ASSESSING CREATIVE PROBLEM SOLVING ABILITY IN MATHEMATICS:
REVISING THE SCORING SYSTEM OF THE DISCOVER MATHEMATICS
ASSESSMENT
by
Sema Tan
_______________________
Copyright © Sema Tan 2015

A Dissertation Submitted to the Faculty of the
DEPARTMENT OF DISABILITY AND PSYCHOEDUCATIONAL
STUDIES
In Partial Fulfillment of the Requirements
For the Degree of
DOCTOR OF PHILOSOPHY
WITH A MAJOR IN SPECIAL EDUCATION
In the Graduate College of
THE UNIVERSITY OF ARIZONA

2015

2

THE UNIVERSITY OF ARIZONA
GRADUATE COLLEGE
As members of the Dissertation Committee, we certify that we have read the dissertation
prepared by Sema Tan, titled Assessing Creative Problem Solving Ability In
Mathematics: Revising The Scoring System Of The DISCOVER Mathematics
Assessment and recommend that it be accepted as fulfilling the dissertation requirement
for the Degree of Doctor of Philosophy.
_______________________________________________________________________

Date: 11/23/2015

Carol June Maker
_______________________________________________________________________

Date: 11/23/2015

Nancy Mather
_______________________________________________________________________

Date: 11/23/2015

Shirin Antia
_______________________________________________________________________

Date: 11/23/2015

Carl Liaupsin

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: 11/23/2015
Dissertation Director: Carol June Maker

3
STATEMENT BY AUTHOR
This dissertation has been submitted in partial fulfillment of the 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 an accurate acknowledgement of the 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: Sema Tan

4
ACKNOWLEDGEMENTS
This dissertation would not have been possible if I did not feel the love and the
support from so many amazing people. I owe my sincere appreciation to my advisor Dr.
Carol June Maker for her endless guidance and encouragement throughout my doctoral
program. Also, I would like to thank to my committee members Nancy Mather, Shirin
Antia, and Carl Liaupsin for believing in me and providing me insightful guidance and
feedback throughout this process.
This dissertation helped me realize what great friends I made throughout my
doctoral program. I owe immeasurable appreciation to Mehmet Dorduncu and Adnan
Yilmaz for trying every possible way to maintain my motivation. Every time I struggled,
it was their faith in me that gave me the courage to continue this wonderful journey.
During this time, I had friends whose best wishes, prayers, love, and support I
felt deep in my heart, even though they lived on another continent. I owe my sincere
gratitude to Ayse Elmali, Gokce Kale, and Zahide Yildiz.
I am grateful to Sevinc Yeliz Cevik, Secil Uluisik, and Omer Erdimez for being
with me in every step of the way. I would like to also thank to my colleagues Randal
Pease, Robert Zimmerman, Maria Paz Gomez Arizaga, Edith Muree Burke, Sonmi Jo,
Abdulnasser Alhusaini, I-Chen Wu, and Fahad Alfaiz for their endless encouragement
and support.
Finally, I would like to thank my family for being so embracing, caring, and
supporting. If I had not had every one of these individuals in my life, this dissertation
would not have been completed.

5

DEDICATION
To the bright memory of my aunt HAVVA TAN,
and to my father, MEHMET TAN
and mother, MURVET TAN
for not being typical parents.

6
TABLE OF CONTENTS
LIST OF TABLES ...............................................................................................................9
LIST OF FIGURES ...........................................................................................................10
ABSTRACT .......................................................................................................................11
CHAPTER I: INTRODUCTION .......................................................................................13
Significance of the Problem ...................................................................................19
Purpose and Research Questions ...........................................................................21
Definition of the Terms ..........................................................................................22
CHAPTER II: REVIEW OF THE LITERATURE ...........................................................24
Method ...................................................................................................................24
Theoretical Framework ..........................................................................................25
Analyzing the Studies ............................................................................................27
Findings of the Studies...........................................................................................30
The Criteria for the Scorings......................................................................31
General Creativity and Mathematical Creative Problem Solving Ability .34
Mathematical Achievement and Mathematical Creative Problem Solving
Ability ........................................................................................................43
Open-Ended Problems and Mathematical Creative Problem Solving
Ability ........................................................................................................44
Conclusion .............................................................................................................45

7
TABLE OF CONTENTS (Continued)
CHAPTER III: METHOD .................................................................................................47
Setting ....................................................................................................................47
Participants and Sampling......................................................................................47
Research Design.....................................................................................................48
Intervention ............................................................................................................48
Instruments .............................................................................................................50
The DISCOVER Mathematics Assessment ...............................................50
Test of Creative Thinking-Drawing Production (TCT-DP).......................52
Data Collection ......................................................................................................53
The Original Version of the Scoring System .............................................54
What Has Changed in the Revised Version? .............................................58
Data Analysis .........................................................................................................63
Research Question 1 ..................................................................................64
Research Question 2 ..................................................................................64
Research Question 3 ..................................................................................65
CHAPTER IV: RESULTS .................................................................................................66
Inter-rater Reliability .............................................................................................66
Research Question 1 ..............................................................................................67
Research Question 2 ..............................................................................................69
Research Question 3 ..............................................................................................73

8
TABLE OF CONTENTS (Continued)
CHAPTER V: DISCUSSION ............................................................................................80
Discussion of the Findings .....................................................................................80
Revision Rules ...........................................................................................81
The change in range and variance from the original to the revised versions
of the scoring system ................................................................................82
Relationship between creative problem solving performance in
mathematics and general creativity............................................................84
Limitations of the Study.........................................................................................89
Implications of the Study .......................................................................................90
Implications for Practice ............................................................................90
Implications for Curriculum ......................................................................91
Implications for Future Research ...............................................................92
Conclusion .............................................................................................................94
REFERENCES ..................................................................................................................95

9
LIST OF TABLES
TABLE 1.1: Problem Continuum ......................................................................................18
TABLE 1.2: Problem Types in Assessment ......................................................................19
TABLE 2.1: Quality Ratings of the Studies ......................................................................32
TABLE 2.2: Description of the Studies .............................................................................36
TABLE 4.1: Descriptive Statistics for Variables ...............................................................68
TABLE 4.2: Paired Sample T-Test Results .......................................................................68
TABLE 4.3: Correlation Matrix for Variables ..................................................................70
TABLE 4.4: Bivariate Regression Results for General Creativity and Problem Solving
Performance .................................................................................................71
TABLE 4.5: Results of the Test of Significance of the Difference Between Variables ....73
TABLE 4.6: Correlation Matrix for Variables in Lower Grade Levels ............................75
TABLE 4.7: Correlation Matrix for Variables in Higher Grade Levels ............................76
TABLE 4.8: Results of Test of Significance of the Difference .........................................77
TABLE 4.9: Bivariate Regression Results for Lower Grade Levels .................................79
TABLE 4.10: Bivariate Regression Results for Higher Grade Levels ..............................79

10
LIST OF FIGURES
FIGURE 2.1: Components of Creative Performance ........................................................26
FIGURE 3.1: Answers of Student 1 from Second Grade for Semi-Open-Ended Problems
............................................................................................................................................56
FIGURE 3.2: Answers of Student 2 from Second Grade for Semi-Open-Ended Problems
............................................................................................................................................56
FIGURE 3.3: Answers of Student 3 from Fourth Grade for Semi-Open-Ended Problems
............................................................................................................................................57
FIGURE 3.4: Answers of Student 4 from Fourth Grade for Semi-Open-Ended Problems
............................................................................................................................................57
FIGURE 3.5: Answers of Student 5 from Fifth Grade for the Open-Ended Problem .......61
FIGURE 3.6: Answers of Student 6 from Fifth Grade for the Open-Ended Problem .......62
FIGURE 3.7: Example 1 of Using a Strategy When Writing Problems ............................63
FIGURE 3.8: Example 2 of Using a Strategy When Writing Problems ............................63

11
ABSTRACT
The purpose of this study was to revise and revalidate the scoring procedure of the
DISCOVER Mathematics Assessment to allow evaluators to better measure creative
problem solving ability in mathematics, identify gifted students, and evaluate the
programs developed for fostering creative problem solving.
The data for this study consisted of 233 students selected from five different grade
levels. I conducted descriptive statistics and regression analyses to compare the
relationships of both the original and revised versions of the scoring system with general
creativity.
I found that range increased from the original to the revised version of the scoring
system for mathematical problem solving performance in semi-open-ended problems,
however it decreased for overall performance and performance in open-ended problems.
Variance, on the other hand, increased for both overall problem solving performance and
performance in semi-open-ended problems, and decreased for performance in open-ended
problems from the original to the revised version of the scoring system.
Furthermore, in the revised model all three variables of the creative mathematical
problem solving performance (overall performance, performance in semi-open-ended
problems, and performance in open-ended problems) explained more variance in general
creativity than the original version. Statistically, the differences between the original and
the revised versions were significant for all three variables, except for creative
mathematical problem solving performance in open-ended problems.
Across grade levels, I found that for the group Lower Grade Levels (grade levels
1 and 2), the explained variance in general creativity increased from the original to the

12
revised version for both overall performance and performance in semi-open-ended
problems. However, it decreased for performance in open-ended problems. On the other
hand for the group Higher Grade Levels (grade levels 3, 4, and 5) the explained variance
in general creativity increased for all three variables from the original to the revised
version. Statistically, the only significant difference between the original and the revised
versions was for overall problem solving performance in Higher Grade Levels.
I concluded that the revised version of the scoring system was more effective
when predicting variance in general creativity for overall problem solving performance,
and performance in semi-open-ended problems. Also, it predicted more variance in
general creativity for the group Higher Grade Levels than the group Lower Grade Levels.
Therefore, I suggested that quality should be considered as well as fluency, flexibility,
and originality when scoring assessments for creative problem solving ability in
mathematics.

