-standing disability (91%). Most participants were
White British (86%), 7% were Asian British, 4% were Black British, and 3% were
mixed ethnicities. Most participants reported themselves as heterosexuals (84%),
15% reported themselves as LGBTQ, and 1% preferred not to report. Participants
gave informed consent and received £7.50 for 1 hour of their time.

Post-hoc power analyses using GPower suggested that we had enough
power (1.00) to detect the effect at the p = .05 level (partial n2 = .63, effect size f =
1.31, number of groups = 3, number of measurements = 2, corr among rep

measures = .50).
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Materials.

Advertisements. To manipulate the stereotypicality levels of advertising
imagery, we ranked 66 selected advertisements?? based on perceived
stereotypicality scores from the pilot study. We selected seven advertisements per
stereotypicality level: most stereotypicality (M = 2.20, SD = 0.84), medium
stereotypicality (M =11.23, SD = 1.29), and least stereotypicality (M = 26.11, SD =
5.62). Advertisements in the same ranking range (i.e., most, medium, least). (Please
see Appendix Q for the details of selected advertisements)

Perceived creativity scales. We asked participants to evaluate the
unexpectedness, unigueness, and overall creativity on a 0 — 7 points Likert scale.
The scale measured the perceived creativity toward each advertisement. In detail,
participants rated how much they agreed/disagreed with three statements. The
statements were, “the advertisement was typical of the kind of advertisements | see.”
“The advertisement was unique.” and “how creative was the advertisement?” The
first statement was reversed coded. The scale reliability showed low internal
inconsistency across the three statements (Cronbach’s a = .63), which increased
substantially (Cronbach’s a = .93) if we excluded the responses from the first
statement. Therefore, we separated the first statement from the remaining two
statements. The higher the ratings for the first statement, the greater the perceived
unexpectedness of the advertising product. We summed the rating for the second
and the third statements: the higher the summed rating, the greater the perceived
creativity of the advertising product.

Purchase intention scales. To measure the purchase intention towards the
advertising product, participants rated how much they agreed/disagreed with two
statements: “I am likely to purchase the product advertised.” and “I would not
recommend this product to a friend.” on a 0 — 7 points Likert scale. The second
statement was reverse coded. The results of scale reliability showed a low internal
inconsistency of two statements (Cronbach’s a = .57), so we treated the two
statements as separate variables. The higher the ratings for either statement, the
more willingness to purchase the advertising product for the self (purchase intention)

or recommend the advertising product to a friend (recommend intention).

22 Inter-rater reliabilities of three advertisements were .95, .50, and .68.
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Procedure.

We designed the study on the platform Qualtrics Survey Software. At the
beginning of this study, all participants gave consent and reported their year of
residence in the UK. Therefore, we only proceeded with participants living in the UK
for five years or above to the main task. Participants evaluated all 21 advertisements
in the main task. In detail, participants watched a 30-second advertisement rated
either high, medium, or low on stereotypicality. Next, they were given 5 minutes to
rate on the Likert scales for purchase intention and perceived creativity. We also
measured memory recall of the advertisements as an exploratory variable; we do not
discuss these results further. Participants then provided demographic information

(see Appendix R for Study 6 Script).

Study 6 Results

Statistical assumptions. To prepare an appropriate dataset for between
subject ANOVA, we did a series of assumption tests on the variables. All the
variables met the assumption of independence of variables and homogeneity of
variance. There was no outlier. The skewness (between * 1) & kurtosis (between £2)
indicated that the data contained approximately normally distributed error. Please
see Table 47 for descriptive statistics and Table 48 for normality tests of all

measures.
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Table 47

Descriptive Statistics for Measures in Study 6, N = 102.

M SD
Purchase intention _ low? 1.62 0.56
Purchase intention _ medium? 1.50 0.55
Purchase intention _ high? 1.71 0.61
Recommend intention _ low 5.42 1.24
Recommend intention _ medium 5.30 1.20
Recommend intention _high 5.62 1.21
Unexpectedness _ low 3.89 1.02
Unexpectedness _ medium 4.20 0.90
Unexpectedness _ high 4.93 0.93
Uniqueness _ low 3.13 1.05
Uniqueness _ medium 3.41 1.06
Unigueness _ high 4.49 0.95
Creativity _ low 3.26 1.06
Creativity _ medium 3.62 1.13
Creativity _ high 4.66 1.06
Uniqueness & Overall _ low 3.19 1.02
Uniqueness & Overall _ medium 3.51 1.06
Unigueness & Overall _ high 4.57 0.96
Average of perceived creativity _ low 3.43 0.83
Average of perceived creativity _ medium 3.74 0.81
Average of perceived creativity _ high 4.65 0.77

Notes. tlow indicates low stereotypicality condition. 2medium indicates medium

stereotypicality condition. 2high indicates high stereotypicality condition.
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Table 48

Normality test for Measures in Study 6.

Shapiro-Wilk
Skewness Kurtosis Statistic p value
Purchase intention _ low -0.98 0.55 93** <.001
Purchase intention _ medium -0.12 -0.43 .99 .555
Purchase intention _ high -0.38 -0.04 .99 .346
Recommend intention _ low -0.65 1.32 97* 011
Recommend intention _ medium -0.19 -0.16 .99 707
Recommend intention _high -0.56 0.70 .98 .090
Unexpectedness _ low 0.20 1.87 97* .013
Unexpectedness _ medium 0.02 0.36 .99 .616
Unexpectedness _ high 0.01 -0.66 .99 .320
Unigueness _ low -0.33 -0.03 .98 222
Uniqueness _ medium -0.09 -0.23 .99 27
Uniqueness _ high -0.33 0.25 .99 .358
Creativity _ low -0.46 0.17 .98 072
Creativity _ medium -0.29 -0.05 .99 .584
Creativity _ high -0.78 1.09 .96** .006
Uniqueness & Overall _ low -0.41 0.28 .99 .349
Uniqueness & Overall _ medium -0.19 -0.11 .99 .640
Uniqueness & Overall _ high -0.53 0.86 .98 141
Average of perceived creativity _ low -0.41 0.73 .98 218
Average of perceived creativity _ medium -0.17 0.40 .99 492
Average of perceived creativity _ high -0.04 -0.17 .99 .875

*p < .05 (2-tailed). **p < .01 (2-tailed).
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Unexpectedness. We conducted a repeated-measures ANOVA to examine
the effect of stereotypicality of advertising imagery on the perceived unexpectedness
towards the advertisements. There was a significant main effect of stereotypicality on
perceived unexpectedness, F (2, 100) = 71.97, p <.001, Q = .85. We followed up on
this main effect with a post hoc paired sample t-test. There was a significant
difference between high stereotypicality and medium stereotypicality levels, t (101)
=.73, p <.001, 95% CI [.52, .93], such that the participants perceived advertising
imagery with a high level of stereotypicality (M = 4.93, SD = 0.93) as more
unexpected than advertising imagery with a medium level (M = 4.20, SD = .90).
There was a significant difference between high and low stereotypicality levels, t
(101) = 1.04, p <.001, 95% CI [.82, 1.26], such that participants perceived
advertising imagery with a high level of stereotypicality as more unexpected than
advertising imagery with a low level (M =3.89, SD = 1.02). There was a significant
difference between the medium stereotypicality condition and the low stereotypicality
condition, t (101) = .31, p =.003, 95% CI [.90, 1.12], such that participants perceived
the advertising imagery with a medium level of stereotypicality as more unexpected
than the advertising imagery with a low level. The results suggested that participants
expect low stereotypicality in advertising.

Perceived creativity. We conducted a repeated-measures ANOVA to
examine the effect of stereotypicality of advertising imagery on the perceived
uniqueness and creativity towards the advertisements. There was a significant main
effect of stereotypicality on perceived uniqueness and creativity, F (2, 100) = 168.66,
p <.001, Q=1.29. We followed up on this main effect with a post hoc paired sample
t-test. There was a significant difference between high stereotypicality and medium
stereotypicality levels, t (101) = 1.06, p <.001, 95% CI [.88, 1.24], such that the
participants perceived advertising imagery with a high level of stereotypicality (M =
4.57, SD = .96) as more unique and creative than advertising imagery with a medium
level (M = 3.51, SD = 1.06). There was a significant difference between high and low
stereotypicality levels, t (101) = 1.38, p <.001, 95% CI [1.18, 1.58], such that
participants perceived advertising imagery with a high level of stereotypicality as
more unique and creative than advertising imagery with a low level (M =3.19, SD =
1.02). There was a significant difference between the medium stereotypicality
condition and low stereotypicality condition, t (101) = .32, p <.001, 95% CI [.13, .51],

such that participants perceived the advertising imagery with a medium level of
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stereotypicality as more unique and creative than the advertising imagery with a low
level. This finding is unexpected and suggests that highly stereotypical
advertisements are perceived as not only more unexpected, but more creative as
well (see Figure 14).

