
A Study of Korean Students' Creativity in
Science Using Structural Equation Modeling

Item Type text; Electronic Dissertation

Authors JO, SON MI

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 24/05/2023 20:04:10

Link to Item http://hdl.handle.net/10150/193568

http://hdl.handle.net/10150/193568


 A STUDY OF KOREAN STUDENTS’ CREATIVITY IN SCIENCE USING 

STRUCTURAL EQUATION MODELING 

 

by 

Son Mi Jo 

  

Copyright © Son Mi Jo 2009  
 

A Dissertation Submitted to the Faculty of the 

DEPARTMENT OF SPECIAL EDUCATION, REHABILITATION, 

AND SCHOOL PSYCHOLOGY 

In Partial Fulfillment of the Requirements 

For the Degree of 

DOCTOR OF PHILOSOPHY 

WITH A MAJOR IN SPECIAL EDUCATION 

In the Graduate College 

THE UNIVERSITY OF ARIZONA 

 

2009 



 

 

2

THE UNIVERSITY OF ARIZONA 

GRADUATE COLLEGE 

As members of the Dissertation Committee, we certify that we have read the dissertation, 

prepared by Son Mi Jo and entitled, A Study of Korean Students’ Creativity in 

Science Using Structural Equation Modeling, and recommend that it be accepted as 

fulfilling the dissertation requirement for the Degree of Doctor of Philosophy. 

 

________________________________________________________________________________ Date: 12/17/2008 
C. June Maker     
 
________________________________________________________________________________ Date: 12/17/2008 
Jane Erin    
    
________________________________________________________________________________ Date: 12/17/2008 
Christopher Harris    
 
________________________________________________________________________________ Date: 12/17/2008 
Bruce Johnson    
 

Final approval and acceptance of this dissertation is contingent upon the candidate’s 
submission of the final copies of the dissertation to the Graduate College.   
 
I hereby certify that I have read this dissertation prepared under my direction and 
recommend that it be accepted as fulfilling the dissertation requirement. 
 
 
______________________________________________________ Date: 12/17/2008 
Dissertation Director:  C. June Maker  



 

 

3

STATEMENT BY AUTHOR 
 

This dissertation has been submitted in partial fulfillment of requirements for an 
advanced degree at The University of Arizona and is deposited in the University Library 
to be made available to borrowers under rules of the Library. 
 
Brief quotations from this dissertation are allowable without special permission, provided 
that accurate acknowledgment of source is made. Requests for permission for extended 
quotation from or reproduction of this manuscript in whole or in part may be granted by 
the copyright holder. 
 

SIGNED: Son Mi Jo 
 



 

 

4

ACKNOWLEDGMENTS 

At times I have found myself unable to express my acknowledgement to those 

who have changed my life forever. The reason is that the kindness of those people is 

limitless and indeed the capacity of my language does not serve this purpose. This 

dissertation is a evidence to show how I become a researcher under the environment 

shaped by my comunittee, professors and graudate students. The completion of this 

dissertation would not have been possible without the support, wisdom, and 

encouragement of many people around me. First, I would like to express my sincere 

appreciation to my advisor and chair, Dr. June Maker. She served as a mentor role in 

supporting, guiding, and challenging me in my professional development as a researcher. 

I would like to express my heartfelt gratitude to Dr. Christopher Harris. In my 

coursework Dr. Christopher, my minor advisor, sparked my interest in learning theory as 

well as science education. His influence is clearly seen in this work and my current 

interests. I also would like to thank Dr. Jane Erin and Dr. Bruce Johnson. Their intelligent 

and valuable comments improved my dissertation in research design and the use of 

structural equation modeling (SEM) analysis. I wish that all students could have such a 

great mentoring community. Finally, I would like to express my gratefulness to the 

University of Arizona for financial support during my doctroal study. 

 
 
 
 
 
  



 

 

5

 
DEDICATION 

 
To My Parents and Younger Brother  

 
  



 

 

6

TABLE OF CONTENTS 

LIST OF TABLES .............................................................................................................9 

LIST OF FIGURES .........................................................................................................10 

ABSTRACT .....................................................................................................................12 

CHAPTER I: INTRODUCTION .....................................................................................14 

What are the Key Components in Creativity? .............................................................16 

Individual Approach to Creativity ...........................................................................16 

Contextual Approach to Creativity ..........................................................................21 

What are the Unique Components in Scientific Creativity? ........................................25 

Significance of the Study .............................................................................................28 

Purpose of the Research ...............................................................................................32 

A Research Framework............................................................................................32 

Research Questions ..................................................................................................34 

Definitions of Terms .................................................................................................35 

CHAPTER II: LITERATURE REVIEW ........................................................................36 

The Research Framework of the Present Study  ..........................................................37 

Scientific Proficiency and Scientific Creativity  ..........................................................38 

Creative Competence and Scientific Creativity  ..........................................................46 

Intrinsic Motivation and Scientific Creativity  ............................................................48 

Contextual Components and Scientific Creativity  ......................................................50 

The Relationship among Components related to Scientific Creativity  .......................52 

Final Thoughts  ............................................................................................................59 



 

 

7

TABLE OF CONTENTS − Continued 

CHAPTER III: METHOD ...............................................................................................64 

School Setting  .............................................................................................................64 

Participants  ..................................................................................................................65 

The Operational Definitions of Components  ..............................................................65 

Measurements  .............................................................................................................67 

Selection and Development of Measurement ...........................................................67 

Reviews of Measurement..........................................................................................75 

Data Collection  ...........................................................................................................79 

Translation and Recruitment ...................................................................................79 

Procedure of Data Collection ..................................................................................80 

Assessing Creative Competence and Scientific Creativity .......................................80 

Data Analyses  .............................................................................................................82 

Preliminary Analysis of SEM ...................................................................................82 

Structural Equation Modeling .................................................................................83 

CHAPTER IV: RESULTS ...............................................................................................86 

Preliminary Analysis  ...................................................................................................93 

The Findings from Demographic Information  ..........................................................101 

Confirmatory Factor Analysis of Each Construct  .....................................................101 

The Structural Model  ................................................................................................118 

Specific Analysis of SEM  .........................................................................................122 

Summary of Results  ..................................................................................................137 



 

 

8

TABLE OF CONTENTS − Continued 

CHAPTER V: DISCUSSION ........................................................................................140 

Conclusions  ...............................................................................................................140 

Limitations of the Study ............................................................................................150 

Implications for Creativity Research and Practices in Education ..............................152 

Final Thoughts ...........................................................................................................158 

APPENDIX A: RECRUITMENT MATERIALS (ENGLISH) .....................................160 

APPENDIX B: RECRUITMENT MATERIALS (KOREAN) .....................................163 

APPENDIX C: QUESTIONNAIRE AND TEST (ENGLISH) .....................................165 

APPENDIX D: SURVEY TO BE COMPLETED BY TEACHER (ENGLISH) ..........171 

APPENDIX E: QUESTIONNAIRE AND TEST (KOREAN) .....................................175 

APPENDIX F: SURVEY TO BE COMPLETED BY TEACHER (KOREAN) ...........181 

REFERENCES ..............................................................................................................184 

 
 

  



 

 

9

LIST OF TABLES 

Table 2.1,  Summary of literature review and reanalysis in Scientific 

Creativity Studies ...................................................................................... 61 

Table 3.1,  Items in Measurements ............................................................................. 76 

Table 4.1, Abbreviated Form and Items of Measurements  ....................................... 89 

Table 4.2, Mean, Standard Deviation, Skew, and Kurtosis  ...................................... 96 

Table 4.3, Parameter Estimates of Scientific Proficiency  ....................................... 105 

Table 4.4, Parameter Estimates of Creative Competence  ....................................... 112 

Table 4.5, Parameter Estimates of Intrinsic Motivation  ......................................... 114 

Table 4.6, Parameter Estimates of Context supporting Creativity ........................... 116 



 

 

10

LIST OF FIGURES 

Figure 1.1,  A Framework for the study of creativity in science .................................. 33 

Figure 2.1,  The reanalysis of the study of Mohamed (2006) ...................................... 43 

Figure 2.2,  The reanalysis of the study of Liang (2002) focusing on scientific 

proficiency and scientific creativity .......................................................... 46 

Figure 2.3,  The reanalysis of the study of Liang (2002) focusing on creativity 

and scientific creativity ............................................................................. 48 

Figure 2.4,  The reanalysis of the study of Liang (2002) focusing on 

interactions  ............................................................................................... 54 

Figure 2.5,  The reanalysis of the study of Niu (2007) by CFA ................................... 57 

Figure 2.6,  The reanalysis of the study of Niu (2007) by SEM .................................. 59 

Figure 4.1,  Second order factor model of scientific proficiency ............................... 107 

Figure 4.2,  The hypothesized structural model ......................................................... 120 

Figure 4.3,  The reduced structural model .................................................................. 121 

Figure 4.4,  The structural model of scientific proficiency ........................................ 124 

Figure 4.5,  The simple analysis of intrinsic motivation and scientific creativity 

................................................................................................................. 128 

Figure 4.6,  The simple analysis of context supporting creativity and scientific 

creativity  ................................................................................................ 129 

Figure 4.7,  Mediator effect of creative competence (the free model) ....................... 132 

Figure 4.8,  Mediator effect of creative competence (the constraint model) ............. 133 

 
 



 

 

11

LIST OF FIGURES − Continued 

Figure 4.9,  The constraint model to find the type of mediation of creative 

cimpetence .............................................................................................. 134 

Figure 5.1,  The hypothetical framework for scientific creativity .............................. 155 



 

 

12

 ABSTRACT  
 

Through the review of creativity research I have found that studies lack certain 

crucial parts:  a) a theoretical framework for the study of creativity in science, b) studies 

considering the unique components related to scientific creativity, and c) studies of the 

interactions among key components through simultaneous analyses. The primary purpose 

of this study is to explore the dynamic interactions among four components (scientific 

proficiency, intrinsic motivation, creative competence, context supporting creativity) 

related to scientific creativity under the framework of scientific creativity. A total of 295 

Korean middle school students participated.  

Well-known and commonly used measurements were selected and developed. 

Two scientific achievement scores and one score measured by performance-based 

assessment were used to measure student scientific knowledge/inquiry skills. Six items 

selected from the study of Lederman, Abd-El-Khalick, Bell, and Schwartz (2002) were 

used to assess how well students understand the nature of science. Five items were 

selected from the subscale of the scientific attitude inventory version II (Moore & Foy, 

1997) to assess student attitude toward science. The Test of Creative Thinking-Drawing 

Production (Urban & Jellen, 1996) was used to measure creative competence. Eight items 

chosen from the 15 items of the Work Preference Inventory (1994) were applied to 

measure students' intrinsic motivation. To assess the level of context supporting creativity, 

eight items were adapted from measurement of the work environment (Amabile, Conti, 

Coon, Lazenby, and Herron, 1996). To assess scientific creativity, one open-ended 
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science problem was used and three raters rated the level of scientific creativity through 

the Consensual Assessment Technique (Amabile, 1996).  

The results show that scientific proficiency and creative competence correlates 

with scientific creativity. Intrinsic motivation and context components do not predict 

scientific creativity. The strength of relationships between scientific proficiency and 

scientific creativity (estimate parameter=0.43) and creative competence and scientific 

creativity (estimate parameter=0.17) are similar [∆χ
2
.05(1)=0.670, P>.05]. In specific 

analysis of structural model, I found that creative competence and scientific proficiency 

play a role of partial mediators among three components (general creativity, scientific 

proficiency, and scientific creativity). The moderate effects of intrinsic motivation and 

context component were investigated, but the moderation effects were not found. 
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CHAPTER I 

INTRODUCTION 

Currently, people who live in a storm of technology and science are familiar with 

terms like creativity and innovation. Everyday we see lots of advertisements like the 

commercials for iPods, "innovative technology and creative design". We know that 

someone will immediately create a new version of the iPod or a new alternative machine 

that is different from the iPod. People naturally accept the idea that creativity is necessary 

for the future in every field. If so, what is creativity? MacKinnon (1962)  defined 

creativity as a process extended in time and characterized by originality, adaptiveness, 

and realization (p. 485). Vernon (1989) said that creativity is the person's ability to 

generate ideas, inventions, artistic objects, insights, and products that are judged by 

experts as being of high scientific, social, aesthetic, and technological value (p.94). 

Boden (2004) defined that creativity is the ability to generate new, surprising and 

valuable ideas or artifacts. Gardner (2007) explained the creating mind that people must 

have and must develop for the future, “Going beyond existing knowedge and syntheses to 

pose new questions, offering new as solutions, fashioning works that stretch existing 

genres or configure new ones; creating builds on one or more established disciplines and 

requires an informed field to make jdgements of quality and acceptablility” (p. 156).  

Lubart (2004) explained that the eastern and western conceptions of creativity are not 

identical. The Eastern view of creativity did not include humor and aesthetic sensitivity 

as did the Western view, but did include social and moral aspects of creativity. Culture 

influences people’s perception of creativity. There is a general consensus among 
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creativity researchers about what creativity is. Most researchers define creativity as being 

a product and a process having novelty (i.e., new, original) and appropriateness (i.e., 

usefulness, adaptation) (Kim, 2006; MacKinnon, 1962; Stein, 1967; Sternberg & Lubart, 

1995; Vernon, 1989). Even with agreed definitions, the approaches to explain creativity 

are diverse.  

Formerly, psychologists studied the creativity of geniuses. They insisted that 

creativity is related to inspiration and believed that those who are creative have madness. 

The mystic viewpoint about creativity interrupted the systematic study of creativity. The 

first scientific approach to the study of creativity came from the Gestalt psychologists. 

They examined creativity as involving insight. Gestalt psychologists contributed their 

efforts to change people's beliefs about creativity from the view that creativity is 

unexpected inspiration, to the view that creativity is a lawful operation by the subliminal 

self (Simonton, 2000). Creativity has been studied by psychologists for a long time.  

 In recent decades the research effort has spread beyond psychologists to include 

cognitive scientists, sociologists, anthropologists, historians, education researchers, 

engineers, managers, and systems analysts. Along with this shift has come a change in 

creativity research focus and methodologies. Today an important trend in creativity 

research is to uncover the key components that influence creative ideas, performances 

and products (Amabile, 1996; Lubart, 1999; Sternberg & Lubart, 1995). Another crucial 

trend is to identify the components of domain-specific creativity, such as scientific 

creativity (Baer, 1998; Plucker, 1998). Through reviewing the main findings in recent 

research trends (key components and domain-specific creativity), I will identify what is 
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missing and design a study to suggesting a new direction in creativity research. This 

chapter includes an overview of the present study including previous theories.   

What are the Key Components in Creativity? 

 Componential models to explain creativity are divided into two categories. The 

individual approach to creativity has a focus on cognition through examining cognitive 

abilities and processes involved in creative thinking or a focus on creative people's 

characteristics. The contextual approach to creativity, as an integrated componential 

model, has an emphasis on examining extended interaction between individuals and 

situations.  

Individual Approach to Creativity 

Cognitive Approach to Creativity 

  The first period of the cognitive approach to creativity started with the work of 

J.P. Guilford, who developed the structure-of-intellect model (1950, 1967). This model is 

a three-dimensional framework with a 5×6×4 matrix that consists of operations 

(evaluation, convergent production, divergent production, memory, cognition), products 

(units, classes, relations, systems, transformations, implications), and contents (figural, 

symbolic, semantic, behavioral). Guilford explained that creativity is a cognitive ability 

involving divergent thinking skills (divergent production is one of the operations) in 

figural, symbolic, and semantic units, which are content in the SI model. In his book, 

Guilford (1967) specifically said, "Divergent thinking is related to factors of fluency, 

flexibility, originality and elaboration which fit into the SI model. The three kinds of 

fluency are concerned with the products of units, relations, and systems. The two kinds of 
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flexibility are concerned with classes and transformations, into which category originality 

fits. Elaboration has to do with implications" (p.169). 

 In 1977, Guilford defined creativity as creative problem solving that involves five 

operations and four contents of the SI. He extended his structure of intellect model to 

function well in the real world by considering previous problem-solving models (see 

Brown, 1989). Even though his SI model was extended, Guilford indicated that creativity 

is a process of the integration of the five operations (evaluation, convergent production, 

divergent production, memory, cognition) and four contents (figural, symbolic, semantic, 

and behavioral) of the SI model. Guilford had a multidimensional concept of intelligence 

including creativity and believed that creativity is a part of intelligence. 

 One of the well-known divergent thinking tests is the Torrance Tests of Creative 

Thinking (Torrance, 1962, 1974). Extending Guilford's idea, Torrance developed the 

figural and verbal divergent thinking tests that are scored for fluency, flexibility, 

originality and elaboration of ideas. Even though Torrance emphasized divergent 

thinking skills in his test, Torrance, unlike Guilford, believed that creativity is not a part 

of intelligence (see Sternberg and O'Hara, 1999). Torrance considered creativity as an 

independent cognitive ability as well as a multidimensional concept. Torrance (1962) 

stated, "Creative thinking is the process of sensing gaps or disturbing, missing elements, 

forming ideas or hypotheses concerning them, testing these hypotheses, and 

communicating the results, possibly modifying and retesting the hypotheses." (p. 16). 

Recently, Kim (2006) analyzed 500 sixth grade students' Torrance Test data by factor 
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analysis. Two latent factors, novel and adaptive, existed supporting Torrance's 

multidimensional concept of creativity.  

 After the 1970s cognitive psychologists, unlike psychometric researchers who 

believed creativity is a part of intelligence and creativity is an independent ability, started 

to explore creative cognition in ordinary life. The cognitive psychologists examined the 

structures of the mind, their interconnections, and the mental processes involved in 

creativity. Researchers tried to explain creativity by showing how it emerged from 

everyday mental processes—cognitive abilities that everyone possesses (Gruber, 1974; 

Ward, Smith, & Finke, 1997, 1999; Weisberg, 2006).  For instance, Gruber analyzed 

Darwin's day-to-day notes and found that Darwin had recorded, over a period of time,  a 

series of small mini-insights, until Darwin developed the theory of evolution.   

 To explain creative cognitive processes, Ward, Smith and Finke (1999) developed 

the geneplore model. In this model, generative phases (knowledge retrieval, idea 

association, synthesis, transformation and analogical transfer) and exploratory phases 

(examination, elaboration and testing of the initial idea structure) exist in creative 

cognition. Repeated cyclic movements between the generative and the exploratory phases 

play key roles in creative cognition.  

 In a study of the generation of novel ideas (Ward, 1994), students were asked to 

imagine and draw what a creature on another planet might look like. The drawings of 

students' imaginary animals had familiar properties, such as bilateral symmetry, sensory 

organs, other bodily organs, arms, and legs, which are characteristic attributes of most 

Earth animals. In another study (Ward, 1994), the participants were asked to think about 
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the conditions of the imagined planet and to consider what attributes imaginary animals 

must have to survive there. Participants developed more creative creatures when they 

were asked to consider situations and to use knowledge at high abstract levels. 

 Ward and colleagues (1994, 1997, 1999) concluded that although existing 

knowledge constantly hindered the generation of creative ideas, previous knowledge was 

important in the generative processes of cognition. The generative phases alone are not 

enough to result in creative performance. When exploratory phases were added to the 

generative phases or when repeated cycling of cognitive thinking was supported, students 

were more likely to show creative performance and to develop creative cognition. Finally, 

cognitive psychologists concluded that creativity is not a special mental process, like an 

unconscious thinking process, but involves everyday cognitive processes (Weisberg, 

1999). In other words, a creative product resulted from long periods of hard work that 

involve many small mini-insights that are organized and combined by the conscious mind 

of the creator (Gruber, 1974, 1989; Perkins, 1990; Weisberg, 1999). The creative 

cognition that is related to ordinary cognition is labeled as "little c" creativity (Runco & 

Richards, 1998), or "mini c" creativity (Beghetto & Kaufman, 2007).   

 Through the review of cognitive approaches to creativity, I have found that Ward, 

Smith and Finke's explanation about creative cognition was similar to the previous 

research showing that creativity is a process requiring a complex combination of both 

divergent (i.e. flexibility, fluency) and convergent thinking (i.e. elaboration, evaluation), 

and creative people are good at switching back and forth at different points in the creative 

process.  
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Creative Personality 

 Studies of creative people have been focused on the traits of the creative 

personality (MacKinnon, 1962; 1965; 1978; Martindale, 1989; Simonton, 1999). To find 

out the disposition of creative people, personality researchers usually used nomination 

and interview as research techniques. For example, researchers asked creative experts 

which people are the most creative and then interviewed creative architects, inventors, 

scientists, engineers, writers, artists and mathematicians about their personality 

characteristics. The personality of creative experts is labeled as "big C" creativity (Runco 

& Richards, 1998), because the personality research was done with individuals who were 

highly successful and were creative in a domain. 

 Many personality psychologists accumulated evidence of creative characteristic 

profiles. MacKinnon (1978) concluded that creative people have certain traits: above 

average intelligence, discernment, observance, alertness, openness to experience, 

balanced personalities, imagination, comfortable childhoods, a preference for complexity. 

Barron and Harrington (1981) identified the following: "high valuation of aesthetic 

qualities in experience, broad interests, attraction to complexity, high energy, 

independence of judgment, autonomy, intuition, self-confidence, ability to resolve 

antinomies or to accommodate apparently opposite or conflicting traits in one's self-

concept, and a sense to be creative." (p.453). Barron and Harrington concluded in a 

literature review that the creative personality is stable. Sternberg and Lubart (1991) found 

that creative people tolerate ambiguity, are willing to overcome obstacles, open to new 

experience, take risks, encourage convictions, challenge, and enterprise. Feist (1998, 
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1999) explored the personality of artistic and scientific creative people. He concluded 

that creative people have a tendency to be open to fresh experience, and are self-

confident/self-accepting. Also, creative people are not conventional, are driven, 

ambitious, and impulsive. In Feist's study, the interesting finding was that creative people 

in art are more emotionally unstable and less socialized than creative people in science. 

People with creativity in science showed conscientiousness and shared ideas with other 

scientists.  

 Even though personality researchers explain the various traits of creative experts, 

they still have difficulty in determining key common components of personality related to 

creativity across domains. Sawyer (2006) mentioned that personality psychologists did 

not identify which characteristics distinguish creative people from ordinary people. Feist 

(1999) insisted that personality researchers did not identify the unique characteristics to 

distinguish artistic and scientific creativity. Through the review about creative people's 

personalities, I found that a common trait of creative people is motivation. Amabile (1983, 

1996), who studied the personality of creative people, concluded that people with 

intrinsic task motivation have a high possibility of showing creative performance. 

  Contextual Approach to Creativity 

 The socio-cultural approach in research about creativity started from Amabile's 

studies (1983). She emphasized the fact that the confluence of a variety of environmental 

and personal variables is necessary for creativity. If individuals solve a problem with the 

suitable domain-relevant skills (i.e., background knowledge and skills), creativity skills 

(i.e., cognitive styles and willingness to take risks and experiment) and task motivation, 
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the opportunity that they can show creative performance will be increased. According to 

Amabile's model the interactions among these three factors, under ideal circumstances, 

are necessary for creativity. Amabile did not describe interactions specifically but she 

emphasized the effect of task motivation as a mediator in creativity. Amabile and her 

colleagues concluded that intrinsic motivation across domains plays a crucial role in 

creative performances and products. 

 What is an ideal context to reveal creativity? Amabile, Conti, Coon, Lazenby and 

Herron (1996) developed an inventory to measure the ideal environmental context for the 

acceleration of creativity. The inventory scales consisted of organizational 

encouragement (encouragement of risk-taking/innovation, fairness, rewards and a 

collaborative idea flow), supervisory encouragement (goal clarity, open interactions, and 

support of team work), work group encouragement of creativity, situations supporting 

freedom/autonomy, sufficient resources, and pressure for creativity. According to 

Amabile, an ideal environment supporting creativity is a situation in which people are 

encouraged to be innovative by organizations, supervisors and work groups. An ideal 

environment is a situation in which people have self-directed choices and sufficient 

resources. Even though environment was not included in the three key components (i.e., 

domain relevant skills, creativity, motivation), the importance of context was mentioned 

in her model. 