Keywords: creative problem solving, mathematics, scoring system, DISCOVER
Mathematics
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CHAPTER I: INTRODUCTION
Assessment in Education
Research on assessment and evaluation has revealed that norm-referenced
standardized tests, including achievement, aptitude, and intelligence tests, have been used
extensively and more frequently than any other methods in the identification of gifted
students (Feng & Baska, 2008). However, these standardized tests have focused most
often on testing memorization and use of basic procedures (Ginsburg, Jacobs, & Lopez,
1993), rather than the creativity and cognitive flexibility characteristic of the gifted.
Furthermore, standardized tests often have reflected cultural bias, containing items that
required knowledge of the dominant culture to answer successfully (Fleming & Garcia,
1998; Maker, 1996). In his report “Society’s Role on Educating the Gifted Students: The
role of Public Policy”, Gallagher (2002) quoted the former Secretary of Education
Richard Riley, stating that the National Surveys indicated only about ten percent of the
minority students were described as “top performing” students while in reality these
minority groups constituted up to one-third of the population. Even though this
phenomenon could be explained in many ways (i.e., socially accepted stereotypes)
(Gallagher & Gallagher, 1994), the most relevant explanation to this underrepresentation
of minority was the identification procedures (Ford & Harris, 1990).
Despite their limitations, narrowly focused and culturally biased instruments
continued to dominate assessment and evaluation, leaving little room for evaluators to
discover the true potential of gifted students. Therefore, standardized tests used to
identify giftedness should be redesigned in such a way as to (a) eliminate bias against
members of non-majority ethnic, cultural, and economic groups (Lohman & Lakin, 2008;
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Richert, 2003), and (b) identify students based upon aspects of ability, interest, and
creativity most closely associated with giftedness. The framing question should therefore
be “How are you smart? ” rather than “How smart are you?” (Chen & Gardner, 2005).
Considering the question “ How are you smart?”, several researchers proposed
definitions of giftedness relevant to general and mathematical ability that better captured
underlying mathematical abilities and competencies. For instance, Maker (1993) asserted
that giftedness resided in the ability to solve complex problems in the most “efficient,
effective, or economical” ways (Maker, 1993; Maker, 2001; Schiever & Maker, 2003).
Subsequently, Freiman (2003) noted that “true giftedness” in mathematics emerged from
a combination of superior mathematical ability, creativity, and motivation. Likewise,
Pitta-Pantazi, Christou, Kontoyianni, and Kattou (2011) described mathematical
giftedness as the integration of mathematical ability and mathematical creativity. More
specifically, Liljedahl and Sriraman (2006) defined mathematical creativity as “the ability
to produce original work that significantly extends the body of knowledge which could
also include significant syntheses and extensions of known ideas” (p.18) (Ambrose, D.,
Sriraman, & Pierce, 2014).
Traditionally, standardized tests, including measures of intelligence and
achievement, have been used to identify mathematical giftedness. These assessments,
however, appeared limited in their ability to assess creative problem solving in
mathematics (Paek, Holland, & Suppes, 1999). Assessment of basic math skills relied on
intelligence tests, and exposure to mathematics was assessed via achievement tests rather
than creative problem solving in the area of mathematics. These intelligence and
achievement tests have been criticized, because evaluators interpreted the clusters of high
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scores on these standardized tests as an indication of true giftedness (Baska, 2008; House,
1987).
Regarding this line of criticism, researchers pinpointed some specific limitations
of the tools used for assessing gifted students. For instance, intelligence and achievement
tests functioned poorly in identifying the gifted because of the ceiling effect, defined as
“the inability of a measure or test to show valid differences above a certain point due to
the easiness of the items or lack of sufficient number of items” (Matsumoto, 2009,
p.101). In other words, because most standardized tests were designed to assess
individuals with a wide range of ability, the ceilings of these tests did not allow
evaluators to distinguish between the merely bright and the truly gifted (House, 1987;
McIntosh, Dixon, & Pierson, 2012). For instance, if at the beginning of the 5th grade a
student scored at the 95th percentile, test results were likely to reflect only minor gains in
the student’s learning at the end of the year (Baska, 2008). Unfortunately, current testing
instruments lacked the capability to determine whether the student’s growth was in fact
small or the assessment tool was insufficient to detect the gain. Furthermore, because
these tests relied heavily on language, they failed to detect exceptional students, such as
the gifted with learning disabilities in linguistic areas (e.g., reading), or students whose
first language was not English (Maker, 1996).
Several scholars have continued this debate from a different perspective,
classifying these tests into the categories of traditional and creative mathematics
assessments. Traditional mathematics assessment tools have been criticized for (a)
comprising problems requiring a single correct answer (Shimada, 1997), (b) lacking
problems that reflect real life situations, (c) entailing solely computational and arithmetic
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skills, and basic demonstration of introduced methods to handle the problems, and (d)
including the assessment of accuracy or procedural knowledge (Mann, 2006). On the
other hand, creative mathematics assessment tools were asserted to (a) involve various
types of problems ranging from closed- to open-ended constructed items, (b) include
problems that were designed to constitute authentic learning situations in which students
implement relevant knowledge to deal with real life problems; (c) entail flexibility,
fluency, and originality of the solutions in addition to using conceptual knowledge (Sak
& Maker, 2006; Shimada, 1997), and (d) encompass the assessment of both creativity and
accuracy (Balka, 1974; Lesh & Lamon, 1993).
Researchers at the National Research Council (2001) described the five strands of
mathematical proficiency as “conceptual understanding, procedural fluency, strategic
competence, adaptive reasoning, and productive disposition” (Kilpatrick, 2009, p.113;
Mathematics Learning Study Committee). Sheffield (2009), also argued that simply
marking correct or incorrect answers did not encourage students to produce creatively
rich and innovative solutions. She proposed that the criteria for assessing mathematical
creativity should involve depth of understanding, fluency, flexibility, originality,
elaboration or elegance, generalizations, and extensions (Sheffield, 2009). Burkhardt
(2007) similarly contended that assessing mathematical proficiency required engaging
students in strategic, technical, and tactical thinking processes through the use of creative
mathematics assessment tools. Per these researchers’ contention, the assessment of
mathematical proficiency should involve the use of instruments designed to measure the
fluent use of creative strategies when developing concepts and performing procedures.
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This study was conducted through a theoretical framework in which the product
of creativity not only involved creativity-relevant skills, but also involved domainrelevant skills and task motivation (Amabile, 1983, 1989, 1996; Tan & Perleth, 2015),
considering the necessary components of mathematical creativity and how it should be
assessed. Amabile (1983) proposed the following conceptual definition of creativity: “
…a product or response is judged as creative to the extent that (a) it is both a novel and
appropriate, useful, correct or valuable response to the task at hand, and (b) the task is
heuristic rather than algorithmic” (p.33). She noted that algorithmic tasks were designed
to permit the individual to reach the final product solely through the application of
previously known methods and solutions, while heuristic tasks did not have clearly
defined methods and solutions. In fact, in performing heuristic tasks, the problem-solvers
took responsibility for identifying both the method and the solution. Heuristic tasks
allowed the assessment of creativity by using open-ended problems that could be solved
in more than one way using different methods and offered multiple solutions (I have
provided more information about the theory of componential conceptualization of
creativity in the literature review section of this study).
Considering the need for different types of problems when assessing creative
problem-solving performance, a number of researchers studied the classification of
problem types. Researchers introduced the concept of well-defined and ill-defined
problems based on whether or not some rules existed to propose an acceptable structured
solution (Minsky, 1961; Sternberg, 1982). Getzels and Csikszentmihalyi (1976)
examined the relationship between the presenter and the solver of a problem to identify
the characteristics of the problem types. They arrived at three categories of problems,
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ranging from closed- to open-ended (Wallace & Maker, 2009) based on whether the
problem, the method, or the solution was known by either the problem presenter or the
problem solver. However, rather than expressing the continuum as known or unknown to
the presenter and solver, based on problem-method-solution combination, Maker and her
colleagues introduced range terminology (Table 1.1) to fill the gap between the three
groups (Maker, 1993; Maker & Schiever, 2010; Whitmore & Maker, 1985). The method
section of this proposal also, included detailed descriptions and examples of the problem
types.
Table 1.1
Problem Continuum

Open-Ended

Closed

Type

Problem

Method

Solution

I

Presenter
Specified

Solver
Known

Presenter
Known

Solver
Known

Presenter
Solver
Known Unknown

II

Specified

Known

Known

Unknown

Known

Unknown

III

Specified

Known

Range

Unknown

Known

Unknown

IV

Specified

Known

Range

Unknown

Range

Unknown

V

Specified

Known

VI

Unknown Unknown

Unknown Unknown

Unknown Unknown

Unknown Unknown

Unknown Unknown

Note. Adapted from “Problem Continuum” by Maker, J., & Schiever, W. (2010).
The principal reason for this study was to examine ways to accurately assess
creative problem solving ability in mathematics. To achieve this purpose, I used a single,
well-designed assessment tool, the DISCOVER (Discovering Intellectual Strengths
and Capabilities while Observing Varied Ethnic Responses) Mathematics Assessment.
Tables 1.1 and 1.2 were used to provide information about the design of this test.
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The DISCOVER Mathematics Assessment included problem types from both
ends of the continuum closed to open-ended; therefore it was aimed to assess beyond
intelligence, achievement, and skills, which have been the focus of traditional testing.
DISCOVER Mathematics Assessment included different types of problems to also assess
creative thinking and real-world problem solving in addition to these components (Table
1.2). For example traditional assessments did not include any problems beyond type II,
whereas real-world problem solving included type IV, type V, and type VI problems.
Table 1.2
Problem Types in Assessment
Type I

Type II

Type III

Type IV

Type V

Real-world problem solving
Traditional assessment of
intelligence, achievement,
and skills
Traditional assessment of
intelligence, creativity and
divergent thinking
Performance-based assessment
DISCOVER projects assessment and curriculum

Note: Modified from Maker (2001)
Significance of the Problem
Most currently used assessment methods were inadequate to capture the complex
nature of the skills and abilities underlying mathematical creativity, particularly in
individuals who lacked access to the dominant culture. By contrast, The DISCOVER
Mathematics Assessment, designed to address the current needs of the mathematics

Type VI

20
assessment arena, contained a variety of problem types, both open-ended and closed,
allowing students to demonstrate their creativity and cognitive flexibility in problem
solving. Despite the obvious merits of the DISCOVER Mathematics Assessment,
weaknesses in its scoring system sometimes prevented evaluators from assigning scores
that reflected students’ full knowledge. More specifically, while scoring mathematical
creative problem solving in a larger previous project involving 692 students, I noticed
that many students’ scores did not reflect their detailed knowledge about the problems, as
evidenced by some of the answers. For instance, students received concept points when
they applied the commutative property rule only once among four questions. As a result,
the assessment did not provide the ability to distinguish the students who actually had
that knowledge from those who employed it by chance. Such results strongly indicated a
need to revise and revalidate the DISCOVER Mathematics Assessment’s scoring criteria,
with the aim of improving the instrument and making it an even more valuable tool for
the assessment and identification of students who are gifted. This research provided a
framework for the design and scoring of future instruments and gave evaluators
information that would allow them to better understand students’ true capabilities.
The DISCOVER Mathematics Assessment was one of the main data collection
tools used when evaluating the success of the Real Engagement in Active Problem
Solving (REAPS) model. It also has been used for the identification and placement of
gifted students. Thus, a major contribution of the revision of the scoring procedure to the
field was the ability to allow students to demonstrate their true giftedness potential for
giftedness. It offered greater flexibility in the use of strategies, and to reveal quantifiable
improvements in mathematical understanding.
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Purpose and Research Questions
In this research, prior to conducting the analyses, I graded the participants’
DISCOVER Mathematics Assessments using both the original and revised versions of
the scoring system to make comparisons between the two versions. The purpose of this
study was to revise and revalidate the scoring procedure of the DISCOVER Mathematics
Assessment to allow evaluators to better measure creative problem solving ability in
mathematics. This may lead to better identification of gifted students and an improved
method for evaluating the programs to develop creative problem solving. In this research
I answered the following questions:
1. In what ways did the revised scoring system change the instrument’s sensitivity to
individual differences as reflected by
a) the range of scores?
b) the variance in scores?
2. In what ways did the relationship between mathematical problem solving
performance and general creativity change from the original to the revised scoring
system as reflected in the following components?
a) overall mathematical problem solving performance and general creativity
(i.e., total scores)
b) mathematical problem solving performance in semi-open ended problems
(domain-relevant- mathematical skills) and general creativity (creativityrelevant skills)
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c) mathematical problem solving performance in open-ended problems
(domain-relevant-mathematical skills) and general creativity (creativityrelevant skills)
3. In what ways did the relationship between mathematical problem solving
performance and general creativity change from the original to the revised scoring
system across grade levels as reflected in the following components?
d) overall mathematical problem solving performance and general creativity
(i.e., total scores)
e) mathematical problem solving performance in semi-open ended problems
(domain-relevant- mathematical skills) and general creativity (creativityrelevant skills)
f) mathematical problem solving performance in open-ended problems
(domain-relevant-mathematical skills) and general creativity (creativityrelevant skills)
Definitions of the Terms
Creativity: The process of creating a novel and appropriate product, idea, or problem
solution valuable to the person or the society (Hennessey & Amabile, 2010)
Mathematical Creative Problem Solving Ability: The ability to solve mathematical
problems in numerous and distinctively different ways by applying mathematics
knowledge in a creative way to find original solutions (Kattou et al., 2013)
Open-Ended Problems: Problems that require higher level thinking, can be solved in
number of different ways using number of different methods, and elicit more
complete and more complex responses (Maker & Nielson, 1996)
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Mathematical Achievement: Students’ levels of mathematical performance, the criteria
for which were usually developed by a school district, state, or government, and
usually involve certain cut off points for each grade level (NAEP, 2013)
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CHAPTER II: REVIEW OF THE LITERATURE
The purpose of this study was to revise and revalidate the scoring procedure of the
DISCOVER Mathematics Assessment in order to allow evaluators to better measure
creative problem solving ability in mathematics, to better identify gifted students, and to
provide an improved method for evaluating the programs developed for fostering creative
problem solving. Because DISCOVER Mathematics Assessment was designed to assess
mathematical creativity through answering or creating varied types of problems, I also
examined the relationship between the use of these varied problem types and general
creativity.
Method
I conducted a multiple database search through the University of Arizona online
libraries and Google Scholar to determine the history of relationship between
mathematical creativity and general creativity as well as the relationship between
mathematical creativity and mathematical achievement. University of Arizona’s library
system was designed to access 725 worldwide databases including educational databases
such as ERIC, EBSCOhost, ENConline, and EdITLib Digital Library, and psychological
databases such as PSYCinfo and Psyc Articles. I used the terms “mathematical
creativity”, “mathematical problem solving”, “general creativity”, “problem types”,
“open-ended approach”, and “mathematical achievement” in the database search. Also, I
used the same terms when I examined the table of contents for journals Gifted Child
Quarterly, Creativity Research Journal, and ZDM-The International Journal on
Mathematics Education (Zentralblatt für Didaktik der Mathematik). The search resulted
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in 58 articles and 27 dissertations. Then, I screened all of the studies based on the
following criteria:
1. The study was published after 2000.
2. The study included information related to any relationships among mathematical
creativity, general creativity, mathematical achievement, and problem types.
3. The study was empirical.
Finally I eliminated the studies that did not meet these criteria and analyzed the
remaining 16 articles and 3 dissertations.
Theoretical Framework
I based the theoretical framework of this study on Amabile’s (1983) social
psychology and the componential conceptualization of creativity theory. Amabile (1983)
stressed that the production of “creative” responses and works required domain-relevant
skills, creativity-relevant skills, and task motivation (Fig 2.1). Domain-relevant skills
consisted of information from the domain, including facts, knowledge, principles, and
technical skills to solve the problems in that domain. Certainly, creativity was unlikely in
a domain of which the subject had limited knowledge. Amabile (1983) stated that even if
one had extraordinary domain-relevant skills, she might still fail to produce creative
response or works in the absence of creativity-relevant skills. Thus, both domain-relevant
and creativity-relevant skills have been fundamental to creating novel products in
heuristic tasks. Also, Milgram and Hong (2009) found that both domain general and
domain specific creative thinking were main components of the creativity, and using
either of them alone to assess creativity was not sufficient.
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Amabile (1983, 1989, 1996) listed the following thinking styles involved in
creativity-relevant skills: (a) breaking perceptual and cognitive sets to leave old thinking
habits and to think differently; (b) understanding complexity; (c) having as many
response options as possible; (d) suspending judgment to avoid eliminating a creative
idea that might look ordinary at first; (e) using broad categories when thinking, to be able
to identify relationships between ideas; (f) remembering detailed information; and (g)
perceiving creatively to be able to identify fresh ideas and different solutions.