Figure 14

Perceived creativity in low, medium, and high stereotypicality conditions.
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Purchase intention. We conducted a repeated-measures ANOVA to test the
effects of stereotypicality of advertising imagery on the purchase intention towards
the advertising products. There was a significant main effect of stereotypicality on
purchase intention, F (2, 100) = 10.69, p <.001, Q = .33. We followed up the main
effect with post hoc pairwise comparisons. There was a significant difference
between the high and medium stereotypicality conditions, t (101) = .21, p <.00123,
95% CI [.10, .32], such that the advertising imagery with a high level of
stereotypicality (M = 1.72, SD = .61) induced more purchase intention than the
medium level (M = 1.50, SD = .55). There was a significant difference between low
stereotypicality condition and medium stereotypicality condition, t (101) = .11, p
=.002, 95% CI [.01, .22], such that the advertising imagery with a low level of
stereotypicality induced more purchase intention than the medium level (M = 1.62,

SD = .56). There was no significant difference, t (101) =-1.93, p = .057, 95% ClI

2 The p values in the t-tests were already adjusted for multiple comparisons: Bonferroni.
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[-.19, .00], such between the high stereotypicality condition and the low
stereotypicality condition. This result demonstrates a quadratic relationship between
stereotypicality and purchase intention, such that people are more willing to buy

products that are marketed using high and low stereotypical imagery (see Figure 15).

Figure 15
Purchase intention in low, medium, and high stereotypicality conditions.
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Recommendation intention. We conducted repeated-measures ANOVA to
test the effects of stereotypicality of advertising imagery on the recommend intention
towards the advertising products. There was a significant main effect of
stereotypicality on recommend intention, F (2, 100) = 7.17, p = .001, Q = .27. We
followed up the main effect with post hoc pairwise comparisons. There was a
significant difference between the high and medium stereotypicality conditions, t
(101) = .31, p<.001, 95% CI [.11, .52], such that the advertising imagery with a high
level of stereotypicality (M =5.62, SD = 1.21) induced more recommendation
intention than the medium level (M = 5.30, SD = 1.20). There was a significant
difference between the high stereotypicality and low stereotypicality conditions, t
(101) = 1.20, p =.035, 95% CI [.01, .39], such that the advertising imagery with a
high level of stereotypicality induced more recommendation intention than the low
level (M =5.42, SD = 1.24). There was no significant difference t (101) = 1.28, p
=.203, 95% CI [-.06, .30], between the medium stereotypicality and low
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stereotypicality conditions. These results differed from the purchase intention results

and suggested that the relationship between purchase recommendations and

stereotypicality was stepwise.

Gender difference. We conducted an independent samples test to examine

the gender differences. The results showed a significant gender difference on

purchase intention in low stereotypicality condition, t (101) = 2.38, p =.019, 95% CI

[.05, .50], such that female participants (M = 1.71, SD = 051) reported more

purchase intention towards the advertising imagery with low level of stereotypicality

than male participants (M = 1.44, SD = .62). Female and male participants did not

show significant differences in other measures (see Table 49). Other demographic

variables did not reveal significant differences in our variables.

Table 49
Gender Difference (N female = 67, N male = 35, df = 100).
95% CI
Measures Gender M SD t p values Lower Upper
) _ Female 1.64 0.46
Purchase intention 0.67 0.504 -0.14 0.28
Male 1.57 0.60
_ _ Female 5.50 1.13
Recommend intention 0.63 0.533 -0.32 0.61
Male 535 1.09
Female 4.30 0.82
Unexpectedness -0.72 0.474 -0.45 0.21
Male 4.42 0.77
_ o Female 3.50 0.77
Perceived creativity 1.34 0.184 -0.11  0.57
Male 3.27 0.93

Study 5 - 6 Discussion

Study 5 results supported hypothesis 3 and showed that the stereotype

intervention, which encouraged stereotype avoidance, efficiently decreased

marketers’ stereotypical inferences, and improved the marketers’ ability to produce

original ideas. The finding is consistent with existing research that claimed positive
effects of multi-identity information (Cheng et al., 2008; Gaither et al., 2015) and

stereotype-inconsistent information (Goctowska & Crisp, 2013; Wen et al., 2019; Zuo
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et al., 2019) on originality. Therefore, Study 5 successfully validated the laboratory
link between stereotype avoidance and divergent thinking in the advertising field.

Study 6 exhibited a positive relationship between advertising stereotypicality
and perceived creativity. It also showed a U-shaped function of advertising
stereotypicality on purchase intention, indicating that the audience reacted most
positively (high perceived creativity and high purchase intention) towards the
advertisements with high stereotypicality and reacted least positively towards the
medium stereotypical advertising. In addition, the purchase intention toward low
stereotypical advertisements was lower than high stereotypical ones and higher than
medium stereotypical ones.

Unexpectedness. The unexpectedness of the advertisement may drive the
U-Shaped function. Let us consider two facts. First, the effect of the unexpectedness
of advertisements followed a U-Shaped function. Second, the unexpectedness item
was the first question in the scales which was more likely to drive participants’
understanding of creativity and intention to purchase and less likely to be affected by
the evaluation of the other items. Therefore, it is reasonable to infer that our
participants probably had watched medium and low stereotypical advertising imagery
more often than high stereotypical imagery, which drives the differences in perceived
creativity. Accordingly, answering perceived creativity questions before purchase
intention may produce a priming effect, which makes the results contradict the
existing research that found negative audience reactions towards advertising
stereotypes (Akestam et al., 2017a). However, the explanation for unexpectedness
does not have strong support from empirical evidence, so it warrants further
exploration.

Cognitive load theory. Cognitive load theory is a possible alternative
explanation for the U-shaped function for audience reaction. In our study,
participants were asked to perceive two pieces of information: minority group
imagery and product information. After the first round, when they knew the task
content, they were likely to add and process another piece of information —
advertisement evaluation. Therefore, we infer that evaluating the medium may be
more difficult than the high and low stereotypical advertisements. Therefore, the
hesitation in making an evaluation costs cognitive load from processing product

information.
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For the high and low stereotypical advertisements, processing stereotype-
consistent information (stereotype activation) carried less cognitive load than
processing stereotype-inconsistent information (stereotype avoidance) (Sherman &
Frost, 2000; Sherman et al., 1998; Wigboldus et al., 2004). Therefore, high
stereotypical advertisements may save cognitive load from processing product
information. Overall, not being able to process enough product information may
decrease perceived creativity and purchase intention towards medium stereotypical
advertisements. On the other hand, processing product information may increase
perceived creativity and purchase intentions of highly stereotypical advertisements
(Akestam, 2017; Leonard, 2014). Suppose cognitive load theory is the mechanism
here, we highlight that the generalisation of the second study is limited because
people are not required to stereotype scoring when perceiving advertisements in real
life.

Inconsistency with Study 6 (Pilot) and Study 6. The main study finding is
inconsistent with the pilot study, which found no relationship between perceived
creativity and stereotypicality. The inconsistency may result from either of three
reasons—first, the difference in design between an association and a causal study.
Second, the different understandings of perceived creativity. In the pilot study, the
perceived creativity scale implicitly links “creativity” to “difference”, “uncommonness”,
“relevance”, and “meaningful”. In Study 6 (pilot), the scale implicitly links “creativity”
to “unexpectedness” and “uniqueness”. Considering that one’s concept of creativity
is adapted to change according to the provided information (Sternberg, 2020), the
difference in measurement scale may trigger different definitions of creativity for
participants in two studies. Third, the difference in the sample, such that the finding
is not generalisable across types of protected characteristic groups. For instance, the
perceived stereotypicality of the pilot-study participants might differ from that in Study
6. Unfortunately, we did not measure perceived stereotypicality in Study 6, so we
cannot compare, and we suggest future studies be aware of this issue.

Overall, Study 6 supports the positive link between stereotype avoidance and
creativity by showing a positive effect of stereotype intervention on creative thinking.
The second study against the link exhibited a U-shaped function of advertising
stereotypicality on perceived creativity.

Study 5 — Study 6 comparisons. The inconsistent effects of the two studies

are reasonable because they employed participants with different motivations for
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being more creative. In detail, the participants in Study 5 (marketers) are more likely
to process stereotype-inconsistent and creative information because they have
strong motivations to do so (Bernstein, 1974; Edwards, 1956; Hawkins &
Mothersbaugh, 2010). However, the participants in Study 6 (the public) may not have
such motivations. Therefore, they may selectively perceive, process, and recall
stereotype-consistent information to reinforce prior expectations toward outgroup
members (Fiske, 1998; Nickerson, 1998) and save cognitive resources (Sherman &
Frost, 2000; Sherman et al., 1998; Wigboldus et al., 2004; Zuberi & Bonilla-Silva,
2008).