 Amabile's explanation of the components of creativity was an exemplar 

framework for several theories. Especially, Sternberg and Lubart extended the theory by 

adding sophisticated individual components and environmental components (1991, 1995). 
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They explained creativity as being interactions of six components: intelligence, thinking 

skills, knowledge, personality, motivation, and context. Unlike Amabile, Sternberg and 

Lubart included context as a key component. 

 Niu (2007) examined the effectiveness of six components from Sternberg and 

Lubart's model. Chinese high school students (N=357), their parents and teachers 

participated in the study. To assess creativity the author used the test of students' story-

writing, collage design (similar to Amabile's art task), as well as the picture completion 

and circle task from the Torrance Tests of Creative Thinking (TTCT), to measure 

divergent thinking. She also used the divergent thinking attitude test of Basadur and 

Hausdorf (1996). Niu combined the scores on all these tests to form an overall creativity 

score. To assess individual variables, the author measured general intelligence, 

performances in Chinese language and math, extraversion as a personality component, 

intrinsic motivation/ extrinsic motivation, and executive thinking style/legislative 

thinking style. To assess environment, the type of school, father's occupation/education, 

mother's occupation/education, parental autonomy, and parental support were measured. 

Niu concluded that six components explained 45.5% of the variance in overall creativity. 

In detail, a general intelligence factor explained 15.4% of the variance of overall 

creativity; environmental factors explained 16.1%, the other four components 

(knowledge, personality, motivation, and thinking style) explained 14% of the variance of 

overall creativity. Niu showed empirical evidence for the importance of the context in 

supporting creativity. However, she did not give an explanation about the interaction 
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among the six components, because the technique of regression analysis does not allow 

examination of dynamic interactions. 

 Through this review of literature about the individual approach and the contextual 

approach to creativity, I found three common categories of key components: (a) the 

expertise component (i.e., cognitive ability, creativity skills, thinking skills, knowledge, 

and scientific expertise), (b) the conative component (i.e., an aesthetic preference, 

preference to creativity, motivation, risk-taking, and openness) and (c) an environmental 

component supporting creativity. Most researchers agreed that the three categories of 

components strongly influence each other in creativity. Even in the framework consisting 

of three categories of components, most researchers cannot study interactions among 

components. A few researchers have explored partial relations among the components. 

The study to explore dynamic relations among the three components with a 

comprehensive view is rare. Therefore, a lot of questions remain unanswered: Are the 

key components invariant in scientific creativity, artistic creativity and general creativity? 

Which one of the key components most strongly influences creativity? What component's 

effectiveness is changed by interactions among components of creativity? The empirical 

study to investigate dynamic interactions is necessary.  

The purpose of this study is to investigate the dynamic interactions among 

components of students’ creativity in science. I will investigate which of the components 

influence students' creativity when they solve scientific problems and explore how the 

contextual components influence students' creativity in science. 
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What are the Unique Components in Scientific Creativity? 

 Unlike general creativity across domains, creativity in science is highly connected 

with scientific knowledge, skills, and attitudes. The scientists interviewed by Sawyer 

(2006) emphasized the importance of learning scientific knowledge and skills. If a 

scientist has problems in understanding Einstein's theories, the probability that this 

scientist will show creative performance in physics is low. Creativity researchers, such as 

Simonton (2000), said that creative new ideas start from domain-relevant knowledge and 

skills. If people want to demonstrate creativity, researchers insisted that ten years is 

necessary to master knowledge and skills in a domain such as chess, composition, or 

painting (see Weisberg, 2006). 

 Are scientific knowledge and skills necessary only for adult scientists? Mohamed 

(2006) explored fifth grade students' scientific creativity by measuring scientific 

creativity with three performance tests: Problems and solutions, grouping of flowers, and 

design an experiment. He found that students' scientific creativity was related to scientific 

ability (r=.42, p<.01) and science content knowledge (r=.42, p<.01) measured by 

teachers' ratings. This empirical finding is evidence that scientific content knowledge and 

skills also influence children's scientific creativity. In other words, students' creativity is 

related to scientific knowledge and skills that are developed by teachers in the school 

setting.  

 Does scientific knowledge and skill alone result in creativity? Dunbar (1999) 

found that scientists discover new ideas at weekly lab meetings. Discussion with a 

community on the cutting edge of science is an important factor in generating ideas and 
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solving problems. He also found that scientists' communication ability, such as clear 

writing competence, often strongly influenced success in a scientific career. In this 

review, I found that extending this concept beyond scientific knowledge and skills is 

necessary to investigate scientific creativity. 

 What is an extended concept of scientific knowledge and skills? As a holistic 

concept, science educators have terms such as scientific literacy and scientific proficiency. 

Researchers in science education do not agree upon one definition of scientific literacy 

because the nature of scientific literacy is multidimensional (Bybee, 1997). Even though 

the study of scientific literacy is important, I did not focus on it because the definition of 

scientific literacy is beyond the scope of this study. I will focus on the component of 

scientific literacy rather than present an argument about the definition of scientific 

literacy. What are the essential components in scientific literacy? The explanation of 

scientific literacy from the National Research Center (NRC) gives a hint. Researchers in 

NRC used the term scientific proficiency instead of scientific literacy. I think that use of 

the term, "scientific proficiency", is appropriate for students' creativity because the 

concept of scientific proficiency includes the level of scientific literacy. For creativity in 

adults, use of the term, "scientific expertise" is suitable. According to the NRC, scientific 

proficiency consists of four strands: (a) Know, use and interpret scientific explanations of 

the natural world; (b) Generate and evaluate scientific evidence and explanations; (c) 

Understand the nature and development of scientific knowledge; and (d) Participate 

productively in scientific practices and discourse (NRC, 2007, p.36).  
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 Interaction among the four strands is useful for students to develop their scientific 

proficiency. A study considering the role of the four strands of scientific proficiency is 

important in creativity research, although empirical studies examining the dynamic 

relationship among the four strands (cognitive factors and non-cognitive factors of 

scientific proficiency) are rare. Many researchers have studied one or more of the 

components independently. For example, Brown (1990) found that the knowledge factor 

is a key factor in scientific reasoning. Another example is that Barron (2003) found that 

collaborative interactions are crucial in solving problems. The reason for the lack of 

studies of interaction among the four strands is that the investigation is difficult, because 

these strands of scientific proficiency are related in complex ways. Metz (2000) 

hypothesized that students' cognitive performance is multidimensional because scientific 

skills, attitudes and specific knowledge are intimately related. Sawyer (2006) also 

believed that content knowledge and skills in science are inextricably linked. Barron 

(2003) concluded that social and cognitive factors are interwoven. I expect the study of 

four strands of scientific proficiency to be a starting point in creativity research and 

science education.  

 A more extended concept than that of domain-relevant skills, which creativity 

researchers usually use, is necessary to explain scientific creativity. In this study, this 

extended concept, called scientific proficiency, has cognitive and non-cognitive 

components related to science (i.e. understanding the nature of science and preference to 

science tasks and scientists). 
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Significance of the Study 

 Through this review I have found that studies lack certain crucial parts:  (a) a 

theoretical framework for the study of creativity in science, (b) studies considering the 

unique components related to scientific creativity, and (c) studies of the interactions 

among key components in a simultaneous analysis. 

  First, most researchers developed theoretical frameworks for general creativity 

(Amabile, 1996; Csikszenmihalyi, 1999; Sternberg & Lubart, 1995). Having a theoretical 

framework related specifically to scientific creativity is rare. Recently, Hu and Adey 

(2002) insisted that insufficient measurements of scientific creativity and the absence of a 

framework were serious problems. Similarly, Charyton and Snelbecker (2007) argued 

that the lack of understanding of creativity in science results in the inability to construct 

appropriate measurement tools. To understand creativity in science, an appropriate 

theoretical framework is needed.  

 Similar to Guilford's three-dimensional model of intelligence, Hu and Adey (2002) 

developed a scientific creativity test based on a framework that consists of certain traits, 

called the Scientific Structure Creativity Model (SSCM). Hu and Adey analyzed common 

themes from science and creativity and constructed a three-dimensional model of the 

nature of creativity: Traits, processes, and products. Fluency, flexibility and originality 

represent the traits of creativity in the SSCM. The scientific products relate to scientific 

fields: Technical products, science knowledge, science phenomena, and science problems. 

Hu and Adey tried to include all the components of their model of scientific creativity in 

their framework and the test. For example, they included the processes of scientific 



 

 

29

thinking and imagination, which often are not included in tests of creativity. Evidence 

that imagination is important in scientific creativity was found by Feist (2006). Feist 

found that people with scientific creativity generally use visual imagery and metaphor. 

Additionally, Hu and Adey evaluated the students' drawings and explanations using the 

criteria of both the functions of the machine and originality related to understanding of 

the function of the machine. Hu and Adey's framework and test represent a first attempt 

to develop a theoretical framework for creativity in science. 

 The second problem with studies of scientific creativity is that studies considering 

both cognitive and non-cognitive components as a domain-relevant factor are rare. 

Usually, in the study of creativity in specific domains, researchers only focused on 

cognitive factors to measure intellectual ability, logical reasoning capacities or divergent 

thinking skills. Amabile (1983, 1996) hypothesized that domain-relevant skills are key 

components in creativity. These domain-relevant skills are dependent on formal and 

informal education, and are specific to the domain, such as science. In other words, 

scientific creativity is related to students' scientific knowledge and skills, which are 

developed in the academic context. What are the domain-relevant skills related to 

technology in the workplace (industry)? What are unique domain-relevant skills related 

to science in a scholastic context? If researchers want to measure scientific creativity in 

the school context, they must measure scientific proficiency including non-cognitive 

factors that students develop as a result of formal education. Science educators' purpose 

is to develop scientific proficiency (i.e. scientific knowledge, skills, and attitudes) in their 
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students. Therefore, a study applying the broad concept of scientific proficiency beyond 

domain-relevant knowledge and skills is necessary in the study of scientific creativity. 

 The third problem is that studies do not include how components of creativity 

interact with each other. A few researchers emphasized the importance of the study of 

interaction. For example, Dunbar (1999) insisted that the study to explore the nature of 

relationships between cognitive, social, personality and motivational components of 

scientific creativity remains to be conducted. Chen, Himsel, Kasof, Greenberger, and 

Dmitrieva (2006) stated that future researchers must investigate the mechanisms of 

creativity to find out complex interactions. Chen et al. measured motivation, need for 

cognition, creative personality, originality in word association, achievement and 

creativity (art, language, math). They found that the correlation between students' 

motivation and creativity in regular classrooms was higher than the correlation between 

students' motivation and creativity in classrooms in which students had pressure to be 

creative. The interaction among the six components depended on classroom instruction. 

In other words, systematic study and analysis are necessary to examine complex 

interactions. Choi (2004) explored whether or not psychological processes play a 

mediating role when people show creative performance. He concluded that creative self-

efficacy and intention entirely mediated the individual (motivation, personality, creative 

ability) and contextual components (supportive leadership and open group climate) of 

creativity. He concluded that the systematic investigation of interactions between 

individual and contextual variables is needed. Similarly, Niu (2007) concluded that 

empirical studies of the role of context are infrequent.  



 

 

31

 To overcome the three gaps in the study of creativity, I will make a theoretical 

framework for scientific creativity including the extended unique domain-relevant 

components. This framework will provide support for future researchers who wish to 

develop a theoretical framework of creativity in science (framework for domain-specific 

creativity). To simultaneously investigate the interactions, I will apply Structural 

Equation Modeling (SEM). A brief explanation of SEM follows in the next paragraph.  

 Structural Equation Modeling (SEM) is a powerful method of quantitative 

analysis used to investigate the complex relationship between Independent Variables (IVs) 

and Dependent Variables (DVs). The biggest strengths of SEM are the minimization of 

measurement error and simultaneous estimation (Hair, Black, Babin, Anderson, & 

Tatham, 2006; Tabachnick, & Fidell, 1996). Tabachnick and Fidell (2001) stated that the 

measurement error are reduced becase the error has been estimated and removed, leaving 

common variance. Complex relationships can be examined by SEM technique because 

this technique is the only way to allow simultaneous tests of all the relationships 

(Tabachnick, & Fidel, 2001). 

 Using SEM, researchers also can answer questions that involve multiple 

regression analyses of factors. For example, researchers can use multiple regression 

analysis to explore how three independent variables (GPA, math achievement, gender) 

predict students' creative math performance. In this case, one DV (creative math score) 

was measured. If researchers want to investigate how the IVs (GPA, math achievement, 

gender) influence all DVs (mathematical creativity and general creativity), they should 

use SEM, because SEM is the only analysis that can be used to test these complex 
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relationships simultaneously. As a new analytic method, SEM analysis will be used in 

this study to investigate the interaction among components of creativity in science. In the 

following section, I will describe the current study using a framework that consists of 

three key components based on previous reviews about general creativity. 

Purpose of the Research 

 Many researchers in education have investigated students' creativity in language, 

math, and art, whereas psychologists have tended to explore adult scientists' and artists' 

creativity. Mohamed (2006) indicated that few researchers explored students' creativity in 

science. Why is the study of students’ scientific creativity rare? What obstructs the study 

of students’ creativity in science? To develop students' creativity in science, educators 

need to know more about school-age students' scientific creativity. Therefore, I will 

target school-age students' scientific creativity in this study. The purpose of this study 

was to explore the dynamic interactions among components of students’ creativity in 

science. I will investigate which of the components influence students' creativity when 

they solve scientific problems and explore how the contextual components influence 

students' creativity in science. 

A Research Framework 

 A componential contextual approach provides the most comprehensive 

framework for the study of creativity. I have basically applied Amabile's theoretical 

framework (domain-relevant component, creative competence, intrinsic motivation, and 

context) and extended the domain-relevant component by including scientific proficiency 

to explain students' scientific creativity. Because many constructs have been identified 
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for each component (expertise, conative, environment), and inclusion of all these 

components is beyond the scope of this research, at least one or two constructs has been 

selected to represent each component.  

 Scientific proficiency is the expertise component related to the specific domain. 

This scientific proficiency consists of the cognitive and non-cognitive factors: students' 

knowledge and skills in science as a cognitive factor and students' understanding of the 

nature of science and students' preference for science tasks and scientists as non-cognitive 

factors. Creative competence is the creative expertise component in the general domain, 

intrinsic motivation is the conative component, and the context to support creativity is the 

environmental component. I outlined a theoretical framework with four key components. 

Figure 1-1 shows my framework for the study of creativity in science.  

 
Individual component 

Scientific proficiency 

 - scientific knowing/  

   inquiry skills 

- understanding science 

- attitude toward science 

Creative competence 

Intrinsic motivation 

 

 

� 

 
Contextual component 

School environment to 

support creativity 

 

 

� 

 
Creative performance 

Creativity in science 

 
Figure 1.1. A Framework for the study of creativity in science. 
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Research Questions 

 The research questions fall into five categories: (a) domain-relevant component 

(i.e., scientific proficiency), (b) creative competence component, (c) intrinsic motivation, 

(d) a contextual component, and (e) dynamic relationships among components.  

Scientific Proficiency Components 

1. To what extent does scientific proficiency influence creativity in science? 

1-1) To what extent does a cognitive component in scientific proficiency 

(scientific knowledge and inquiry skills) influence creativity in science? 

1-2) To what extent does a non-cognitive component in scientific proficiency 

(understanding the nature of science) influence creativity in science? 

1-3) To what extent does a non-cognitive component in scientific proficiency 

(attitude toward science) influence creativity in science? 

Creative Competence Component 

2. To what extent does creative competence influence students' creativity in science? 

Intrinsic Motivation Component 

3. To what extent does intrinsic motivation influence students' creativity in science? 

Contextual Component 

4. To what extent does the context influence students' creativity in science? 

Relationship among Components 

5. To what extent are the components related to each other? 
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Definitions of Terms 

The definitions of terms that are used in this study are explained. Scientific 

Proficiency is defined as knowledge about nature, interpreting/evaluating scientific 

explanation of nature, understanding nature, and participating in science (NRC, 2007, p. 

36). Creativity is defined as being ideas, processes, behaviors, and products having 

novelty and appropriateness. Intrinsic Motivation is defined as any motivation that arises 

from the individual’s positive reaction to qualities of the task itself; this reaction can be 

experienced as interest, involvement, curiosity, satistication, or positive challenge 

(Amabile, 1996, p.115). Conext supporting Creativity is defined as a environment 

consisting of enough factors to generate creative performance, like supporting  autonomy, 

competence, task involvement (Amabile, 1996, p.119). Scientific Creativity is defined as 

being ideas, process, behaviors, and products having novelty and appropriateness in 

science.  
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CHAPTER II 

LITERATURE REVIEW 

The primary purpose of this study was to investigate the dynamic 

interrelationships among four components (scientific proficiency, creative competence, 

intrinsic motivation, context) and their relationships to scientific creativity. This chapter 

contained a review of empirical research and reanalysis of empirical study data. An 

approach of reanalysis of previous studies was applied, because the study to explore 

various components’ interactions as related to scientific creativity was rare.   

The literature review search was conducted using Google Scholar, Proquest 

Dissertations and theses, and EBSCOhost focusing on ERIC and psycINFO, widely used 

electronic databases. I reviewed two famous creativity research journals by hand, 

“Journal of Creative Behavior” and “Creativity Research Journal”. The first step was to 

find empirical studies to examine the relationship among scientific creativity and 

components related to scientific creativity. For example, if a researcher investigated the 

correlation between divergent thinking and scientific creativity, I reviewed the paper. 

Secondly, the studies in which authors did not report mean, standard deviation and 

correlation for each component (i.e., scientific creativity, creative personality) were 

removed. Descriptive statistics (means, standard deviations), and the correlations of all 

indicators were necessary for reanalysis, because the structural equation modeling (SEM) 

technique using the Lisrel 8.8 computer program was applied. Three empirical studies’ 

data were reanalyzed considering the present research framework.  
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The SEM technique is based on an estimation technique, called maximum 

likelihood estimation (MLE). This estimation technique is more efficient and unbiased 

when the assumption of multivariate normality is met. To analyze  the previous studies, I 

used MLE estimation and Chi-square (χ
2 ), Goodness-of-Fit Index (GFI), Tucker Lewis 

Index (TLI), Comparative Fit Index (CFI), and Root mean square error of approximation 

(RMSEA) as a goodness-of-fit index. A value of between 0.03 and 0.08  of RMSEA was 

acceptable and greater than 0.90 values of GFI, TLI, and CFI index were considered good. 

Because of using previous data’s means, standard deviations, and correlations, 

modification process was  necessary. A detailed explanation about structural equation 

modeling was in Chapter 3. 

This chapter was informed by literature review and the reanalysis of previous 

studies focusing on scientific creativity with direct empirical evidence. The reanalysis of 

previous studies was to explore and confirm the present research framework and research 

questions. A brief explanation about the present study’s research framework was 

presented first and then the literature review of empirical study and reanalysis was 

presented. 

The Research Framework of the Present Study 

 Amabile's theoretical framework (1996) was basically applied. Furthermore, I 

extended Amabile’s theory by including scientific proficiency, which consists of 

cognitive factors (scientific knowledge/skills) and conative factors (understanding the 

nature of science and attitude toward science). Scientific proficiency, what students 

learned in school, was developed by teaching in a formal school system. This study’s 
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theoretical framework was constructed under the assumption that four key components 

(scientific proficiency, intrinsic motivation, creative competence and context) related to 

scientific creativity interact with each other. 

 Scientific Proficiency and Scientific Creativity  

Scientific proficiency is a fundamental component in student life. Scientific 

proficiency makes students think logically, solve problems effectively, and understand 

nature and life deeply. The purpose of formal education is the development of scientific 

proficiency. Is scientific proficiency correlated with scientific creativity? Amabile (1996) 

said that there was a high correlation between creativity and proficiency in domain-

relevant intellective tasks, like science. Newell, Shaw, and Simon (1962) mentioned that 

“there is a high correlation between creativity (at least in the science) and proficiency in 

the more routine intellective tasks that are commonly used to measure intelligence” (p. 

145). Few researchers directly examined the role of scientific proficiency in creativity. 

The following empirical studies showed the association between a factor from scientific 

proficiency and scientific creativity.  

Aktamis and Ergin (2008) designed a pre-post study to test the influence of 

scientific process skills on scientific creativity. They defined a scientific process skill as a 

proficiency that individuals could use in their life by being scientifically literate and 

gaining quality of life through understanding the nature of science. A total of 40 

elementary school students (7th grade in Turkey) from an experimental group and a 

control group participated. The students from the experimental group were educated in 

the scientific process skills for 12 weeks while the students from a control group were 
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educated by a traditional method. The scientific creativity scale developed by Hu and 

Adey (2002) was applied to measure student creativity in science. The Cronbach’s alpha 

coefficient was 0.89 and one factor was found by principal component factor analysis. 

Unlike previous measurements, Hu and Adey (2002) developed a scientific creativity test 

based on a framework, called the scientific structure creativity model (SSCM), like 

Guilford's three dimensional model of intelligence. They analyzed common themes from 

science and creativity, and constructed the nature of scientific creativity, with respect to a 

three-dimensional model: Trait, process and product. Fluency, flexibility, and originality 

represented the trait in the SSCM. The scientific products related to scientific fields: 

Technical product, scientific knowledge, scientific phenomena, and science problems. 

The process of thinking and imagination required in the test was unique, unlike other 

tests, but the two processes well illustrated the nature of scientific creativity. The 

scientific creativity score from the experimental and the control group was similar in the 

pre-test. After teacher training, students from the experimental group (M=21.85) showed 

higher scores in scientific creativity test than the students from the control group 

(M=14.30) (t=5.11, p<.05). The finding of this study indicated that scientific process 

skills were related to scientific creativity.  

Beghetto (2007) investigated factors related to student perception of scientific 

competence. One thousand two hundred eighty nine students from two middle schools 

and one high school in the United States were asked to respond to a questionnaire about 

the perception of scientific competence and creative self-efficacy. For example, student’s 

perception of scientific competence was measured with two items, “I believe I will do 
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well in science”, and “I am good at science”. A student’s creative self-efficacy was 

assessed by three items, “I am good at coming up with new ideas”, “I have a good 

imagination”, and “I have a lot of good ideas”. Beghetto found that students’ perceptions 

of their scientific competence were positively related to creative self-efficacy, through 

hierarchical regression analysis (β=0.33, p<.001). Even though this study was focused on 

students’ self-perceptions, the author insisted that the latent relations between creativity 

and scientific competence existed and these relations were connected with scientific 

creativity. 

Weiping and Chunjun (2007) studied the relationship between interdisciplinary 

concept mapping abilities and scientific creativity. Interdisciplinary concept mapping, 

which was developing integrated knowledge constructs, was a practical mental tool in 

understanding creative cognition. In China, 108 high school students (11th grade) 

participated. The average age was 17.64 years old (SD=0.33). The tests, which consisted 

of three tasks of interdisciplinary concept mapping, were applied: Electrical conductivity 

of solutions, properties and uses of CO2 and carbon circulation, energy transformation 

and chemical change. The Scientific Creativity Test for Secondary School Students 

developed by Hu and Adey (2002) was used to assess scientific creativity. The score for 

interdisciplinary concept mapping abilities and the score for scientific creativity were 

analyzed by canonical correlation and discriminate analysis. This study’s results showed 

that interdisciplinary concept mapping ability predicted scientific creativity. 

Authors of empirical studies directly or indirectly mentioned that there was a 

correlation between scientific proficiency and scientific creativity. To verify these 
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correlations, I reanalyzed Mohamed’s study (2006) and Liang’s study (2002). The data 

from two studies were reviewed and reanalyzed in the following section.  