1
Domain-Relevant Skills
Include
-Knowledge about the
domain
-Technical skills required
-Special domain-relevant
“talent”
Depend on
-Innate cognitive abilities
-Innate perceptual and
motor skills
-Formal and informal
education

2
Creativity-Relevant Skills
Include
-Appropriate cognitive style
-Implicit or explicit
knowledge of heuristics for
generating novel ideas
-Conducive work style
Depend on
-Training
-Experience in idea
generation
-Personality characteristics

3
Task Motivation
Includes
-Attitudes toward the task
-Perceptions of own
motivation for undertaking
the task
Depends on
-Initial level of intrinsic
motivation toward the task
- Presence or absence of
salient extrinsic constraints
in the social environment
-Individual ability to
cognitively minimize
extrinsic constraints

Fig 2.1. Components of creative performance (Amabile, 1983, p.68).
Finally, Amabile (1983, 1989, 1996) proposed that task motivation was the
determinant of the difference between what one can do and what one will do in creative
performance. What one can do could be defined by the level of domain relevant and
creativity relevant skills. However, in addition to those skills, task motivation was
required to define what one will do. Lacking intrinsic motivation, those capable of
producing creative work in problem solving may fail to do so.
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Domain-relevant skills, creativity-relevant skills, and task-motivation can appear
in students’ products in different ways, including the ability to produce as many solutions
as possible to a given problem, the variety of strategies used, and the novelty in the
products created (Amabile 1983, 1989, 1996). Current instruments have been insufficient
to distinguish the bright from the truly gifted because these instruments were designed
only to detect students who produce a higher number of correct solutions rather than
more creative products (Baska, 2008; Guilford, 1950,1967). However, in order to assess
creative problem solving that involved domain-relevant skills, creativity-relevant skills,
and task motivation an instrument should include items to examine the use of creative
strategies and the novelty in products along with the number solutions provided.
Analyzing the Studies
The low quality of research has led to a fundamental lack of empirical evidence in
the social sciences, and this has been a major criticism in social sciences for decades. In
2005, Odom, Brantlinger, Gersten, Horner, Thompson, and Harris, (2005) published an
article to address this criticism. They employed a scientific approach to develop a set of
criteria that a study should meet to be of high quality, and then specified these criteria for
certain research designs: experimental and quasi-experimental, qualitative, correlational,
and single subject.
Considering the designs of the studies I selected for reviewing the literature, I
adapted the quality indicators presented by Thompson, Diamond, McWilliam, Snyder,
and Snyder (2005) for correlational research and by Gersten, Fuchs, Compton, Coyne,
Greenwood, and Innocenta (2005) for experimental and quasi-experimental research. As
a final step, I analyzed the studies based on the following criteria: (a) relevant
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information about participants, (b) appropriate selection and use of data analysis, and (c)
the existence of validity and reliability data for the measures used in the research. I then
rated the articles based on a three-point scale for each of the quality indicators. The
numbers in the ratings represented the following meanings: 3 - the researcher(s) of the
study provided all the information needed, 2 - more information was needed in minor
content, and 1- more information was needed in major content. Also, for some of the
studies I used a .5 point to indicate that although the information that was needed (i.e.,
participants’ demographic background) was not provided, the researchers still included
some supplementary information (e.g., schools’ entire populations’ general
demographics). The ratings of the studies have been presented in Table 2.1.
All of the studies except one (Tabach & Friedlander, 2012) were designed based
on quantitative approaches. However, among all the studies some researchers examined
mathematical creativity using correlational designs (Bahar, 2013; Bahar & Maker, 2011;
Baran, Erdogan, & Cakmak, 2011; Han, 2000; Kattou, Kontoyianni, Pitta-Pantazi &
Christou, 2013; Kim, Cho & Ahn, 2003; Kuo, Maker, Su, & Hu, 2010; Lin & Cho, 2011;
Livne & Milgram, 2006; Mann, 2005, 2009; Pitta-Pantazi, Sophocleous, & Christou,
2012; Tan, Mourgues, Bolden, & Grigorenko, 2013), while others used comparative
designs (Coxbill, Chamberlin, & Weatherford, 2013; Hwang, Chen, Dung, & Yang,
2007; Kwon, Park, & Park, 2006; Leikin & Lev, 2013).
Based on the quality ratings (Table 2.1), I examined common strengths and
weaknesses across all the studies. The authors of the seven studies (Bahar, 2013; Bahar &
Maker, 2011; Baran et al., 2011; Lin & Cho, 2011; Livne & Milgram, 2006; Mann, 2005,
2009) provided all the necessary information, including participants’ age or grade span,
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gender, and demographic backgrounds. In three of the studies, the demographic
backgrounds of the participants were not stated; however, some other information was
provided such as free or reduced lunch rate of the school, or participants’ disability
statuses. Finally, eight of the studies (Hwang et al., 2007; Kattou et al., 2013; Kim et al.,
2003; Kwon et al., 2006; Leikin & Lev, 2013; Pitta-Pantazi et al., 2013; Tabach &
Friedlander, 2012; Tan et al., 2013) lacked either gender or demographic background
information.
The most common strength across all the studies was that all of the researchers
linked their data analysis techniques to the research questions and appropriate unit of
analysis. The researchers of twelve of the studies (Bahar, 2013; Bahar & Maker, 2011;
Coxbill et al. 2013; Han, 2000; Lin & Cho, 2011; Livne & Milgram, 2006; Mann, 2005,
2009; Pitta-Pantazi et al., 2012; Tabach & Friedlander, 2012; Tan et al., 2013) linked
their analyses directly to their research questions or hypotheses. Although in seven of the
studies (Baran et al., 2011; Hwang et al., 2007; Kattou et al., 2013; Kim et al., 2003; Kuo
et al., 2010, Kwon et al., 2006; Leikin & Lev, 2013) the analyses were not explicitly
linked to the research questions or hypotheses, the studies were still organized enough to
allow the reader to establish the link between the analyses and the research questions.
All studies involved assessing creative problem solving in mathematics or
mathematical creativity as part of their methodology. Therefore, choosing an appropriate
measure for research questions has been a major phenomenon in this line of research, and
this was another common strength across all the studies. The researchers of the sixteen
studies (Bahar, 2013; Bahar & Maker, 2011; Baran et al., 2011; Han, 2000; Hwang et al.
2007; Kattou et al., 2013; Kim et al., 2003; Kuo et al., 2010; Kwon et al., 2006; Leikin &
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Lev, 2013; Lin & Cho, 2011; Livne & Milgram, 2006; Mann, 2005, 2009; Pitta-Pantazi
et al., 2012) selected appropriate measures that were designed specifically for assessing
mathematical creativity. However, in four of the studies (Coxbill et al., 2013; Hwang et
al., 2007; Tabach & Friedlander, 2012; Tan et al., 2013), the researchers selected
measurement tools that either consisted of problems that were chosen from a pool (not
specifically designed), or activities that might change from one application to another.
The most common weakness across all the studies was the missing information
when reporting the validity of the measurement tools used in the studies. Out of all
nineteen studies, only in five of them (Bahar, 2013; Bahar & Maker, 2011; Kim et al.,
2003; Leikin & Lev, 2013; Pitta-Pantazi et al., 2013) were the exact validity coefficients
reported. Even though the researchers of the other fourteen studies stated that the
instruments used in the studies were valid, lacking the exact validity coefficients
decreased the quality of the studies.
The researchers of seventeen studies reported the exact reliability coefficients.
Although two of the studies (Leikin & Lev, 2013; Tabach & Friedlander, 2012) were
missing the exact values for reliability, they still provided the information that the
instruments were reliable.
Overall the studies analyzed in this chapter to review the literature ranged from
high to average quality. However, all of the researchers provided sufficient information to
qualify for the analysis conducted in this chapter.
Findings of the Studies
The studies were analyzed using both qualitative and quantitative approaches
based on the following themes: (a) the criteria used to calculate mathematical creative
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problem solving scores, (b) the relationship between creativity in mathematical problem
solving and general creativity, (c) the relationship between creativity in mathematical
problem solving and mathematical achievement, and (d) closed vs. open ended approach
when identifying creativity in mathematical problem solving. Table 2.2 was designed to
provide brief information about the purposes, participants, instruments, and results of the
studies analyzed in this chapter to review the literature.
The criteria for the scorings. The researchers of the ten of the studies (Bahar &
Maker, 2011; Kattou, Kontoyianni, Pitta-Pantazi &Christou, 2013; Kim, Cho & Ahn,
2003; Kwon, Park, & Park, 2006; Leikin & Lev, 2013; Lin & Cho, 2011; Mann, 2005,
2009; Pitta-Pantazi, Sophocleous, & Christou, 2012; Tabach & Friedlander, 2013) stated
that their criteria for measuring mathematical creative problem solving or mathematical
creativity consisted of fluency, flexibility, and originality, which dated back to Guilford
(1950,1967), who defined fluency as the number of correct answers, flexibility as the
number of different types or categories of answers, and originality (novelty) as the
exceptionality, or rarity of the answers.
Although fluency, flexibility, and originality were mainly used to measure
mathematical creativity, a few of these researchers also added some other components
such as elaboration (Bahar & Maker, 2011; Kim, Cho & Ahn, 2003), problem solving
(Kim, Cho & Ahn, 2003), or correctness (Leikin & Lev, 2013) to measure mathematical
creativity. Also a small number of researchers preferred to develop their own criteria to
analyze the creativity in mathematics rather than using fluency, flexibility, and
originality.
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Table 2.1 (Continued)
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For instance, while Tan, Mourgues, Bolden, and Grigorenko (2013) analyzed
mathematical creativity based on novelty, complexity, and elaboration of the answers,
Hwang, Chen, Dung, and Yang (2007) only evaluated the quantity (scored based on
number of solutions provided) and the quality (scored based on a five point scale from
trying to solve problems to the arithmetic calculation and verbal or graphic explanation
are both correct and complete) of the answers when assessing creativity in mathematical
problem solving. Finally, several researchers used only one component such as quality,
“the abilities to formalize mathematical material, generalize mathematical material,
operate with numbers and symbols, reverse mental processes, and approach a problem in
multiple ways”, (Coxbill, Chamberlin, & Weatherford, 2013, p.187) or completeness
(Livne & Milgram, 2006) to determine whether the individual was mathematically
creative.
General creativity and mathematical creative problem solving ability.
Creative thinkers are known by their ability to notice details and differences that other
individuals ignore (Milgram & Hong, 2009). Therefore the level of their domain-general
creative thinking has affected their domain-specific creative thinking when generating
and solving problems (Milgram & Hong, 2009). In this subtheme, I analyzed nine
different studies (Bahar, 2013; Baran, Erdogan, & Cakmak, 2011; Han, 2000; Hwang,
Chen, Dung, & Yang, 2007; Kuo, Maker, Su, & Hu, 2010; Leikin & Lev, 2013; Lin &
Cho, 2011; Livne & Milgram, 2006; Tan; 2013) to examine the relationship between
general creativity and mathematical creative problem solving ability.
Eight of the studies (Bahar, 2013; Baran, Erdogan, & Cakmak, 2011; Han, 2000;
Kuo, Maker, Su, & Hu, 2010; Lekin & Lev, 2012; Lin & Cho, 2011; Livne & Milgram,
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2006; Tan; 2013) were correlational and one of them (Hwang, Chen, Dung, & Yang,
2007) was comparative. In all eight of the correlational studies, researchers used different
instruments to assess mathematical creativity, and either all (i.e., Math Creative Problem
Solving Ability Test) or most of the items (i.e., DISCOVER Math) in these instruments
were open-ended problems or tasks. In eight of the studies (Bahar, 2013; Han, 2000;
Hwang et al., 2007; Kuo, Maker, Su, & Hu, 2010; Leikin & Lev, 2013; Lin & Cho, 2011;
Livne & Milgram, 2006; Tan; 2013) detailed descriptions of the content of the
instruments and the evaluation criteria used to measure mathematical creativity were
provided. Although Baran et al. (2011) described the content of the test they used, they
did not specify the evaluation criteria for the test.
I examined the relationship between mathematical creativity and general
creativity by analyzing the findings of these nine studies. The researchers of five of the
studies (Bahar, 2013; Leikin & Lev, 2013; Lin & Cho, 2011; Livne & Milgram, 2006;
Tan, 2013) found significant positive correlations between mathematical creativity and
general creativity with r-values ranging from .15 to .394 (Table 2.2). However, the
researchers of three of the studies (Baran et al., 2011; Han, 2000; Kuo et al., 2010) did
not find any significant correlations between these two variables.
Also in one of the studies (Hwang et al., 2007) only one component of creativity,
elaboration, was found to be significantly correlated with creative performance in
mathematics. When I analyzed these relationships further, I discovered that all of the
studies in which significant relationships were found (Bahar, 2013; Lin & Cho, 2011;
Livne & Milgram, 2006; Tan, 2013) between these two variables had participants who
were in third or higher grade levels.
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Table 2.2
Description of the Studies
Study

Purpose

Bahar (2013)

To examine the influence
of cognitive abilities on
students’ problem solving
performances in
mathematics

Bahar & Maker
(2011)

To investigate
mathematical creativity
and mathematical
achievement across grade
levels

Baran et al.
(2011)

To investigate the
relationship between
creativity and
mathematical ability

Participants

Instruments

Results

67 students in
grade 3

DISCOVER Math
Assessment
Test of Creative
Thinking-Drawing
Production (TCT-DP)
Iowa Test of Basic
Skills (ITBS)
Comprehensive Test of
Basic Skills (CTBS)

A significant correlation was found
between mathematical creative
problem solving and general
creativity (r=.245 p<.05 for closed
problems and r=.394 p<.01). Also
the correlation between
mathematical creative problem
solving and math achievement was
significant (r value ranges from
.361 to.676 with p ≤ .05).

78 students in
grades 1 to 4

DISCOVER Math,
ITBS, and CTBS

The correlation between total
mathematical creativity and
mathematical achievement was
r=.771 p< .001 for ITBS, r=.655
p<. 001 for CTBS.

80 students from
kindergarten all
at the age of six

Test of Early
Mathematics Ability
(TEMA-3) and
Torrance Test of
Creative Thinking

No significant relationship was
found between the mathematical
ability and creativity (r values
ranged from .003 to .207 and with p
values range from .065 to .979).
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Table 2.2 (Continued)
Description of Studies
Study

Purpose

Coxbill et al.
(2013)

To investigate the
identification of
potentially mathematically
creative students when
model eliciting activities
(MEAs) used as a tool

Han (2000)

To examine the
relationships between
creative thinking skills and
creative performances

Hwang et al.
(2007)

To explore student
multiple representation
skills and creativity in
solving mathematical
problems when supported
by a multimedia
whiteboard system

Participants

Instruments

Results

39 students from
grades 3 and 6

Model Eliciting
Activities

Grade 6 students improved their
performance from pre to post
activity (F=12.82, p<.0005),
however grade 3 participants did
not show any significant difference
(F=2.42, p=.10) from pre to post
activity.