Moreover, two studies operationalised stereotypicality and creativity in
different ways. Study 5 manipulates participants’ stereotypicality and wants to know
how manipulation affects creative thinking. Study 6 manipulates advertisements’
stereotypicality and is interested in the manipulation impacts participants’ perceived
creativity. Therefore, the positive link between stereotype avoidance and creativity
worked in advertisement generation. However, the positive link does not work in
advertisement perception. We suggest that future studies be aware of the
operationalisations of stereotype avoidance and creativity when illustrating the link.
We also suggest that the advertising industry be aware of the gap between
generated and perceived advertising content.

Strength.

Link stereotype and creativity with transdisciplinary collaborations.
Previous studies showed that stereotypical depictions still occupy mainstream media
(Furnham & Paltzer, 2010; Grau & Zotos, 2016; Mastro & Stern, 2003; Plakoyiannaki
& Zotos, 2009). The situation may result from a lack of validated tools that help
marketers think less stereotypically and more creatively. In other words, there was a
knowledge gap such that the field lacked a field study that validates the link between
stereotype avoidance and creativity. Furthermore, the disciplinary fragmentation of
creativity research and practice may be responsible for the knowledge gap. For
example, creativity researchers often find it challenging to recruit sufficient marketers
to join an experiment due to the lack of communication between academia and
industry (Amabile, 1996; West et al., 2019). Therefore, we collaborated with the
industry, and our transdisciplinary research projects validated the psychological link
between stereotype avoidance and creativity in advertising practice and connected

advertising generation and advertising perception.
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Limitations and suggestions.

The lack of advertising creativity measures. However, the creativity
measurement of study 5 limits its power in a specific domain. In detail, we measured
marketeers’ divergent thinking skills rather than the novelty or effectiveness of the
product design in the advertising domain. Thus, we can infer that our workshop
increased marketeers’ creative potential rather than their creative performance in
advertising.

Suggestions. Accordingly, we suggest that future field studies consider both
creative potential based on thinking skill tests and creative performance based on
novelty judgment of a product.

Furthermore, we suggest that future studies pay more attention to laypeople’s
perceived creativity to detect the gap between creativity generation and perception.
For instance, we can include perceived creativity as a dependent variable when
investigating advertising creativity (Rosengren et al., 2020; Smith et al., 2008). As we
can see in our study 6, the unexpectedness or creativity scale may drive audiences’
purchase intention. For example, further studies can explore whether participants’
intention of stereotype avoidance affects their perceived advertisement creativity.
Knowing audience perception of creativity and linking it with advertising strategy can
be crucial for brand development. Besides, future studies should be aware of how
they form the creativity scale when measuring perceived creativity. For instance, in
our second study, linking creativity with unexpectedness and relevance may have

yielded different results.
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Chapter 5: Creative Thinking and Product Design in Engineering Education

The last chapter validated the association between divergent thinking and
stereotype avoidance in real-life advertising. This chapter investigated the
association between creative thinking and real-life engineering problem-solving.
First, we discuss the importance and knowledge gaps in engineering creativity
research. Then, we discuss integrative thinking’s role in creative engineering design.
Afterwards, we illustrate two studies (one pilot study) examining the predictive power
of AUT, CRAT, and FST towards engineering students’ creative design for COVID-
19 prevention. Moreover, we examined the effect of comparative social feedback on
product design because teamwork is important in engineering education (Lingard &
Barkataki, 2011), and the presence of others is inevitable in engineering students’
real-life contexts.

Literature Review

The importance of engineering creativity.

In contemporary engineering education, educators and researchers are
putting more effort into developing engineering students’ creativity. For engineering
students, creativity captures their ability to generate original, novel, effective, and
potentially valuable ideas when dealing with open-ended questions or problematic
situations (Belski, 2017; Lawshe & Harris, 1960; Pereira, 1999). This ability requires
divergent and convergent thinking to become aware of, observe, imagine,
conceptualise, and rearrange existing elements to generate a new idea that may not
be apparent to the professionals in a specific engineering discipline (Belski, 2017;
Farid et al., 1993; Hirshfield & Koretsky, 2020). Additionally, engineering educators
point out that the ability to discover nature with imagination is as essential as
domain-specific knowledge when generating sustainable solutions (Schexnayder &
Anderson, 2011). Also, existing research demonstrated that incorporating creativity
development in engineering classes could establish an interactive atmosphere
(Stouffer et al., 2004). Moreover, creativity provides a competitive advantage for
engineering students in their career development (Richards, 1998).

Creativity development in engineering education.

Since mid-90s, educators have incorporated design and various creativity
training programmes and techniques (e.g., TRIZ; (Al'tshuller, 1999)) into engineering
education curricula (Clapham, 1997; Clapham & Schuster, 1992). However, these

activities did show notable positive effects in the last three decades. For example,
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the public still rarely links “invent” and “creative” with engineering (Wulf, 1998).
Furthermore, industrial employers are still not satisfied with the creativity of
engineering graduates (Cropley, 2012; Richards, 1998). Also, educators do not
appreciate the creativity traits of engineering students (Cropley & Cropley, 2010),
and for those educators who would like to incorporate creativity into their classes,
there exists insufficient knowledge to facilitate incorporation (Amoussou et al., 2011,
Darling-Hammond et al., 2012; Haertel et al., 2012). In addition, engineering
students comment that their programmes of study provide little encouragement and
support for creative thinking and design skills (Carpenter, 2016). Overall, creativity
development does not proceed well in engineering education.

Knowledge gaps.

One of the reasons for the restricted development of creativity in engineering
education may be the lack of appropriate theoretical support. For instance, existing
creativity theories (e.g., divergent thinking) are disconnected from engineering
practice and do not produce high-quality engineering solutions (Hirshfield &
Koretsky, 2020). Additionally, the lack of empirical evidence may impede creativity
development in engineering education. For instance, the impact of social factors on
creativity is a widely investigated research theme (Amabile, 2018; Hennessey,
2003), exploring how competition (Shalley & Oldham, 1997), expected evaluation
(Shalley & Perry-Smith, 2001; Wang et al., 2017), time pressures (Moreau & Dahl,
2005), surveillance (Amabile et al., 1990), and stereotypes (Goctowska et al., 2013;
Zuo et al., 2019) affect individual creativity. However, there are no such experiments
focused on engineering students. Therefore, our research aimed to address these
twin knowledge gaps. Specifically, we conducted an experiment to explore the effect
of a social factor—social comparison—and the ability of other factors theoretically
linked to creativity to predict engineering students’ ideation and product design
creativity.

Creative engineering design — an integrative thinking process.

Previous studies employed divergent thinking and corresponding tasks to
measure and develop engineering creativity (Kudrowitz & Dippo, 2013). However,
divergent thinking is disconnected from real-life problem solving (Hirshfield &

Koretsky, 2020). The disconnection may result from the difficulty in simulating
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complex engineering problem-solving?*. Specifically, AUT asks people to produce
many novel ideas that stem from one piece of information. However, engineering
product design requires engineering students to be creative with several pieces of
information (e.g., customer preferences, market needs, financial budgets, and
technological constraints) (Howard et al., 2007; Onarheim, 2012; Scopelliti et al.,
2014).

For example, the process models of engineering product design illustrate the
complexity of information processing in the engineering field. One model and
subsequent task—the Knowledge-Driven Design Process (KDDP) — requires
engineering students to create several cognitive or knowledge spaces and fill as
much information into these spaces in a seemly random order. The design process
ends when there is sufficient information in the spaces to proceed with the
design (Hatchuel & Weil, 2003). A second model—the Linear Type Design Process
(LTDP)—simplified the process in the sequence of market needs, task analyses,
conceptual designs, embodiment designs, and detailed designs. Even though LTDP
prioritises market needs, engineering product design still struggles to separate such
needs from the task requirements and technology (Pahl & Beitz, 1984). Both models
imply that engineering product design starts from several pieces of information. For
instance, the KDDP describes several pieces of information abstractly (i.e., required
information in cognitive or knowledge space), while LTDP names several pieces of
information specifically as market needs, tasks, and technologies.

Admittedly, some product design models imply the possibility of starting the
product design from one piece or limited pieces of information and then engaging
divergent thinking on each piece of information. For example, the Divergent-
Convergent Style Process (DCSP) proposes that engineering students gain and
evaluate collected information first, generate ideas, and solve problems based on
each piece of information (Howard et al., 2007).

However, we propose that initiating a design from evaluated information may
limit engineering creativity. Here is the logic. Divergent thinking in engineering is not
limited to producing new ideas or solutions but includes generalising existing ideas

or solutions in different contexts (David H. Cropley, 2015b). For example, an

24 We discussed the disconnections between creative thinking and real-life creativity in

Chapter 2. The disconnection remains when it comes to the engineering creativity field.
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engineering solution may not be correct in one context but may be correct in others.
Also, the solution may not be effective now but could be helpful at a future time point
(Niiniluoto, 2016). Therefore, the process may not be completely creative if one
evaluates information initially and processes the information deemed valid or correct.
It would be best for engineering students to keep alternatives or “incorrect” solutions
in mind while aiming to design a genuinely creative product. Therefore, we propose
that starting product design from several pieces of information and continuing to
integrate multiple pieces of information throughout the design process is crucial in
creative engineering product design.