Review of Mohamed’s Study 

Mohamed (2006) developed a measurement to assess scientific creativity. He 

assumed that scientific knowledge/skills was a sub-component of scientific creativity, 

which meant that scientific knowledge/skills correlated highly with scientific creativity. 

A total of 138 fifth grade students participated and responded to three tests: Problems and 

solutions, grouping of flowers, and design an experiment. For example, in the problems 

and solutions test, Mohamed asked students to list as many scientific problems as they 

could find in pictures showing local environmental problems. In the second question, he 

asked students to list the solutions for one problem they selected. Fluency, flexibility and 

originality were measured twice in the first question and the second question. The 

students’ fluency was assessed by the listed number of scientific problems and the 

solutions. Flexibility was assessed by various approaches in viewing scientific problems 

and solutions. Originality was assessed by the number of infrequent answers.  

The last question was to pick one solution and to construct a scientific device or 

an outline for the solution. In this part, science ability, science knowledge, and scientific 

creativity were assessed by two classroom teachers who used Amablie’s Consensual 

Assessment Technique (CAT). The two raters’ definition of scientific ability was the 

ability to explain causality, to generate hypotheses, to design experiments, to know 

scientific concepts, to apply scientific knowledge, and to demonstrate knowledge 

scientifically. The science content knowledge was measured by the amount of knowledge 
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related to environmental problems, such as pollution. The students’ scientific creativity 

was measured by scientifically appropriate and unique answers/demonstrations/products.  

Reanalysis of Mohamed’s Study 

Through the review considering my theoretical framework, I found specific 

correlations in the rater’s scores in Mohamed’s study. For example, the correlations 

found in the “problems and solutions test” are the following: The correlation between 

science ability and scientific creativity measured by raters (r=0.60, p<.01) and the 

correlation between science knowledge and scientific creativity assessed by raters (r=0.48, 

p<.01). This finding indicated that science ability and science knowledge, which I called 

scientific competence, was connected to scientific creativity. An interesting finding to me, 

also mentioned by Mohamed, was that creativity in science measured through criteria 

(fluency, flexibility, originality) correlated with science ability/knowledge as measured 

by raters. I decided to reanalyze these two regressions in the problems and solution test: 

The regression between science competence and creativity in science (measured by 

criteria) and the regression between science competence and scientific creativity 

(measured by raters, likr Amabile’s consensual assessment technique). 

The indicators for one test (named “problems and solutions test”) were rearranged 

(see Figure 2-1). Each of the two scores for fluency/flexibility/originality represented one 

construct of creativity in science. Raters’ science ability score and science knowledge 

score represented science competence. One construct, scientific creativity, was 

represented by one indicator.  
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After modification of the error variance of the connecting two indicators 

(fluency01 and originality01), an acceptable goodness-of-fit was found (χ
2 =53.867, 

df=25; GFI=0.925; TLI=0.949; CFI=0.964; RMSEA=0.079). Two relationships between 

science competence and creativity in science (estimate parameter=0.46) and science 

competence and scientific creativity (estimate parameter=0.48) were statistically 

significant in the alpha level of 0.05. In conclusion, competence in science predicted the 

ability to generate new and useful ideas in science. 

 

Figure 2.1. The reanalysis of the study of Mohamed (2006). 
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Review of Liang’s Study 

Liang (2002) explored the scientific creativity of 130 eleventh grade students in 

Taiwan. The sum of two scores measured by the Creativity Rating Scale (CRS) and the 

Creative Activities and Accomplishments Check Lists (CAACL), indicated the level of 

scientific creativity. Ratings of creative characteristics using the CRS was completed by 

peers. Each student rated the scientific creativity of the other three students from the 

same group. The CAACL was used to assess the students’ level of creative products in 

science. This scientific creativity was measured by a student self-report. The test of 

divergent thinking was applied to measure creativity. Students’ scientific knowledge 

about nature and attitude toward science were evaluated by the questionnaire. Student 

capability in problem finding and formulating hypotheses were measured by the test. For 

example, in the problem finding test, Liang asked students to find as many research 

topics about the behavior of worms as possible. Three science test scores (physics, 

chemistry, biology) were collected.  

Liang applied stepwise multiple regression analysis. Among these thirteen 

independent variables, four variables predicted scientific creativity (F=25.98, p<.01): (a) 

understanding the nature of science, (b) attitude toward science, (c) problem finding, (d) 

formulating hypotheses, (e) creativity-fluency, (f) creativity-resistance to closure, (g) 

creativity-flexibility, (h) creativity-originality, (i) creativity-elaboration, (j) creativity-

abstractness, (k) physics test score, (l) chemistry test score, (m) biology test score. These 

four predictors (attitude toward science, problem finding, resistance to closure and 

originality) explained 48% of the variance of scientific creativity. Seven significant 
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correlations were found: Scientific creativity and understanding the nature of science 

(r=0.245, p<.01), scientific creativity and attitudes toward science (r=0.591, p<.01), 

scientific creativity and problem finding (r=0.449, p<.01), scientific creativity and 

formulating hypotheses (r=0.280, p<.01), scientific creativity and resistance to closure 

(r=0.304, p<.01), scientific creativity and originality (r=0.256, p<.01), scientific creativity 

and elaboration (r=0.282, p<.01). 

Reanalysis of Liang’s Study 

Liang’s thirteen variables might be categorized into two parts: scientific 

proficiency (attitude toward science, problem finding, formulating hypotheses, 

knowledge about the nature of science, three science test scores) and general creativity 

(fluency, resistance to closure, flexibility, originality, elaboration, abstractness). The one 

higher construct was represented by scientific proficiency, which consisted of seven 

indicators (see Figure 2-2). The relationship between scientific proficiency and scientific 

creativity was examined by using the SEM technique. The modification index showed 

reasonable correlations among error variances. I made five connections among error 

variance. After the modifications, a suitable goodness-of-fit was found (χ2 =13.794 df=15; 

GFI=0.973; TLI=1.013; CFI=1.000; RMSEA=0.000). The result showed that science 

proficiency and scientific creativity were strongly related (estimate parameter=0.95). In 

conclusion, the extended construct (scientific proficiency), including cognitive 

components and non-cognitive components was better a predictor of scientific creativity, 

than was the science test score component (physics, chemistry, biology).  
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Figure 2.2. The reanalysis of the study of Liang (2002) focusing on scientific proficiency 

and scientific creativity. 
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with overall perspective, was correlated with mathematical creativity through structural 

equation modeling [χ2=88.35, df=29; GFI=.97; TLI=.94; CFI=.96; RMSE=.06] and 

regression analysis [F(3,654)=10.88, p<.0005]. General creativity explained 3% of the 

variance in mathematical creativity. Livne and Milgram (2006) discovered that general 

original creative thinking connected with creative math ability. Unfortunately, studies 

exploring both general creativity and scientific creativity are uncommon.  

Liang (2002) examined the correlation between scientific creativity and general 

creativity using the Test of Divergent Thinking (TDT) (see above explanation about 

Liang’s study). The author found three significant relations: Scientific creativity and 

resistance to closure (r=0.304, p<.01), scientific creativity and originality (r=.256, p<.01), 

and scientific creativity and elaboration (r=0.282, p<.01). Liang (2002) concluded that 

the competence of resistance to closure, of originality, and of elaboration predicted 

scientific creativity. 

Reanalysis of Liang’s Study 

I reanalyzed the data to examine the connections between creative competence 

and scientific creativity (see Figure 2-3). In this reanalysis, general creativity and 

scientific creativity were considerably related (estimate parameter=0.3). The goodness-

of-fit was acceptable after modifications (χ
2 =22.786 df=12; GFI=0.951; TLI=0.969; 

CFI=0.982; RMSEA=0.078). General creativity explained 9% of the variance of 

scientific creativity. Given the results from the reanalysis, I supposed that creative 

competence, called domain general creativity, was slightly related to domain specific 

creativity.    
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Figure 2.3. The reanalysis of the study of Liang (2002) focusing on creativity and 

scientific creativity. 
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(r=0.226, p<.01).  

 Trost and Sieglen (1992) investigated early biographical information from adults 

having extraordinary scientific success in Germany (see Heller, 2007). Twelfth grade 
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students were asked to take an ability test and answered questionnaires about habits, 

extracurricular activities, professional plans, family background and so on. A total of 

3,554 participants from the 1973 study were questioned about their scientific success 17 

years later by counting indicators such as the number of publications, income, and 

number of employees. Trost and Sieglen (1992) divided them into a high professional 

product group and a low group. Using Cohen’s d score, Trost and Sieglen compared two 

group differences. Cohen’s d score (1977) indicated the effect size. Trost and Sieglen 

found that the most dominant predictors of professional success in science and 

technology were motivation and ability to solve problems (d value=0.71, intermediate 

effect size). This finding was consistent with previous research.  

 However, I found a conflicting study (Helene, 2001). Helene investigated the 

relationship between intrinsic motivation and scientists’ creativity. One hundred two 

senior research scientists in U. S. pharmaceutical and medical companies participated. 

The Creative Products Semantic Scale (CPSS) was used for assessing scientists’ 

creativity. The factor analysis of the CPSS showed that this measurement had three 

dimensions: Novelty, resolution, and elaboration/synthesis. Therefore three judges rated 

the level of scientific creativity through tree subscales of CPSS. The Work Preference 

Inventory (WPI) questionnaire was used for measuring intrinsic motivation. Helene did 

not find a significant correlation between intrinsic motivation and three subscales of 

scientific creativity. For example, scientists’ novelty score on the subscale of scientific 

creativity test was not correlated with intrinsic motivation (r=0.07, p>.05).   
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 The inconsistent findings caused questions: Is intrinsic motivation correlated with 

general creativity, not scientific creativity? Is intrinsic motivation toward science tasks 

related to scientific creativity? Is the relationship between intrinsic motivation and 

scientific creativity found in longitudinal studies? The question is simple, but the answer 

remains hidden. Although many studies showed evidence that motivation was correlated 

with creativity, the studies that show how intrinsic motivation was related to domain 

specific creativity, like scientific creativity, were rare. I cannot reanalyze previous studies’ 

data, because the empirical study of scientific creativity was rare and the correlations of 

all variables were not reported. Amabile (1996) concluded that the interaction between 

motivation and creativity was more complex than was reported. Ruscio, Whitney, and 

Amabile (1998) found that one indicator (involvement in the task) played a role of 

mediator in relation between intrinsic motivation and creativity. This finding implied the 

existence of multifaceted interactions between intrinsic motivation and creativity. 

Therefore, the present study was an exploratory study to examine the relations between 

intrinsic motivation and scientific creativity. I assumed that intrinsic motivation would be  

a long-range predictor in scientific creativity. I also expected in this study that no 

relationship would be found between intrinsic motivation and scientific creativity.     

Contextual Components and Scientific Creativity 

Environmental components (e.g., peer relationships, teacher quality, teaching 

strategy, and overall classroom context) influences student creativity. For example, Lin, 

Hu, Adey, and Shen (2003) investigated the influence of a specific teaching strategy on 

scientific creativity. This strategy, called Cognitive Acceleration through Science 
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Education (CASE), was developed using a framework based on Piaget’s cognitive 

conflict theory and Vygotsky’s social constructivism approach. The 7th-11th year English 

students (age 12-14 years old) in three experimental schools were trained by the CASE 

strategy stressing metacognition. The Scientific Creativity Test for Secondary School 

Students developed by Hu and Adey (2002) was applied to measure scientific creativity. 

Lin and colleagues compared the differences of scores between the experimental group 

(N=554) and the control group (N=533) by a t-test. They found that the CASE program 

influenced the development of scientific creativity (t=7.11, p<0.001).  

Another example, Lee and Erdogan (2007) examined the effect of education on 

scientific creativity. Korean teachers, who had training in Science-Technology-Society 

(STS) program at the University of Iowa, came back to their classrooms and applied what 

they learned. In this professional training teachers taught science considering the context 

of the students. A total of 591 students from experimental groups and control groups 

participated, and were asked to respond to the Assessment of Student Creativity (Enger & 

Yager, 1998). Students’ creative problem solving ability was rated from the normal level 

to the unique level. Lee and Erdogan found that students from the experimental groups 

showed an increase in the level of scientific creativity scores [F(1, 6.01)=9.504, p=.022]. 

Two empirical studies showed that a teacher’s teaching strategy (i.e., teaching strategy to 

support student metacognition or to support student scientific creativity) influenced the 

development of students’ scientific creativity. In this part, I could not reanalyze data 

because the essential information for structural equation modeling analysis was not 



 

 

52

reported. I hypothesized that the context supporting creativity was correlated with 

scientific creativity. 

The Relationship among Components related to Scientific Creativity 

Studies with several factors from a broad range (cognitive factors, non-cognitive 

factors, and environmental factors) were rare in creativity research, because the analysis 

would be too complex. However, recent researchers have tried to explore the interactions 

among components related to creativity, like mediation effects or moderation effects. I 

found an interesting study to investigate the role of motivation in the relationship 

between three personality traits (openness to experience, self-efficacy, and perseverance) 

and creativity (Prabhu, Sutton & Sauser, 2008). One hundred twenty four undergraduate 

students participated and were asked about characteristics of their creative personality. 

The questionnaire set to measure openness to experience, self-efficacy and perseverance 

was applied. They found a partial mediation effect of intrinsic motivation in the 

association between openness and creativity, and in the relationship between self-efficacy 

and creativity. The study to explore the interactions is necessary.  

I reanalyzed Liang’s data to examine interactions. Liang’s study focused on 

scientific creativity and had important information about scientific proficiency, general 

creative ability, and scientific creativity. The reanalysis using three previous studies gave 

a hint about the complex relations among the components related to scientific creativity. I 

also reanalyzed Niu’s data, because Niu measured cognitive variables, conative variables 

and environmental variables at same time. But Niu did not simultaneously analyze data to 

uncover the complex relations among components of creativity. Even though Niu did not 
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include scientific creativity, I expected to find information about interactions in creativity 

through reanalysis of Niu’s study.  

Reanalysis of Liang’s Study 

A relationship between scientific proficiency and scientific creativity (see Figure 

2-2) and a relationship between general creativity and scientific creativity were found 

through simple regression reanalysis (see Figure 2-3). To find the interaction among three 

components (scientific proficiency, general creativity and scientific creativity), I designed 

a structural model considering the interaction among three components (scientific 

proficiency, general creativity, scientific creativity) (see Figure 2-4). I reanalyzed the data 

and modified the error variance through connecting errors. An acceptable goodness-of-fit 

was found (χ2 =129.908 df=67; GFI=0.895; TLI=0.899; CFI=0.925; RMSEA=0.055). 

Scientific proficiency predicted scientific creativity, but general creativity did not predict 

scientific creativity. Only general creativity was strongly related to scientific proficiency, 

which meant that general creativity was indirectly connected with scientific creativity. 

Simultaneous investigations are needed to find the relations among domain specific 

ability (e. g., scientific proficiency), domain specific creativity (e.g., scientific creativity) 

and domain general creativity. I hypothesized that scientific proficiency would directly 

and indirectly influence scientific creativity and creative competence would directly and 

indirectly influence scientific creativity.  
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Figure 2.4. The reanalysis of the study of Liang (2002) focusing on interactions.  

Review of Niu’s Study 

With Sternberg’s theoretical framework, Niu (2007) measured cognitive factors, 

conative factors, and environmental factors related to creativity at the same time. Chinese 

first year high school students (N=357), their parents, and teachers participated in the 

study. The mean age of students was 16.2 years old. The two selected high schools were 

in one city. One school was an academic school and the other was a vocational school. 

Niu measured six components (constructs). To assess creativity, she used a test of 

students’ verbal story-writing, spatial collage design similar to Amabile’s art task, and the 

spatial picture completion and spatial circle task from the Torrance Tests of Creative 

Thinking (TTCT) to measure divergent thinking skills. She also used the divergent 
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thinking attitude test of Basadur and Hausdorf (1996). This questionnaire consisting of 

twenty four items was designed to measure the attitude toward the generation of new 

ideas and the preference to engage in creative actions. For example, one item of the 

questionnaire is “I really enjoy the challenge of finding a different way to solve a 

problem.” 

Niu combined the scores of all these tests to form an overall creativity (general 

creativity) score. To assess cognitive and non-cognitive factors, the author measured 

general intelligence, Chinese language ability and mathematical ability, extraversion as a 

personality component, intrinsic motivation /extrinsic motivation, and executive thinking 

style/legislative thinking style. The two types of schools were considered (high level 

academic school and vocational school). Niu asked teachers about their school 

environment. For example, teachers rated the level of their students’ achievement and 

social relationships between peers and teachers. Niu asked parents about their 

occupation/education, parental autonomy and parental support.  She concluded that 

individual components (i.e., thinking style, intrinsic motivation) and environmental 

factors (i.e., school type, parent job and education) were crucial predictors of student 

creativity. Regression results indicated individual components significantly predicted 

creativity [R2
adj=.140, F(5,345)=17.699, p<.001]. Environmental components also 

predicted creativity [R2
adj=.161, F(3,350)=27.358, p<.001]. 

Reanalysis of Niu’s Study 

When I designed the present research framework, I selected scientific proficiency 

as a domain relevant component, creative competence as a general creative ability, 
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intrinsic motivation as a non-cognitive factor, and context supporting creativity as an 

environmental factor based on Amabile’s theory. But Niu investigated six components 

because her research was based on Sternberg’s theory.  

I first removed the thinking style component because this component did not fit in 

my research framework. Reanalysis was made several times. After many attempts to 

select indicators, I found one possibility to explain the interaction among components 

related to creativity. The final five components were the following: (a) IQ and knowledge 

(math and language) as a cognitive component, (b) knowledge (language/math) as an 

ability developed by teacher instruction, (c) openness and creative personality as a 

personality component, (d) intrinsic motivation as a motivation component, and (e) type 

of school, parents' job, and parents' education as an environment component. These five 

components’ associations were explored by reanalysis. In the next section confirmatory 

factor analysis was first used to study the relationship among indicators and constructs, 

because this analysis model was complex. 

Confirmatory Factor Analysis (CFA) 

 After CFA, I found an unacceptable goodness-of-fit (χ
2 =205.753, df=45; 

GFI=0.918; TLI=0.885; CFI=0.921; RMSEA=0.096). One problem from the two 

indicators of knowledge was found. The factor loading of language was 1.44 and the 

factor loading of math was 0.41. To improve the model, I adjusted two factor loadings 

equally and modified the model by adding two correlated residuals based on modification 

indices: (a) father's job and father's education, and (b) mother’s job and mother’s 

education. With these changes, the goodness-of-fit was acceptable (χ
2 =135.972, df=44; 
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GFI=0.938; TLI=0.927; CFI=0.951; RMSEA=0.077). All factor loadings were over 0.5. 

The following is the analysis of the structural model. 

Structural Equation Modeling (SEM) 

I explored the extent to which five components (IQ, knowledge, creative 

personality, intrinsic motivation, environment) were related to creativity. Four regression 

weights were statistically significant (IQ−creativity, knowledge−creativity, creative 

personality−creativity, environment−creativity). The four components explained 20% of 

the variance in creativity. Curiously, intrinsic motivation was not significantly related to 

creativity (see Figure 2-5). 

 

Figure 2.5. The reanalysis of the study Niu (2007) by CFA. 
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Interaction among Components 

I assumed that an environmental component played the role of a mediator, 

because this component was related to IQ, knowledge, and personality. I reanalyzed the 

data expecting that the environmental components played the role of a mediator (see 

Figure 2-6). According to Little, Card, Bovaird, Preacher and Crandall (2007), three 

paths should be significant to investigate mediation effects. For example, three 

meaningful regression weights (IQ−environment, environment−creativity, IQ−creativity) 

must be found. In the final analysis, I found three meaningful mediation effects: (a) IQ, 

environment and creativity, (b) knowledge, environment and creativity, and (c) 

personality, environment and creativity. The result of the reanalysis indicated that an 

environmental component was a mediator. I also investigated the mediation of IQ, 

knowledge, and personality, but I did not find significant interactions. 
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Figure 2.6. The reanalysis of the study of Niu (2007) by SEM. 

Final Thoughts 

 Although these research reviews and the reanalysis of earlier studies had many 

limitations, this new approach was meaningful. The reanalysis verified what creativity 

researchers knew and believed without evidence. Because of so few studies, all relations 

among components of scientific creativity were not investigated or described in this 

chapter. Table 2-1 showed that each research question was answered by empirical data 

and the results of reanalysis. Scientific proficiency, creative competence, and context 

components were predictors of scientific creativity. However, I assumed that general 

intrinsic motivation was not connected with scientific creativity. I expected that four 

components interacted with each other, and that interactions among scientific proficiency, 

IQIQe1

1

knowledge

mathe3

languagee2
11

1

personality
creative

personality
e5

opennesse4
11

1

creativity creativity e12

1 1

enviornment

mother
job

e10

mother
education

e11

1

1 1

father
education

e9
1

father
job

e8
1

type of
school

e7
1

e13

1

e14

1

0.41

0.24

0.18

0.14
0.13

0.14

0.12



 

 

60

general creativity, and scientific creativity would be found (supported by reanalysis of 

Liang’s data).  

In conclusion, I hypothesized that scientific proficiency and creative competence 

predict scientific creativity; general intrinsic motivation does not predict scientific 

creativity; the context component is related to scientific creativity; interactions among 

scientific proficiency, general creativity and scientific creativity exist; and complex 

interactions exist. An empirical study to know better the complex relations among 

components of scientific creativity is needed.  
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Table 2.1 

Summary of Literature Review and Reanalysis in Scientific Creativity Studies 

Research Question Empirical study and reanalysis Hypothesis 

1. To what extent does 

scientific proficiency 

influence creativity in 

science?  

**Liang (2002): scientific proficiency 

( including understanding the nature of 

science, attitude toward science, problem 

finding, formulating hypotheses, physics 

test score, chemistry test score, biology 

test score) predicts scientific creativity. 

Supported 

1-1) To what extent does 

scientific 

knowledge/skills 

influence creativity in 

science? 

*Aktmis & Ergin (2008): science process 

skills correlated with scientific creativity.  

*Beghetto (2007): the perception of 

science competence correlated with 

scientific creativity. 

*Weiping & Chunjun (2007): 

interdisciplinary concept mapping 

correlated with scientific creativity. 

**Mohamed (2006): science competence 

(science ability and science knowledge) 

predicted scientific creativity. 

Supported 
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Table 2.1 (continued) 

Research Question Empirical study and reanalysis Hypothesis 

1-2) To what extent does 

understanding the nature 

of science influence 

creativity in science? 

*Liang (2002): a correlation between 

understanding the nature of science and 

scientific creativity was found (r=0.245, 

p<.01). 

Supported 

1-3) To what extent does 

attitude toward science 

influence creativity in 

science? 

*Liang (2002): a relationship between  

attitude toward science and scientific 

creativity was found (r=0.591, p<.01). 

Supported 

2. To what extent does 

creative competence 

influence creativity in 

science? 

*Liang (2002): three indicators of 

creativity measured by the Test of 

Divergent Thinking (TDT) correlated with 

scientific creativity � resistance to 

closure (r=0.304), originality (r=0.256), 

elaboration (r=0.282). 

**Liang (2002): creative competence 

(including fluency, resistance to closure, 

flexibility, originality, elaboration, 

abstractiveness) predicted scientific 

creativity. 

Supported 
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Table 2.1 (continued)   

Research Question Empirical study and reanalysis Hypothesis 

3. To what extent does 

intrinsic motivation 

influence creativity in 

science? 

 

*Trost & Sieglen (1992): people with 

professional success in science and 

technology have a high level of 

motivation and abilities to solve problems 

(d value=0.71, intermediate effect size).  

*Helen (2001): intrinsic motivation did 

not correlate with scientific creativity. 

Supported 

 

 

 

 

Not 

supported 

4. To what extent does the 

context influence creativity 

in science? 

 

*Lin, Hu, Adey, & Shen (2003): students 

educated by a teaching strategy focusing 

on metacognition showed a high level of 

scientific creativity 

*Lee & Erogan (2007): professional 

teacher training focusing on scientific 

creativity affects scientific creativity. 