109 students
from grade 2

Wallach-Kogan
Creativity Test,
Real-World Divergent
Thinking Test, and
Math word -problem
task

No significant relationship was
found between creative
performance in math and general
creative thinking (r2=.057, p>.05)

25 students from
6th grade

Teacher- designed test
that included 16
number and 5
geometry problems

Among all the criteria for
mathematical creativity including
fluency, flexibility, originality, and
elaboration, only elaboration was a
significant predictor of
performance (t=2.39 p<.05)
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Table 2.2 (Continued)
Description of the Studies
Study

Purpose

Participants

Instruments

Results
The correlation between
mathematical ability and
mathematical creativity is r=.625
and p< .05. Also, fluency (r =
0.833, p< .05), flexibility (r =
0.925, p <.05) and originality (r =
0.793, p < .05) constitute a firstorder factor, that of mathematical
creativity.

Kattou et al.
(2013)

To examine the magnitude
and the structure of the
relationship between
mathematical ability and
mathematical creativity

359 elementary
students aged
from 9-12 years

Mathematical abilities
test designed by the
researchers and
mathematical creativity
test designed by Leikin
(2007)

Kim, Cho &
Ahn (2003)

To develop the
Mathematical Creative
Problem Solving Ability
Test (MCPSAT) to
identify the
mathematically gifted

2697 students
including 1214
primary, 722
middle, 672 high
school, and 89
science high
school students

Mathematical Creative
Problem Solving
Ability Test
(MCPSAT) and Math
Academic
Achievement Test

The correlations between MCPSAT
and Math Achievement scores
among all grade levels (r value
ranges from .31 to .60 with p being
lower than .001 for all levels) were
statistically significant.

61 students from
preschool in a
three-year
program in
Taiwan

The DISCOVER Math
Assessment,
Test of Non-Verbal
Intelligence, and
The Weschler
Preschool and Primary
Scale of Intelligence

No statistically significant
relationship was found between
non-verbal intelligence and
mathematical creativity (r=.175,
p>.05). However, there is a
significant relationship between
mathematical creativity and math
achievement (r=.333, p<.01)

Kuo et al.
(2010)

To propose the
identification model and to
examine the performances
of the participants in
problem solving activities
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Table 2.2 (Continued)
Descriptions of the Studies
Study

Purpose

Participants

Instruments

Results

To introduce a program
designed using an openended approach to help
foster divergent thinking in
mathematics and to
examine its effect

398 students from
7th grade

A modified test from
Becker and Shimada
(1997) that included
four descriptive
questions designed to
measure divergent
thinking

Open-ended problems produced a
significant difference in fluency
(F=10.565, p=.001), flexibility
(F=30.108, p=000), and originality
(F=54.451, p=.000) between the
treatment and the comparison groups

Kwon et al.
(2006)

Leikin & Lev
(2013)

To analyze relationships
among mathematical
creativity, general
giftedness, and
mathematical excellence

51 students from
11th and 12th
grades with 6
having high IQ,
27 receiving high
level, and 18
receiving regular
level of math
instruction

Multiple solution tasks

Kruskal-Wallis test revealed
statistically significant differences
among gifted, high level, and regular
level students in mathematical
creativity (chi square=14.676, p<
.01)

Lin & Cho
(2011)

To determine the
relationships among
divergent thinking,
convergent thinking,
motivation, knowledge and
skills, and environment.

409 students from
grades 5 and 6 in
Taiwan

Math Creative Problem
Solving Ability Test
(MCPSAT),
The Creativity
Assessment Pack, and
The Critical Thinking
Test-I (CTI-I)

The relationship between the
attributes measured by the MCPSA
and creative thinking was statistically
significant (r=.15, p=.01 for
divergent thinking and creative
thinking, r=.19, p=.01 for convergent
thinking and creative thinking).
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Table 2.2 (Continued)
Description of the Studies
Study

Purpose

Participants

Instruments

Results

Livne &
Milgram (2006)

To define the academic
and creative abilities both
theoretically and
operationally and to
examine the construct
validity of those abilities

1090 students
from grades 10
and 11

Multiscale Academic
and Creative Abilities
in Mathematics
(MACAM) and Tel
Aviv Creativity Test

General creativity predicted
creative mathematical ability
(β=.22, p<.001).

Mann (2005)

To investigate several
means of identifying
mathematical creativity

89 students from
7th grade

Creative Ability in
Mathematics (CAMT)
and Connecticut
Mastery Test (CMT)

The relationship between creative
math ability and math achievement
(β=.37, p< .01) was statistically
significant.

Mann (2009)

To determine the
indicators of creativity in
mathematics to assist
classroom teachers in the
identification of creativity

89 students from
7th grade

Creative Ability in
Mathematics (CAMT)
and Connecticut
Mastery Test (CMT)

The relationship between creative
math ability and math achievement
(β=.37, p< .01) was statistically
significant.
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Table 2.2 (Continued)
Description of the Studies
Study

Pitta-Pantazi et
al. (2013)

Tabach
&Friedlander
(2012)

Purpose

Participants

Instruments

Results

To examine the
relationship between
mathematical creativity
and specific cognitive
styles, namely spatial,
object (processing info as
a whole), and verbal
cognitive styles

96 pre-service
primary school
teachers selected
from the
University of
Cyprus

Mathematical
creativity test designed
to include multiple
solution tasks and
Object-Spatial Imagery
and Verbal
Questionnaire

Spatial imagery (β=0.29 p< .01)
and object imagery (β=-0.21
p<0.05) were the significant
predictors of mathematical
creativity.

Multiple solution tasks

Positive correlation was found
between mathematical creativity
and mathematical knowledge. As
the grade level increases the
mathematical creativity also
increases.

To examine creativity of
three different grade level
students’ solution methods
for three problems

76 students from
4th grade to 9th
grade
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Table 2.2 (Continued)
Description of the Studies
Study

Tan et al. (2013)

Purpose

To introduce an
assessment designed for
creativity that provides
scores for mathematical
creativity and general
creativity in the numeric
domain

Participants

205 students
from the grades
4, 5, and 6

Instruments

Results

The Cartoon Numbers
from Aurora Battery,
Key Stage 2,
Middle Years
Information System;
Centre for Evaluation
and Monitoring, and
Mathematical
Creativity

A significant relationship was
found between mathematical
creativity and general creativity in
the numeric domain (r=.274,
p<.001) and mathematical
creativity and mathematical
achievement nationwide (MIDYIS)
(r=.395, p<.001). However no
significant relationship was found
between mathematical creativity
and mathematical achievement
schoolwide (Key Stage 2) (r=-.019)
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On the other hand, the participants of the studies in which no significant
relationship was found between mathematical creativity and general creativity were all in
second grade or lower (Table 2.2).
Mathematical achievement and mathematical creative problem solving
ability. Students should be educated for their creative ability in a domain along with the
training they receive for their knowledge and skills for the domain (Stokes, 2001).
Therefore, analyzing the relationship among the students’ mathematical knowledge,
skills, and creative ability would enable educators to design a new path for increasing
students’ creative abilities and achievement levels simultaneously. In this subtheme I
analyzed ten studies (Bahar, 2013; Bahar & Maker, 2011; Coxbill, Chamberlin, &
Weatherford, 2013; Kattou, Kontoyianni, Pitta-Pantazi, & Christou, 2013; Kim, Cho, &
Ahn, 2003; Kuo et al., 2010; Mann, 2005; Mann, 2009; Tabach & Friedlander, 2012; Tan
et al., 2013) to determine the relationship between mathematical creativity and
mathematical achievement.
All of the studies except one (Tabach & Friedlander, 2012) were conducted using
quantitative approaches, more specifically correlational (Bahar, 2013; Bahar & Maker,
2011; Kattou et al., 2013; Kim et al., 2003; Kuo et al., 2010; Mann, 2005; Mann, 2009;
Tan et al., 2013) or comparative (Coxbill et al. 2013) designs. Tabach and Friedlander
(2012) was the only study that was conducted using qualitative analysis. The authors of
all the studies provided detailed explanations about the instruments they used to assess
mathematical creativity and mathematical achievement. Yet, only one of the studies (Kuo
et al., 2010), in which the relationships among mathematical creativity, general creativity,
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and mathematical achievement were examined, lacked the evaluation criteria used when
scoring the mathematical creativity test.
Mathematical creativity and mathematical achievement were significantly
correlated in all nine studies (Bahar, 2013; Bahar & Maker, 2011; Kattou, Kontoyianni,
Pitta-Pantazi, & Christou, 2013; Kim, Cho, & Ahn, 2003; Kuo et al., 2010; Mann, 2005;
Mann, 2009; Tabach & Friedlander, 2012; Tan et al., 2013). In fact, in six of the studies
(Bahar & Maker, 2011; Kim, Cho, & Ahn, 2003; Kuo et al., 2010; Mann, 2005; Mann
2009; Tan et al., 2013) the significance level of the correlation between mathematical
creativity and mathematical achievement was lower than .01 (Table 2.2). Tan et al.
(2013) used two different instruments to measure mathematical achievement when
examining the relationship between mathematical creativity and mathematical
achievement, and conducted two separate analyses using the results from both
instruments. The correlation between these two variables was highly significant (p< .001)
when MIDYIS (the math achievement instrument that has been used nationwide) was
used in the analysis; however, the correlation between mathematical creativity and
mathematical achievement was not statistically significant when mathematical
achievement was assessed using the schoolwide test.
I examined the studies to explore any relationship related to mathematical
creativity and mathematical achievement. However, I did not detect any pattern between
the grade levels of the participants and the relationships between mathematical creativity
and mathematical achievement across the studies.
Open-ended problems and mathematical creative problem solving ability.
Although all of the researchers of the studies analyzed in this section chose instruments
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that involved open-ended tasks or problems, only two of them (Bahar, 2013; Kwon, Park,
& Park, 2006) specifically examined the effects of open-ended problems on mathematical
creativity. Both studies were quantitative, however Bahar (2013) employed a
correlational approach while Kwon et al. (2006) used a comparative approach when
analyzing the open-ended problems when used for measuring or cultivating students’
mathematical creativity. Also, Kwon et al. (2006) used the open-ended approach as a
program to develop divergent thinking while Bahar (2013) used it for identification and
placement purposes. The participants of both studies were above grade 3 (Table 2.2).
The researchers of both studies provided detailed descriptions of the instruments
and the scoring rubrics used in their studies. Finally, in both studies, the use of openended problems when designing a program or an instrument resulted in a significant
difference (p < .01 for both studies) in creativity.
Conclusion
In this chapter, I examined the relationships among mathematical creativity,
general creativity, mathematical achievement, and open-ended problems. When I
investigated the studies for the criteria they used to score mathematical creativity, I
discovered that fluency, flexibility, and originality were the emerging components of
creativity that were used across most of the studies.
In addition, mathematical creativity was highly correlated with general creativity
in upper grade levels starting from grade 3. However, in lower grades (grade 2 or below)
no significant correlation was found between mathematical creativity and general
creativity. This particular finding was consistent with the theoretical framework of this
study in which Amabile (1983) stressed that production of “creative” responses and
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works required domain-relevant skills, creativity-relevant skills, and task motivation.
Therefore, the more students were exposed to mathematical knowledge (grade level), the
more creative responses they produced.
Mathematical creativity was also correlated at a significant level with
mathematical achievement in all studies. Furthermore, using open-ended problems when
assessing or developing mathematical creativity was essential based on the studies
analyzed in this chapter.
In all the studies, mathematical creativity was assessed using varied instruments
developed with different approaches. Although using different instruments when
assessing students would benefit them, validating these instruments with different
samples to improve the quality of assessment methods has still been essential. Enhancing
the quality of these instruments would increase educators’ abilities to serve students with
culturally and linguistically diverse backgrounds. Therefore, I aimed to improve the
scoring criteria for the DISCOVER Mathematics Assessment to fulfill this need.
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CHAPTER III: METHOD
The purpose of this study was to revise and revalidate the scoring procedure of the
DISCOVER Mathematics Assessment in order to allow evaluators to better measure
creative problem solving ability in mathematics, to better identify gifted students, and to
provide an improved method for evaluating the programs developed for cultivating
creative problem solving. Below, I described the methodology I followed to meet this
purpose.
Setting
For this study I obtained data from a public elementary school in the eastern
region of Australia. The school, founded more than 100 years ago, provides education
from kindergarten to 6th grade, in the areas of Mathematics, English, Science and
Technology, Creative and Performing Arts, and Human Society and its Environment, and
Personal Development, Health and Physical Education. Unlike the American educational
system, this Australian school used a quarter-based system, with four different semesters
in a school year. This school became involved in the project described in this study in the
fall of 2013, as a result of the administration’s willingness to collaborate with the
University of Arizona. In addition, the school’s teachers were interested in implementing
the Real Engagement in Active Problem-solving (REAPS) model. Seven general
education classroom teachers implemented the REAPS model to provide a differentiated
curriculum to their students from varied backgrounds.
Participants and Sampling
The sample of this study was selected from among the students who participated
in Australian classrooms in which the REAPS model was implemented. Six hundred
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ninety-three students participated in the original project. However, for the purpose of this
study, I eliminated students who lacked any of the following information: mathematical
problem solving scores measured by the Discovering Intellectual Strengths and
Capabilities while Observing Varied Ethnic Responses (DISCOVER) Mathematics
Assessment, and general creativity scores measured by the Test of Creative thinkingDrawing Production (TCT-DP). Consequently, the sample of this study was comprised of
233 children selected from five different grade levels; 57 from year one (first grade), 48
from year two (second grade), 37 from year three (third grade), 49 from year four (fourth
grade), and 42 from year five (fifth grade). Most Australian schools did not use
standardized or other types of testing to identify gifted children. Rather, the evaluators
considered academic achievement, parents’ recommendations, and teachers’
recommendations when identifying or placing gifted students.
Research Design
I implemented a quasi-experimental correlational design in this study, based on
Tabachnick and Fidell’s (2013) definition: “In an experiment, the researcher has control
over the levels (or conditions) of at least one independent variable to which a subject is
exposed by determining what the levels are, how they are implemented, and how and
when cases are assigned and exposed to them ” (p.2). I considered this research to be
quasi-experimental because the participants were not selected randomly. McMillan
(2008) considered quasi-experimental to be all experimental designs lacking random
assignment.
Intervention