Our integrative thinking perspective on engineering product design is
consistent with definitions and theories of engineering and technology. For instance,
engineering educators highlight that engineering education encourages students to
develop solutions that work with nature in a holistic and integrated manner
(Schexnayder & Anderson, 2011). Engineering development requires “Ingenium”,
which includes the ability to integrate various bits of information quickly (Verene,
1981). Engineering aims to analyse and synthesise learned information (Felder,
1987; Isaksen & Parnes, 1985). The Integrated Creative-Design process model
(ICDP) argues that the creative thinking process should be integrated into the
product design process, including analysing task, concept, and embodiment (Howard
et al., 2007).

The integration in engineering product design may look like convergent
thinking since both require integrating several pieces of information. In detail, the
convergent thinking task CRAT provides participants with three words and asks them
to produce one correct answer that could form a compound word with each of the
given words. The difference between engineering integration and convergent
thinking is at their endpoint. Specifically, engineering integration is an open-ended
guestion that allows multiple answers (Belski, 2017), while CRAT is a close-ended
guestion with a single correct answer (Bowden & Jung-Beeman, 2003). Therefore,
CRAT as a convergent thinking task may not be able to represent engineering
creative product design. From another perspective, convergent thinking is
conceptualised as evaluative thinking in some engineering design models. Part of
the creative process leads to one or several appropriate and valuable solutions
(Cropley, 2006). Even though we admit that evaluative thinking starts from several

pieces of information and allows several correct answers, it is far from creative
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thinking. Evaluation is a process that uses numerous criteria to select from existing
options. Novelty, a fundamental element of creativity, is not mandatory in the
evaluative process.

FST simulates the integrative process, grasps the creative process in
engineering, and captures two dimensions of creative ideas (i.e., novelty and
effectiveness). Therefore, we predicted that:

Hypothesis 5: FST predicts creativity in engineering product design. The
better the FST performance, the higher the creativity in engineering product design.

Empirical evidence showed that comparative social feedback could impact
individual creativity (see Chapter 3 for literature review). Therefore, we ask an
exploratory question here: Does social comparison feedback alter creativity in
engineering product design?

To test the hypotheses and answer the exploratory research question, we
conducted two online experiments. The pilot study aimed to validate two engineering
creative design tasks. In addition, the main study aimed to 1) examine the predictive
power of AUT, CRAT, and FST toward engineering creative product design and 2)

examine the effect of social comparison on engineering creativity.

Study 7 (Pilot) Method

In a pilot study, we generated and validated two engineering design tasks
(i.e., an ideation task (IT) and a product design task (PDT)). In detail, we conducted
an online observational study asking engineering students to finish FST, AUT,
CRAT, and then IT and PDT. We measured the performance in the five tasks. We
also collected self-reported responses regarding creative self-efficacy, creative
personality identity, and grit.

Participants.

To collect data, we asked the administrators of all engineering departments at
University College London (UCL) to circulate a piece of research invitation to all
students in their departments. Accordingly, the administrators in the department of
civil, environmental, and geomatic engineering and the department of biochemical
engineering circulated the research invitation.

We received responses from 14 students (women = 6) from UCL. Most
participants were master's students (68.75%), and 31.25 % were undergraduate

students. All participants gave consent and opted to receive individual creativity
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feedback via email and enter a random draw to receive a £30 Amazon voucher. The
UCL Ethics Committee approved the study.

Materials.

AUT. We measure participants’ AUT performance as we did in Study 1, but
with two adjustments. First, participants finished six rounds of AUT in Study 1, but
they finished two rounds of AUT in this study. In detail, we employed “tire” and
“‘newspapers” as AUT questions, and the questions were randomly selected. We
decided to avoid participants’ fatigue because the current study has more tasks than
Study 1. Second, we excluded one measure - appropriate frequency since Study 1
showed that originality and frequency strongly correlated with each other. Also, the
current study did not have enough sample size to create an informative and objective
answer pool.

CRAT. We measured CRAT performance as we did in Study 1, but with two
adjustments. First, we curtailed the round number from six to two for the same
reason we discussed in AUT. In detail, participants were asked to finish the non-
repeated two rounds of CRAT. Each round was made of five questions. Second, we
prepared seven language versions of CRAT rather than pre-screened English native
speakers. For instance, participants chose from Chinese (Wu & Chen, 2017), Dutch
(Chermahini et al., 2012), English (Bowden & Jung-Beeman, 2003), Japanese (Seki
et al., 2010), Romania (Olteteanu et al., 2019), Russian (Toivainen et al., 2019), and
Spanish (Pelaez-Alfonso et al., 2020) based on their first language. If none of them
was their first language, participants selected the one with whom they were most
familiar. We did this adjustment to enlarge the sample size because UCL was an
international school, and many students did not identify themselves as English native
speakers. Please see Appendix S for Compound Remote Associate Test in Different

Languages.
FST. We measured FST performance as we did in Study 1, but with two

adjustments. The adjustments followed the logic of AUT adjustments. In detail, we
again reduced six rounds to two rounds. We also excluded appropriate frequency
and accurate frequency as measures. In this study, we employed
“interact/immerse/recreate” and “protect/entertain/comfort” as questions.

IT. We generated IT that measured creativity in idea generation. At the
beginning of the IT, we introduced participants to two ways that COVID-19 was

transmitted. Specifically, they were told:
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“Direct Transmission: COVID-19 is transmitted by respiratory particles of
someone infected with COVID-19 that reach healthy people directly. The particles
are emitted through sneezing, coughing, or even talking. These droplets from an
infected person are packed with millions of viral particles on whom fall in close range
and infect whatever they land.

Fomite Transmission: COVID-19 is transmitted by touching an infective
surface (e.g., keys, telephones, power button) and touching your face.”

Participants were asked to think of novel and valuable COVID-19 prevention
products for a cosy restaurant according to the background information. We asked
them not to criticise any of their ideas and write down as many ideas as possible.

We employed the marking system and the measures of FST to measure the
performance in IT. The only difference was the criteria of appropriate answers and
accurate answers. In detail, we marked answers that prevented at least one way of
COVID-19 transmission as appropriate answers. We also marked answers that
prevented both ways of COVID-19 transmission in a cosy restaurant as the most
accurate answers. Like FST, the higher scores the IT measures, the greater the
creative ideation displayed by the participant.

PDT. The PDT was a follow-up task of IT. We provided participants with the
background information of COVID-19 transmission and the ideas they came up with
in IT. Based on this information, participants were asked to design a novel and
effective COVID-19 prevention product for a cosy restaurant by answering four long-
text format questions - “What is your product?” “What are the functions of this
product?” “What are the materials needed?” and “How can we generalize this
product to other contexts?”

We employed the Creative Solution Diagnosis Scale (CSDS) (Cropley &
Kaufman, 2012) to measure participants’ product design creativity. The scale
measured five dimensions of a product: relevance and effectiveness,
problematization, propulsion, elegance, and genesis. The relevance and
effectiveness dimension evaluated to what extent a product was valuable and
appropriate in a specific context. The problematization dimension evaluated to what
extent a product could detect and solve the issues with the existing solutions. The
propulsion dimension measured how much a product added novel contributions to
existing solutions. Both problematization and propulsion were in the novelty

dimension. The elegance dimension expected a product to be qualified from various
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perspectives (e.g., safe to use, consistent, and sustainable). Finally, the genesis
dimension assessed to what extent a product was helpful in the current situation for
which they were generated and could apply in other unrelated situations. The
measure of PDT was the scores in each dimension and totals. We also measured
RT. The higher the score of measures in PDT, the greater the participant’s product
design creativity. Please see Appendix T for Engineering Creative Design — Data

Collection, Marking, and Cleaning.

Short Scale of Creative Self. We measured creative self-concept variables
such as creative self-efficacy (CSE) and creative personal identity (CPI) using a well-
established short scale of creative self (SSCS) (Karwowski, 2014; Karwowski et al.,
2012). CSE was about the self-description of creative abilities (Karwowski, 2011)
and CPI was about the importance of creativity in one’s self-description (Jaussi et al.,
2007). We provided eleven statements that were used to describe oneself. An
example of CSE was “I trust my creative abilities”. An example of CPIl was “my
creativity is important for who | am”. Participants decided how each statement
described themselves on a 5-point Likert scale.