Supported 

5. To what extent are the 

components related to each 

other? 

**Liang (2002): interactions among 

scientific proficiency, general creativity, 

scientific creativity were found. 

 

Supported 

Note. ** The findings of reanalysis, * review of empirical study  
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CHAPTER III 

METHOD 

The purpose of this study was to explore the dynamic interactions among 

components of students’ creativity in science. This chapter included the school setting, 

participants, and the operational definition of  five components (scientific proficiency, 

creative competence, intrinsic motivation, context supporting creativity, scientific 

creativity). The measurements selected by considering the operational definition were 

explained. The data collecting procedure and data analyses were presented in this chapter.   

School Setting 

I contacted potential participants to request their participation in this study. The 

following information about the study was given and explained to administrators of three 

Korean middle schools that were potential sites for the study: (a) the purpose of the study, 

(b) a brief description of the questionnaire and directions for participants about how to 

answer, and (c) the assurance that their answers are concealed from others and only used 

for research. Administrators from two schools did not wish to participate. Supportive and 

positive interest was shown by one middle school. This public school was located in a 

large city in the Republic of Korea. This middle sized school had forty nine teachers and 

a total of one thousand sixty one students, from first year middle school students to third 

year middle school students. The gender was approximately distributed as 75% male and 

25% female. This school, which was located in a residential area, had parents supportive 

of education. The students were from lower to upper socioeconomic status. After 

receiving permission from the  principal, the parent/legal guardian permission form and 
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the assent form were distributed to first and second year middle school students and their 

parents. The subject informed consent forms were distributed to teachers.    

Participants 

 Four hundred twenty four students from the first and second year middle school 

students and five teachers were invited to participate. Three hundred fifteen middle 

school students from 12 classrooms and five teachers in one urban school finally 

participated. The students’ response rate was 74.3%. After removing incomplete data, the 

data for 295 students were analyzed for first year students (N=228) and second year 

students (N=67). The range of students’ age was from 12 to14 (Mean=13.1, SD=0.77). 

Ninety-three girls and two hundred two boys participated. Twenty students had learning 

experience in the center for gifted students, focusing on math, science and technology. 

Five teachers majoring in math, science, and technology participated in this study.  

The Operational Definitions of Components 

Scientific Proficiency 

 The construct of scientific literacy was defined as to have scientific 

knowledge/skills, an understanding of the nature of science, and to have positive attitudes 

about science. 

Scientific Knowledge and Skills  

This construct was defined as the competence to deeply understand core scientific 

concepts and to develop inquiry skills (i.e. formulating hypotheses and research design).  

Understanding the Nature of Science  
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This construct was defined as understanding of seven aspects of the nature of 

science: "a) scientific knowledge is tentative and is empirical, b) scientific knowledge is 

theory-laden, c) scientific knowledge is partly a product of human inference, d) the nature 

of scientific knowledge is imaginative and creative, e) scientific knowledge is socially 

and culturally embedded, f) the distinction between observation and inference is 

necessary, and g) the awareness of the lack of a universal recipe-like method for 

practicing science and the understanding of the functions of and relationship between 

scientific theories and [scientific] laws is necessary." (Lederman, Abd-El-Khalick, Bell, 

& Schwartz, 2002, p.499)  

Attitude toward Science 

This construct was defined as a preference for learning science, cooperation with 

peers for scientific tasks, working in science, interest in pursuing a career in science, and 

interest in doing experiments in the laboratory. 

Creative Competence 

 This construct was defined as a competence to generate unconventional figures 

with overall meaning (Urban & Jellen, 1996; 2004). 

Intrinsic Motivation 

 This construct was defined as a preference for challenging tasks, curiosity, 

enjoyment of complex tasks, preference to independently solve problems, preference for 

new experiences, enjoyment of what I do, and engagement in what I do.  
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Context Supporting Creativity 

 This construct was defined as an environment in which teachers encourage 

students' creativity, give sufficient resources, plan challenging work, and design a 

positive classroom settingthat aloows freedom for students. 

Scientific Creativity 

            This construct was defined as a response or a product that is considered creative 

in science by appropriate observers who independently agree that it is novel and 

appropriate (Amabile, 1996). 

Measurements 

Through the literature review, well-known and commonly used measurements 

were selected and developed. I verified items on the questionnaire and the operational 

concepts from the test to prevent overlap. After two experts reviewed the validity of the 

items and two high school students tested the level of the comprehension of the items, the 

final items in the questionnaire set and two tests were chosen. Components, type of 

instrument, and data are shown in Table 3-1.  

Selection and Development of Measurement 

The Measurement of Scientific Proficiency 

The construct of scientific proficiency was represented by scientific 

knowledge/skills, understanding of the nature of science, and positive attitudes toward 

science. To measure students' scientific knowledge/inquiry skills, three of students' 

scientific achievement scores were used. These scores were collected from the school 

teachers. Two science tests and one performance-based assessment, developed by science 
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teachers, were based on the Korean National Science Curriculum. Teachers evaluated 

students' core scientific knowledge in four fields (physical science, life science, chemistry 

and earth science), such as “Properties and changes of properties in matter”. The content 

focused on the scientific facts, concepts, principles, and theories that are essential for 

students to know and apply. Inquiry skills, such as formulating theories and designing 

experiments also were evaluated.  

 To assess how well students understand the nature of science, I reviewed the 

study of Lederman, Abd-El-Khalick, Bell, and Schwartz (2002). Lederman et al. 

proposed seven aspects of the nature of science. When I developed seven items based on 

their study, I found that one aspect of the nature of science, "Inferential nature of atomic 

models", was too difficult for students to understand. In 2002, Liu and Lederman 

investigated Taiwanese gifted students' understanding of the nature of science. The 

participants were twenty nine 7th grade students. Liu and Lederman did not assess one 

aspect of the nature of science, "Inferential nature of atomic models" because of an 

inappropriate item for 7th grade students and the problem of language translation. 

According to Liu and Lederman, finally, six items were developed for this study.   

 To assess students' attitude toward science, five items were selected from the 

subscale of the Scientific Attitude Inventory version II (Moore & Foy, 1997). These five 

items were to measure students' positive preference for scientific work. The reliability of 

the inventory was high (α=.78). The Scientific Attitude Inventory version II (SAI-II) 

consisted of forty items representing intellectual and emotional attitudes toward science 

in six areas (factors). For example, one item, “scientific ideas can be changed”, 
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represented intellectual positive attitude and one item, “I would enjoy studying science”, 

represented emotional attitude. The forty items covered a broad construct of attitude 

toward science. In 2008, Lichtenstein, Owen, Blalock, Liu, Ramirez, Pruski, Marshall, 

and Toepperwein reevaluated SAI-II using exploratory and confirmatory factor analysis 

(cross-validation). Lichtenstein and colleagues  analyzed the data with oblique rotation, 

considering Moore’s original six areas (factors). Unlike Moore, who found the original 

six factors in the SAI-II, Lichtenstein and colleagues concluded that three factors existed: 

(a) science is about understanding and explaining, (b) science is rigid, and (c) I want to be 

a scientist. I found limitations in their analysis. The goodness-of-fit of confirmatory 

factor analysis for SAI-II under the three factor solution was not acceptable (N=267; 

χ
2 =611.938, df=319; CFI=0.831; RMSEA=0.058) and the factor loadings of three factors 

were low (over 0.35). Lichtenstein and colleagues noticed low goodness-of-fit and factor 

loadings and then reanalyzed three factors independently by confirmatory factor anlaysis. 

They mentioned briefly that two factors, “science is rigid” and “I want to be a scientist”, 

showed high goodness of fit and high factor loading. One factor (“I want to be a 

scientist”) among six areas of the SAI-II obviously represented emotional attitudes 

toward science. This interesting confirmatory factor analysis supported my selection of 

five items from the scientific attitude inventory version II (Moore & Foy, 1997). Because 

I focused on emotional attitudes toward science in this study, I selected five items out of 

the eight items representing one factor (“I want to be a scientist”).  

 Finally, in the "Scientific Proficiency" scale, all of the developed items and the 

adapted items were checked for content validity by experts. I verified the convergent 
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validity with correlation analysis and measurement equivalence, after expert adjustments 

and data collection. The reliability of items was measured by Confirmatory Factor 

analysis (CFA). When I found inappropriate items, for example, those with low 

commonality, I eliminated items. 

The Measurement of Creative Competence 

 To assess students' creative competence, the Test of Creative Thinking-Drawing 

Production (TCT-DP) developed by Urban and Jellen (1996) was used. This tool for 

measuring general creativity was intended as an unbiased instrument across ages, cultures, 

and content areas. The inter-rater reliability from various studies was around .90 (see 

Urban, 1991). In a recent study, the inter-rater reliability was .92 (Dollinger, Urban, & 

James, 2004). The parallel test reliability was from .62 to .70. The data of the TCT-DP 

measured in Hungary distinguished the highest group of 25% from the lowest group of 25% 

(Urban, 2004).  

 The concurrent validity of the TCT-DP was studied by comparing it to several 

measures (Dollinger, Urban, & James, 2004). The correlation between the TCT-DP and 

overall rating by consensual assessment was high (r=.72, p<.001). The correlation 

between the TCT-DP/ autophotographic essays and the TCT-DP/creative story-writing 

was significant (r=.29, p<.01; r=.21, p<.01). Openness and the TCT-DP were 

significantly related (r=.29, p<.001). 

 The following directions were provided to students: a) complete the uncompleted 

drawing, b) draw whatever you want to, and c) remember that there is no right answer. 

When students finished the drawing, testers collected the sheets and recorded the time. 
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The time limit for the drawing was 15 minutes. Students' levels of general creative 

competence were measured by the sum of fourteen scores. The scores on the TCT-DP 

were based on fourteen criteria: Continuations, Completions, New elements, Connections 

with line, Connections with theme, Boundary breaking/fragment dependent, Boundary 

breaking/fragment independent, Perspective, Humor/Emotion, Unconventionality (A, B, 

C, D) and Speed (see manual for detailed evaluation procedures, Urban & Jellen, 1996). 

The maximum total score was 72 points. Because the norms were created by age, grade 

and type of school, the scores were transferred into a special percentile rank or T-score 

and the levels of students' creativity were classified into categories, such as above 

average (76-90%).  

The Measurement of Intrinsic Motivation 

To measure intrinsic motivation, I selected eight items from the 15 items (α=.75) 

included in the Work Preference Inventory (Amabile, Hill, Hennessey & Tighe, 1994). 

Amabile and colleagues analyzed data using principal factor anlaysis to find latent 

variables in The Work Preference Inventory. The results of the extractions by oblique 

rotation indicated two factor solutions, called intrinsic motivation and extrinsic 

motivation. Two sub-factors (challenge and enjoyment) were also found in intrinsic 

motivation. Loo (2001) also found two factors in intrinsic motivation by a varimax 

solution. Five challenge items represented one construct, and four enjoyment items 

represented one construct. In my study, four items among the seven items of challenge 

were selected to measure students' preferences related to the challenge of the task 

(preference for difficult or easy tasks). Four items seleccted from ten enjoyment items 



 
72      

 

were used to measure the enjoyment of tasks. Also, I asked classroom teachers to assess 

the level of students' intrinsic motivation with the same items. 

The Measurement of Context Supporting Creativity 

Eight items were adapted from measurement of the instrument for assessing the 

climate for creativity, called “KEYS” (Amabile, Conti, Coon, Lazenby, and Herron, 

1996). These scales had three parts with 78 items: stimulant scales (organizational 

encouragement, α=.91; supervisory encouragement, α=.91; work group supports, α=.86; 

sufficient resources, α=.83; challenging work, α=.79; and freedom, α=.66), obstacles 

scales (organizational impediments, α=.84 and workload pressure, α=.77), and criterion 

scales (creativity, α=.84 and productivity, α=.86). Amabile and colleagues (1996) 

analyzed data using confirmatory factor analsis under the hypothesis of eight factors. 

They found a moderate fit (goodness of fit index=0.85; adjusted goodness of fit 

index=0.84; root mean square residual=0.056). Internal consistency was moderate from 

0.66 to 0.91 and test-retest reliability was from 0.71 to 0.94. The Work Environment 

Scale developed by Insel and Moos (1975) was used to measure the convergent validity 

of the KEYS. A moderate correlation between the Work Environment Scale and KEYS 

was found (from -0.06 to0.58). To assess the discriminant validity of the KEYS, a 

cognitive test, the Kirton Adaption-Innovation Inventory developed by Kirton (1976), 

was used. The correlation between KEYS and the Kirton’s inventory was low (from -0.02 

to -0.27). Mathisen and Einarsen (2004) reevaluated the five measurements for assessing 

the level of work environment to support creativity. After reviewing the norms, factor 
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analysis, reliability, and validity, Mathisen and Einarsen concluded KEYS was good 

enough to assess creative environment.  

In my study, I selected six items from each sub-part of the stimulant scales and 

two items from each sub-part of the obstacles scales. For example, I chose one item ("my 

supervisor serves as a good work model") among 11 items of supervisory encouragement. 

Eight items were transformed into expressions that younger students could understand, 

because Amabile's scales focused on adults’ creativity in the workplace. For example, the 

term "organization" was changed to the term "classroom" and the term "supervisor" was 

changed to the term "teacher". I asked science teachers to respond to the same items, 

reporting how much they support students' creativity. 

The Measurement of Creativity in Science 

Several requirements must be met when selecting an appropriate task when using 

the consensual technique for creativity assessment: (a) the task must be feasible in the 

sense that virtually all participants in the study can produce something that can be 

assessed by judges; (b) all participants must be presented with the same set of materials, 

instructions, and working conditions; (c) the task must allow for considerable flexibility 

in responses; (d) the task must result in some form of product that can readily be 

observed by judges; and (e) the task should result in products that can be reliably rated by 

appropriate judges (Amabile, 1996, p.73-74). 

 One open-ended science problem developed by this researcher (Jo, 2001) was 

used to assess creativity in science, because this task satisfied the requirements of the 

consensual assessment technique. This product-oriented test was developed based on core 
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concepts of the Korean National Science Curriculum. Three experts, including the author,  

reviewed the content validity considering originality, fluency, flexibility, elaboration and 

transformation. Three reviewers had teaching experience and research in science 

education, or education of the gifted, or creativity. A 5-point Likert scale was applied in 

five categories. The mean of originality scores of the three raters was 4.66, the mean of 

fluency scores was 4.66, the mean of flexibility was 4.66, the mean of elaboration was 

4.00 and the mean of transformation was 4.66. Three judges concluded that this test was 

enough to evaluate students' scientific creativity. I checked the inter-judge reliability and 

found a high correlation (α=.70). After adjustment by experts, I modified and applied this 

test to thirty 5th grade Korean elementary school students. Participants had already 

learned the core concept that matter has three forms: solid, liquid, and gas. For example, 

hard things like desks are called solids, liquids change shape according to the shape of the 

container, and people cannot see gas (air). I asked them to imagine unfamiliar situations 

and asked students to draw and explain their ideas. The following were the directions for 

giving the test: Imagine the movie “Alice in Wonderland.” You move to a new planet. 

Suddenly three forms of matter (solid, liquid and gas) all changed to solids. What 

happened on this planet? Explain what would happen in this situation, based on your 

scientific knowledge and imagination. The findings from the pilot study indicated that 

this open-ended test was appropriate to measure students' creativity. For example, some 

students said that because the air was changed to a solid and the solid air was hard and 

heavy, the air would fall down to the ground. One student invented a machine to pick up 

the solid air that had fallen to the land to clean it, because people should still breathe air. 
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Some students thought that the solid air would still float because it retained the qualities 

it had as a gas. One student thought that the solid air would still float, but we could not  

see it because the air mass was made of tiny solid particles.  

This open-ended test was practical, reliable, included several science fields, and 

allowed for various responses. Therefore this test satisfied the requirements for use of the 

consensual assessment technique. In this dissertation, I used this test to measure students' 

scientific creativity. Even though this test was developed for elementary school students, 

the use of this test for middle school students was suitable, because the core concepts of 

the material was taught in Korean Schools from Kindergarten through grade 8.  

Reviews of Measurement 

 Hair, Black, Babin, Anderson, and Tatham (2006) emphasized that “all constructs 

must display adequate construct validity, whether they are new scales or scales taken 

from previous research; even previously established sacles should be carefully checked 

for content validity” (p. 781). One expert and one doctoral student were recruited and 

reviewed the validity of each construct. These reviewers had many experience in 

education of the gifted and creativity research. They focused on the content validity of 

measurement. They verified whether the items were clear and whether or not the items 

overlapped. Some of the items were modified by reviewers to correctly measure one 

construct and to increase middle school students’ understanding, especially items related 

to understanding the nature of science.
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Table 3.1  

Items in Measurements 

Component Type of 

Instrument 

Data Collected 

Demographic 

Information 

Questionnaire Age, grade, gender. 

Participation in a program for the gifted. 

Scientific 

Knowledge/Inquiry 

Skills 

Test score Three scientific achievement scores. 

 

Understanding the 

Nature of Science 

Questionnaire 

(developed 

from the 

study of Abd-

El-Khalick et. 

al.) 

1. Observations are used to make scientific claims. 

2.  Theories change due to new evidence.  

3. Theories and laws are different kinds of 

knowledge 

4. Creativity is necessary in scientific processes. 

5. The interpretation of data is subjective. 

6. Science has a unique culture. 
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Table 3.1 (continued)  

Component Type of 

Instrument 

Data Collected 

Attitude 

Toward 

Science 

Questionnaire 

(adapted from 

the study of 

Moore and 

Foy) 

 1. I would enjoy studying science. 

 2. I would like to work with peers to solve scientific 

problems. 

 3. I may not make great discoveries, but working in 

science would be fun. 

 4. I would like to be a scientist 

 5. Working in a science laboratory would be fun. 

Creative 

Competence 

The TCT-DP  

 

The instruction to complete six figural fragments during 

fifteen minutes. 

Intrinsic 

Motivation  

Questionnaire 

(adapted from 

the study of 

Amabile et. 

al.) 

 1. The more difficult the problem, the more I enjoy 

trying to solve it. 

 2. I want my work to provide me with opportunities for 

increasing my knowledge and skills. 

 3. Curiosity is the driving force behind much of what I 

do. 

 4. I enjoy simple, straightforward tasks. ® 

 5. I prefer to figure things out for myself. 

 6. What matters most to me is enjoying what I do. 
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 Table 3.1 (continued) 

Component Type of 

Instrument 

Data Collected 

Intrinsic 

Motivation  

Questionnaire 

(adapted from 

the study of 

Amabile et. 

al.) 

 7. No matter what the outcome of a project is, I am 

satisfied if I feel I gained a new experience. 

 8. I enjoy doing work that is so absorbing that I forget 

about everything else. 

Perception 

about Context 

to Support 

Creativity  

 

Questionnaire 

(adapted from 

the study of 

Amabile et. 

al.) 

 1. I am encouraged to solve problems creatively in my 

class.  

 2. My teacher is creative in science.  

 3. I feel free to ask questions and share ideas about 

science in my class. 

 4. In my class, we have a lot of materials for learning 

science. 

5. I have many choices for learning science, and am 

allowed to choose. 

 6. Sometimes, I have to work hard in my science class. 

 7. There are many rules in my classroom. ® 

 8. I have too much studying to do in too little time. ® 
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Table 3.1 (continued). 

Component Type of 

Instrument 

        Data Collected 

Scientific 

Creativity  

 

Open-ended 

Exam 

Make original and useful solutions to an unfamiliar 

problem using what students are taught in the 

science curriculum. 

Note. The mark of "®" means the score is reversed. 

 Data Collection  

Translation and Recruitment 

 After the Institutional Review Board (IRB) approval of this study, I translated 

from English into Korean using back translation. Back translation, the translation 

approach used in cross-cultural research, was necessary to ensure the quality of the 

translation (Brislin, 1970). Brislin (1986) explained that “back translation is the process 

of comparing the quality between an independent translator’s translation from the 

original language into the target language and an independent translator’s translation 

from the target language into the original language” (p.159). Using back translation 

process, the items of measurement written in English were translated into Korean by a 

bilingual translator who was a doctoral student majoring in Language, Reading and 

Culture. The translated measurement was back translated into English by a bilingual 

student who was a doctoral student in the special education program. She had teaching 

experience in Korea. The original and back translated items of measurement from the two 

translators were compared and were retranslated suitably by the author. 
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Procedure of Data Collection 

 My colleague and I went into classes and measured the factors related to scientific 

creativity with a questionnaire set and two tests. Five constructs were investigated: (a) 

scientific proficiency (scientific knowledge/inquiry skill, understanding the nature of 

science, attitude toward science), (b) creative competence, (c) intrinsic motivation, (d) 

environment to support creativity, and (e) scientific creativity. Through a questionnaire 

with a five-point Likert scale, students' non-cognitive components of scientific 

proficiency (understanding the nature of science and attitude toward science), students' 

intrinsic motivation, and the support for creativity provided in their classroom 

environment were measured. A drawing test provided a measure of students' general 

creative competence. An open-ended activity requiring novelty, appropriateness and 

overall scientific reasoning provided a measure of their creativity in science. About 60 

minutes was taken for one questionnaire and two tests. I collected students' science 

achievement scores from teachers to find the students' level of scientific knowledge and 

inquiry skills. The difference between students’ perception of their intrinsic motivation 

and teachers’ perception of students' intrinsic motivation was investigated. The difference 

between students’ perception of classroom environment and teachers’ perception of 

classroom environment were compared.   

Assessing Creative Competence and Scientific Creativity 

A total of 295 TCT-DP drawings were assessed by the author using the rating 

manual. The fourteen sub-scores of TCT-DP were recorded and compared with the 

scoring manual of the TCT-DP (Urban & Jellen, 1996). The Consensual Assessment 
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Technique (CAT) (Amabile, 1996) was used to rate the level of scientific creativity. I 

recruited four judges, including the author. The four Korean judges were majoring in 

education of gifted students, had a math/science teaching background, and had 

experience related to creativity, like developing programs or participation in international 

competitions.   

 Amabile and colleagues recommended providing the judges with a general 

creativity definition (novelty and appropriateness) for the judges to be comfortable in 

rating creativity. To help raters conceptualize what creativity in science is, I led a 

discussion. During this discussion raters shared ideas about how they would define 

scientific creativity, they were asked to write their own definition of scientific creativity 

and to use this definition when making their ratings (Amabile, 1996). The judges defined 

scientific creativity as a disposition or competence to recognize the known problem, to 

find the problem, to effectively solve the problem through a logical and unique way, to 

generate fluent or original ideas/products through combining variant ideas/products, and 

to harmonize a conflicting situation. 

Amabile suggested that the researcher allow the judges to familiarize themselves 

with the products before starting to evaluate. Over twenty percent of the total samples 

were given randomly to the judges. During these procedures the judges developed their 

own criteria.  

When the judges felt familiar with the evaluation, I gave them all of the student 

products. In the actual evaluation the judges independently read each product and divided 

them into seven groups from a low level to a high level. The judges made sure that the 
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student products in the same group had a similar level of quality. Before the rating the 

judges rearranged students' products. When all of the evaluation was done by the judges, 

they gave a score of "7" to the student products evaluated as the highest creative group 

and gave a score of "1" to the student products evaluated as the lowest creative group. 

One judge did not finish rating. If inter-judge agreement was low (<0.70), I needed to add 

a new judge until the reliability was over an acceptable level. I did not find a new judge 

because the three raters’ inter-judge agreement was 0.85. 

Data Analyses 

As a primary data analysis method, Structural Equation Modeling (SEM) was 

used to find the relationship among latent constructs described in my theoretical 

framework for creativity in science. The SEM technique is a confirmatory technique 

based on previous theory in contrast to exploratory factory analysis. Researchers must 

think about data screening before conducting an analysis. All data were screened by the 

Statistical Package for the Social Sciences (SPSS) 16.0 version. The program Analysis of 

Moment Structures (AMOS) 16.0 computer software was used to estimate the framework 

(model) for my research hypotheses. 