49
The data were collected from classrooms in which teachers implemented the
REAPS model, which was designed to develop children’s ability to engage in real life
problems and to solve those problems in creative and practical ways. The REAPS model
combined methods from three research-based models: Thinking Actively in a Social
Context (TASC) (Wallace, 2008, Wallace, Bernardelli, Molyneux, & Farrell, 2012).
2012), Discovering Intellectual Strengths and Capabilities while Observing Varied Ethnic
Responses (DISCOVER) (Maker & Schiever, 2010), and Problem Based Learning (PBL)
(Savery, 2006). All of these three models have been designed to share the common theme
of problem solving.
Wallace (2008) developed the TASC model to engage children in actively solving
problems in their social environments. The model was planned to guide students’
learning to solve problems by following eight different steps: “gather and organize,
identify, generate, decide, implement, evaluate, communicate, and learn from
experience” (p.150). When used in a circular way (the TASC Wheel), the model helped
students work at their own pace, returning to particular steps as needed (Wallace &
Maker, 2009). Maker and her colleagues (Maker & Schiever, 2010) developed the
DISCOVER model to offer students problems with a variety of types, group activities
and choice, active hands-on learning, integration of the arts, and integration of the
cultures and languages of the students. The third REAPS component, PBL, was
developed to engage students in real life problem solving and to allow them to apply their
skills to solve those real life problems. The four elements of the problem-based learning
approach were: an ill-structured problem; real-life based content; students’ culture and
background; and self-directed learning (Savery, 2006).
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The researchers aimed to create a more comprehensive, cohesive, and inclusive
model by combining these three models, and they have tested this model in the field since
2004 (Maker, Zimmerman, Gomez-Arizaga, Pease, & Burke, 2010). The data for the
present study were obtained from a project in which REAPS was used to facilitate
learning across the fields of mathematics and science. The teachers in the school also
assessed students’ mathematical abilities using the DISCOVER Mathematics
Assessment, designed specifically for the DISCOVER projects that subsequently became
part of the overall REAPS model (Maker et al., 2010).
Instruments
The DISCOVER Mathematics Assessment. The DISCOVER Mathematics
Assessment was used to assess children’s creative problem solving in mathematics. Three
different forms of the Mathematics Assessment were used for different grade levels. For
grades 1 to 2, the form contained 15 questions, with 1 to 10 being closed and 11 to 14
being semi-open-ended, and 15 being open-ended. For grades 3 to 5 and 6 to 8, different
forms were used. For these grades the forms both contained 17 questions; questions 1
through 11 were closed, questions 11 through 16 were semi-open-ended, and 17 was
open-ended. Definitions and examples of the six types of problems the DISCOVER
Mathematics Assessment includes were as follows:
Type I. The problem presenter and the solver both know the problem and the
method for solving the problem (e.g.,3+5=?).
Type II. The problem presenter and the solver both know the problem, but only
the presenter knows the method for solving it (e.g., Ali had 2, and Aysha had 3
apples. How many apples do they both have?).
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Type III. The problem presenter and the solver both know the problem; however,
the presenter also knows that using more than one method might yield a correct
solution (e.g., if John is allowed to choose only two different ice-cream flavors at
a time, how many different combinations can he choose out of six different
flavors?).
Type IV. The problem presenter and the solver both know the problem. However,
the presenter also knows that the problem can be solved in more than one way,
and a range of solutions exists (e.g., create as many equations as possible using 3,
5, and 6).
Type V. The problem presenter and the solver both know the problem, but neither
knows the method nor the solution. In Type V problems, the method and solution
are open, although the problem itself is clearly defined (e.g., write as many
problems as you can that have 16 as the answer).
Type VI. Neither the problem presenter nor the solver know or define the
problem, nor do they know the method and the solution (e.g., How can you
calculate the monthly average amount of energy to distribute to the residential
areas?).
Several researchers conducted predictive and concurrent validity studies to
investigate the DISCOVER Mathematics Assessment. Sarouphim (2001) conducted a
concurrent validity study with 257 K-5 Dine (Navajo) students, examining the
relationship between the DISCOVER Assessment and Raven’s Progressive Matrices. She
found significant correlations ranging from .264 to .376 (p <.05). Later, she (Sarouphim,
2009) examined the correlation between the DISCOVER Mathematics Assessment and

52
Raven’s Progressive Matrices with 248 Lebanese children and found all significant
correlations, ranging from .269 to .454 (p <.05).
In two different studies, Sak and Maker (2003a, 2003b) examined the predictive
validity of the DISCOVER Assessment by comparing test results (Stanford 9, AIMS, and
end of year grades) achieved by students labeled gifted in kindergarten with achievement
scores in later grades. In the first study (Sak & Maker, 2003a) they analyzed the scores of
84 sixth grade students, finding F values of 4.15 (AIMS Math test) and 6.14 (Stanford 9
Math test), where p < .001 for both. For the second study (Sak & Maker, 2003b) they
analyzed the scores of 83 third grade students, obtaining R2 values of .29 (Stanford Math
9 test) and .39 (AIMS Math test), with p< .05 for both. Erdimez and Maker (2012)
conducted a predictive validity study with 77 third grade students, and examined the
relationship between their third grade DISCOVER Math scores and fourth grade
achievement scores measured by the ITBS and CTBS. Their analysis yielded an R2 value
of 0.485 (p =.000.) Finally, Alhusaini and Maker (2012) conducted a predictive validity
study with 76 second grade Dine Children. In this case, however, comparison of students’
DISCOVER Assessment scores and their TCT-DP scores yielded no significant
correlations.
Test of Creative Thinking-Drawing Production (TCT-DP). The Test of
Creative Thinking-Drawing Production was developed by Urban and Jellen (1986, 1996;
Jellen & Urban, 1986) to address the need for a test that serves persons of a broad age
range with varying creative abilities from different cultural backgrounds. The individual
is asked to complete a drawing using some given figural fragments. These six figural
fragments of the instrument were designed with the following points in mind. They were
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“(1) different in design, (2) geometric and non-geometric, (3) round and straight, (4)
singular and compositional, (5) broken and unbroken, (6) within and outside a
(seemingly) given frame, (7) placed irregularly on the space provided, and (8) incomplete
” (Urban, 2005, p.273). The evaluation criteria for the TCT-DP consisted of 14 elements
including “continuations, completions, new elements, connections made with a line,
connections made to produce a theme, boundary breaking that is fragment dependent,
boundary breaking that is fragment independent, perspective, humor and affectivity,
unconventionality (a, b, c, and d), and speed” (Urban, 2005, p. 274). The final score of
the test was the total of the scores given for each element. The validity studies conducted
with the academic achievement tests revealed a low positive correlation between the
TCT-DP and academic achievement (Urban, 2005) which aligned with the philosophy of
the TCT-DP, which was that low academic achievers might not have low creative
potential as well as high academic achievers might not always be the ones with high
creative potential (Urban & Jellen, 1986). Additionally, the reliability studies yielded the
following results; inter-rater reliability was found mostly above 0.87, parallel test
reliability was in the range of 0.62 to 0.70 in varying studies (Bahar, 2013). In this study,
a PhD candidate in special education who had 3 years of experience in scoring this test
graded all of the TCT-DP tests.
Data Collection
For the purpose of this research, I used the mathematics data collected from the
implementation of the REAPS model in Australia, along with scores for scientific
creativity, general creativity, and complex understanding of science. However, for the
purpose of this study I used only the mathematics part of the project. Before
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implementing the REAPS model the principal, assistant principal, one of the researchers,
and the teachers involved in the project conducted pre-testing examinations, scores of
which were used for the analysis of this study’s research questions, to assess students’
current level of creative problem solving ability in mathematics.
The main purpose of this study was to revise and revalidate the scoring system of
the DISCOVER Mathematics Assessment. Below, I described the original version of the
scoring system in detail, and the revisions I made for the purpose of this study.
The Original version of the scoring system. The overall (total) scores of the
students’ creative problem solving performance in mathematics were calculated by
combining two different types of scores assigned to a single application of the
DISCOVER Mathematics Assessment. This combination consisted of accuracy and
concept scores. While the accuracy scores were calculated based on whether or not the
student’s solution to each problem was correct, the concept scores were calculated on the
basis of the answers given to the questions 11 through 15 by using several criteria.
Questions 1 through 10 were closed (i.e., Types I, II, and III) problems; therefore the
answers for those problems were not subject to any evaluation to receive concept points.
Questions 11 through 14 were designed to be semi-open-ended and question 15 was
open-ended. Therefore, when assigning the concept points, the criteria used for semiopen-ended problems differed from the ones that were used for the open-ended problem.
When assigning scores to questions 11 through 14, five different criteria were used: the
number of operations used throughout the problems, understanding of the commutative
property, related facts, inverse operations, and creative use of numbers. Available
concept points for the number of operations used throughout the problems were 0 (only

55
one operation was used throughout the problems) and 2 (two or more operations were
used throughout the problems) in the original scoring criteria. For the applications of
understanding of the commutative property, related facts, and inverse operations;
although four different questions existed, the students did not have to apply each criterion
across all the four questions to get a total score of 2 for each of them. In other words, the
students could get the total score (2 points) for each criterion even if they applied it in
only one of the four questions. However, a different scoring procedure was applied in
“the creative strategy”. That was, the students were required to apply the creative strategy
in each of the four questions to be able to get the total score of 1 (0.5 for each question).
Figure 3.1 and Figure 3.2 were answers given by two randomly selected second
grade students. Based on the original scoring system, Student 1 (Figure 3.1) received 5
accuracy points and 6.5 concept points including 2 for using two different operations
throughout the problems, 0 for the commutative property, 2 for related facts, 2 for inverse
operations, and 0.5 for creative use of the numbers. Student 2, however, received 16
accuracy points and 10 concept points including 2 for using two different operations
throughout the problems 2 for the commutative property, 2 for related facts, 2 for inverse
operations, and 2 for creative use of numbers.
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Figure 3.1. Answers of Student 1 from second grade for semi-open-ended problems

Figure 3.2. Answers of Student 2 from second grade for semi-open-ended problems
Figure 3.3 and Figure 3.4 were answers given by two randomly selected fourth
grade students. Based on the original scoring system, Student 3 (Figure 3.3) received 6
accuracy points and 9 concept points including 2 for using two different operations
throughout the problems, 2 for the commutative property, 2 for related facts, 2 for inverse
operations, and 1 for creative use of the numbers. Also, Student 4 (Figure 3.4) received
16 accuracy points and 10 concept points including 2 for using two different operations
throughout the problems, 2 for the commutative property, 2 for related facts, 2 for inverse
operations, and 2 for creative use of numbers.
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Figure 3.3. Answers of Student 3 from fourth grade for semi-open-ended problems