We calculated the creative self-concept variables based on the 5-point Likert
scale. Considering the internal consistency of 6 CSE items was low (Cronbach’s a
=.69) and achieved an acceptable level excluding item 6 (Cronbach’s a = .79), we
summed the ratings on items 3, 4, 5, 8, and 9 for the level of CSE. The higher the
summed ratings, the higher the self-reported creative abilities. We summed the
rating of items 1, 2, 7, 10, and 11 for the level of CPI (Cronbach’s a = .91). The
higher the summed ratings, the importance of creativity in self-description. Please
see Appendix U.

Scale of Grit. Considering the important role that the inconsistency of short-
term interests and long-term interests and the perseverance of effort (i.e., grit)
played in engineering students’ retention and academic achievements (see a review
(Direito et al., 2021)), we measured the grit of our participants who were engineering
students. We gave participants twelve statements to describe themselves on a well-
established grit scale (Duckworth & Quinn, 2009), An example of inconsistent
interests was ‘| often set a goal but later choose to pursue a different one”. An
example of perseverance was that “I finish whatever | begin”. Participants decided

how each statement described themselves on a 5-point Likert scale.
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We calculated the grit based on participants’ ratings on the 5-point Likert
scale. Specifically, we summed the ratings on the first six statements for the level of
interest’s inconsistency (Cronbach’s a = .89). The higher the summed ratings, the
higher the inconsistency of short-term interests and long-term goals. Considering the
internal consistency of six CSE items was low (Cronbach’s a = .63) and achieved an
acceptable level when excluded item 8 and item 10 (Cronbach’s a = .74), we
summed the ratings on items 7, 9, 11, and 12 for perseverance. The higher the
summed ratings, the greater the perseverance of effort. Please see Appendix V.

Procedure.

In the beginning, all participants read an overview and an information sheet of
the experiment and consented to participate. Next, participants were asked to
complete the AUT, CRAT, and FST randomly. As we did in Study 1, we called AUT
and CRAT “Usages Task” and “Word Puzzle Task”, respectively. Considering that
we have disseminated FST in Study 1, which may have built publicity, we also
changed the name of FST to “Object Task”. Each task consisted of two pages.
Participants read a task instruction on the first page, and they had to pass an
instruction test to proceed to the second page. On the second page, participants
were given 5 minutes to finish one round of the main task.

Following AUT, CRAT, and FST, all participants answered three questions
about their experience thus far. The first question asked the participants to select the
answer sources of creative thinking tasks, either original ideation, memory
extraction, or online resource. The second question asked them to select the effort
they put into the creative-thinking tasks: all, some, or none. Finally, the third question
asked whether participants expected to receive a performance evaluation of the
three creative thinking tasks.

After the experience report, all participants completed the IT and PDT
sequence, with 5 and 25 minutes allocated to the two tasks, respectively. Once
participants completed the tasks, they reencountered the game experience
guestions. They had to report the answer sources, employ effort, and evaluate
expectations for IT and PDT.

Next, participants finished the grit scale and the SSCS. We then collected
demographic information. In the end, participants decided whether they requested

performance feedback from us and whether they entered a random draw to receive a
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£30 Amazon voucher. We also provided a debrief form in which we disclosed and

explained the areas of deception. Please see Appendix W for Study 7 (Pilot) Script.

Study 7 (Pilot) Results

Dataset preparation.

Inter-rater reliability. A high degree of inter-rater reliability was found
between the two judges for most measures (Cronbach’s a > .80). Although the
accurate originality and effectiveness yielded relatively low inter-rater reliability, we
did not exclude them because they were acceptable (> .60). However, we suggest
the following studies be aware of these two measures’ low and acceptable inter-rater
reliability (see Table 50).
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Table 50

Intraclass Correlation Coefficients (ICC) with Two-way Mixed Effects Model for

Measures in AUT, FST, IT, and PDT (N of items = 2).

Measures ICC os%e ¢l
Lower Bound Upper Bound

AUT appropriate fluency 1.00 .99 1.00
AUT appropriate originality .94 .82 .98
AUT appropriate flexibility .93 -.07 .99
FST appropriate fluency .98 .89 .99
FST appropriate originality .86 .61 .95
FST appropriate flexibility 91 .73 .97
FST appropriate effectiveness .86 .52 .96
FST accurate fluency .90 .70 .97
FST accurate originality .81 46 .93
FST accurate flexibility .86 .62 .95
FST accurate effectiveness .61 -.18 .86
IT appropriate fluency .99 .96 1.00
IT appropriate originality .94 .81 .98
IT appropriate flexibility .95 .85 .98
IT appropriate effectiveness .97 .92 .99
IT accurate fluency .95 .84 .98
IT accurate originality 71 15 .90
IT accurate flexibility .88 .65 .96
IT accurate effectiveness .94 .83 .98
PDT relevance & effectiveness .94 .84 .98
PDT problematisation .93 .79 .98
PDT propulsion .85 54 .95
PDT elegance .85 A7 .95
PDT generalisation .92 75 .97

a. Cronbach’s a is the average measures of intraclass correlation coefficients.

b. Cronbach’s a using an absolute agreement definition.
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Data screening. We followed the data screening rules for Study 1. We
excluded the response from one participant who did not finish the experiment (put
effort into four tasks and wrote nothing in one task). There were 15 responses from
participants who stayed in the analysis pool after the data exclusion (N = 15).

Statistical assumptions. To prepare an appropriate dataset for statistical
analysis, we did a series of assumption tests on the variables in all five tasks and
guestionnaires. All the variables met the assumption of non-zero variances. There
was no outlier in the variables. The skewness & kurtosis and Shapiro—Wilk test
indicated that the data contained approximately normally distributed error (see Table
51 - 52)..
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Table 51

Descriptive Statistic for FST, AUT, CRAT, and Creative Self Efficacy (N = 15).

M SD

AUT appropriate fluency 7.70 4.02
AUT appropriate flexibility 6.38 241
AUT appropriate originality 1.99 0.03
CRAT accurate fluency 3.20 7.89
FST appropriate fluency 3.13 2.41
FST appropriate flexibility 2.42 1.14
FST appropriate originality 1.81 0.17
FST appropriate effectiveness 1.74 0.12
FST accurate fluency 1.92 1.24
FST accurate flexibility 1.53 0.64
FST accurate originality 1.95 0.24
FST accurate effectiveness 1.67 0.14
IT appropriate fluency 6.10 6.15
IT appropriate flexibility 3.40 1.72
IT appropriate originality 1.09 0.12
IT appropriate effectiveness 2.31 0.49
IT accurate fluency 1.13 0.84
IT accurate flexibility 0.90 0.36
IT accurate originality 1.18 0.68
IT accurate effectiveness 1.78 1.27
PDT total 65.23 202.57
PDT relevance & effectiveness 10.20 6.74
PDT problematisation 6.73 4.92
PDT propulsion 12.93 11.07
PDT elegance 22.47 29.70
PDT generalisation 12.90 4.19
CSE 3.41 0.47
CPI 3.57 0.77
Consistency for goals 3.38 0.93
Perseverance 3.80 0.65
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Table 52

Normality Tests for Measures of AUT, CRAT, FST, and Creative Self-efficacy.

Shapiro-Wilk
Skewness Kurtosis Statistics p value
AUT appropriate fluency 0.65 -0.34 .93 252
AUT appropriate flexibility 0.25 -0.82 .98 .920
AUT appropriate originality -0.37 -0.76 .94 415
CRAT accurate fluency 0.12 -1.59 .86 .023
FST appropriate fluency 0.46 -0.88 .92 213
FST appropriate flexibility 0.16 -0.64 .97 TA77
FST appropriate originality 0.17 0.02 .96 .740
FST appropriate effectiveness  0.32 2.39 .93 267
FST accurate fluency 0.54 -0.80 .93 .265
FST accurate flexibility 1.41 1.95 .86 .024
FST accurate originality 0.28 0.57 .96 .756
FST accurate effectiveness 0.48 0.56 .95 450
IT appropriate fluency -1.05 1.68 .92 162
IT appropriate flexibility -1.06 2.26 .92 187
IT appropriate originality -2.06 7.12 75 .001
IT appropriate effectiveness -2.86 9.35 .66 .000
IT accurate fluency 0.27 -0.54 .92 179
IT accurate flexibility -0.12 -0.56 91 140
IT accurate originality 0.42 0.68 91 135
IT accurate effectiveness -1.08 -0.79 .69 <.001
PDT total -0.50 2.72 93 226
PDT relevance & effectiveness -1.38 1.09 .82 .006
PDT problematisation 1.52 4.30 .81 .005
PDT propulsion 0.12 0.94 .96 .613
PDT elegance -0.65 1.83 .95 .509
PDT generalisation -0.71 2.20 .88 .052
CSE 0.39 -0.92 94 414
CPI -0.39 -0.11 .96 .604
Consistency for goals -0.23 -1.06 .96 .638
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Perseverance -0.52 0.22 .95 445
*p < .05 (2-tailed). **p < .01 (2-tailed).