Preliminary Analysis of SEM 

Before analysis of data, researchers must think about the practical issues of SEM: 

sample size, missing data, multivariate normality, and outliers. When researchers use 

SEM analysis, researchers frequently pass over the problem of sample size. Hair, Black, 

Babin, Anderson, and Tatham (2006) suggested that researchers must decide the sample 

size by considering the model complexity and model characteristics, because covariance 
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in SEM is very sensitive to sample size. Hair and colleagues (2006) said that “if a SEM 

model contains five or fewer constructs, or any communality is modest (.45-.55), or the 

model contains constructs with fewer than three items, then the required sample size is 

more on the order of 200” (p.742). According Hair and colleagures, the present study had 

no problem in sample size because of the total of 295 participants, five constructs having 

over three items, and communality higher than 0.45. If researchers find missing values, 

the imput of missing values is effective, especially when deleting missing values is a 

serious problem. If the number missing data is high and the data are missing at random, 

the Expectation Maximization (EM) method of data imputation must be used. If outliers 

distort information, outliers must be removed.  

The most important assumption of SEM is multivariate normality. If measured 

variables are violated in univariate and multivariate normality, SEM results in incorrect 

outcomes. Researchers should check the normality through scrutinizing the skewness and 

kurtosis of the measured variables. All measured variables must be screened for outliers. 

If researchers find significant skewness or kurtosis, the transformations or deleting of 

outliers should be considered. If the results found by analysis of the transformed data is 

same as the results using raw data, the original data are used. After transformation, if the 

data do not show normality, an estimation method of non-normality should be selected. 

Structural Equation Modeling 

Structural equation modeling (SEM) is a multivariate technique to simultaneously 

analyze the relationships among the measured variables and latent constructs. Maximum 

Likelihood Estimation (MLE), which is widely used as an estimate technique, was 
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applied in this SEM analysis. Hair and colleagues (2006) said that “MLE is the most 

efficient and unbiased estimation method, when the assumption of multivariate normality 

is met” (p. 743). I followed three procedures to apply SEM. First of all, Confirmatory 

Factor Analysis (CFA) was applied to test the goodness-of-fit of each indicator. Second, 

in a simultaneous analysis, I examined all of the relationships in the structural model. A 

more specific analysis to find relationships between constructs was made last.   

Goodness-of-fit (GOF) indeces were applied to assess model validity. GOF shows 

the similarity of the observed and estimated covariance matrices. If researchers find 

similarity in covariance, we can say that the measurement model represents reality well. 

Kline (1998) explained that most clear evidence that a model fit well is a Chi-square test 

(χ2 statistic) with p >.05. A p-value greater than .05 indicates no statistically significant 

difference between the covariance. Multiple fit indices are used to accept a SEM model, 

because the chi-square to test overall model fit is sensitive to sample size and is 

influenced by the difference in covariance matrices (Hair, Black, Babin, Anderson, & 

Tatham, 2006; Kline, 1998). Three kinds of goodness-of-fit are commonly used in SEM 

studies: absolute fit indices (i.e., chi-square statistic, goodness-of-fit index, root means 

square residual, standardized root mean residual, root mean square error of 

approximation, the expected cross-validation index, the actual cross-validation index), 

incremental fit indices (normed fit index, comparative fit index, Tucker Lewis index, 

relative noncentrality index), and parsimony fit indices (parsimony goodness-of-fit index, 

parsimony normed fit index).  Most researchers agree that the basic chi-square test with 

df, and one or more absolute fit and one or more incremental fit indices should be 
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reported. In this study, the Chi-square test with df, goodness-of-fit index (GFI), Tucker 

Lewis index (TLI), the comparative fit index (CFI), and the root mean squared error of 

approximation (RMSEA) were selected to assess the overall fit of the model. No absolute 

cutoff values that can distinguish good models exist for any of the indices. Usually 

researchers agree about the cutoff value of the index. An acceptable fit value was 

indicated by a GFI, TLI, and CFI greater than .90 (Kline, 1998). The value of RMSEA 

less than .08 was acceptable fit and the value of RMSEA less than .05 was a good fit 

(Browne & Cudeck, 1993; McDonald & Ho, 2002). If researchers compare two models 

or evaluate competing models, they have to show parsimony fit indices. For example, the 

higher vaule of the Parsimony Normed Fit Index (PNFI) is acceptable.  
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CHAPTER IV 

RESULTS 

 The purpose of this study was to explore the dynamic relationships among four 

components related to scientific creativity (scientific proficiency, intrinsic motivation, 

creative competence, context supporting creativity). To design the present study, 

Amabile's theoretical framework was applied. Furthermore, I extended Amabile’s theory 

through including scientific proficiency, which consisted of a cognitive factor (scientific 

knowledge/skills) and a conative factor (understanding the nature of science and attitude 

toward science). Scientific proficiency, what students learn in school, was developed by 

teaching in the formal school system. This study’s theoretical framework was constructed 

under the assumption that four key components related to scientific creativity interact 

with each other. The following were specific research questions:  

1. To what extent does scientific proficiency influence creativity in science? 

1) To what extent does a cognitive component in scientific proficiency 

(scientific knowledge and inquiry skills) influence creativity in science? 

2) To what extent does a non-cognitive component in scientific proficiency 

(understanding the nature of science) influence creativity in science? 

3) To what extent does a non-cognitive component in scientific proficiency 

(attitude toward science) influence creativity in science? 

2. To what extent does creative competence influence creativity in science? 

3. To what extent does intrinsic motivation influence creativity in science? 

4. To what extent does the context influence creativity in science? 
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5. To what extent are the components related to each other? 

Well-known and commonly used measurements were selected and developed 

through the literature review. In Table 4-1, an abbreviated form and items of 

measurements were shown. These abbreviated forms of each item were used in all figures, 

tables and texts. To measure scientific knowledge/inquiry skills, two scientific 

achievement scores (mid-term science test and final science test scores) and one score 

measured by performance-based assessment were used. Six items selected from the study 

of Lederman, Abd-El-Khalick, Bell, and Schwartz (2002) were used to assess how well 

students understood the nature of science. Five items were selected from the subscale of 

the scientific attitude inventory version II (Moore & Foy, 1997) to assess student attitude 

toward science.  

The Test of Creative Thinking-Drawing Production (TCT-DP) developed by 

Urban and Jellen (1996) was used to measure creative competence in students. Eight 

items chosen from the Work Preference Inventory were applied to measure students' 

intrinsic motivation. The same items were applied again to assess teachers’ perception of 

their students’ intrinsic motivation. To assess the level of the context supporting 

creativity, eight items were adapted from measurement of the work environment 

(Amabile, Conti, Coon, Lazenby, and Herron, 1996). Science teachers were also asked to 

respond to the same items to assess the context supporting creativity. To assess scientific 

creativity, one open-ended science problem developed by this researcher (Jo, 2001) was 

used and three raters rated the level of scientific creativity through the Consensual 

Assessment Technique (CAT) (Amabile, 1996).  
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In this chapter I described the preliminary analysis using Structural Equation 

Modeling (SEM) technique, confirmatory factor analysis of each construct and the 

structural model analysis. After the structural model analysis, the significant relations 

were specifically analyzed to find the strength of the relationships and to explore 

interactions, such as mediation effect or moderation effect. The research questions were 

answered through the results from structural model analyses and specific analyses of the 

structural model. 
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Table 4.1 

Abbreviated form and items of measurements 

Component Data Collected Abbreviated Form 

Scientific 

Knowledge/inquiry 

Skills 

Mid-term science score  

Final science score 

Performance based assessment score 

SM 

SF 

SPBA 

Understanding the 

Nature of Science 

1. Observations are used to make scientific claims.  

2. Theories change due to new evidence.  

3. Theories and laws are different kinds of knowledge 

4. Creativity is necessary in scientific processes. 

5. The interpretation of data is subjective. 

6. Science has a unique culture. 

U1 

U2 

U3 

U4 

U5 

U6 

Attitude Toward 

Science 

1. I would enjoy studying science. 

2. I would like to work with peers to solve scientific problems. 

3. I may not make great discoveries, but working in science would be fun. 

A1 

A2 

A3 
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Table 4.1 (continued) 

Component Data Collected Abbreviated Form 

Attitude Toward 

Science 

4. I would like to be a scientist 

5. Working in science laboratory would be fun. 

A4 

A5 

Intrinsic Motivation 1. The more difficult the problem, the more I enjoy trying to solve it. 

2. I want my work to provide me with opportunities for increasing my 

knowledge and skills. 

3. Curiosity is the driving force behind much of what I do. 

4. I enjoy simple, straightforward tasks. ® 

5. I prefer to figure things out for myself. 

6. What matters most to me is enjoying what I do. 

7. No matter what is the outcome of a project, I am satisfied if I feel I gained a 

new experience 

8. I enjoy doing work that is so absorbing that I forget about everything else 

M1 

M2 

 

M3 

M4 

M5 

M6 

M7 

 

M8 
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Table 4.1 (continued) 

Component Data Collected Abbreviated Form 

Context Supporting 

Creativity 

 1. I am encouraged to solve problems creatively in my class.  

 2. My teacher is creative in science.  

 3. I feel free to ask questions and share ideas about science in my class. 

 4. In my class, we have a lot of materials for learning science. 

5. I have many choices for learning science, and am allowed to choose. 

6. Sometimes, I have to work hard in my science class. 

 7. There are many rules in my classroom. ® 

 8. I have too much studying to do in too little time. ® 

C1 

C2 

C3 

C4 

C5 

C6 

C7 

C8 

Creative 

Competence 

1. Continuations  

2. Completions 

3. New elements 

4. Connections with line 

5. Connections with theme 

Cn 

Cm 

New 

Cl 

Cth 
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Table 4.1 (continued) 

Component Data Collected Abbreviated Form 

Creative 

Competence 

6. Boundary breaking/fragment dependent 

7. Boundary breaking/fragment independent 

8. Perspective 

9. Humor/Emotion 

10. Unconventionality A 

11. Unconventionality B 

12. Unconventionality C 

13. Unconventionality D 

14. Speed 

Bfd 

Bfi 

Pe 

Hu 

Uca 

Ucb 

Ucc 

Ucd 

Sp 

Scientific Creativity 1. Rater 1 

2. Rater 2 

3. Rater 3 

SC01 

SC02 

SC03 

Note. The mark of "®" means the score is reversed. 
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Preliminary Analysis 

Missing Value and Imputation 

Missing data is a serious problem in data analysis, especially when the number of  

missing data is high or the pattern of missing data is not random (Tabachnick & Fidell, 

2001). Tabachnick and Fidell said that if missing data from a large data set were random 

and were few (below 5%), the choice of deleting missing data or imputing missing data 

did not cause a problem. Hair and colleagues (2006) showed a different principle about 

missing values. Missing data under 10-15% for an individual case could generally be 

ignored. In this study, data from 20 students were missing values (6.35%). After these 

were removed, the final data for 295 students were analyzed. In the next section, a 

description of the linear regression assumption and multivariate normality assumption 

was provided.  

Assumptions of Structural Equation Modeling 

Univariate outliers were checked in each item. All of the items’ scores were 

changed to standard scores. If its standard score was less than – 3.0 or greater than + 3.0, 

the data were commonly identified as an outlier (Bakeman & Robinson, 2005). The 

outliers were found in the creative competence score (3 outliers from Cn, 4 outliers from 

Cm, 14 outliers from Bfi, 17 outliers from Hu, 8 outliers from Uca, 8 outliers from Ucd) 

and in the scientific creativity test score (2 outliers from SC01, 8 outliers from SC02, 5 

outliers from SC03) were found. I did not remove the outliers, because all of them have 

meaningful information. The scores on creativity test may appear to be outliers because a 

high level of creativity is infrequent.  
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Normality of independent and dependent variables was assessed by examination 

for skewness and kurtosis. If a distribution is highly skewed (e.g., at 0.001 p-value level), 

data transformation should be applied to improve the distribution of each variable. Table 

4.2 showed all variable means (M), standard deviations (SD), skew and kurtosis. Kline 

(2005) said that the standardized skewness with greater than 3.0 usually is a serious 

problem. He claimed that expert opinions about the kurtosis index vary, but standardized 

kurtosis values greater than 10.0 might be interpreted as a sign of a problem. If 

standardized kurtosis values are over 20.0, the problem is more serious.  

In this study, the standardized skew was derived by dividing the skew statistics by 

the standard errors of skewness (0.142). The standardized kurtosis also was derived by 

dividing the kurtosis statistics by the standard errors of kurtosis (0.283). Several items 

were identified as being highly skewed (SM, SF, SPBA, U1, U2, U4, A4, A5, M3, M5, 

M6, M7, M8, SC01, SC02, SC03). The positive skewed data were transformed by 

square-root (SQRT). To deal with negative skewed data, I first reflected the variable by 

subtracting every score from the constant that was one greater than the highest score 

(Tabachnick & Fidell, 1996). Secondly, these reflected variables were transformed by 

logarithm transformations. Finally, the distribution of all data became relatively normal 

through transformation of skewed data. 

Micceri (1989) said that multivariate normality usually is violated in social and 

behavioral science data. Even with this difficulty, McDonald and Ho (2002) insist that 

the multivariate normality assumption must be tested by scrutinizing the skewness and 

kurtosis of univariate variables. The multivariate normality assumption is checked by the 
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Mardia’s multivariate skewness and kurtosis coefficients. In other words, the robustness 

of multivariate normality is increased by completing univariate normality. Therefore, I 

believed that this study’s transformed data improved the robustness of both univariate 

normality and multivariate normality. I analyzed the transformed data.  

Hair, Black, Babin, Anderson and Tatham (2006) warn about interpretation of 

analysis with transformed data. Because data transformations may change the 

interpretation of the variables, the researchers should carefully interpret the results. For 

example, the transformed data showed negative values but original data had positive 

values. In the analysis using many indicators, like structural equation modeling (SEM), 

the interpretation of the relationships among constructs is complex. The transformations 

are usually recommended as a last option because of the difficulty of interpretation. After 

comparing the results using transformed data with the results using original data, I found 

the same outcome. In this study, the analysis using original data was finally reported for 

readers’ ease in understanding the findings.  
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Table 4.2 

Means, Standard Deviations, Skew, and Kurtosis 

Construct Variable Mean SD Skew Kurtosis 

Scientific 

Proficiency 

Scientific 

Knowledge/Skills 

Mid-term Science score (SM) 32.50 10.99 -0.867 -0.307 

Final science score (SF) 31.75 11.05 -0.710 -0.565 

Performance based assessment (SPBA) 8.48 1.44 -0.603 -0.597 

Attitude Toward 

Science 

Attitude first item (A1) 3.27 1.14 -0.212 -0.550 

Attitude second item (A2) 3.20 1.13 -0.151 -0.613 

Attitude third item (A3) 3.31 1.19 -0.293 -0.723 

Attitude forth item (A4) 2.06 1.20 1.007 0.066 

Attitude fifth item (A5) 3.73 1.21 -0.704 -0.297 

Understanding the 

Nature of Science 

Understanding first item (U1) 3.98 1.00 -0.804 0.124 

Understanding second item (U2) 3.78 1.07 -0.582 -0.340 
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Table 4.2  (continued) 

Means, Standard Deviations, Skew, and Kurtosis 

Construct  Variable Mean SD Skew Kurtosis 

Scientific 

Proficiency 

Understanding the 

Nature of science 

Understanding third item (U3) 2.99 1.03 -0.047 -0.179 

Understanding fourth item (U4) 3.94 1.07 -0.967 0.443 

Understanding fifth item (U5) 3.03 1.12 -0.024 -0.482 

Understanding sixth item (U6) 3.32 1.10 -0.141 -0.614 

Intrinsic Motivation 

Motivation first item (M1) 3.31 1.08 -0.105 -0.566 

Motivation second item (M2) 3.68 1.07 -0.379 -0.709 

Motivation third item (M3) 3.90 1.02 -0.652 -0.202 

Motivation fourth item (M4) 2.51 1.17 0.302 -0.712 

Motivation fifth item (M5) 3.53 1.07 -0.429 -0.303 

Motivation sixth item (M6) 4.02 1.04 -0.980 0.593 
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Table 4.2  (continued) 

Means, Standard Deviations, Skew, and Kurtosis 

Construct  Variable Mean SD Skew Kurtosis 

Intrinsic Motivation 
Motivation seventh item (M7) 3.54 1.28 -0.519 -0.633 

Motivation eighth item (M8) 3.90 1.03 -0.634 -0.253 

Context Supporting Creativity 

Context supporting creativity first item (C1) 2.71 0.95 0.210 0.040 

Context supporting creativity second item (C2) 2.90 1.15 0.126 -0.604 

Context supporting creativity third item (C3) 2.61 1.15 0.328 -0.603 

Context supporting creativity forth item (C4) 2.81 1.02 0.083 -0.219 

Context supporting creativity fifth item (C5) 2.58 1.02 0.177 -0.365 

Context supporting creativity sixth item (C6) 3.34 1.13 -0.250 -0.616 

Context supporting creativity seventh item (C7) 2.65 1.13 0.217 -0.616 

Context supporting creativity eighth item (C8) 2.94 1.22 -0.004 -0.861 
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Table 4.2  (continued) 

Means, Standard Deviations, Skew, and Kurtosis 

Construct  Variable Mean SD Skew Kurtosis 

Creative Competence 

Continuations (Cn) 4.44 0.87 -0.934 4.196 

Completions (Cm) 3.99 1.08 -0.636 1.903 

New elements (New) 2.03 2.09 0.689 -0.809 

Connections with line (Cl) 2.65 2.05 0.269 -1.164 

Connections with theme (Cth) 4.11 2.23 -0.756 -0.827 

Boundary breaking/fragment dependent (Bfd) 0.72 1.92 2.344 3.619 

Boundary breaking/fragment independent (Bfi) 0.40 1.38 3.471 10.833 

Perspective (Pe) 1.30 1.70 1.449 1.342 

Humor/emotion (Hu) 0.88 1.70 1.928 2.616 

Unconventionality (Uca) 0.08 0.49 5.852 32.471 
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Table 4.2  (continued) 

Means, Standard Deviations, Skew, and Kurtosis 

Construct  Variable Mean SD Skew Kurtosis 

Creative Competence 

Unconventionality (Ucb) 1.52 1.50 -0.020 -2.013 

Unconventionality (Ucc) 0.44 1.06 2.018 2.087 

Unconventionality (Ucd) 0.30 0.70 2.447 5.389 

Speed (Sp) 1.60 1.57 0.731 -0.425 

Scientific Creativity 

First Rater (SC01) 2.42 0.96 0.835 2.106 

Second Rater (SC02) 2.82 1.05 0.838 1.736 

Third Rater (SC03) 2.57 1.08 0.932 1.354 
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The Findings from Demographic Information 

To find out how much scientific creativity represents the characteristics of a group 

and to find out that scientific creativity is multilevel, I compared girls’ scientific 

creativity scores with boys’ scores, first year middle school student scientific creativity 

scores with second year students’ scores, and regular classroom students’ scientific 

creativity scores with gifted students’ scores. No significant differences were found 

between scientific creativity scores of girls (N=93) and boys (N=202) (t=0.305, p=0.76). 

The scientific creativity of first year students (N=228) is similar to second year students 

(N=67) (t=1.047, p=0.296). Although 20 students participated in the education center for 

the gifted, a statistically significant difference in their scientific creativity and the 

scientific creativity of students in regular programs was found (t=3.215, p=0.001). 

Regular classroom students had a mean of 2.56 on scientific creativity (SD=0.87) and 

gifted students in math/science/technology had a mean of 3.22 (SD=1.14). 

Confirmatory Factor Analysis of Each Construct 

Hair and colleagues (2006) explained that “confirmatory factor analysis enables 

us to test how well the measured variables represent the constructs” and “researchers test 

a conceptually grounded theory explaining how different measured items represent 

important psychological, sociological or business measures” (p.770). The results of CFA 

were used to test construct validity. Each construct was confirmed by Confirmatory 

Factor Analysis (CFA). First of all, indicators with a low factor loading (λ<0.5) were 

removed in sequence, except in the just-identified model. Secondly, the goodness-of-fit 

(GOF) index was checked to verify each latent construct. No modifications were carried 
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out during CFA. Change based on the modification index might increase Goodness-of-fit, 

but these modifications make it difficult to replicate the study and generalize the findings. 

Scientific Proficiency 

Scientific proficiency, which consists of three latents (scientific knowledge/skills, 

understanding the nature of science, and attitude toward science), was a higher latent 

construct. After CFA of each sub-construct, the second order structural equation model 

was applied. Table 4.3 showed each factor loading.  

Scientific Knowledge/Skills and Attitude toward Science 

To measure scientific knowledge/skill, students’ three science scores (mid-term 

score, final score, performance based assessment score) were used. I found a problem 

called “Heywood Cases” during analysis. The variance of error of the final scores in 

science was negative. I fixed the offending estimate to a very small value (0.005), 

because this case was logically impossible (Hair et al, 2006). After fixing the Heywood 

cases, I checked the error variance of scientific final scores and then found that the 

negative error variance was changed to positive. The factor loadings of two indicators of 

scientific knowledge/skills (SM, SF) were greater than 0.5. Only the factor loading of 

science performance based assessment (SPBA) was 0.49. Because the construct of 

scientific knowledge/skills was just-identified, I did not remove the indicator of science 

performance based assessment (SPBA). The GOF of scientific knowledge/skills was not 

calculated, because this construct was just identified. In CFA of attitude toward science, 

the factor loading of five items of the questionnaire (A1, A2, A3, A4, A5) showed greater 
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than 0.5 loading. The GOF of attitude toward science was acceptable (χ
2 =7.116, df=5; 

GFI=0.991; TLI=0.992; CFI=0.996; RMSEA=0.038). 

Understanding the Nature of Science  

The result of CFA of understanding the nature of science had low factor loading 

and poor GOF (χ2 =29.506, df=9; GFI=0.967; TLI=0.782; CFI=0.869; RMSEA=0.088). 

Therefore I removed items showing the lowest path (U3=0.25, U5=0.24) and re-analyzed 

the data. After the second CFA, the factor loading (U1=0.48, U6=0.43) was still low and 

GOF was not acceptable (χ2 =16.511, df=2; GFI=0.971; TLI=0.666; CFI=0.889; 

RMSEA=0.157). At least three indicators are needed for confirming one construct, called 

a just-identified construct. One of two items (U1, U6) which showed low factor loading 

should be removed. When the first item (U1) was removed, three items’ factor loading 

was decreased (U2=0.39, U4=0.84, U6=0.44), but when the sixth item (U6) was removed, 

three items’ factor loading was greater than 0.5 (U1=0.59; U2=0.62; U4=0.53).  

Therefore, I decided to remove U6. Finally, only three indicators (U1, U2, U4) were used.  