Figure 3.4. Answers of Student 4 from fourth grade for semi-open-ended problems
For question 15 concept scores were given for; number of operations used
throughout the problems (0 for using only one operation, 2 for using two different
operations, 4 for using three different, and 6 for using four different operations);
understanding of the commutative property (2 points); understanding of the associative
property (2 points); clear use of strategy (5 points); problems including number(s) 100 or
above (2 points); whether or not a problem contained more than two numbers (2 points);
whether or not a problem contained more than one operation (2 points); and for use of
unique problems (5 points).
For example Student 5 (Figure 3.5) received 87 accuracy points and 13 concept
points including 4 for using three different operations throughout the problems, 2 for the
commutative property, 0 for the associative property, 5 for the clear use of strategy, 2 for
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using 100 or above for a problem, 0 for a problem containing more than two numbers, 0
for a problem containing more than one operation, and 0 for the use of unique problems.
Student 6 (Figure 3.6) received 59 accuracy points, and 15 concept points including 6 for
using three different operations throughout the problems, 2 for the commutative property,
0 for the associative property, 5 for the clear use of strategy, 2 for using 100 or above for
a problem, 0 for a problem containing more than two numbers, 0 for a problem
containing more than one operation, and 0 for the use of unique problems.
What has changed in the revised version of the scoring system?. Similar to the
original scoring system, the total scores were also calculated by combining accuracy and
concept scores in the revised version of the scoring system. However, I revised the
following parts of the methodology when assigning those scores. In assigning accuracy
scores, I set a cut-off point, 19 problems to be exact, when too many problems were
written with the same operation using the same strategy. For example Student 5 received
87 accuracy points in original scoring system while she received 37 in revised scoring
system, due to the reason that after 19 problems she wrote using the strategy of
subtraction, the problems were not given any accuracy points. The reason for choosing 19
as the cut-off point was that when students developed a strategy for writing as many
problems as possible that had 18 as the answer, they started from 0+18 and continued to
0+18 (0+18, 1+17, 2+16,…, 16+2, 17+1, 18+0). This cycle involved 19 different
problems. Setting 19 problems as a cut-off point allowed me to give points for the entire
cycle. This cut-off point was applied only when student used the same operation to write
more than 19 problems with the same strategy.
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I also revised the methodology of assigning concept scores to questions 11
through 14 in the following way. In the original scoring system, the available scores for
number of operations used throughout the problems were only 0 and 2. Considering the
assessment tool used for first and second grade, this method seemed appropriate.
However, for the upper grade levels (i.e., three to five), students could actually write
problems using more than 2 operations. Therefore I added two more possible points when
assigning concept scores for this criterion. In addition to 0 points for using only one
operation and 2 points for using two operations, I added 4 points for using three different
operations and 6 points for using four different operations throughout the problems. For
example, Student 3 (Figure 3.3) received 2 points for this criterion in original scoring
system while she received 4 points in the revised system. Additionally I changed the
possible maximum points that could be earned for understanding of the commutative
property, related facts, and inverse operations. In the original scoring system the students
did not have to apply each criterion across all the four questions to get a total score of 2
for each of the questions. However in the revised version, the students were able to
receive 2 points for each time they applied one of these criteria for each question.
For example, in the original scoring system Student 3 (Figure 3.3) and Student 4
(Figure 3.4) both received 6 concept points including 2 for the commutative property, 2
for related facts, and 2 for inverse operations. However, in revised scoring system
Student 3 received 8 concept points including 4 for the commutative property, 2 for
related facts, and 2 for inverse operations, while Student 4 received 24 concept points
including 8 for the commutative property, 8 for related facts, and 8 for inverse operations.
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In addition to the changes I made in the methodology of assigning concept points
for questions 11 through 14, I also revised the distribution of the strategy points for
question 15. In the original version the student who wrote three consecutive problems
indicating a pattern received 5 strategy points, regardless of the quality of the strategy.
However, in the revised version, based on the quality of the strategy I distributed,
three different scores including 4 points (any basic strategy in which a pattern was
created by adding, subtracting, or multiplying two numbers), 7 points (any complicated
strategy, that had a different pattern between two numbers than simply being consecutive
ones, created using addition, subtraction, or multiplication), and 10 points (any strategy
that involved three or more numbers). For example, students in both Figure 3.5 and
Figure 3.6 received 5 strategy points in the original scoring system. However, in the
revised version Student 5 received 12 points (4 for addition strategy, 4 for multiplication
strategy, and 4 for subtraction strategy) while Student 6 received 19 points (4 for addition
strategy, 4 for multiplication strategy, 4 for subtraction strategy, and 7 points for division
strategy) for applying different strategies. Another example of how the distribution of
strategy points differed from the original to the revised version of the scoring system was
that in original scoring system both strategies followed in Figure 3.7 and Figure 3.8 were
worth 5 points while in the revised version the strategy in Figure 3.7 was worth 4 points
and the strategy in Figure 3.8 was worth 10 points. Finally I revised the criterion that
required writing problems involving the number 100 or more to receive 2 points. I added
4 more points if the students used root or exponent numbers.
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Figure 3.5. Answers of Student 5 from fifth grade for the open-ended problem
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Figure 3.6. Answers of Student 6 from fifth grade for the open-ended problem
All the changes were made after consulting one professor with a specialty in
education of the gifted with more than 30 years of experience, one individual with a PhD
in special education who had a bachelor’s degree in engineering, and more than 10 years
of experience in teaching mathematics including mathematics for gifted students, one
professional test writer who had 5 years of experience, and 3 special education doctoral
students in education of the gifted with different backgrounds.
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I graded all of the students’ assessments that were involved in the data set of this
study. However, another doctoral student who also had a master’s degree in creativity
graded 50 of the assessments from 5 different grade levels (10 from each) to calculate the
inter-rater reliability for both the original and revised versions of the scoring system.

Figure 3.7. Example 1 of using a strategy when writing problems

Figure 3.8. Example 2 of using a strategy when writing problems
Data Analysis
In this research, I revised the scoring procedure for a valid and reliable
mathematics test, namely the DISCOVER Mathematics Assessment, which has been used
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for placement decisions and identification of gifted students. Before I started conducting
analyses to answer the research questions, I calculated inter-rater reliability to determine
the agreement between quantitative measurements using Intra-class Correlation
Coefficient (Barnhart, Haber, & Lin, 2007). In this calculation, I used the scores of a
special education doctoral student, who had a master’s degree in creativity, along with
my scorings. She graded 50 of the assessments from 5 different grade levels (10 from
each), which constituted of 21% of the sample.
Research question 1. Gravetter and Wallnau (2013) defined range as “the
distance covered by the scores in a distribution, from the smallest score to the largest
score ” (p.106), and variance as “ the average squared distance from the mean” (p.108).
Therefore, to determine the range and variance in both the original and the revised
version of the scoring system to answer the first research question, I applied descriptive
statistics to the scores that were obtained using both the original and revised versions of
the scoring system. After conducting the descriptive statistics analyses, I also conducted a
paired sample t-test to determine whether or not mean differences from the original to the
revised scoring system were statistically significant.
Research question 2. Tabachnick and Fidell (2013) stated, “ Regression is used
to predict a score on one variable from a score on the other.” (p.57). Therefore, to answer
the second research question, I conducted both Pearson’s product moment correlation and
multiple regression analyses to analyze the relationship between mathematical problem
solving performance variables (overall performance, performance in semi-open-ended
questions, and performance in open-ended questions) and general creativity measured by
the TCT-DP. Because the results of the correlation analyses indicated high
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multicollinearity between the scores obtained using the original and the revised scoring
systems, all the regression analyses conducted for this study were simple (bivariate)
regression analyses. However, to determine whether or not the difference between the
original and the revised version of the scoring system was statistically significant, I
followed a different strategy. To calculate this significance, dependent correlation
coefficients were converted to z scores using Fisher’s r to z transformation (Lee &
Preacher, 2013). Then, using Steiger’s (1980) equations 3 and 10, the covariance of the
estimates was computed to use them in a z-test (Lee & Preacher, 2013). The significance
levels for these z-scores were used to determine whether or not the difference was
statistically significant.
Research question 3. To answer the third research question, I followed the same
procedure used to answer research question two, only this time I separated the
participants into two groups. The literature review of this study indicated that statistically
significant relationships were found only in studies in which the participants were from a
grade level of 3 or higher. Therefore, I grouped all the participants in first and second
grade and named as Lower Grade Levels, while all the participants in third, fourth, and
fifth grades were put to group Higher Grade Levels. Then, I conducted simple regression
analyses for both groups and both scoring systems, and employed Fisher’s z
transformation and Steiger’s equations to calculate whether or not the difference was
statistically significant.
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CHAPTER IV: RESULTS
The purpose of this study was to revise and revalidate the scoring procedure of the
DISCOVER Mathematics Assessment to allow evaluators to better measure creative
problem solving ability in mathematics, better evaluate the programs designed to develop
creative problem solving, and better identify gifted students. To examine the differences
between the original and the revised version of the scoring system, I conducted regression
analyses using both versions of the scoring system and TCT-DP as well as descriptive
statistics.
Inter-rater Reliability
Of the 233 students who participated in the study, 50 of them came from 5
different grade levels (10 from each). These students, constituting 21% of the total
sample, were selected randomly. A second-year special education doctoral student, who
also had a master’s degree in creativity, graded these students’ mathematics assessments.
Depending on this grading intra-class correlation coefficient was calculated to determine
the inter-rater reliability for both the original and the revised versions of the scoring
system.
The inter-rater reliability coefficients between the two graders were calculated
using total scores for both the original and the revised versions of the scoring system, and
were both in the range of “almost perfect” (Barnhart, Haber, & Lin, 2007). The single
measure ICC for the original scoring system was .975 with a 95% confidence interval
from .956 to .986 (F(2, 49)=76.701, p=.000). Also, the single measure ICC for the new
scoring system was .980 with a 95% confidence interval from .965 to .989 (F (2,
49)=99.150, p=.000).
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Research Question 1
In what ways did the revised scoring system change the instrument’s sensitivity to
individual differences as reflected by the range of scores and the variance in scores?
Descriptive statistics for general creativity, overall mathematical problem solving
performance, and mathematical problem solving performance in semi-open ended and
open-ended problems based on the original and the revised versions of scoring system
have been presented in Table 4.1.
Table 4.1
Descriptive Statistics for Variables
Mean

SD

Range

Variance

N

General Creativity

52.59

13.00

66

169.19

233

Original Total Scores

49.92

31.60

175

998.96

233

Revised Total Scores

56.21

33.61

161

1130.08

233

Original Semi-OpenEnded Scores

11.50

9.10

26

82.90

233

Revised Semi-OpenEnded Scores

18.74

16.52

48

273.18

233

Original Open-Ended
Scores

31.78

26.31

149

692.37

233

Revised Open-Ended
Scores

30.68

22.61

104

511.32

233

The results indicated that the range increased from the original to the revised
version of the scoring system for mathematical problem solving performance in semiopen-ended questions. However, it decreased for both the overall mathematical problem
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solving performance and mathematical problem solving performance in open-ended
questions. Variance, on the other hand, increased for both overall mathematical problem
solving performance and mathematical problem solving performance in semi-open-ended
questions from the original to the revised version of the scoring system. However, it
decreased for mathematical problem solving performance in open-ended questions from
the original to the revised version of the scoring system.
The means and the standard deviations increased from the original to the revised
versions of the scoring system for both overall mathematical problem solving
performance and problem solving performance in semi-open ended questions, whereas
they decreased for problem solving performance in open-ended questions. I conducted a
series of paired sample t-test analyses to test the significance of these mean differences.
The results of these analyses have been presented in Table 4.2.
Table 4.2
Paired Sample T-Test Results
Original
Scoring

Revised
Scoring

M

SD

M

SD

Overall
Performance

49.9

31.6

56.2

33.6

Performance
in SOE

11.5

9.10

18.7

Performance
in OE

31.7

26.3

30.6

t

p

df

-7.27**

0.000

232

16.5

-14.23**

0.000

232

22.6

1.51

0.131

232

Note. **= Significant at the p=.00 level. SOE=Semi Open Ended OE=Open Ended
The results of the paired sample t-tests indicated that the difference between the
mean scores for overall problem solving performance and problem solving performance
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in semi-open ended questions was statistically significant (t=-7.27, p=.00, and t=-14.23,
p=.00, respectively). In other words, the average scores obtained using the revised
scoring system was about 6.3 points higher than the ones obtained using the original
scoring system in the case of overall performance, and 7.2 points higher in the case of
semi-open ended problems; whereas for open-ended problem the analyses showed no
significant mean difference.
Research Question 2
In what ways did the relationship between mathematical problem solving
performance and creativity change from the original to the revised scoring system in
overall mathematical problem solving performance and general creativity, mathematical
problem solving performance in semi-open ended problems and general creativity, and
mathematical problem solving performance in open-ended problems and general
creativity?
First, I examined the correlation among variables by conducting Pearson’s
product moment correlation. The coefficients of these analyses have been presented in
Table 4.3. The analyses yielded statistically significant positive correlations between
general creativity scores and each of the mathematical problem solving performance
variables. All correlations were statistically significant at the p<. 01 level. Following
these results, I employed the regression framework to test the significance of the
relationship between general creativity (dependent variable) and mathematical problem
solving performance variables (independent variables).
The results of the Pearson’s product moment correlation indicated a considerably
high correlation (r > .90) for each pair performance variables in the original and revised
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versions of the scoring system. These high correlations might cause high levels of
variance inflation, thus severe multi-collinearity, which limited the options for regression
analysis to bivariate regressions (or simple regression). The results of the regression
analyses have been presented in Table 4.4.
Table 4.3
Correlation Matrix for Variables
General
Creativity

Original
Overall

Revised
Overall

Original
SOE

Revised
SOE

Original
OE

General
Creativity

1

Original
Overall

0.275***

1

Revised
Overall

0.353***

0.920***

1

Original
SOE

0.385***

0.616***

0.769***

1

Revised
SOE

0.416***

0.614***

0.780***

0.983***

1

Original
OE

0.172*

0.956***

0.810***

0.371***

0.374***

1

Revised
OE

0.186**

0.887***

0.880***

0.392***

0.393***

0.909***

Note. ***= Correlations are significant at the p=.000 level. **= Correlation is significant
at the p=.002 level. *= Correlation is significant at the p=.004 level. N=233 for all
correlations. SOE=Semi-open-ended. OE= Open-ended.