Pearson correlation analysis.

In this section, we present the results of the Pearson correlation analysis. We
first presented the correlations among the measures in creative thinking tasks (i.e.,
AUT, CRAT and FST) (see Table 53). We then presented the correlations between

creative thinking and engineering design.
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Table 53

Correlations among AUT, CRAT, and FST Measures (All Participants, N = 15)

1 2 3 4 5 6 7 8 9 10 11 12
1. AUT appropriate fluency -
2. AUT appropriate flexibility 90**
3. AUT appropriate originality 45 62* -
4. CRAT accurate fluency .36 .39 27 -
5. FST appropriate fluency .36 40 A7 .32 -
6. FST appropriate flexibility 40 43 .10 .36 91**
7. FST appropriate originality -.05 -.02 .28 =11 .09 -.16 -
8. FST appropriate effectiveness 12 18 .20 .36 -.02 .07 -.36 -
9. FST accurate fluency 42 b53* .35 .26 91x*  79** 28 .07 -
10. FST accurate flexibility 43 51 .10 A1 .66** .85** -19 21 .69**
11. FST accurate originality -.05 -11 .08 -.19 -.05 -.24 .85** -.37 .07 -23 -
12. FST accurate effectiveness .00 -.13 -.09 A7 -.19 -.13 -.38 g7 -26 -09 -31 -

*p < .05 (2-tailed). **p < .01 (2-tailed).
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Correlations of AUT. The results showed significant positive associations
among the measure of AUT. Specifically, there was a high association between
appropriate fluency and appropriate flexibility. There was a moderate association
between appropriate originality and appropriate flexibility. There was no association
between appropriate fluency and appropriate originality.

Correlations of FST. The results showed significant positive associations
among the quantitative measures of FST. Specifically, appropriate fluency,
appropriate flexibility, accurate fluency, and accurate flexibility were moderately,
highly, or strongly associated. Also, there were significant positive associations
among the qualitative measure of FST. Specifically, there were high associations
between appropriate and accurate originality and between appropriate and accurate
effectiveness. Also, originality measures and effectiveness measures were not
associated with each other.

Correlations between FST, AUT, and CRAT. The results showed a
significant positive association between the FST and AUT measures. Specifically,
AUT appropriate flexibility was moderately associated with FST accurate fluency.
Besides, none of the others was significant.

Correlations of IT. The results showed significant positive associations
among the appropriate-dimension measures of IT (see Table 54). All four measures
were either moderately or highly associated with each other. Also, there were
significant positive associations among the accurate-dimension measures of IT. Most
measures were either moderately or highly associated with each other, except for
that between accurate flexibility and originality. Besides, there were significant
positive associations between the appropriate-dimension measures and the
accurate-dimension measures. Specifically, appropriate fluency was moderately
associated with accurate fluency, originality, and effectiveness but not with accurate
flexibility. Appropriate flexibility was moderately associated with accurate originality
but not with accurate fluency, flexibility, and effectiveness. Appropriate originality
was moderately associated with accurate fluency, accurate originality, and accurate
flexibility but not associated with accurate effectiveness. Finally, appropriate

effectiveness was not associated with any measures in the accurate dimension.
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Table 54

Correlations among IT Measures (All Participants, N = 15)

1 2 3 4 5 6 7
1. Appropriate fluency
2. Appropriate flexibility 67** -
3. Appropriate originality .69** 87** -
4. Appropriate effectiveness .64* .56* TT** -
5. Accurate fluency .56* 40 57* 0.35 -
6. Accurate flexibility 51 48 53* 0.48 .80** -
7. Accurate originality S57* 54* 70** 0.37 70** 49 -
8. Accurate effectiveness 53* 27 51 0.36 AT .58* .68**

*p < .05 (2-tailed). **p < .01 (2-tailed).
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Correlations of PDT. The results showed that there were significant positive

associations among the PDT measures. Specifically, the total score in PDT was

strongly associated with propulsion, elegance, and generalisation and was highly

associated with relevance & effectiveness and problematisation. In addition, the

subcategories were highly associated (see Table 55)..

Table 55

Correlations for PDT Measures (All Participants, N = 15).

PDT measures 1 2 3 4 5 6
1. Total -

2. Relevance & effectiveness 83 -

3. Problematisation 83 bg* -

4. Propulsion 93**  .63* A8 -

5. Elegance 95%*  75%* 68 .89** -

6. Generalisation 95*  88**  8h*r  g4rr  G4rr -

*p < .05 (2-tailed). **p < .01 (2-tailed).

Correlations between IT and PDT. The results showed that there were

significant negative associations between the IT measure and PDT measures.

Specifically, IT appropriate flexibility was moderately associated with PDT

propulsion, r = -.53, p =.044, and PDT elegance r = -.52, p = .046. None of the other

associations between IT and PDT was significant (see Table 56).
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Table 56

Correlations Cross IT and PDT Measures (All Participants, N = 15).

PDT PDT PDT
PDT effective problema PDT PDT genera
total ness tisation propulsion elegance lisation
IT appropriate
PPIOP -.28 -.28 -.14 -31 -.27 -.20
fluency
IT appropriate
pp P -.46 -.24 -.27 -.53* -.52* -.36
flexibility
IT appropriate
_ Pp .p -17 -.10 -.09 -.18 -.19 -.16
originality
IT appropriate
p? P -.19 -17 -.15 -.20 -.14 -.20
effectiveness
IT accurate
A2 .18 -.05 A1 .16 .08
fluency
IT accurate
o -11 13 -.18 -.20 -12 -11
flexibility
IT accurate
o .07 -.04 .02 A1 A3 -.04
originality
IT accurate
_ .18 .04 A4 .26 .20 A1
effectiveness

*p < .05 (2-tailed). **p < .01 (2-tailed).

Correlations between creative thinking and design. The results showed a

significant negative association between the measures in creative thinking tasks and

engineering design tasks. Specifically, CRAT accurate fluency, r =-.59, p = .02, was

moderately associated with PDT relevance and effectiveness. FST appropriate

effectiveness was moderately associated with IT accurate flexibility, r =-.52, p

= .047. FST accurate effectiveness, r = -.65, p = .008, and none of the other

associations between creative thinking and engineering design measures was

significant. AUT measures were not associated with IT and PDT measures (see

Table 57 — 60).
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Table 57

Correlations Cross AUT and IT, and AUT and PDT Measures (All Participants, N =

15).
AUT AUT AUT
appropriate appropriate  appropriate
fluency flexibility originality

IT appropriate fluency 0.11 0.14 0.01

IT appropriate flexibility -0.20 -0.12 0.23

IT appropriate originality -0.02 0.06 0.20

IT appropriate effectiveness -0.20 -0.14 -0.16

IT accurate fluency 0.24 0.11 -0.07

IT accurate flexibility -0.07 -0.28 -0.21

IT accurate originality 0.04 0.04 0.17

IT accurate effectiveness 0.28 0.14 -0.02

PDT total 0.37 0.44 0.32

PDT effectiveness 0.20 0.27 0.38

PDT problematisation 0.30 0.36 0.36

PDT propulsion 0.50 0.51 0.30

PDT elegance 0.29 0.37 0.15

PDT generalisation 0.41 0.50 0.45

*p < .05 (2-tailed). **p < .01 (2-tailed).
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Table 58

Correlations Cross CRAT and IT, and AUT and PDT Measures (All Participants,

N = 15).

CRAT accurate fluency
IT appropriate fluency 40
IT appropriate flexibility 19
IT appropriate originality 22
IT appropriate effectiveness 15
IT accurate fluency -.05
IT accurate flexibility -.16
IT accurate originality 13
IT accurate effectiveness .10
PDT total -44
PDT relevance & effectiveness -.59*
PDT problematisation -.30
PDT propulsion -.23
PDT elegance -.45
PDT generalisation -.43

*p < .05 (2-tailed). **p < .01 (2-tailed).
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Table 59

Correlations Cross FST appropriate dimension, IT and PDT (All Participants, N = 15).

FST FST FST FST
appropriate appropriate appropriate appropriate
fluency flexibility originality  effectiveness

IT appropriate fluency .01 A7 -.14 -.22

IT appropriate flexibility -.09 -.13 .18 -17

IT appropriate originality -.08 -.09 21 -.03

IT appropriate effectiveness .09 16 A7 -.05

IT accurate fluency -.04 .07 .04 -.26

IT accurate flexibility .02 .01 19 -.52*

IT accurate originality -.48 -42 24 -.01

IT accurate effectiveness -.17 -.05 -.21 16

PDT total -.10 -.04 -.02 .08

PDT effectiveness .04 .01 A7 -.28

PDT problematisation -.18 -.09 -.28 24

PDT propulsion -.13 -.04 -.08 .33

PDT elegance -.13 -.08 .06 .05

PDT generalisation .00 .08 -.09 .02

*p < .05 (2-tailed). **p < .01 (2-tailed).
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Table 60

Correlations Cross FST accurate dimension and IT and PDT (All Participants, N =

15).