Second Order Factor Analysis of Scientific Proficiency 

To confirm the high level construct (scientific proficiency), a second order 

structural equation model was applied (see figure 4.1). The second order relationship of 

scientific proficiency, which consisted of three constructs (among scientific 

knowledge/skills, understanding the nature of science, and attitude toward science), was 

empirically tested. The model provided an adequate fit to the data (χ
2 =84.812, df=42; 

GFI=0.951; TLI=0.952; CFI=0.963; RMSEA=0.059). According to the results of second 

order factor analysis, scientific proficiency was represented by the scientific literacy to 
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deeply understand core scientific concepts (i.e. all matter is composed of atoms and 

molecules), to have inquiry skills (i.e. formulating hypotheses and research design), to 

understand the nature of science (i.e. observations are used to make scientific theories, 

these theories change by new evidence, creativity is necessary in scientific processes), 

and to prefer learning science/ doing science (i.e. science experiments, collaboration with 

classmates).  
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Table 4.3 

Parameter Estimates of Scientific Proficiency 

Parameter Factor loading 

Science Knowledge/Skill → SM  (mid-term science score) 

Science Knowledge/Skill →SF (final science score) 

Science Knowledge/Skill →SPBA (performance based assessment score) 

Understanding the nature of science →U1 (observations are used to make scientific claims) 

Understanding the nature of science →U2 (theories change due to new evidence) 

Understanding the nature of science →U3 (theories and laws are different kinds of knowledge) 

Understanding the nature of science →U4 (creativity is necessary in scientific processes) 

Understanding the nature of science →U5 (the interpretation of data is subjective) 

Understanding the nature of science →U6 (science has a unique culture) 

Attitude toward science→A1 (I would enjoy studying science)  

Attitude toward science→A2 (I would like to work with peers to solve scientific problems) 

Attitude toward science→A3 (I may not make great discoveries, but working in science would be fun) 

0.81 

1.00 

0.49 

0.46 

0.54 

0.25 

0.68 

0.24 

0.46 

0.88 

0.63 

0.84 
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Table 4.3 (continued) 

Parameter Estimates of Scientific Proficiency 

Parameter  Factor loading 

Attitude toward science→A4 (I would like to be a scientist) 

Attitude toward science→A5 (working in science laboratory would be fun) 

0.54 

0.57 
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Figure 4.1. Second order factor model of scientific proficiency 

Note. All coefficients are statistically significant (p<.05). 
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Creative Competence 

Studies exploring the nature of creativity are ongoing. Researchers have recently 

applied exploratory factor analysis (EFA) or confirmatory factor analysis CFA (Jo & 

Maker, 2008) techniques to find what we assess using creativity measurements. The 

question about whether creative competence measured by the TCT-DP test is uni-

dimensional or multi-dimensional has remained unanswered. In this study, I assumed that 

creative competence measured by the TCT-DP was one construct.    

The first CFA analysis of fourteen items of the TCT-DP indicated that GOF was 

low (χ2 =428.318, df=77; GFI=0.824; TLI=0.567; CFI=0.633; RMSEA=0.125). The 

factor loading of eight items (Cn, Bfd, Bfi, Hu, Uca, Ucc, Ucd, Sp) was lower than 0.5. 

The confirmatory factor analysis was applied again after eight items were removed. GOF 

was more robust than in the first analysis (χ
2 =34.519, df=9, GFI=.961; TLI=.910; 

CFI=.946; RMSEA=0.098). Most of GOF index showed fitness but RMSEA was not 

acceptable. Two factor loading were less than 0.5 (Cm=0.45, Ucb=0.47).  

To decrease RMSEA, I compared GOF in two cases. When Ucb was removed, 

GOF (χ2 =13.076, df=5, GFI=.983; TLI=.959; CFI=.980; RMSEA=0.074) was acceptable 

but the factor loading of Cm was low (0.44). When Cm was removed, the factor loading 

of Ucb (.47) was still less than 0.5 and GOF was worse (χ
2 =26.055, df=5, GFI=.965; 

TLI=.899; CFI=.949; RMSEA=0.120). Therefore I decided to remove two items (Cm, 

Ucb), because of low factor loadings. Finally, four indicators (New, connections with line, 

connections with theme, perspective) were used to confirm creative competence 

(χ2 =1.949, df=2, GFI=.997; TLI=1.000; CFI=1.000; RMSEA=0.000). Ten indicators 
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were removed (Continuations, completions, boundary breaking/fragment dependent, 

boundary breaking/fragment independent, humor/emotion, unconventionality A, B, C, D, 

and speed). The detailed information was in Table 4.4. The result of CFA of creative 

competence indicated that the creative competence measured by the TCT-DP assessment 

was an ability to generate new ideas through adding lines or connecting lines with overall 

perspective, like producing a theme.  

Intrinsic Motivation 

 From the confirmatory factor analysis of eight items measuring intrinsic 

motivation, low loading and poor GOF were found (χ
2 =142.934, df=20; GFI=0.881; 

TLI=0.621; CFI=0.729; RMSEA=0.145). Even after eliminating fourth-, fifth-, and 

seventh- item (M4, M5, M7), GOF was still not good enough to accept (χ
2 =31.137, df=5; 

GFI=0.957; TLI=0.808; CFI=0.904; RMSEA=0.133). After removing the sixth item 

(M6), I found increased GOF (χ2 =5.572, df=2; GFI=0.991; TLI=0.946; CFI=0.982; 

RMSEA=0.078), but the problem was that the eighth item’s loading fell to 0.44. 

According to criteria previously mentioned in chapter 3, I removed the eighth item (M8). 

The remaining three indicators showed high factor loading (M1=0.59, M2=0.82, 

M3=0.57). In this “Just-identified model”, GOF was not calculated. The detailed 

information was in Table 4.5. In this CFA analysis, the construct (intrinsic motivation) 

was defined as curiosity and a preference for challenging tasks. The final three (M1, M2, 

M3) represented one latent construct (intrinsic motivation). 
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Context Supporting Creativity 

The confirmatory factor analysis of eight items of the context supporting 

creativity indicated acceptable GOF (χ
2 =47.031, df=20; GFI=0.960; TLI=0.909; 

CFI=0.935; RMSEA=0.068). However, the reversed items 7 and 8 showed very low 

factor loadings and item 6 also showed lower factor loading than 0.5. Consequently, three 

items (C6, C7, C8) were reduced and GOF showed increased robustness (χ
2 =11.139, 

df=5; GFI=0.986; TLI=0.966; CFI=0.983; RMSEA=0.065). The detailed information was  

in Table 4.6. The final five items (C1, C2, C3, C4, C5) represented one construct (context 

supporting creativity). This context component was defined as the environment 

supporting creativity in science, such as the classroom, where teachers being creative 

encouraged students to solve science problems creatively, where a lot of sources were 

available for learning science, various choices are given, and students are encouraged to 

ask questions and share ideas.   

Creativity in Science 

 The confirmatory factor analysis of three raters’ scores of scientific creativity 

revealed high factor loading (SC01=0.81, SC02 =0.67, SC03=0.96). Because this 

construct was a “Just-identified model”, GOF was not calculated. The agreement of the 

three raters of scientific creativity was acceptable (α=.85). This scientific creativity 

construct was defined as a cognitive ability to generate novel and appropriate solutions to 

unfamiliar scientific problems.  
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CFA and Construct Validity 

 Although the items of measurement were carefully selected and were reviewed in 

the early stages, researchers must evaluate the construct validity of a latent construct with 

results of CFA. One of the biggest advantages of CFA was to assess the construct validity. 

Checking how well the measured items truly reflected the latent construct underlying 

those items was very important. In this study, high factor loading (=<0.5) indicated that 

they converged on some common point. The results of CFA indicated that each construct 

was represented well by the items used in the measurement. 
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Table 4.4  

Parameter Estimates of Creative Competence  

Parameter Standardized Removing 

Eight items* 

Removing 

Cm, Ucb 

Creative Competence →Cn (continuations) 

Creative Competence →Cm (completions) 

Creative Competence →New (new elements) 

Creative Competence →Cl (connectins with line) 

Creative Competence →Cth (connections with theme) 

Creative Competence →Bfd (boundary breaking/fragment dependent) 

Creative Competence →Bfi (boundary breaking/fragment independent) 

Creative Competence →Pe (perspective)  

Creative Competence →Hu (humor/emotion) 

Creative Competence →Uca (unconventionality A) 

Creative Competence →Ucb (unconventionality B) 

0.47 

0.56 

0.66 

0.70 

0.69 

0.34 

0.28 

0.63 

0.34 

0.07 

0.50 

 

0.45 

0.71 

0.77 

0.65 

 

 

0.68 

 

 

0.47 

 

 

0.73 

0.81 

0.60 

 

 

0.67 
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Table 4.4  (continued)  

Parameter Estimates of Creative Competence  

Parameter Standardized Removing 

Eight items 

Removing 

Cm, Ucb 

Creative Competence →Ucc (unconventionality C) 

Creative Competence →Ucd (unconventionality D) 

Creative Competence →Sp (speed) 

0.35 

0.31 

-0.18 

  

Note. Eight items=Cn, Bfd, Bfi, Hu, Uca, Ucc, Ucd, Sp. 
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Table 4.5  

Parameter Estimates of Intrinsic Motivation  

Parameter Standardized Removing 

M4/M5/M7 

Removing 

M6 

Removing 

M8 

Intrinsic Motivation →M1 (the  more difficult the problem, the 

more I enjoy trying to solve it) 

Intrinsic Motivation →M2 (I want to my work to provide me with 

opportunities for increasing my knowledge and skills) 

Intrinsic Motivation →M3 (curiosity is the driving force behind 

much of what I do) 

Intrinsic Motivation →M4 (I enjoy simple, straightforward tasks) 

Intrinsic Motivation →M5 (I prefer to figure things out for 

myself) 

Intrinsic Motivation →M6 (what matters most to me is enjoying 

what I do) 

0.56 

 

0.68 

 

0.64 

 

0.27 

0.46 

 

0.51 

 

0.55 

 

0.71 

 

0.67 

 

 

 

 

0.48 

0.61 

 

0.76 

 

0.62 

 

 

 

 

 

0.59 

 

0.82 

 

0.57 
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Table 4.5 (continued)  

Parameter Estimates of Intrinsic Motivation  

Parameter Standardized Removing 

M4/M5/M7 

Removing 

M6 

Removing 

M8 

Intrinsic Motivation →M7 (no matter what the outcome of a 

project, I am satisfied if I feel I gained a new experience) 

Intrinsic Motivation →M8 (I enjoy doing work that is so 

absorbing that I forget about enverything else) 

0.30 

 

0.55 

 

 

0.50 

 

 

0.44 
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Table 4.6 

Parameter Estimates of Context supporting Creativity 

Parameter Standardized Removing C6/C7/C8 

Context supporting Creativity →C1 (I am encouraged to solve problems creatively in 

my class) 

Context supporting Creativity →C2 (my teacher is creative in science) 

Context supporting Creativity →C3 (I feel free to ask questions and share ideas about 

science in my class) 

Context supporting Creativity →C4 (In my class, we have a lot of materials for 

learning science) 

Context supporting Creativity →C5 (I have many choices for learning science, and 

am allowed to choose) 

Context supporting Creativity →C6 (sometimes, I have to work hard in my science 

class) 

Context supporting Creativity →C7 (there are many rules in my classroom) 

0.53 

 

0.61 

0.67 

 

0.68 

   

0.74 

 

0.39 

 

0.02 

0.54 

 

0.61 

0.67 

   

0.66 

 

0.75 
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Table 4.6 (continued) 

Parameter Estimates of Context supporting Creativity 

Parameter Standardized Removing C6/C7/C8 

Context supporting Creativity →C8 (I have too much studying to do in too little 

time) 

-0.05  
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The Structural Model 

 Hypothesized Structural Model and Reduced Structural Model  

The relations among scientific proficiency, creative competence, intrinsic 

motivation, the context supporting creativity, and scientific creativity were explored in a 

structural model. Figure 4.2 clearly illustrated the hypothesized structure model. After 

SEM analysis, I found that scientific creativity was significantly correlated with scientific 

proficiency (parameter estimate=0.73) and with general creative competence (parameter 

estimate=0.18). Two components (intrinsic motivation and context component) were not 

correlated with scientific creativity. But scientific proficiency was positively correlated 

with creative competence (r=0.21, p<.05), the context supporting creativity (r=0.41, 

p<.05), and with intrinsic motivation (r=0.85, p<.05). Intrinsic motivation was positively 

correlated with general creativity (r=0.22, p<.05) and the context supporting creativity 

(r=0.35, p<.05). General creativity did not correlate with the context supporting creativity 

(r=0.10, p=0.163). The hypothesized model of the study provided an adequate fit to the 

given data GOF (χ2 =418.351, df=287, GFI=.905; TLI=.946; CFI=.952; RMSEA=0.039).  

Two insignificant pathways were removed from the hypothesized structural 

model. The removed pathways were that from intrinsic motivation and that from the 

context supporting creativity. The decision for eliminating insignificant pathways was 

made based on the parsimony principle (Kline, 2005). The reduced model showed a more 

reasonable fit (χ2 =201.566, df=130, GFI=.931; TLI=.958; CFI=.965; RMSEA=0.043) 

(see Figure 4.3). Although the use of a parsimony fit index remains controversial, the 

parsimony fit index is used commonly for comparing competitive models. The widely 



 
119      

 

known parsimony normed fit index (PNFI) was applied in this study. The PNFI of the 

reduced structural model (0.771) was higher than the PNFI of the hypothesized structural 

model (0.762). Therefore the reduced model was accepted as a final model (see Figure 4-

3). When four components’ complex relations were simultaneously considered, scientific 

proficiency and creative competence significantly predicted the level of scientific 

creativity. Scientific proficiency and general creativity explained 24% of the variance in 

scientific creativity.  
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Figure 4.2. The hypothesized structural model  

Note. Bold/italic coefficients are not statistically significant (p>.05). 

scientif ic
knowledge

/skills

SPBA

0.49

SF

1.00

SM

0.81

understanding
the nature of

science

U4U2U1

0.60.560.59

attitude
toward
science

A3A2A1

0.83
0.89

A4 A5

scientific
proficiency

0.6 0.8
0.63

0.63

creative
competence

CthClNew

0.590.810.73

Pe

0.67

intrinsic
motivation

M3M2M1

0.60.780.61

context
supporting
creativity

C3C2C1 C4

0.67

C5

scientific
creativity

SC01 SC02 SC03

0.67

-0
.1
6

0.
73 -0
.3
0

0.54

0.56
0.61

0.74
0.66

0.57

0.41 0.21
0.22

0.10

0.35

0.85

0.960.81

0.
18



 
121      

 

 

Figure 4.3. The reduced structural model 

Note. All coefficients are statistically significant (p<.05).
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Specific Analysis of SEM 

 In the reduced structural model, namely the final model, the squared multiple 

correlations of scientific proficiency and scientific creativity (0.43) and creative 

competence and scientific creativity (0.17) were compared. To find the strength of these 

relationships, two estimate parameters (creative competence−scientific creativity and 

scientific proficiency−scientific creativity) were constrained to the same value, “a”. The 

difference of chi-square from this constrained model and the final model without 

constrainets indicated which one was more related to scientific creativity. After the 

analysis, the difference of chi-square was not found [∆χ
2
.05(1)=0.670, P>.05], which 

meant that scientific proficiency and creative competence were similarly related to 

scientific creativity.  

Scientific Proficiency Components 

         Scientific proficiency was significantly related to creativity in science and 

explained 21 % of the variance of creativity in science. I specifically analyzed the data to 

find which aspect of scientific proficiencies was more related to scientific creativity (see 

Figure 4.4).  Three components were highly connected: scientific knowledge/inquiry 

skills and understanding the nature of science (r=0.52, p<.001), understanding the nature 

of science and attitude toward science(r=0.45, p<.001), scientific knowledge/inquiry 

skills and attitude toward science (r=0.39, p<.001). The finding of parameter analysis 

indicated that scientific knowledge/skill and understanding the nature of science 

significantly predicted scientific creativity (estimate parameter=0.18, estimate 

parameter=0.33). The factor of attitude toward science was not related to scientific 
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creativity (estimate parameter=-0.04). Scientific knowledge/skills and understanding the 

nature of science explained 18% of the variance in scientific creativity. Which one was 

more highly correlated with scientific creativity? To answer this question, I compared the 

chi-square between the free model and the constraint model. In the constraint model two 

regression parameters (scientific knowledge/skills−scientific creativity and understanding 

the nature of science −scientific creativity) were adjusted as the same. If the chi-square of 

the free model and the constraint model were significantly different, we could say that 

one of them was more highly correlated with scientific creativity. After analysis, the free 

model’s chi-square was 53.297 with 25 degrees of freedom and the fixed model’s chi-

square was 63.196, df=26.  Because the difference of chi-square (∆ χ2 =9.899, df=1) was 

bigger than 3. 841, I concluded that understanding the nature of science was more highly 

correlated with scientific creativity (estimate parameter=0.31) than scientific 

knowledge/skills was  correlated with scientific creativity (estimate parameter=0.17). 

More specific analysis was made between understanding the nature of science and 

scientific creativity. The first and the fourth item of understanding the nature of science 

(U1, U4) were significant predictors of scientific creativity (estimate parameter=0.16, 

estimate parameter=0.25). The second item (U2) was not related to scientific creativity 

(estimate parameter=0.01). The result of analysis of relationships between scientific 

knowledge/skills and scientific creativity showed that the final science score (SF) and 

science performance based assessment (SPBA) were significantly related to scientific 

creativity (estimate parameter=0.22, estimate parameter=0.16). Mid-term science scores 

did not predict scientific creativity (estimate parameter=0.06). 
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Figure 4.4. The structural model of scientific proficiency 

Note. Bold/italic coefficients are not statistically significant (p>.05). 
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Creative Competence Component 

In the final structural model, creative competence was significantly related to 

scientific creativity (estimate parameter=0.17). Creative competence explained 7% of the 

variance in scientific creativity.   

Intrinsic Motivation Component 

In the final structural model, I found that intrinsic motivation was not correlated 

with scientific creativity. To find out the objectivity of students’ perception about their 

intrinsic motivation, I asked students’ classroom teachers about their perceptions of their 

students’ intrinsic motivation. A total of three classroom teachers (two from first year 

student classes and one from a second year student class) participated in rating their 

students’ intrinsic motivation. The seventy nine students’ average of intrinsic motivation 

was 3.51 (SD=0.66) and the teachers’ average was 3.30 (SD=0.81). To check the 

difference between student perceptions of their intrinsic motivation and teachers’ 

perception of their students’ intrinsic motivation, a t-test was used. The result showed no 

significant difference (t=.177, p=.079). Pearson correlation between student perception of 

their motivation and teacher perception of student motivation was significantly high 

(r=3.75, p<.001).  

Context Component 

The context component was not correlated with scientific creativity in the final 

structural model. To check the objectivity of student perception about the context 

supporting creativity, I asked four science teachers about their perceptions of their 

science classrooms. The mean of four teachers’ perceptions of the context component 
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was 4.13 (SD=0.18). While four teachers believed that they were creative, they supported 

scientific creativity in students, and they built a creative environment, most students 

thought that their science classrooms did not support creativity (M=2.82, SD=0.58). Even 

though I did not analyze teacher perception and student perception about the context 

supporting creativity, because of the small amount of data given from four science 

teachers, the difference in the means shown above indicated that teachers and students 

had different perceptions of the context component. 

Relationships among Components 

The component of scientific proficiency and creative competence predicted the 

level of scientific creativity, but the component of intrinsic motivation and the context 

supporting creativity were not connected with scientific creativity. The interesting finding 

was that intrinsic motivation and context components were significantly related to two 

components (scientific proficiency and creative competence), which were correlated with 

scientific creativity.  

The evidence to support complex interactions was from significant correlation 

among components: science proficiency and creative competence (r=0.21, p<0.05), 

science proficiency and intrinsic motivation (r=0.85, p<0.05), creative competence and 

intrinsic motivation (r=0.22, p<0.05), context supporting creativity and scientific 

proficiency (r=0.41, p<0.05), context supporting creativity and intrinsic motivation 

(r=0.35, p<0.05).  

I examined single regression to investigate the relationship between intrinsic 

motivatin and scientific creativity while controlling the interaction among four 
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components. In the hypothesized structural model, when all regression coefficients and 

correlations were fixed as a zero value, except the regression coefficient between intrinsic 

motivation and scientific creativity, the intrinsic motivation component was significantly 

related to scientific creativity (see Figure 4.5). In other words, if I select two components 

(intrinsic motivation and scientific creativity) and analyze these two, I might find that 

intrinsic motivation is related to scientific creativity (estimate parameter=0.31). Although 

intrinsic motivation was not related to scientific creativity in the simultaneous analysis, 

the simple regression analysis showed that intrinsic motivation was a predictor of 

scientific creativity. Also, in the hypothesized structural model, when all regression 

coefficients and correlations were fixed as a zero value, except the regression between the 

context component and scientific creativity, the context component was not significantly 

related to scientific creativity (estimate parameter=0.06) (see Figure 4.6).  

Based on the findings about correlations and simple regression, I predicted that a 

mediation effect and a moderation effect exist. The mediation effect means that the 

impact of one variable on another goes through the mediator. Namely, a third construct 

gets involved between two constructs. Unlike a mediation effect, a moderating effect 

occurs when a third construct changes the relationship between two constructs.  
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Figure 4.5. The simple analysis of intrinsic motivation and scientific creativity 

Note. All coefficients are statistically significant (p<.05). 
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Figure 4.6. The simple analysis of context supporting creativity and scientific creativity 

Note. Bold/italic coefficients are not statistically significant (p>.05). 
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Mediation Effect 

Baron and Kenny (1986) stated that three conditions are needed for investigating 

a mediation effect: (a) X variable is significantly related to M, (b) X variable is 

significantly related to Y, and (c) M is significantly related to Y.  In the final structural 

model (the reduced structural model), creative competence and scientific proficiency 

were predictors of scientific creativity (see Figure 4.3). Creative competence and 

scientific proficiency were significantly related. I expected that scientific proficiency and 

creative competence components were mediators for scientific creativity. 

To explore the existence of a mediation effect of creative competence, I changed 

the estimate parameter in both scientific proficiency and creative competence (0.21) and 

creative competence and scientific creativity (0.17) to zero (see Figure 4.7 and Figure 

4.8).  The parameter of scientific proficiency and scientific creativity was 0.46 in the 

constraint model, but the parameter of scientific proficiency and scientific creativity was 

0.43 in the free model. In comparison with the constraint model, the relationship of 

scientific proficiency to scientific creativity in the free model diminished when creative 

competence was included. Creative competence definitely played the role of a mediator.  

To find the type of mediation, I hypothesized that the parameter of scientific 

proficiency and scientific creativity, and the parameter of creative competence and 

scientific creativity were the same. The parameter of scientific proficiency and scientific 

creativity (0.43) and the parameter of creative competence and scientific creativity (0.17) 

were fixed the same, “a” (see Figure 4.9). After comparing the free model (see Figure 4.7) 

and the constraint model of mediation (see Figure 4.9), no significant difference in chi-
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square was found [∆χ2
.05(1)=0.67, P>.05]. The path of scientific proficiency to scientific 

creativity did not differ from the path of creative competence to scientific creativity. In 

other words, a weak partial mediation effect existed for creative competence.  

The same procedure was applied to explore the existence of a mediation effect for 

creative competence. When the path was fixed as zero, the parameter of creative 

competence and scientific creativity was 0.26 and when the path was not fixed, the 

parameter of creative competence and scientific creativity was 0.17. The decreased 

estimate parameter was found when scientific proficiency was included. Scientific 

proficiency was certainly a mediator. To find the type of mediation, I hypothesized that 

the parameter of creative competence and scientific creativity, and the parameter of 

scientific proficiency and scientific creativity were the same, fixed the same, “a”. After 

comparing the free model and the constraint model of mediation, a significant difference 

was not found with chi-square [∆χ2
.05(1)=0.67, P>.05]. Scientific proficiency had a weak 

partial mediation effect.  

In conclusion, creative competence influenced the strength of the relationship 

between scientific proficiency and scientific creativity. Scientific proficiency also 

affected the influence of creative competence on scientific creativity. The finding from 

the analysis to investigate moderation effects indicated that scientific proficiency and 

creative competence were crucial components in scientific creativity and showed that the 

interaction between scientific proficiency and creative competence indirectly influenced 

scientific creativity. 
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Figure 4.7.  Mediator effect of creative competence (the free model) 

Note. All coefficients are statistically significant (p<.05). 
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Figure 4.8.  Mediator effect of creative competence (the constraint model) 

Note. All coefficients are statistically significant (p<.05). 
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Figure 4.9.  The constraint model to find the type of mediation of creative competence 
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Moderation Effect 

Based on the correlation results, I hypothesized that the context component and 

the intrinsic motivation component played the role of a moderator. I explored whether or 

not intrinsic motivation changed the relationship between scientific proficiency and 

scientific creativity, and the connection between creative competence and scientific 

creativity. I also investigated whether the context supporting creativity modified the 

association between scientific proficiency and scientific creativity. The investigation of a 

moderation effect was performed by a multi-group analysis. The following was the 

procedure for analyzing data to explore the moderation effect of the context component 

and the intrinsic motivation component.   