Revised
OE

1
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Table 4.4
Bivariate Regression Results for General Creativity and Problem Solving Performance
B

SE

R2

p

df

Original Total Scores

0.113

0.26

0.076*

0.00

231

Revised Total Scores

0.136

0.023

0.124*

0.00

231

Original Semi-OpenEnded Scores

0.55

0.087

0.148*

0.00

231

Revised Semi-OpenEnded Scores

0.327

0.047

0.173*

0.00

231

Original Open-Ended
Scores

0.085

0.032

0.030*

0.009

231

Revised Open-Ended
Scores

0.107

0.037

0.035*

0.004

231

Note. *=Significant at the p< .01 level.
Consistent with the correlation results, the regression results showed statistically
significant positive relationships between the dependent variable (general creativity) and
each independent variable (mathematical problem-solving performance variables for both
the original and the revised versions of the scoring system). More specifically, in the case
of overall mathematical problem-solving performance scores, for a 1 unit increase in the
original overall mathematical problem solving performance score, a 0.113 increase in

72
general creativity score (B=0.113, p=.00) was expected on average, while for a 1 unit
increase in the revised overall mathematical problem solving performance score, the
expected increase was 0.136 point in general creativity (B=0.136, p=.00).
When I examined the proportion of variance explained (R2) for each independent
variable, an increase from the original to the revised scoring system for each pair of
independent variables (overall performance, performance for semi-open ended, and openended questions) was evident. For instance, in a linear relationship, in the first model,
7.6% of the variation in general creativity was explained with the original mathematical
problem solving performance score whereas in the second model 12.4% of the variation
in general creativity was explained with the revised mathematical problem solving
performance score.
The difference between the R-squared levels was salient in all the models.
However, due to the problem of severe multi-collinearity discussed above, using stepwise
regression to estimate full and partial models and then to use R-squared values based on
these models in the partial F-test was not an option. A different strategy was followed at
this point. Because R2= r2 in the simple regression framework, an analysis of the
significance of the difference between correlation coefficients (r) revealed the direction
of a similar interpretation of regression framework. The fact that both correlation
coefficients for all independent variables were obtained from the same sample allowed
me to test the significance of the difference between these coefficients. To calculate this
significance, dependent correlation coefficients were converted to z scores using Fisher’s
r to z transformation (Lee & Preacher, 2013). Then, using Steiger’s (1980) equations 3
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and 10, the covariance of the estimates was computed to use them in a z-test (Lee &
Preacher, 2013). The results have been presented in Table 4.5.
Table 4.5
Results of the test of significance of the difference between variables
Differences

z

df

p

Original and Revised Scores for Overall
Mathematical Problem Solving
Performance

-3.112*

230

0.002

Original and Revised Scores for
Mathematical Problem Solving
Performance in Semi-Open-Ended
Problems

-2.775*

230

0.005

Original and Revised Scores for
Mathematical Problem Solving
Performance in Open-Ended Problems

-0.503

230

0.614

Note. *= Significant at the p< .01 level.
Statistically, the revised version of the scoring system was significantly different
from the original version in overall mathematical problem-solving performance and
mathematical problem solving performance in semi-open-ended questions. However, the
difference between the scores obtained using both the original and the revised versions of
the scoring system in open-ended problems was not statistically significant.
Research Question 3
In what ways did the relationship between mathematical problem solving
performance and creativity change from the original to the revised scoring system across
grade levels in overall mathematical problem solving performance and general
creativity, mathematical problem solving performance in semi-open ended problems and
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general creativity, and mathematical problem solving performance in open-ended
problems and general creativity?
Based on the literature reviewed in Chapter II, the relationship between general
creativity and creative problem solving performance in mathematics was different in
grade levels 1 and 2 and grade levels 3, 4, and 5. Therefore, to examine the relationship
between general creativity and mathematical problem solving performance variables
across grade levels, two groups were recoded based on the grade levels of students.
Lower Grade Levels group consisted of students from 1st and 2nd grades, and Higher
Grade Levels group consisted of students from 3rd, 4th, and 5th grades. I conducted
Pearson’s product moment correlation to calculate the coefficients, and presented the rvalues in Table 4.6 for Lower Grade Levels, and Table 4.7 for Higher Grade Levels.
Statistically significant positive relationships were found between general creativity
scores, original overall mathematical problem-solving performance scores, and revised
overall mathematical problem-solving performance scores for each group.
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Table 4.6
Correlation Matrix for Variables in Lower Grade Levels
General
Creativity

Original
Overall

Revised
Overall

Original
SOE

Revised
SOE

Original
OE

General
Creativity

1

Original
Overall

0.446***

1

Revised
Overall

0.465***

0.981***

1

Original
SOE

0.468***

0.724***

0.804***

1

Revised
SOE

0.482***

0.730***

0.814***

0.991***

1

Original
OE

0.378***

0.960***

0.905***

0.506***

0.519***

1

Revised
OE

0.364***

0.946***

0.918***

0.511***

0.520***

0.981***

Note. All correlations were significant at the p=.000 level. N=105. SOE= Semi-openended. OE= Open-ended.

Revised
OE

1
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Table 4.7
Correlation matrix for Variables in Higher Grade Levels
General
Creativity

Original
Overall

Revised
Overall

Original
SOE

Revised
SOE

Original
OE

General
Creativity

1

Original
Overall

0.198***

1

Revised
Overall

0.306***

0.878***

1

Original
SOE

0.303***

0.495***

0.703***

1

Revised
SOE

0.320***

0.509***

0.729***

0.981***

1

Original
OE

0.125***

0.965***

0.772***

0.264***

0.282***

1

Revised
OE

0.188***

0.859***

0.872***

0.281***

0.303***

0.874***

Note. All correlations were significant at the p=.000 level. N=128. SOE= Semi-openended. OE= Open-ended.
The strategy introduced in the previous section for the test of significance of the
difference between two correlated correlations was followed again for both groups (Table
4.8). The results of the test of significance between the correlations of the original and
revised versions of the scoring system with general creativity showed a statistically
significant difference only for overall mathematical problem solving performance for
Higher Grade Levels (z=-2.541, p= .01). The results were insignificant for overall

Revised
OE

1
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mathematical problem solving performance for Lower Grade Levels, and insignificant for
both groups for the mathematical problem solving performance in semi-open-ended and
open-ended problems.
Table 4.8
Results of Test of Significance of the Difference
Lower Grade Levels
z

Higher Grade Levels

df

p

z

df

p

Overall
Performance

-1.109

103

0.26

-2.541*

126

0.01

Performance
in SOE

-1.20

103

0.23

-1.027

126

0.30

Performance
0.782
103
0.43
-1.423
126
0.15
in OE
Note. *= Significant at the p= .01 level. SOE= Semi-open-ended. OE=Open-ended
Following this analysis, I also conducted bivariate regression analysis to examine
the variance explained in general creativity for both groups for all mathematical problem
solving performance variables. The results of the regression analysis have been presented
in Table 4.9 for Lower Grade Levels, and Table 4.10 for Higher Grade Levels. The
results were evident that the variance explained in general creativity for Lower Grade
Levels increased for overall mathematical problem- solving performance and
mathematical problem-solving performance in semi-open-ended problems from the
original to the revised version of the scoring system while it decreased for mathematical
problem-solving performance in open-ended questions. For Higher Grade Levels,
variance explained in general creativity increased from the original to the revised version
of the scoring system for all three variables of mathematical problem-solving
performance. Furthermore, while no statistically significant difference was found for
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mathematical problem-solving performance in open-ended questions for the original
scoring system, variance explained in general creativity by mathematical problem solving
performance in open-ended questions was statistically significant.
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Table 4.9
Bivariate Regression Results for Lower Grade Levels
Original Scoring

Revised Scoring

B

SE

R2

p

B

SE

R2

p

Overall Perf.

0.139

0.028

0.199

0.00***

0.129

0.024

0.216

0.00***

Perf. in SOE

0.484

0.900

0.219

0.00***

0.299

0.054

0.232

0.00***

Perf. in OE

0.150

0.360

0.143

0.00***

0.151

0.038

0.132

0.00***

Note. ***= Significant at the p=.00 level. N=105, Perf.=Performance. SOE=Semi-open-ended. OE=Open-ended.
Table 4.10
Bivariate Regression Results for Higher Grade Levels
Original scoring
B

SE

R2

Overall Perf.