FST

FST

accurate accurate accurate

FST

FST

accurate

fluency flexibility originality effectiveness
IT appropriate fluency -.13 .18 -.29 -.01
IT appropriate flexibility -.08 -.19 -.17 .03
IT appropriate originality .01 -.02 -.22 .06
IT appropriate effectiveness .10 .25 -.10 .04
IT accurate fluency -.09 -.02 -.22 -.19
IT accurate flexibility -.13 -.18 -.03 -.22
IT accurate originality -.40 -.30 .02 .06
IT accurate effectiveness -.28 -.13 -.36 .30
PDT total .07 A2 -.01 -37
PDT effectiveness A7 -.03 .07 -.65**
PDT problematisation -.06 15 -.22 -.10
PDT propulsion .07 .18 -.03 -.08
PDT elegance .04 .09 .09 -.40
PDT generalisation 14 19 -.08 -.43

*p < .05 (2-tailed). **p < .01 (2-tailed).

Correlations of self-reported measures and the others. The results

showed no association between self-reported measures (i.e., CSE, CPI,

Inconsistency of goals, and perseverance) and the measures in the five creative

tasks (see Table 61).
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Table 61

Correlations Cross Self-Report Measures and AUT, CRAT, FST, IT, and PDT (All

Participants, N = 15).

Consistency Perseve

CSE CPI for goals rance
AUT appropriate fluency -.19 -.28 10 .03
AUT appropriate flexibility -.06 -.24 .01 .03
AUT appropriate originality .20 -.02 24 .07
CRAT accurate fluency -.09 .07 -.14 10
FST appropriate fluency -.19 -11 .08 22
FST appropriate flexibility 10 .23 -.03 14
FST appropriate originality -21 -.01 -.09 -.13
FST appropriate effectiveness .00 -.33 .25 .18
FST accurate fluency -.09 .03 -.28 .07
FST accurate flexibility .26 .32 -.19 .20
FST accurate originality -.13 .09 16 -.17
FST accurate effectiveness -.14 -31 .30 .06
IT appropriate fluency 12 A7 -.09 -.26
IT appropriate flexibility .03 .08 -.22 -44
IT appropriate originality .00 -.03 -.39 -.26
IT appropriate effectiveness .26 .33 -.44 -.15
IT accurate fluency -31 -21 -11 -.08
IT accurate flexibility -.15 .09 -.21 -.04
IT accurate originality -21 -.30 .04 -.08
IT accurate effectiveness -.19 -.37 14 .03
PDT total .26 -.06 -.03 .32
PDT effectiveness 29 A5 -.08 22
PDT problematisation 49 .03 -.02 27
PDT propulsion 10 -.19 .01 .36
PDT elegance 12 -17 -.05 .33
PDT generalisation 41 .10 .02 23

*p < .05 (2-tailed). **p < .01 (2-tailed).
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Single linear regressions.

In this section, we present the results of linear regressions. We firstly
conducted and presented the results of linear regressions based on significant
associations between measures in creative thinking tasks and engineering design
tasks. For instance, since the two variables were significantly associated, we
employed the FST's accurate effectiveness to predict PDT relevance and
effectiveness. After that, we conducted and presented the results of multiple linear
regressions. We employed selected FST measures, AUT measures, and CRAT
accurate fluency to predict each measure of IT and PDT. We talked about the details
of predictors selections below when applicable.

Statistical assumptions. We further examined statistical assumptions for
dependent variables in linear regressions (i.e., IT and PDT measures). The data met
the assumption of independent errors as the Durbin-Watson value was larger than
one and less than three. The normal P-P plot of standardised residuals showed not
completely points on the line but close. The scatterplot of standardised predicted
values showed that the variables met the assumptions of homogeneity of variance

without heteroscedasticity issues. Please see Table 62.
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Table 62

Durbin-Watson and Standardized Residuals for IT Measures and PDT Measures.

Std. Residual
Measures Durbin-Watson  Minimum Maximum
IT appropriate fluency 1.79 -2.46 1.49
IT appropriate originality 1.66 -3.11 1.43
IT appropriate flexibility 1.46 -2.58 1.59
IT appropriate effectiveness 1.56 -3.32 0.76
IT accurate fluency 1.64 -1.39 1.86
IT accurate originality 1.59 -1.45 2.26
IT accurate flexibility 161 -1.28 2.00
IT accurate effectiveness 1.31 -1.62 0.87
PDT relevance and effectiveness  1.96 -2.06 0.95
PDT problematisation 2.57 -1.28 2.53
PDT propulsion 1.98 -1.63 1.78
PDT elegance 2.26 -2.09 1.41
PDT generalisation 2.22 -1.98 1.65

Predictive power of FST effectiveness. The correlation results showed that
FST appropriate effectiveness was significantly associated with IT accurate flexibility.
Therefore, we conducted a single linear regression to examine the predictive power
of FST appropriate effectiveness on IT accurate flexibility. The results showed that
FST appropriate effectiveness explained a significant amount of the variance in IT
accurate flexibility, F (1, 13) = 4.80, p = .047, R? = .27, R?adjusted = .21. In detail, FST
appropriate effectiveness was a significant predictor of IT accurate flexibility, B = -
0.89, Beta =-.52,t(13) =-2.13, p =.047, 95% CI [-.77, -.01].

The correlation results also showed that FST accurate effectiveness was
significantly associated with PDT relevance and effectiveness. Therefore, we
conducted a single linear regression to examine the predictive power of FST
accurate effectiveness on PDT relevance and effectiveness. The results showed that

FST accurate effectiveness explained a significant amount of the variance in PDT
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relevance and effectiveness, F (1,13) = 9.61, p = .008, R? = .43, R?adjusted = .38. In
detail, FST accurate effectiveness was a significant predictor of PDT relevance and
effectiveness, B = -4.49, Beta = -.65, t (13) =-3.10, p =.008, 95% CI [-7.61, -1.36].

Predictive power of CRAT. The correlation results also showed that CRAT
accurate fluency was significantly associated with PDT relevance and effectiveness.
Therefore, we conducted a single linear regression to examine the predictive power
of CRAT accurate fluency on PDT relevance and effectiveness. The results showed
that CRAT accurate fluency explained a significant amount of the variance in PDT
relevance and effectiveness, F (1,13) = 7.07, p = .020, R? = .35, R?adjusted = .30. In
detail, CRAT accurate fluency was a significant predictor of PDT relevance and
effectiveness, B = -.55, Beta = -.59, t (13) =-2.66, p = .02, 95% CI [-.10, -.13].

Predictive power of FST. To prepare appropriate predictors for multiple
linear regression, we conducted collinearity diagnostics for FST measures. First, we
excluded the measures with the highest VIF until the VIF of all measures were
below .10. Then, we excluded the measures with the lowest tolerance value until the
tolerance value of all measures was above .20. We took out appropriate fluency,
flexibility, and originality based on the above logic. The results showed that
multicollinearity was not a concern for the rest of the five measures of FST (see
Table 63).

Table 63

Collinearity Statistics for The FST Measures in The Multiple Linear Regression.

FST measures Tolerance VIF

Appropriate effectiveness 0.44 2.28
Accurate fluency 0.43 2.34
Accurate originality 0.77 1.31
Accurate flexibility 0.31 3.26
Accurate effectiveness 0.31 3.27
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We conducted a series of multiple linear regression to examine the predictive
power of FST measures on each of the IT and PDT measures. The results showed
that the five measures in FST did not explain significant variance in any of the IT and
PDT measures. Considering the small sample size of this study, we reported the F
models with relatively high R? values (> .40) and contained significant predictors or
suppressors. The results showed that the five FST measures explained an amount
of the variance in PDT relevance and effectiveness, F (5,9) = 3.09, p = .068, R?

.63, R2adjusted = .43, PDT propulsion, F (5,9) = 1.58, p = .261, R? = .47, R?adjusted
.17, PDT elegance, F (5,9) = 2.64, p = .098, R? = .59, R?adjusted = .37, and PDT
generalisation, F (5,9) = 2.17, p = .148, R? = .55, R?adjusted = .209.