To examine the moderation effect on the context component, I first divided it into 

three groups by the percentile of the sum of the context component: A high group, a 

middle group, and a low group. A high group was identified by whether students 

belonged to the top 25th percentile of the sum of the items of the context component 

questionnaire. A low group was in the bottom 25th percentile. The high group consisted 

of 89 students. Seventy six students belonged to the low group. The estimate parameter 

between scientific proficiency and scientific creativity was 0.50 in the high level group 

and the parameter estimate in the low group was 0.30. In summary, the relationship 

between scientific proficiency and scientific creativity in the high group was stronger 

than the relationship between scientific proficiency and scientific creativity in the low 

group.  
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Secondly, the parameter estimate between scientific proficiency and scientific 

creativity in both the high and low groups were equally fixed to find the significance of 

statistical differences. To compare latent parameters across the two groups, I examined 

the difference of chi-square between the free model and the constraint model. The 

constraint model’s chi-square did not significantly differ from the free model 

[∆χ2
.05(1)=1.122, P>.05], which meant that the relationship between scientific proficiency 

and scientific creativity of students in classrooms in which students perceived that 

teachers supported creativity at a high level was similar to the relationship between 

scientific proficiency and scientific creativity of students in a classroom that they 

believed did not support creativity. The construct of the context supporting creativity did 

not play the role of a moderator.  

To examine the moderation effect of the intrinsic motivation factor, students were 

placed into three groups by the 25th and 75th percentile of the sum of scores on the items 

of the intrinisic motivation component questionnaire (high group: N=78 and low group: 

N=79). The intrinsic motivation’s moderation effect on scientific proficiency and 

scientific creativity was investigated. The parameter estimate between scientific 

proficiency and scientific creativity in the high level intrinsic motivation group was 0.41 

and the parameter estimate in the low group was 0.22. These two parameters look 

different, but by comparing chi-square, the findings indicated that no statistically 

significant difference existed [∆χ2
.05(1)=3.119, P>.05]. 

 Because intrinsic motivation was correlated with creative competence, I also 

investigated its moderation effect on creative competence and scientific creativity. 
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Similarly, a multi-group analysis was performed. The parameter estimate of creative 

competence and scientific creativity from the high intrinsic motivation group was 0.18 

and the parameter estimate in the low group was 0.25. These two parameter estimates 

were slightly different, but two chi-squares were similar [∆χ
2
.05(1)=0.008, P>.05]. The 

construct of intrinsic motivation did not play the role of a moderator.  

Summary of Results 

Each Construct was confirmed by the CFA analysis technique. Scientific 

proficiency was represented by the scientific literacy to deeply understand core scientific 

concepts (i.e. all matter is composed of atoms and molecules), to have inquiry skills (i.e. 

formulating hypotheses and research design), to understand the nature of science (i.e. 

observations are used to make scientific theories, these theories are changed by new 

evidence, creativity is necessary in scientific processes), and to prefer learning science/ 

practicing science (i.e. science experiments, collaboration with classmates). Creative 

competence was defined as an ability to generate new ideas with overall perspective, such 

as producing a theme through adding and connecting line/fragments. Intrinsic motivation 

was defined as a preference for challenging tasks and a curiosity for learning. The context 

supporting creativity was defined as a classroom environment supporting scientific 

creativity, such as classrooms where teachers encourage students to solve scientific 

problems creatively. The scientific creativity construct was defined as a cognitive ability 

to generate novel and appropriate solutions to an unfamiliar scientific problem.  

Research questions 1, 2, 3, and 4 were answered by the results of analyses of the 

structural model with simultaneous analysis. Scientific proficiency correlated with 
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scientific creativity. Creative competence was related to scientific creativity. Intrinsic 

motivation and context components did not predict scientific creativity. The strength of 

relationships between scientific proficiency and scientific creativity (estimate 

parameter=0.43) and between creative competence and scientific creativity (estimate 

parameter=0.17) were similar [∆χ2
.05(1)=0.670, P>.05]. Scientific proficiency explained 

21% of the variance in scientific creativity. Creative competence explained 7 % of the 

variance in scientific creativity.  

Research questions 1-1, 1-2, and 1-3 were answered by the results of specific 

analysis of the structural model. Scientific knowledge/skills and understanding the nature 

of science was a predictor of scientific creativity. The component of attitude toward 

science did not relate to scientific creativity. Comparing the strength of the relationship 

between scientific knowledge with scientific creativity and understanding the nature of 

science with scientific creativity indicated that the component of understanding the nature 

of science was more highly correlated with scientific creativity [∆ χ2
.05

 =(1)=9.899, 

P<0.5]. More specific analysis between understanding the nature of science and scientific 

creativity was done. The first and the fourth item of understanding the nature of science 

(U1=”observations are used to make scientific claims”, U4=”creativity is necessary in 

scientific processes”) predicted scientific creativity. The final science score (SF), and 

science performance based assessment score (SPBA) were significant predictors of 

scientific creativity.  

Research question 5 was answered by the analysis to explore mediation and 

moderation effects. Creative competence and scientific proficiency were mediators in 
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scientific creativity. A weak partial mediation effect existed among three components 

(general creativity, scientific proficiency, scientific creativity). I investigated the 

moderation effect of intrinsic motivation and the context component, but a moderation 

effect was not found. Overall, the direct effect and the indirect effect of scientific 

proficiency and creative competence in scientific creativity were found. The direct effect 

was greater than the mediated effect (called the indirect effect).   
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CHAPTER V 

DISCUSSION 

The main purpose of this study was to investigate the dynamic interaction among 

four components related to scientific creativity: scientific proficiency, creative 

competence, intrinsic motivation and a context component. I have applied the Structural 

Equation Modeling (SEM) technique to explore these interactions through simultaneous 

analysis of data. In all, 295 Korean middle school students (first- and second-year) 

participated in this study. This chapter includes a discussion of the findings, suggestions, 

limitations, and implications. I interpreted and discussed the results of each research 

question. Before starting the discussion, the findings of demographic analysis were 

addressed. No gender differences or grade differences were found in student scientific 

creativity. The gifted students’ scientific creativity was dissimilar to other students’ 

scientific creativity. This finding calls for a study considering different characteristics of 

cohorts. 

Conclusions 

Research Question 1.  

To what extent does scientific proficiency influence scientific creativity? 

Scientific proficiency significantly predicted the level of scientific creativity 

(estimate parameter=0.43). Scientific proficiency explained 21 % of the variance of 

creativity in science. The findings have supported my assumption that the extended 

construct, scientific proficiency (what students learn through science education in school), 

influences scientific creativity. In addition, this finding is similar to the reanalysis results 
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of Liang’s data (2002). Scientific proficiency (including science knowledge, 

understanding the nature of science, attitude toward science, problem finding, and 

formulating hypotheses) is a predictor of scientific creativity (estimate parameter=0.95). 

Research Question 1-1) To what extent does a cognitive component in scientific 

proficiency (scientific knowledge and inquiry skills) influence scientific creativity? In the 

specific analysis, scientific knowledge/skills significantly predicted scientific creativity 

(estimate parameter=0.18). Empirical studies support the present finding that scientific 

knowledge/skills are correlated with scientific creativity (Aktmis & Ergin, 2008; 

Beghetto, 2007; Mohamend, 2006; Weiping & Chunjun, 2007). The reanalysis of 

Mohamed’s data showed a statistically significant correlation between scientific 

competence and creativity in science (estimate parameter=0.46) and scientific 

competence and scientific creativity (estimate parameter=0.48).  

In a more specific analysis of structural equation modeling, the following question 

was answered, “Which indicator of scientific knowledge/skills is a better predictor of 

scientific creativity?” The final science score (SF) and science performance based 

assessment (SPBA) were significantly related to scientific creativity (estimate 

parameter=0.22, estimate parameter=0.16). The mid-term science score did not predict 

scientific creativity (estimate parameter=0.06). Why is the mid-term score not related to 

scientific creativity? What does this mean? I realized that we should consider the time. 

The final score and portfolio score were measured on the last day of one semester, but the 

mid-term score was not. The students’ scientific knowledge/skill, measured on the last 

day of the semester, predicts creative performance in science. This demonstrates the 
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influence of education. Scientific knowledge/skills assessed in July predicted scientific 

creativity more than the student scientific knowledge/skills measured in April.  

Research Question 1-2) To what extent does a non-cognitive component in 

scientific proficiency (understanding the nature of science) influence scientific creativity? 

The construct of understanding the nature of science was correlated with scientific 

creativity (estimate parameter=0.33). Liang also found a correlation between this 

component and scientific creativity (r=0.245, p<.01). Through specific analysis, the first 

item (U1) and the fourth item (U4) were crucial predictors of scientific creativity 

(estimate parameter=0.16, estimate parameter=0.25), which means students who 

understand that observations are used to make scientific claims and who understand that 

creativity is necessary in scientific processes have a high possibility of showing scientific 

creativity.  

Research Question 1-3) To what extent does a non-cognitive component in 

scientific proficiency (attitude toward science) influence scientific creativity?Liang (2002) 

found a relationship between attitude toward science and scientific creativity (r=0.591, 

p<.01). Unlike Liang, I found that the attitude toward science component was not 

correlated with scientific creativity (estimate parameter=-0.04). The factor of attitude 

toward science was correlated with the factor of science knowledge/skills (r=0.39) and 

the factor of understanding the nature of science (r=0.45). These correlations (the triangle 

correlation: attitude toward science and scientific knowledge/skills and understanding the 

nature of science) showed the possibility that a factor of attitude toward science indirectly 

influences scientific creativity.  
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In conclusion, scientific proficiency, a high-order construct, was a predictor of 

scientific creativity. Two factors of scientific proficiency, scientific knowledge/skill and 

understanding the nature of science predicted the level of scientific creativity. Comparing 

the strength of the relationships between scientific knowledge with scientific creativity 

and understanding the nature of science with scientific creativity indicated that the 

component of understanding the nature of science is more highly correlated with 

scientific creativity than the component of scientific knowledge [∆ χ2
.05

 =(1)=9.899, 

P<0.5].  Previous research has emphasized domain-relevant skills, such as scientific 

knowledge/skills. I have found that understanding the nature of science as well as 

scientific knowledge/skills are strong factors in scientific creativity. This finding supports 

my research framework, which extends Amabile’s theory.  

Research Question 2.  

To what extent does creative competence influence scientific creativity? 

Creative competence predicted scientific creativity (estimate parameter=0.17) and 

explained 7% of the variance in scientific creativity.  The competence to generate new 

ideas with overall perspective is correlated with scientific creativity, which is a cognitive 

ability to generate novel and appropriate solutions to unfamiliar scientific problems. The 

reanalysis of Liang’s study showed similar results. In Liang’s study creative competence 

of students, measured by a test of divergent thinking, predicts scientific creativity 

measured by self-report and peer-rating (estimate parameter=0.3).  

Research Question 3.  

To what extent does intrinsic motivation influence scientific creativity? 



 

 

144

The intrinsic motivation component was not related to scientific creativity 

(estimate parameter=-0.30). This finding is similar to Helene’s study (2001). Helene 

explored the relations between intrinsic motivation and scientists’ creativity. Scientists’ 

scientific creativity was not correlated with intrinsic motivation. For example, 96 

scientists’ scientific creativity was not correlated with three subscales of scientific 

creativity: Novelty and intrinsic motivation (r=0.07, p>.05), resolution and intrinsic 

motivation (r=0.06, p>.05), and elaboration/synthesis and intrinsic motivation (r=.05, 

p>.05).  

Confusion arises from contrasting previous creativity research. Many creativity 

researchers have found a relationship between intrinsic motivation and creativity. Can we 

say that intrinsic motivation is related to general creativity (not scientific creativity) or 

not? Most creativity researchers applied univariate regression or multiple regressions. 

Does the statistical technique make a difference between their findings and my findings 

through SEM analysis? Using simple regression analysis, I reanalyzed this relationship 

between intrinsic motivation and scientific creativity. An interesting finding was that a 

simple analysis only considering intrinsic motivation and scientific creativity showed a 

significant relationship (estimate parameter=0.31). In summary, the correlation between 

intrinsic motivation and scientific creativity was found in a simple regression analysis, 

but was not found in a SEM analysis. Comparing previous research with my findings 

brings forth many questions and arguments. Is intrinsic motivation related to domain 

specific creativity such as scientific creativity, or not? Is intrinsic motivation a strong 
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factor in creativity? Does intrinsic motivation have an influence on sustainable 

development of creativity?  

To find the reason that the intrinsic motivation component was not related to 

scientific creativity, I checked the student perception of intrinsic motivation and teacher 

perception about their students’ intrinsic motivation. Because a high correlation was 

found (r=3.75, p<.001), I concluded that the student self report is objective. There is not a 

problem in measurement. I also checked my research framework and realized that the 

questionnaire to investigate intrinsic motivation focused on the general domain of 

creativity, not science. When I designed this study, I tried to avoid an overlap with the 

factor of attitude toward science. If I investigate the relationship between intrinsic 

motivation in science tasks and scientific creativity, I might find a significant correlation 

in the SEM analysis. One possible explanation about no correlation between intrinsic 

motivation and scientific creativity is that there is difference between what I measured 

and what the previous researchers measured. In this study, the intrinsic motivation 

component was represented by three items (M1- “the more difficult the problem, the 

more I enjoy trying to solve it”, M2- “I want my work to provide me with opportunities 

for increasing my knowledge and skills”, M3- “curiosity is the driving force behind much 

of what I do”) is not the same thing as a previous researchers’ intrinsic motivation 

construct.  

Three methodological factors may have affected the absence of a correlation 

between intrinsic motivation and scientific creativity: (a) I applied the SEM technique, (b) 

I measured general intrinsic motivation and did not measure intrinsic motivation toward 
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science tasks, in an attempt to avoid an overlap with “attitude toward science” in the 

construct of scientific proficiency, and (c) I used an intrinsic motivation construct 

represented by only three items (M1, M2, M3). Amabile (1996) mentioned the existence 

of complex relationships and called for studies to explore the complex role of intrinsic 

motivation. I agree with her, and believe that future researchers need to explore these 

complexities.    

Research Question 4.  

To what extent does the context influence scientific creativity? 

The findings of the present study indicated that students’ perceptions of their 

classroom environments did not have an influence on the demonstration of scientific 

creativity. This finding is a surprise to me because previous researchers have found 

correlations between the context component and scientific creativity (Lin, Hu, Adey, & 

Shen, 2003; Lee & Erogan, 2007). Niu (2007), focusing on general creativity, showed 

evidence that the environment component is a predictor of creativity. Why is the present 

study’s finding different from the previous studies? The comparison of student perception 

about the science classroom and four science teacher’s perceptions of the science 

classroom was applied. I found that student perception is different from teacher 

perception. Teachers believed that their classroom environment was supportive and 

facilitated scientific creativity in students, but students said that they were not supported 

by teachers. One possible explanation of this phenomenon is that teachers think only 

about their own classroom environments, while students consider all three science 

teachers’ classrooms. When students responded to the questionnaire, I am not sure that 
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they responded considering the average level of the three science teachers’ classrooms or 

one science teacher’s classroom. Some students have the same teacher for all science 

classes and some have three different science teachers. A problem in my research design 

and procedure may be the reason that I found no correlation between the context 

component and scientific creativity. For example, in this study’s design, it would be 

better to have experts who rate each science teacher’s environment. The judge’s rating is 

more objective than teacher’s self-report. I suggest that future researchers carefully 

design studies to investigate the environment component. Many researchers believe the 

environment influences creativity, but the empirical studies are lacking. I also suggest 

that a well-designed future study exploring the effectiveness of context components in 

scientific creativity research is necessary.  

Research Question 5.  

To what extent are the components related to each other? 

Twenty four percent of the variance in scientific creativity was explained by 

scientific proficiency and creative competence. The strength in relationships between 

scientific proficiency and scientific creativity (estimate parameter=0.43) and between 

creative competence and scientific creativity (estimate parameter=0.17) are similar, 

which means that scientific proficiency and creative competence components are equally 

related to scientific creativity. A significant correlation between scientific proficiency and 

creative competence also was found. In other words, the relationships among scientific 

proficiency, creative competence, and scientific creativity are triangular.  
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A mediation effect was found through SEM analysis in the present study. Creative 

competence and scientific proficiency played the role of mediator in scientific creativity. 

Scientific proficiency directly influenced scientific creativity and indirectly influenced 

scientific creativity through creative competence. Creative competence also partially 

mediated between scientific proficiency and scientific creativity. Three constructs 

(scientific proficiency, creative competence, scientific creativity) interacted with with 

each other. However, the direct effect was stranger than indirect effect.  

These findings explain a practical phenomenon. A student has scientific 

proficiency but does not always show creative performance in science. Why does this 

happen? The relationship between scientific proficiency and scientific creativity is 

influenced by a triangular relationship (scientific proficiency−creative 

competence−scientific creativity). Here is my hypothesized scenario: Two students have 

the same score in both a creative competence test and a scientific proficiency test, like a 

score of 7 and 8 (total 15). A researcher measures scientific creativity in two students and 

finds two different scores. One student shows a score of 15 which means a low level of 

scientific creativity.  The other student shows a score of 20 which means a high level of 

scientific creativity. Although the two students have similar abilities, they show different 

creative performance in science. According to the present study’s findings, the reason is 

the existence of a mediation effect. The student with high level scientific creativity has a 

strong correlation between creative competence and scientific proficiency. In other words, 

the total score is increased through these interactions (scientific proficiency and creative 

competence). 
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Scientific proficiency weakly mediated the relationship between creative 

competence and scientific creativity. Creative competence also partially mediated the 

relationship between scientific proficiency and scientific creativity. Given the results of 

the present study, I cannot tell which mediation effect is stronger. The finding of 

reanalysis of Liang’s data (2002) indicated that the scientific proficiency component 

completely mediated in relation to creative competence and scientific creativity. In the 

present study, when scientific proficiency is included in the relation between creative 

competence and scientific creativity, the estimate parameter of creative competence and 

scientific creativity decreased more than the change of the estimate parameter of 

scientific proficiency and scientific creativity, when creative competence is included in 

the relation between scientific proficiency and scientific creativity. I assume with the 

present results and the reanalysis of Liang’s study that scientific proficiency is a stronger 

mediator than creative competence. Previous creativity researchers have not considered 

the triangular relationship and have not measured the relationship between creative 

competence and scientific proficiency. I suggest an accurate study to explore the three 

components’ interactions (scientific proficiency, creative competence, scientific 

creativity). 

The reanalysis of Niu’s study (2007) implicates a complex interaction among 

components related to creativity. I analyzed the data with an expectation of these 

complex interactions among the four components. Although intrinsic motivation and 

context components were not correlated with scientific creativity, these two components 

were related to creative competence and scientific proficiency. I decided to investigate 



 

 

150

the moderation effect with assumptions. For example, in the high intrinsic motivation 

group, students’ scientific proficiency is strongly related to scientific creativity. And in 

the lower intrinsic motivation group, there was a smaller relationship between scientific 

proficiency and scientific creativity. Is the moderation effect important? Based on the 

present study’s finding, I can say that scientific proficiency and creative competence are 

core components in all students’ scientific creativity. If the strength of the triangular 

relationship among scientific proficiency, creative competence, and scientific creativity 

depends on students’ intrinsic motivation and the context component, the understanding 

of the moderation effect of intrinsic motivation and the context component is essential 

when educators help students to develop scientific creativity. The moderation effects of 

the intrinsic motivation component and the context supporting creativity component were 

investigated through multi-group analysis. Unlike my expectations,  statistically 

significant results were not found.   

Limitations of the Study 

 Several limitations are recognized in the current study. With respect to technical 

problems, first, this study cannot be generalized to all middle school students, because the 

data were collected from one public school in Korea. Second, measurement concerns 

should be considered, because one judge scored the TCT-DP to measure student creative 

competence. Third, during the CFA of the construct, four components (scientific 

knowledge/skills, understanding the nature of science, intrinsic motivation, and scientific 

creativity) were identified by only three indicators. The just-identified model is fine, but a 

model with several indicators to clearly explain one construct is needed.   
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 While high factor loading and high goodness-of-fit in CFA analysis of the present 

study indicated that the measured items actually reflect the latent construct, the 

theoretical problems with construct validity exist. For example, in the operational 

definition section of chapter 3, I defined “intrinsic motivation” as a preference for 

challenging tasks, curiosity, enjoyment of complex tasks, preference for independently 

solving problems, preference for new experiences, enjoyment of what I do, and 

engagement in what I do. Eight items from the 15 items of the Work Preference 

Inventory (Amabile, Hill, Hennessey & Tighe, 1994) were used. After CFA analysis of 

the construct of attitude toward science, the scope of the latent construct was reduced 

because 3 items from the 8 original items represented one construct. I finally re-defined 

intrinsic motivation as a preference for challenging tasks and curiosity in learning. Is the 

construct of “intrinsic motivation” represented well by three items? I cannot say that 

three items represent the whole of the construct of intrinsic motivation. All I can say is 

that the construct represented by three items explains part of the construct of intrinsic 

motivation. The argument about what these three items really represent is still ongoing. 

Another theoretical problem was found in overall results. Cognition and high-level 

cognition (i.e., such as scientific proficiency and creative competence) were related to 

scientific creativity while intrinsic motivation and the context component, classified as 

non-cognitive factors, were not related to scientific creativity. An error occurs through 

similarity of measurement. For example, one researcher explores the relationship between 

creative competence and motivation. The researcher, by using two questionnaires, finds a 

relationship between creative competence and motivation. Is there a correlation between 
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creative competence and motivation? Is there a correlation between the two self-report 

measurements? Scientific creativity and creative competence were assessed by a 

cognitive test, while intrinsic motivation and the context components were measured by 

self-report. The possibility exists that the similarity of measurement increases the 

correlation between creative competence and scientific creativity. The theoretical 

problem might be related to the application of the SEM technique. This powerful SEM 

analysis is a confirmatory technique that must be based on previous theories and 

empirical studies. Although the present study is based on the extended framework of 

Amabile’s theory, this study is a confirmatory and exploratory study, because of the lack 

of theories and empirical studies. 

 Implications for Creativity Research and Practices in Education  

Although limited, this study is a landmark in creativity research. This empirical 

study is unique in its verification of complex interactions among key components of 

scientific creativity under the framework of simultaneous analysis. The most important 

implication of the study is in laying the foundation of a theoretical a framework to 

explain scientific creativity. In chapter 1, I noted that a theoretical framework for 

scientific creativity is rare. The correlations among scientific proficiency, creative 

competence, and scientific creativity give a hint for the development of a theoretical 

framework for scientific creativity. Some creativity researchers, interested in cognition, 

investigate the correlation between IQ and creative ability or the correlation between 

scientific knowledge (domain-relevant skill) and scientific creativity. Other creativity 

researchers, interested in whether creativity is domain-specific or domain-general, 
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explore the relation between general creativity and domain-specific creativity. What I 

found in this study is that scientific proficiency is related to creative competence. This 

finding is supported again by the result of the reanalysis of Liang’s data (2002), the 

correlation between creative competence and scientific proficiency (estimate 

parameter=0.5).  

Most creativity researchers explore the correlation between domain specific 

knowledge and domain specific creativity. For example, the relationship between science 

test scores and scientific creativity is commonly investigated. I suggest that creativity 

researchers consider both unique non-cognitive factors (i.e., attitude) and unique 

cognitive factors (i. e., understanding the nature of science) in specific domains, as well 

as domain-relevant skills (scientific knowledge/skills), because students increase positive 

attitudes toward science and deeply understand the nature of science, as well as develop 

scientific knowledge/skills through science education in a school setting. Unlike Amabile, 

I have included a unique cognitive factor, called “understanding the nature of science”. 