0.074

0.032

0.039

Perf. in SOE

0.440

0.124

Perf. in OE

0.053

0.037

Revised Scoring
B

SE

R2

p

0.02*

0.113

0.031

0.094

0.00***

0.092

0.00***

0.238

0.063

0.102

0.00***

0.016

0.16

0.098

0.046

0.035

0.03*

p

Note. ***= Significant at the p=.00 level. *= Significant at the p<.05 level. N=128. Perf=Performance. SOE=Semi-open-ended.
OE=Open-ended.
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CHAPTER V: DISCUSSION
In this chapter I discuss the findings, limitations, and future implications of this
study. The purpose of this study was to revise and revalidate the DISCOVER
Mathematics Assessment’s scoring system. I examined this scoring system as a whole,
and as used to score semi-open-ended and open-ended problems. I also compared the
results across grade levels.
This study differed from the prior predictive validity studies in that it was the first
study that was conducted by changing the methodology of the scoring of a test used for
culturally and linguistically diverse students as well as mainstream students. Furthermore,
in the literature the difference between closed and open-ended problems was examined.
However, none of the researchers analyzed the differences between semi-open-ended and
open-ended problems. Therefore, I aimed to explore these differences to provide a
different perspective to educators, researchers, and educational policy makers when
identifying gifted students, placing them in special programs designed to cultivate
creative problem solving in mathematics, and evaluating the effectiveness of these
educational programs to improve the quality of mathematical thinking.
Discussion of the Findings
Before I conducted the analyses to answer the research questions, I calculated
intra-class correlation coefficients to determine the inter-rater reliability for both the
original and the revised versions of the scoring system. I found a higher inter-rater
reliability for the revised version of the scoring than for the original version. Considering
the fact that for some of the criteria, the revised version has offered more varied scores
than the original one (i.e., 5 strategy points in the original scoring was replaced with the
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scores 4, 7, and 10 points based on the quality), the results of this analysis might seem
unexpected. However, if the original and revised versions of the scoring system were
revisited, these results can be explained by the use of clear-cut directions for scoring each
criterion. More specifically these directions guide the graders better to distribute the
points accurately in the revised scoring system.
Revision rules. Similar to the scoring procedures used in the studies in the related
literature (Bahar & Maker, 2011; Kattou, Kontoyianni, Pitta-Pantazi &Christou, 2013;
Kim, Cho & Ahn, 2003; Kwon, Park, & Park, 2006; Leikin & Lev, 2013; Lin & Cho,
2011; Mann, 2005, 2009; Pitta-Pantazi, Sophocleous, & Christou, 2012; Tabach &
Friedlander, 2013), the original version also was designed to distribute points based on
fluency (number of problems provided), flexibility (problems that contain more than one
operation or more than two numbers), and originality (the use of strategy). I revised
fluency, flexibility, and originality used in the existing methodology in the original
version, and added some new concepts that better served the purpose of the identification
and placement arena of testing. That is, based on the literature, I integrated the
components of complexity (Tan et al., 2013) (strategies created using the associative
property), quantity (Hwang et al., 2007) (more than 19 problems did not count when
created using the same strategy), and quality (Coxbill et al., 2013) (strategies involve any
pattern other than simply adding or subtracting consecutive numbers) to effectively
assess high level thinking and evaluate the ability to apply domain-relevant knowledge
and skills in a creative way. In this study I found that the revised version of the scoring
system explained more variance in general creativity scores for both overall mathematical
creative problem solving performance and performance in semi-open-ended questions.
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Moreover, even though the difference between the original and revised versions was not
statistically significant, the performance in open-ended problems still explained more
variance in general creativity.
The change in range and variance from the original to the revised versions of
the scoring system. The range increased from the original to the revised version of the
scoring system for mathematical problem solving performance in semi-open-ended
problems. This finding is consistent with the results of the studies in related literature
(House, 1987; McIntosh, Dixon, & Pierson, 2012). The range in the semi-open-ended
problems increased because the maximum possible concept points that could be earned
for semi-open ended problems increased from the original (i.e.,10 points) to the revised
(i.e., 32 points) version of the scoring system. Furthermore, this increase in the points
offered for semi-open-ended problems reduces the ceiling effect by allowing students to
receive more points. This, in turn, helps evaluators to distinguish the students in the
above average range (gifted, highly gifted, exceptionally gifted, and profoundly gifted).
Current testing instruments that are often used as pre- and post-tests lack the items
(or have very few) designed to distinguish the bright from the truly gifted when used for
both identification and placement decisions (Lin & Cho, 2011). Therefore, if students
miss one correctly answered pre-test item in the post-test or answered it incorrectly, then
their scores decline. This inadequacy might result in disqualification of students from the
program. Moreover, it might alter the perspectives of teachers or researchers in that they
may believe that these students would not benefit from the program or they are no longer
gifted.
Even though range increased for semi-open-ended problems, it decreased for both
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the overall mathematical problem solving performance and mathematical problem
solving performance in open-ended questions. This finding can be best explained by the
strategy I employed when distributing the scores in the revised version for both semiopen-ended and open-ended problems. The possible points earned for the semi-openended problems increased whereas the range decreased for both overall mathematical
problem solving performance, and problem solving performance in open-ended questions
due to the cut off point I set for the open-ended problems (i.e., 19 problems). The only
difference between the original and the revised versions of the scoring is that the students
need to apply more different strategies to earn more points in the revised scoring system.
In the original version the students could earn points when they wrote numerous
examples using the same strategy; however, in the revised version they have to write
problems not only by giving a number of examples from the same strategy, but also
providing examples from different strategies. Thus, the decrease in range in overall
performance and performance in open-ended questions does not have as significant effect
on the ceiling as the increase in range in semi-open-ended problems.
Variance is a measure of spread and used to determine the dispersion of the data.
Weisberg (1992) stated, “Measures of spread increase in value with greater variation on
the variable” (p.46). I found that variance increased for both overall mathematical
problem solving performance and mathematical problem solving performance in semiopen-ended questions from the original to the revised version of the scoring system. This
finding is consistent with the results of other studies in the related literature (Adams,
1993; McCray, Chen, & McNamee, 2004). This finding also supports the notion that
children will demonstrate more specific abilities as the diversity of the population
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increases (Chen & Gardner, 2005). Therefore, the increase in the overall creative
mathematical problem solving performance and in the creative mathematical problem
solving performance in semi-open-ended problems in the revised version of the scoring
system is of great importance to demonstrate the variation I was able to detect when I was
grading the DISCOVER Mathematics Assessments of 692 students in a larger project.
However, variance decreased for mathematical problem solving performance in
the open-ended question from the original to the revised version of the scoring system.
This finding is inconsistent with the results of other studies in the related literature
(Adams, 1993; McCray, Chen, & McNamee, 2004). This inconsistency can be best
explained by the fact that I set a cut-off point when revising the scoring system. When the
number of problems that I counted decreases, the mean and the standard deviation of the
sample also decreases, which, in turn, results in the decrease in variance.
Relationship between creative problem solving performance in mathematics
and general creativity. I found that all of the mathematical creative problem solving
performance variables (overall performance, performance in semi-open-ended questions,
and performance in open-ended questions) in the revised model explained more of the
variance in general creativity than the original version of the scoring system. In the
revised model, total scores explained 12.4% of the variance, scores for semi-open-ended
problems explained 17.3% of the variance, and scores for open-ended problems
explained 3.5% in general creativity. However, in the original model, total scores
explained 7.6% of the variance, scores for semi-open-ended problems explained 14.8% of
the variance, and scores for open-ended problems explained 3% of the variance in general
creativity scores. Statistically, overall mathematical creative problem solving
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performance and creative problem solving performance in semi-open-ended questions in
the revised model were significantly different from the ones in the original model. These
findings were consistent with the results of other studies in the related literature (Bahar,
2013; Leikin & Lev, 2013; Lin & Cho, 2011; Livne & Milgram, 2006; Tan, 2013) in
which significant correlations between creative problem solving performance in
mathematics and general creativity were found. However, the difference between the
scores of open-ended problems in both scoring versions was not statistically significant.
Despite this finding, the revised model explained more variance in general creativity than
the original model, which is consistent with the findings of the other studies in the related
literature (Bahar, 2013; Kwon et al., 2006).
The theoretical framework of this study is built upon the componential
conceptualization theory in which domain-relevant skills, creativity-relevant skills, and
task motivation are essential components to produce a creative product. In the original
version, fluency was assessed based on the number of correct answers. This way of
scoring was limited in a way that one student could be superior to the other only because
he or she provided more problems than the other even if merely one strategy was used. In
other words, although one student provided problems by using more varied or creative
strategies, he or she could receive lower grades due to providing fewer problems than the
other student. However, because Amabile (1983) stresses the importance of using all
three skills together to reflect students’ actual creative problem-solving performance, the
original scoring procedure was limited because it did not include the combination of the
three components of the theory by putting more emphasis on the quantity (domainrelevant) rather than the quality (both domain-relevant and creativity-relevant).
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Therefore, the revised version is more effective for addressing these three components as
a whole by applying a cut-off point to balance the impact of quantity and quality.
Similarly, the changes I applied for flexibility and originality in the revised version
served to address the three components of the theory. In the original version, the strategy
points were distributed based on only whether or not the student created a strategy when
writing problems. However, in the revised version I distributed the points based on the
combination of two different criteria: the number of different strategies they created, and
the quality of the strategies they developed. Therefore, in the revised version, rather than
receiving points only for domain relevant skills, the students were able to receive points
for both their domain-relevant and creativity-relevant skills. With these changes in the
scoring procedure of the revised version, I referred to creativity in mathematical problem
solving as a whole by addressing the interrelated nature of the fluency, flexibility, and
originality components. Thus, I included domain-relevant and creativity-relevant skills as
well as task motivation when scoring students’ performance on the assessment.
The difference between the original and the revised versions of the scoring system
for open-ended problems was not statistically significant, and it might be explained best
by the revisions I applied for the scoring of these problems. In total I graded the
assessments based on 15 different criteria including 2 for accuracy and 13 for concept
scores. Out of the two different criteria used for accuracy scores, I only changed one,
which included scores for both semi-open-ended and open-ended problems. Out of
thirteen criteria used for concept scores, five criteria are designed for semi-open-ended
problems and eight criteria are designed for open-ended problems. I revised the scorings
of four out of five criteria used for semi-open-ended questions, constituting 80% of the
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scoring, whereas I revised only three criteria out of eight for the open-ended problems,
constituting 37.5% of the criteria. Therefore, even if both the scores for semi-open-ended
and open-ended problems in the revised version of the scoring system explained more
variance in general creativity, statistically significant difference in semi-open-ended
problems was expected to be observed. With the changes in semi-open-ended problems, I
provided students more room to demonstrate their domain-relevant and creativityrelevant skills. In the original version, the students were able to receive full points even if
they applied each criterion only once across the four semi-open-ended questions, whereas
in the revised version they need to apply each criterion for each question to be able to get
the full score. Also, during the grading of the larger project, I observed that some students
work better with semi-open-ended problems because the numbers provided in those
problems trigger them to initiate the thinking process. In the original version, the scores
of this particular group of students may not have reflected their true potential. Therefore,
the changes I applied in the revised version of the scores for semi-open-ended problems
provided the opportunity for me as an evaluator to detect the true potential of these
students, and for them as students to receive the points that they should actually get on
the assessment.
I conducted further analyses to determine the direction and the magnitude of the
relationship between mathematical creative problem solving performance variables and
general creativity based on grade levels. In the literature review chapter of this study, I
revealed that the correlations between mathematical creative problem solving
performance variables and general creativity were statistically significant only when the
participants were from grade 3 or above (Bahar, 2013; Leikin & Lev, 2013; Lin & Cho,
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2011; Livne & Milgram, 2006; Tan, 2013). On the other hand, the researchers of the
studies in which the participants were from grade 2 or below found no statistically
significant correlations when analyzing the relationship between variables of creative
problem solving performance and general creativity (Baran et al., 2011; Han, 2000; Kuo
et al., 2010). In her theory of componential theory of creativity, Amabile (1983, 1989,
1996) asserted that the more the students have been exposed to domain relevant
knowledge, the more likely they will be to produce creative products. In other words, the
students’ mathematical creativity skills in higher-grade levels are more developed than
the ones in lower grade levels because of the exposure in the domain. When I grouped the
participants based on their grade levels, the students’ scores for all variables in Lower
Grade Levels (Grades 1 and 2) explained more variance than the scores of students in
Higher Grade Levels (Grades 3, 4, and 5) in general creativity for both the original and
revised scoring systems. However, the findings for the DISCOVER Mathematics
Assessment did not confirm the results of other studies in the related literature that the
mathematical creative problem solving is less developed in lower grade levels. This
inconsistency is reduced when students’ assessments were graded using the revised
scoring system. For example, in Lower Grade Levels even though the explained variance
in general creativity increased from the original to the revised versions for overall
performance and performance in semi-open-ended problems, it decreased for
performance in open-ended problems. This particular finding is consistent with the results
of other studies in the related literature (Baran et al., 2011; Han, 2000; Kuo et al., 2010).
Furthermore, in Higher Grade Levels the explained variance in general creativity
increased for all mathematical creative problem solving performance variables. In fact,
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the variance explained by the mathematical creative problem solving performance in
open-ended problems was statistically significant in the revised version of the scoring
system whereas it was not statistically significant in the original one. Therefore, the
inconsistency between the findings of this study and the findings of other studies in the
related literature was reduced when the revised version of the scoring system was used to
grade the DISCOVER Mathematics Assessment.
Limitations of the Study
The readers of this study should consider several limitations of this study when
interpreting the results. I describe these limitations in the following. DISCOVER
Mathematics Assessment is designed to assess gifted students, and distinguish the truly
gifted students from the bright ones. In this data set the outliers represent the students
who have higher scores than the above average students. Therefore, even though
removing outliers would help the normality of the data set, because it did not serve the
purpose of this assessment, I did not remove the outliers from the data set.
The data of this study consist of the scores of Australian students only. Moreover,
the participants were selected from different grade levels of an elementary school.
Considering the design of the open-ended problems, that is the students create as many
problems as they can, participants from middle and high school might provide different
problems using varied operations. Therefore, the readers should be careful when
generalizing the results for other cultures or for middle and high school students.
In addition to the general creativity, originally this study was planned to include
analyses for the relationship between mathematical creative problem solving performance
and mathematical achievement. However, although the request for mathematical
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achievement data was in the original research proposal, it was not provided due to some
recent policy changes in Australian educational systems. Therefore, the comparison
between original version and general creativity and revised version and general creativity
might not provide a complete picture of the effectiveness of the revised version even
though the results of this study favor the revised version.
Implications of the Study
The findings of this study provide a framework for developing a methodology for
scoring the mathematical creativity assessments for researchers and practitioners. This
study has several implications for practice and research, and these can serve as guidelines
for future implementations.
Implications for practice. Problem solving is a key component of mathematics
education (Bahar, 2013; Schoenfeld, 1985). Using open-ended problems in problem
solving activities allows students to apply creative thinking skills, increase their task
motivation, and enjoy learning mathematics as well as improving these creative skills
(Bahar & Maker, 2011; Hall, 2009). Moreover, gifted students require open-ended tasks
to provide the challenge they seek during their learning process to develop their creativity
(Feng & Baska, 2008). In this study, the revised version of the scoring system would be
more likely to identify children as gifted. Using the revised scoring system, evaluators
will have more room to identify students’ true potentials by giving more points for the
fluency in semi-open-ended problems and more varied points for the flexibility and
originality in the open-ended problem.
Educators should put an emphasis on the process, not only to value finding the
right answer but also whether or not the students can think of different ways to solve the
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problem (Feng & Baska, 2008; Hall, 2009). When assessing gifted students, the quantity
and the quality of the students’ solutions should be taken into consideration to determine
students’ domain specific creativity as well as domain general creativity. For example,
despite the obvious difference in quality of the students’ answers in figure 7 and 8
provided for the open-ended-problem, the students received approximately the same
scores (the student in figure 7 received 10 points, and the student in figure 8 received 13
points) when only the quantity was taken into consideration, rather than evaluating the
quality and quantity of the answers together.
Implications for curriculum. Assessment in educational programs for gifted
students are usually designed to determine the beginning level of the students using pretests and the ending level of the students using post-tests. The pre-test results indicate
what the students already know so that the educators can design the curriculum to meet
the students’ true needs. The post-test results, on the other hand, serve as an evaluation of
the students and programs to determine whether or not the program actually met the
students’ needs, and whether or not they actually benefit from the program. Fluency is
most often the only component of creativity assessed by the instruments used in these
educational programs. Thus when the number of correct solutions decreased from pre- to
post- test, the evaluators might misinterpret the results as the students did not benefit
from the program, or the program was not effective. Considering the fact that the
DISCOVER Mathematics Assessment is not only used for identification purposes, but
also for placement decisions and program evaluations, the revised version of the scoring
provides more room for students to demonstrate their knowledge. Because the originality
and flexibility of the students’ answers are given more points in the revised version than
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the original version, the students can demonstrate their level of understanding and
creativity better even though they wrote fewer problems in the post-test than the pre-test.
Therefore, the revised version of the scoring is more effective in program evaluations
than the original version.
Implications for future research. The findings of this study could serve as basis
for future researchers when exploring the relationship between mathematical creativity
and mathematical achievement. Using open-ended problems in these tests requires welldeveloped, solid criteria to avoid subjectivity when grading. Therefore, to find the
appropriate instrument to assess the mathematical creativity, the researchers should check
the objectivity of the scoring criteria as well as the validity and reliability of the
instruments.
Furthermore, because cultural components might be involved in the instruments
used when assessing mathematical creativity, the researchers should consider these
cultural elements while selecting the appropriate instrument for the target population.
Considering the fact that, cultural diversity could be a variable influencing students’
performances on these tests, future researchers should acknowledge the cultural and
linguistic backgrounds of the participants of this study. This study was conducted with
only Australian students and therefore the results might be more conclusive if the study is
replicated with samples from other cultures. Doing so is the only way to appropriately
address today’s culturally and linguistically diverse-populated society.
In the literature review chapter of this study, many different instruments (i.e.,
Multiple Solutions Tasks, Math Creative Problem Solving Ability Test, and DISCOVER
Mathematics Assessment) were used to assess mathematical creativity. The use of such
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varied instruments can help us to explore means to accurately measure mathematical
creativity as well as to augment it. Besides the obvious merit of using varied instruments,
they can also help researchers create better instruments that are built upon empirically
supported structure, content, or component of the former tests. Therefore, future
researchers should replicate this study using different instruments for mathematical
creativity, general creativity, and mathematical achievement to investigate these
structures, contents, or components of assessing creative problem solving in mathematics.
In the related literature, I found that exposure to mathematics in different grade
levels had a major impact on mathematical creativity. However, the findings of the
current study were inadequate to support this notion, even though the use of the revised
version of the scoring procedure revealed more consistent results with the findings of
other studies in the related literature. Therefore, future researchers should conduct this
study with a sample consisting of middle and high school students to explore the
relationship between grade levels and mathematical creativity and to derive sound
conclusions.
Fluency, flexibility, and originality have been the major components of creative
mathematical problem solving to address the domain-relevant skills, creativity-relevant
skills, and task motivation. Even though originally elaboration was the fourth component
of creative mathematical problem solving (Guilford, 1950, 1967), due to the subjectivity
that elaboration scores involve, most researchers preferred not to use it when assessing
mathematical problem solving (Leikin & Lev, 2013; Pitta-Pantazi, Sophocleous, &
Christou, 2012). Therefore, future researchers should develop specific criteria for scoring
elaboration to better evaluate the domain-relevant skills and task motivation.
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Conclusion
In todays’ world with the constant change in technology, educational systems, and
environmental conditions, the assessment methods should also reflect these changes. In
this study, I revised and revalidated the scoring system of the DISCOVER Mathematics
assessment to allow evaluators to better measure creative problem solving ability in
mathematics, to better identify gifted students, and to better evaluate the programs
developed for fostering creative problem solving. I found that the mathematical creative
problem solving scores explained more variance in general creativity when graded using
the revised version of the scoring system.
By conducting this study, I provide a framework for both educators and
researchers to explore the means of making better decisions when identifying and placing
gifted students, and aim to initiate a change that I hope to see in today’s assessment
arena.
As Adam Urbanski stated,
"If we always do what we've always done, we will get what we've always got.”
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