In detail, FST appropriate effectiveness was a significant predictor of PDT
relevance and effectiveness, B = -8.68, Beta = -1.26, t (9) = -3.45, p =.007, 95% CI
[-14.38, -23.00], PDT propulsion, B =-9.06, Beta = -1.03, t (9) = -2.34, p =.044, 95%
CI [-17.84, -.84], PDT elegance, B = -19.63, Beta = -1.36, t (9) = -3.54, p = .006, 95%
Cl[-32.17, -7.1], PDT generalisation, B = -6.98, Beta =-1.29, t(9) =-3.17, p = .011,
95% CI [-11.96, -2.00]. Also, FST accurate effectiveness significantly strength the

predictive power of the models of PDT propulsion, B = 11.04, Beta=1.17,t(9) =
2.66, p =.026, 95% CI [1.66, 20.43], PDT elegance, B =17.98, Beta = 1.16, t (9) =
3.03, p =.014, 95% CI [4.57, 31.39], PDT generalisation, B =5.72, Beta =.99, t (9) =
2.43, p =.038, 95% CI [.40, 11.05].

Predictive power of AUT. We conducted collinearity diagnostics for AUT
measures to prepare appropriate predictors for multiple linear regression. Based on
the measure-exclusion logic illustrated above, we took out appropriate flexibility. The
results showed that multicollinearity was not a concern for the other five measures of
AUT. We conducted a series of multiple linear regression to examine the predictive
power of AUT measures on each of the IT and PDT measures. The results showed
that the two measures in AUT did not explain significant variance in any of the IT and
PDT measures. None of the F models contained a significant predictor (see Table
64).
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Table 64

Collinearity Statistics for The AUT Measures in The Multiple Linear Regression.

AUT measures Tolerance VIF
Appropriate fluency 0.99 1.01
Appropriate originality 0.99 1.01

FST vs. AUT. In the above analysis of FST and AUT, FST had five predictors
while AUT had two. Therefore, we conducted further analysis on FST's appropriate
fluency and originality, making the analysis of FST and AUT more comparable. Multi-
collinearity was not a concern for the two measures. We conducted a series of
multiple linear regressions to examine the predictive power of the two FST measures
on each IT and PDT measure. The results showed that the two measures in FST did
not explain significant variance in any of the IT and PDT measures. None of the F

models contained a significant predictor.

Study 7 Method

We employed a between-subjects design where we manipulated comparative
social feedback. Participants either received top-ranking feedback (downward
comparison group), bottom-ranking feedback (upward comparison group), or no
feedback (control group). We measured creativity thinking using the AUT, CRAT,
and FST, and creative product design using the IT and PDT.

Participants.

Based on a pre-test power analysis, we intended to recruit 162 participants to
obtain an effect size f of .31 at the p = .05 level. Using the online participant subject
pool Prolific Academic, we recruited 176 participants (women = 51; Mage = 23.77),
with 124 engineering students and 52 engineers who had a bachelor’s degree or
above. According to the pre-screen self-report, 66 participants were English Native
speakers, and 110 were at proficiency level. The participant gave consent and
received £6.50 for 1 hour of their time. The University Ethics Committee approved
the study. Based on the experimenters’ one-by-one check and the outlier detection,
we found that 18 participants copied and pasted online answers, which left us 144

participants (women = 38, Mage = 28.34) in sample pool.
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Post-hoc power analyses using GPower suggested that we had enough
power (.85) to detect the effect at the p = .05 level (partial n2 = .055, effect size f
= .24, number of groups = 3, number of measurements = 2, corr among rep
measures = 0.5).

Materials.

AUT. We employed one round of AUT to measure divergent thinking. In this
study, participants were asked to think of as many uses of “tire” as possible. We
replicated the measures and the marking process in Study 1.

CRAT. We employed ten questions from the CRAT to measure convergent
thinking. The ten questions were selected based on their difficulty ratings from
normative data reported by a previous study (Bowden & Jung-Beeman, 2003). The
selection requirements were: 1) the questions were neither too difficult that no
participants answered them within 2 seconds nor too easy that 80% of participants
answered them within 30 seconds, and 2) the difficulties of the selected questions
varied since the percentage of participants solving questions varied. According to the
normed data, 1%-24% of their participants solved the ten questions we selected
within 2 seconds, and 10%-74% of their participants solved the questions within 30
seconds. We measure CRAT performance as we did in Study 1. Please see

Appendix X for Compound Remote Associate Test Questions in Study 7.

FST. We employed one round of the FST to measure participants’ integrative
thinking. The three functions we provided were “interact, immerse, recreate”. We
measure FST performance as we did in Study 1.

IT & PDT. We replicated IT and PDT in the Study 7 (Pilot) (Please see
Materials in Study 7 (Pilot)).

Self-improvement motivation scale. We implemented a self-improvement
motivation questionnaire adapted from Kurman (2006) to fit our tasks. Participants
rated items on a scale of 1 (not at all) to 7 (very much), e.g. “In my opinion, I should
have done more for these tasks”. The internal consistency was a = .40 (see
Appendix Y).

Sensitivity to social comparison scale. We also implemented the Attention
to Social Comparison Scale, e.g. “My behavior often depends on how | feel others
wish me to behave.”, and Short Creative Self-Efficacy Scale, e.g. “I trust my creative
abilities.” (Karwowski et al., 2018; Lennox & Wolfe, 1984). The internal consistency

was a = .815 (see Appendix Z).
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Perceived threat scale. We developed a perceived threat questionnaire with
internal consistency a = .913. Participants rated items from 1 (not at all) to 7 (very
much), e.g. “I feel nervous or distressed thinking about my rank compared to others”
(see Appendix AA).

Procedure.

We replicated most steps in Study 7 (Pilot) for the procedure. However, we
added a manipulation before participants encountered IT and PDT. In detail,
participants first did AUT, CRAT, and FST and answered three questions about their
experience thus far.

Then, we differentiated experimental groups (i.e., upward and downward
groups) from the control group by asking an additional question to the experimental
groups. In this additional question, we told participants that we administered the
creative thinking tasks to 1500 undergraduates, and there was a ranking pool for the
undergraduates’ performance. The participants needed to select a performance
range they thought they achieved compared to the 1500 undergraduates. After the
selection, we proceeded the experimental groups to a waiting page. On this page,
we told participants there was a creativity scoring system that evaluated their
performance in the creative thinking tasks. Participants were also told that the
evaluation was based on their answers’ novelty, originality, usefulness, and
accuracy. Participants waited for up to 1 minute to get the results. The creativity
scoring system was a deception, and the role of the waiting page was to make the
pre-determined ranking more authentic. Participants in the downward comparison
group received pre-determined ranking feedback saying that “compared to the
performance of the other 1500 university undergraduates, your performance in three
creative thinking tasks is ranked in Best Performance Range”. To make the
evaluation more specific, we visualised the ranking, indicating that they were one of
the top-100s compared to the 1500 undergraduates.

On the other hand, participants in the upward comparison group received pre-
determined ranking feedback saying that their performance was ranked in the Worst
Performance Range. The visualisation indicated that they were one of the bottom-
200s compared to the 1500 undergraduates. Participants in the control group were
not exposed to information about the ranking feedback, and we proceeded to the

next step right after they reported their game experience.
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After that, all participants completed the IT and PDT and reencountered the
game experience questions. We asked the experimental groups whether they
remembered and trusted their ranking in the creative thinking tasks. Also, we asked
participants to report their self-improvement motivation, sensitivity to social
comparison, perceived threat, and demographic information. We also provided a
debriefing form in which we disclosed and explained the areas of deception (please

see Appendix AB for Study 7 Script).

Study 7 Results
Inter-rater reliability. We provided marking instruction and training to two
judges: one each from psychology and engineering backgrounds. Inter-rater

reliability was obtained for all measures (Cronbach’s a > .60) (see Table 65).
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Table 65

Intraclass Correlation Coefficients (ICC) with Two-way Mixed Effects Model for

Measures in AUT, FST, IT, and PDT (N of items = 2).

Measures ICC 95% ¢l
Lower Bound Upper Bound

AUT appropriate fluency .99 .96 1.00
AUT appropriate originality .92 .66 .98
AUT appropriate flexibility .94 .05 .95
FST appropriate fluency .97 .83 .93
FST appropriate originality .83 .33 .95
FST appropriate flexibility .92 .89 .92
FST appropriate effectiveness .85 .28 .93
FST accurate fluency .87 48 .97
FST accurate originality .82 .76 .92
FST accurate flexibility .85 .38 .95
FST accurate effectiveness .63 .16 .86
IT appropriate fluency .98 .92 1.00
IT appropriate originality .89 .63 .98
IT appropriate flexibility .96 .93 .98
IT appropriate effectiveness .95 .80 .97
IT accurate fluency .94 72 .98
IT accurate originality 73 47 .90
IT accurate flexibility .87 43 .96
IT accurate effectiveness .96 75 .96
PDT relevance & effectiveness .95 74 .98
PDT problematisation 91 .62 .95
PDT propulsion .84 .28 .95
PDT elegance .88 .67 .96
PDT generalisation .93 .89 .97

a. Cronbach’s a is the average measures of intraclass correlation coefficients.

b. Cronbach’s a using an absolute agreement definition.
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Statistical assumptions. To prepare an appropriate dataset, we did a series
of assumption tests. Th