The science education community emphasizes this component in the National Standards.   

The results of this study support my research framework. A correlation between 

the construct of understanding the nature of science and the scientific creativity construct 

was found (estimate parameter=0.33). Students who understand what science is show a 

high level of scientific creativity. An interesting finding is that the scientific creativity of 

students, who believe that science is a creative process, is at a high level. I suggest that 

future researchers include a unique cognitive factor and a non-cognitive factor in domain 

specific creativity studies.   
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Given these findings, I have demonstrated one example of a framework for 

scientific creativity (see Figure 5.1). I divided the position of five constructs into two 

layers. Three components are in the first layer (scientific proficiency, creative 

competence, scientific creativity). The first layer means that constructs strongly influence 

each other. Two components (intrinsic motivation, context component) are in the second 

layer, which means an indirect effect or weak correlations. I suggest that researchers 

investigate which component is strongly related and which one is in weaker. For example, 

I put the factor, “Intrinsic motivation toward science tasks” in the second layer, because 

the studies of intrinsic motivation show conflicting results. If I find significant 

correlations between “intrinsic motivation toward science” and scientific creativity 

through SEM analysis, I can move the position of the factor, “intrinsic motivation toward 

science tasks” into the first layer. 

I expect that this new approach should stimulate creativity researchers and 

contribute to understanding the nature of creativity as well as scientific creativity. I also 

expect that the creativity research community can develop a framework to explain 

scientific creativity with the present study’s findings. Recent creativity researchers 

emphasize the need to develop a theoretical framework for scientific creativity (Charyton 

& Snelbecker, 2007; Hu & Adey, 2002). The framework for scientific creativity inspires 

the development of a more effective measurement. There is clearly a need to examine the 

interaction further. Several suggestions can be made for creativity researchers:  
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Figure 5.1. The hypothetical framework for scientific creativity. 
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● Identify crucial components in scientific creativity. For example, in this study, I 

hypothesized that four components (scientific proficiency, creative competence, 

intrinsic motivation, context components) are core factors in scientific creativity. 

As a non-cognitive component, intrinsic motivation did not predict scientific 

creativity. The type of motivation is varied (e.g., intrinsic motivation focused on a 

task, achievement motivation, extrinsic motivation) and the type of creative 

personality is diverse (e.g., risk-taking, patience, openness).  

● Develop a framework considering the relationships among crucial components. 

The results from studies without a framework show fragmented findings. 

Although Liang’s study is very important, the explanations about findings were 

not integrated. For example, “resistance to closure” predicts scientific creativity. 

Unlike Liang, Niu investigated creativity based on Sternberg’s theory and found 

that the environmental component was strongly related to creative performance. 

The reason that many researchers cannot find meaningful results can be attributed 

to the absence of a research framework. A study to see the big picture is necessary. 

● Study the complex interactions using SEM analysis. In this study, the 

application of SEM analysis makes it possible to find a mediation effect for 

scientific creativity and creative competence in scientific creativity. When 

intrinsic motivation was investigated with other components at the same time, 

intrinsic motivation was not a strong factor in scientific creativity.  

● Research considering student development. Although I did not intentionally 

design research considering student development (the growth of ability), the 
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findings of this study show the importance of such development. The final science 

test score was related to scientific creativity, but the mid-term score was not 

related to scientific creativity. A study designed for considering student growth, 

called longitudinal research, will explain what I cannot cover in this study.  

 

The present study introduces essential practical implications in developing 

scientific creativity in students. Evidence shows that scientific proficiency, which is 

developed by formal science education, is an important factor and impacts scientific 

creativity. Creative competence, which is not frequently taught in the formal education 

system, is a key factor. These two factors mediate each other. Therefore, I suggest the 

following strategy to educators: 

● Develop scientific proficiency. This study’s findings show that what students 

learn in a science classroom is essential to scientific creativity. 

● Help students to deeply understand the nature of science. Although teaching the 

nature of science is included in the national standards of science education, many 

teachers overlook this component’s importance. Teachers must teach that science 

is a creative process.  

● Develop creative competence. If you are an elementary school teacher, you can 

teach creative thinking skills in various content areas. If you are a biology teacher, 

collaboration with other sciences is the best way to develop general creative 

competence in students.  
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● Understand the mediation effect of scientific proficiency and creative 

competence. For example, if a director of the center for education for the gifted 

understands these mediation effects in scientific creativity, the director will 

identify the gifted students in science through three types of measures (scientific 

proficiency, creative competence, and scientific creativity). 

● Consider the differences between cohorts in scientific creativity. Gifted students’ 

scientific creativity is different from the scientific creativity of students a regular 

classroom. Teachers must apply differentiated instruction. 

 

Final Thoughts 

Creativity is increasingly regarded from a socio-economic perspective. Most 

people as well as students want to develop their creativity in various fields. Even in the 

desire for creativity we do not know what creativity is, because studies of creativity are 

not common or extensive. Sternberg (2006), famous for his studies of creativity, 

confessed that “I have been trying to understand the nature of creativity, as well as how 

to measure and develop it for 25 years but I have no idea where it will lead” (p. 11). I 

have no idea what is the right next step in creativity research. The present study is just 

one trial to know more about scientific creativity. I expect that the present findings will 

contribute to our understanding of the interactions among several components of 

scientific creativity. The finding of the present study indicated that if students deeply 

understand the nature of science, if students have knowledge/skill, if students have high 

scientific proficiency developed by formal science education, and if students have the 
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ability to generate new ideas considering overall viewpoints, these students will show 

scientific creativity. If you want to be creative in science, please consider this finding. 

Conducting this study has strengthened my belief that all people can be creative. 
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APPENDIX A 

 RECRUITMENT MATERIALS (ENGLISH)  
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Dear Teachers, Students, and Parent/Legal Guidance 

 

Hi, I am a doctoral student of University of Arizona. To introduce my study to you is an 

honor. Recently, Howard Gardner (2007), known for his theory of multiple intelligence, 

published the book, "Five minds for the future." He explained five minds that people 

must have and must develop for the future. Among five minds, one is the creating mind. 

Currently, people who live in a storm of technology and science are familiar with terms 

like creativity and innovation. People naturally accept the idea that creativity is necessary 

for the future in every field. If so, how well do teachers help students develop their 

creativity for their future in school? What obstructs the students' development of 

creativity in school? The answers of these questions remain uncovered. My goal as a 

teacher is to help students to develop their creativity in school. In this study, I will 

investigate Korean middle school students' scientific creativity. Specifically, I will 

explore the dynamic interactions among four components of scientific creativity (i.e. 

scientific proficiency, creative competence, intrinsic motivation and the context). For 

example, I will investigate which components strongly influence students' scientific 

creativity. To measure the key four components of scientific creativity, students' science 

achievement scores will be reviewed. One questionnaire set and two tests will be used for 

students. Students' answers will not be graded. Also, teachers will be asked about 

motivation and classroom environment. I will share the finding of study with you and 

will give you information about how to develop creativity in science. Participation in this 

study is voluntary. Teachers' participation and refusing to participate will have no effect 
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on your teaching and employment. Students' participation and refusing to participate will 

have no effect on your grade and learning. All of participants' answers will be concealed 

and only used for research. If you have a question about this study, please contact me 

(520-256-3140 or josonmi@email.arizona.edu). If you are interested in this study and 

want to participate in this study, please return the consent form and the assent form with 

sign. Thank you for your time and help. 

 

Son Mi Jo  

Doctoral Student, Special Education, University of Arizona 

+2-520-256-3140 (Email: josonmi@email.arizona.edu)  
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APPENDIX B 

RECRUITMENT MATERIALS (KOREAN) 
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연구에연구에연구에연구에 대한대한대한대한 설명서설명서설명서설명서 
 
 
 안녕하세요. 저는 아리조나 주립대학의 박사 과정에 있는 조선미입니다. 
선생님들께 제 연구를 소개하게 되어 기쁩니다. 최근 다중 지능이론가로 알려진 
하워드 가드너가 "미래를 위한 다섯 가지 마음"이라는 책을 출판했습니다. 책에서 
그는 미래를 위해서 발달 시켜야할 마음 중 하나가 창의성이라고 말하고 있습니다. 
첨단 기술의 급속한 발전 속에 살고 있는 우리는 창의성, 혁신이라는 용어를 매일 
접하면서 살고 있습니다. 많은 사람들이 자연스럽게 창의성이 미래의 모든 
분야에서 중요하다고 생각합니다. 그렇다면 미래를 준비해야 하는 우리들의 
학생들은 학교에서 창의성이 신장되고 있나요? 무엇이 학생들의 창의성 발달을 
방해하고 있나요? 학생들의 창의성에 대한 연구가 중요함에도 불구하고 연구가 
미흡한 실정입니다. 이 연구의 목적은 학교 시스템 안에서 학생들의 과학적 
창의성을 신장시키는데 영향을 미치는 요인들의 관계를 살펴보고자 하는 것입니다.  
 
좀 더 자세히 설명 드리면, 과학적 창의성과 관련된 요인들 (동기, 과학 성적, 
창의적 능력, 학습환경)간의 관련성을 조사하고자 합니다. 연구를 위해서 연구자는 
학생들의 과학 성적을 살펴볼 것입니다. 학생에게는 하나의 설문지와 2 개의 
테스트가 실시될 예정이며 선생님들께는 하나의 설문조사가 실시될 예정입니다. 
모든 반응은 점수화되지 않습니다. 연구자는 연구결과를 요약하여 제공할 것이며 
또한 과학적 창의성을 발달시키기 위한 유용한 정보를 제공할 것입니다. 이 연구의 
참여는 자발적이며 모든 데이타는 비밀유지가 보장됩니다. 연구의 참여 여부와 
반응은 절대로 학습권과 교육권을 침해하지 않습니다. 참여 부탁 드립니다. 시간 
내어 주셔서 감사합니다.  
 
조선미 
특수교육전공 박사과정 
아리조나 주립대 
연락처: 010-3144-9693 
이메일: josonmi@gmail.com 
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APPENDIX C 

QUESTIONNAIRE AND TEST (ENGLISH) 
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Direction: here are some statements about your perception of science. On a scale of 1 to 5, 

where 1 is "not at all true" and 5 is "completely true". Please circle the number that 

indicates your opinion for each statement. 

● I would enjoy studying science 1 2 3 4 5 

● I would like to work with peers to solve scientific problems 1 2 3 4 5 

● I may not make great discoveries, but working in science would 

be fun 
1 2 3 4 5 

● I would like to be a scientist 1 2 3 4 5 

● Working in science laboratory would be fun 1 2 3 4 5 

 

This section is about your understanding of the nature of science. The level of the scale is 

the same. Please circle the number that indicates your opinion for each statement. 

● Observations are used to make scientific claims 1 2 3 4 5 

● Theories change due to new evidence 1 2 3 4 5 

● Theories and laws are different kinds of knowledge 1 2 3 4 5 

● Creativity is necessary in scientific processes 1 2 3 4 5 

● The interpretation of data is subjective 1 2 3 4 5 

● Science has a unique culture 1 2 3 4 5 
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This section is about your intrinsic motivation. The level of the scale is the same. Please 

circle the number that indicates your opinion for each statement. 

● The more difficult the problem, the more I enjoy trying to solve 

it 
1 2 3 4 5 

● I want my work to provide me with opportunities for increasing 

my knowledge and skills 
1 2 3 4 5 

● Curiosity is the driving force behind much of what I do 1 2 3 4 5 

● I enjoy simple, straightforward tasks 1 2 3 4 5 

● I prefer to figure things out for myself 1 2 3 4 5 

● What matters most to me is enjoying what I do 1 2 3 4 5 

● No matter what the outcome of a project is, I am satisfied if I 

feel I gained a new experience. 
1 2 3 4 5 

● I enjoy doing work that is so absorbing that I forget about 

everything else 
1 2 3 4 5 
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This section is about your perception of the classroom environment. The level of the 

scale is the same. Please circle the number that indicates your opinion for each statement. 

● I am encouraged to solve problems creatively in my class 1 2 3 4 5 

● My teacher is creative in science 1 2 3 4 5 

● I feel free to ask questions and share ideas about science in my 

class 
1 2 3 4 5 

● In my class, we have a lot of materials for learning science 1 2 3 4 5 

● I have many choices for learning science, and am allowed to 

choose 
1 2 3 4 5 

● Sometimes, I have to work hard in my science class 1 2 3 4 5 

● There are many rules in my classroom 1 2 3 4 5 

● I have too much studying to do in too little time 1 2 3 4 5 

 

* What grade are you in? (First year or second year middle school students) 

* How old are you? (               ) 

* What's your gender? (Male or female) 

* Have you ever participated in a gifted education program? (Yes or No) 

* If answer is yes, please explain your answer. What content do you learn in the gifted 

education program? 
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Scientific Creativity Test 

Imagine the movie “Alice in Wonderland.” You move to a new planet. Suddenly three 

forms of matter (solid, liquid and gas) all changed to solids. What happened on this 

planet? Explain what would happen in this situation, based on your scientific 

knowledge and imagination. 
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Test for Creative Thinking-Drawing Production (TCT-DP) 

In front of you is an incomplete drawing. The artist who started it was interrupted 

before he or she actually knew what should become of it. You are asked to continue 

with this incomplete drawing. You are allowed to draw whatever you wish. You cannot 

draw anything wrong. Everything you put on the paper is correct. Please, make a title. 

When you finish your drawing, please, give a sign, so that I can take it.  
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APPENDIX D 

SURVEY TO BE COMPLETED BY TEACHER (ENGLISH) 

  



 

 

172

Directions: Here are some statements about your perception of your classroom 

environment. On a scale of 1 to 5, where 1 is "not at all true" and 5 is "completely true". 

Please circle the number that indicates your opinion about each statement. 

● Students are encouraged to solve problems creatively in my 

class 
1 2 3 4 5 

● I am creative in science 1 2 3 4 5 

● I make students feel free to ask questions and share ideas about 

science in my class 
1 2 3 4 5 

● I support a lot of materials for learning science 1 2 3 4 5 

● I give students many choices for learning science and allow to 

choose 
1 2 3 4 5 

● Sometimes, I make students study hard in my science class 1 2 3 4 5 

● There are many rules in my classroom 1 2 3 4 5 

● My students have too much studying to do in too little time 1 2 3 4 5 
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Directions: Here are some statements about your students' motivation. Please, carefully 

read each statement and rate all of your classroom students' level of motivation. On a 

scale, 1 is "very low" and 5 is "very high". 

• The more difficult the problem, the more this student enjoys trying to solve it 

• This student wants her or his work to provide him or her with opportunities for 

increasing his/her knowledge and skills 

• Curiosity is the driving force behind much of what this student does 

• This student enjoys simple, straightforward tasks 

• This student prefers to figure things out for himself/herself 

• What matters most to this student is enjoying what he or she does 

• No matter what is the outcome of a project, this student is satisfied if he or she 

feels he or she gained a new experience. 

• This student enjoys doing work that is so absorbing that he or she forget about 

everything else 
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Directions: Here are some statements about your students' motivation. Please, carefully 

read each statement and rate all of your classroom students' level of motivation. On a 

scale, 1 is "very low" and 5 is "very high". 

 1.Student 
name 

2.Student 
name 

3.Student 
name 

4.Student 
name 

5.Student 
name 

1. The more difficult the 
problem, the more this 
student enjoys trying to solve 
it 

     

2. This student wants her or 
his work to provide him or 
her with opportunities for 
increasing his/her knowledge 
and skills 

     

3. Curiosity is the driving 
force behind much of what 
this student does 
 

     

4. This student enjoys 
simple, straightforward tasks 
 

     

5. This student prefers to 
figure things out for 
himself/herself 
 

     

6. What matters most to this 
student is enjoying what he 
or she does 
 

     

7. No matter what is the 
outcome of a project, this 
student is satisfied if he or 
she feels he or she gained a 
new experience. 

     

8. This student enjoys doing 
work that is so absorbing 
that he or she forget about 
everything else 
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APPENDIX E 

QUESTIONNAIRE AND TEST (KOREAN) 
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학생용 설문조사 

다음 문항들은 여러분의 과학에 대한 인식도를 물어 보는 것입니다. 각 문항을 읽고 그 

문항이 여러분의 생각을 잘 표현하는지를 판단하여 해당번호에 Ο표 해주세요. 가장 잘 

표현했다고 생각되면 5점에 표시를 하시고 표현이 가장 안되었다고 생각하시면 1점에 

표시를 해주세요. 

• 나는 과학을 공부하는 것이 좋다 1 2 3 4 5 

• 나는 과학문제를 친구들과 해결하는 것을 좋아한다 1 2 3 4 5 

• 나는 대단한 발견을 하지는 못 했지만, 과학이 재미있다 1 2 3 4 5 

• 나는 과학자가 되고 싶다 1 2 3 4 5 

• 과학실험실 활동이 재미있다 1 2 3 4 5 

 

다음 문항들은 여러분의 과학의 특성에 대한 이해 정도를 물어 보는 것입니다. 각 문항을 

읽고 그 문항이 여러분의 생각을 잘 표현하는지를 판단하여 해당번호에 Ο표 해주세요.  

• 과학적 주장을 하기 위해서는 관찰된 자료가 필요하다 1 2 3 4 5 

• 새로운 증거가 발견되면 과학 이론은 바뀐다 1 2 3 4 5 

• 과학적 이론과 법칙은 다른 지식 체계이다 1 2 3 4 5 

• 과학적 과정에서 창의성이 필요하다 1 2 3 4 5 

• 과학 자료의 해석은 주관적이다 1 2 3 4 5 

• 과학은 독특한 문화를 갖고 있다 1 2 3 4 5 
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다음 문항들은 여러분의 내적 동기에 대해 물어 보는 것입니다. 각 문항을 읽고 그 문항이 

여러분의 생각을 잘 표현하는지를 판단하여 해당번호에 Ο표 해주세요.  

• 나는 문제가 어려울수록 더 해결하려고 노력한다 1 2 3 4 5 

• 나는 내 지식을 넓혀줄 수 있는 학습을 좋아한다 1 2 3 4 5 

• 호기심이 학습하는데 원동력이 된다 1 2 3 4 5 

• 나는 단순한 과제를 좋아한다 1 2 3 4 5 

• 나는 스스로 해결하는 것을 좋아한다 1 2 3 4 5 

• 나에게 가장 중요한 것은 내가 하고 있는 것을 즐기고 있다는 

사실이다 
1 2 3 4 5 

• 프로젝트의 결과는 중요하지 않다. 나에게 중요한 것은 

새로운 경험을 했다는 것이다 
1 2 3 4 5 

• 나는 무엇인가에 열중(몰입)하는 것을 좋아한다 1 2 3 4 5 
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다음은 여러분의 수업환경에 대해 물어 보는 것입니다. 각 문항을 읽고 그 문항이 여러분의 

생각을 잘 표현하는지를 판단하여 해당번호에 Ο표 해주세요.  

• 나는 수업에서 창의적으로 문제를 해결하도록 격려 받는다 1 2 3 4 5 

• 나의 선생님은 과학적 창의성을 갖고 있다 1 2 3 4 5 

• 나는 과학수업 시간에 자유롭게 질문하고 생각을 공유한다 1 2 3 4 5 

• 수업에서, 나는 과학학습을 위한 많은 자료를 제공 받는다. 1 2 3 4 5 

• 나는 과학수업시간에 선택의 기회가 많다 1 2 3 4 5 

• 때때로, 나는 과학시간에 공부를 많이 해야 한다. 1 2 3 4 5 

• 교실에 지켜야 할 규칙이 많다. 1 2 3 4 5 

• 나는 해야 할 공부량에 비해 시간이 넉넉하지 않다 1 2 3 4 5 

  

* 학년: (     )    

* 연령: (    )    

* 성별: (    ) 

* 영재교육기관에 참여한 경험이 있나요? (     ) 

* 있다면, 어떤 기관에서 무엇을 배웠는지 간략히 설명해주세요 (      ) 
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학생용 과학적 창의성 검사 

* 영화 앨리스의 이상한 나라를 상상해 보세요. 여러분이 새로운 외계의 행성으로 

이동했다고 상상해 보세요. 그런데 어느날 주변의 물체(고체, 액체, 기체)들이 모두 

고체로 변했습니다. 이 행성에서 무슨 일이 벌어졌을까요? 여러분의 과학적 지식과 

상상력을 동원해서 이 상황을 설명해주세요. 
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학생용 일반창의성 검사  

* 여러 분 앞에 미완성 그림이 있습니다. 화가가 그림을 그리다가 완성을 못 했습니다. 

여러분이 이 그림을 완성해주세요. 원하는 대로 그림을 완성할 수 있습니다. 여러분이 

그리는 것은 정답이 없습니다. 완성한 후에 제목을 써주세요. 모든 끝낸 후에 손을 

들어주세요. 

 

  

  



 

 

181

APPENDIX F 

SURVEY TO BE COMPLETED BY TEACHER (KOREAN) 
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교사용 설문지 

다음은 여러분의 수업환경에 대한 인식도에 대한 문항입니다. 각 문항을 읽고 그 문항이 

여러분의 생각을 잘 표현하는지를 판단하여 해당번호에 Ο표 해주세요. 가장 잘 

표현했다고 생각되면 5점에 표시를 하시고 표현이 가장 안되었다고 생각하시면 1점에 

표시를 해주세요. 

• 나는 학생들에게 창의적으로 문제를 해결하도록 격려한다 1 2 3 4 5 

• 나는 과학적 창의성이 있다 1 2 3 4 5 

• 나는 과학 수업시간에 학생들이 자유롭게 질문 하고 생각을 

공유하도록 한다 
1 2 3 4 5 

• 나는 과학 수업을 위해 많은 자료를 제공한다 1 2 3 4 5 

• 과학수업에서 나는 학생들에게 선택의 기회를 많이 준다 1 2 3 4 5 

• 때때로, 학생들이 과학시간에 공부를 열심히 하게끔 한다 1 2 3 4 5 

• 내 교실에서는 지켜야 할 규칙이 많다 1 2 3 4 5 

• 내 학생들은 해야 할 공부량에 비해 시간이 넉넉하지 않다 1 2 3 4 5 

 
다음의 동기에 대한 각 문항을 읽고 학생들의 동기수준을 평가해주세요.  

• 이 학생은 문제가 어려울수록 더 해결하려고 노력한다 
• 이 학생은 지식을 넓혀 줄 수 있는 학습을 좋아한다 
• 이 학생에게는 호기심이 학습하는데 원동력이 된다 
• 이 학생은 단순한 과제를 좋아한다 
• 이 학생은 스스로 해결하는 것을 좋아한다 
• 이 학생에게 중요한 것은 자기가 하고 있는 것을 즐기고 있다는 사실이다 
• 이 학생에게는 프로젝트의 결과보다는 새로운 경험을 했다는 사실이 더 
중요하다 

• 이 학생은 무엇인가에 열중하는 것을 좋아한다 
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다음의 동기에 대한 각 문항을 읽고 학생들의 동기수준을 평가해주세요. 가장 잘 

해당된다고 생각되시면 5점을 주시고, 해당되지 않는다고 생각하시면 1점을 주세요. 

 학생 

이름 

학생 

이름 

학생 

이름 

학생 

이름 

학생 

이름 

1. 이 학생은 문제가 어려울 수록 더 

해결하려고 노력한다 

     

2. 이 학생은 지식을 넓혀줄 수 있는 학습을 

좋아한다 

     

3. 이 학생에게는 호기심이 학습하는데 

원동력이 된다 

     

4. 이 학생은 단순한 과제를 좋아한다      

5. 이 학생은 스스로 해결하는 것을 

좋아한다 

     

6. 이 학생에게 중요한 것은 자기가 하고 

있는 것을 즐기고 있다는 사실이다 

     

7. 이 학생에게는 프로젝트의 결과보다는 

새로운 경험을 했다는 사실이 더 중요하다 

     

8. 이 학생은 무엇인가에 열중하는 것을 

좋아한다 
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