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2. Mathematical Creative thinking

3. Programme for International Student Assessment (PISA)
4. Mathematical Creative Thinking
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2. Flexibility

3. Originality
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. divergent and convergent thinking
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. constructed test

. selected response test

. Tabach & Friedlander

. multiple-choice test

. open-ended questions
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1. reliability
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3. Content validity
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2. Content Validity Index (CVI)
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Systematic Review of the Tools Used to Measure Students’ Mathematical
Creative Thinking Skills

Marzieh Haghayeghi!, Ali Moghadamzadeh?*, Hamdollah Ravand?, Mohamad
Javadipour?, Hossein Kareshki?

Abstract

As the focus on fostering creative thinking in math education grows, there is a growing interest
in understanding how to evaluate these skills. This study used a systematic review following
PRISMA guidelines to explore how creative mathematical thinking is assessed in academic
literature. After carefully analyzing 55 studies, we looked at different aspects like educational
levels, math concepts, assessment methods, and the reliability and validity of these assessments.
Our findings revealed that most studies focused on assessing creative thinking in junior secondary
education, with limited attention given to primary education. Geometry and measurement were
the most commonly assessed subjects, likely due to their visual nature, which lends itself well to
assessing creativity. Many assessment tools used open-ended questions, while some incorporated
ethnomathematics-based questions. However, less than half of the studies provided evidence of
reliability, and only about half reported validity evidence, mostly related to content validity. This
review highlights a gap in research concerning the measurement and assessment of creative

mathematical thinking.
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Introduction

Creative thinking is crucial in solving mathematical problems and sparking new ideas (1). It
enhances students' learning by providing fresh and personalized insights from educational activities
and experiences (2). This research employs a systematic review approach to examine the tools utilized
for measuring creative mathematical thinking and to provide detailed insights into these tools. While
previous review studies have explored the concept of creative thinking in teaching and learning
contexts, this review distinguishes itself by focusing specifically on measurement tools within
mathematics (3). In essence, this study scrutinizes research within the domain of assessing creative

mathematical thinking, aiming to address the following questions:

= Which courses incorporate the assessment of creative mathematical thinking?
= What mathematical concepts are employed in measuring creative mathematical
thinking?
= What assessment tools are utilized in studies measuring creative mathematical
thinking?
= What evidence supports the validity and reliability of these tools for measuring
creative mathematical thinking?
Method
The method employed in this research involved a structured and systematic review of studies about
tools used to measure mathematical creative thinking. The data collection and review processes
adhered to the guidelines outlined in PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) (4). The aim was to gather information on tools designed for assessing creative

thinking within mathematical content.

To achieve this goal, various scientific databases such as Scopus, Elsevier, ERIC, Sage, Science
Direct, and ProQuest were utilized. The selection of scientific articles followed specific criteria.
Initially, keyword searches were conducted across these databases, encompassing the main text,
abstract, title, and keywords of the studies. The keywords used included: ("mathematical creative
thinking” OR “creative thinking in mathematics") AND "mathematical skills" AND ("assessment"

OR "measurement™).

Evaluation of the quality of studies
To ensure the accuracy and reliability of the studies, two evaluation tools were employed: the

qualitative research checklist from the Critical Appraisal Skills Program (CASP) (5) and the quality
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assessment tool for cross-sectional and group studies (6). The CASP qualitative research checklist
helped in assessing the rigor and credibility of qualitative studies, while the quality assessment tool
for cross-sectional and group studies was utilized to evaluate the quality of cross-sectional and group-
based research designs. These tools were instrumental in gauging the quality of the studies under

review.

Result and Discussion

The research reviewed various assessments aimed at measuring mathematical creative thinking in
students, with a focus ranging from primary to secondary levels. However, the majority of studies
primarily targeted students at the first secondary level, with limited investigations into mathematical
creative thinking among elementary school students, particularly those in grades one to three. Colmar
et al. (2019) emphasized the difficulty of evaluating creative thinking skills in younger learners due
to their limited grasp of mathematical concepts (7). Consequently, there is a call for further research
to develop and refine assessment tools tailored to measure creative mathematical thinking in

elementary school settings (8).

Geometry and measurement were found to be more commonly utilized in instruments assessing
creative mathematical thinking compared to other mathematical subjects. This preference is attributed
to the unigue characteristics of geometry, such as its reliance on visualization and distinct principles
compared to algebra. The visual nature of geometry makes it well-suited for evaluating creative

mathematical thinking, leading to its prevalence in assessment tools (9, 10).

Open-ended questions emerged as the primary method for assessing creative mathematical thinking.
Scholars have underscored the importance of open-answer questions in evaluating mathematical
creativity. Moreover, there's a growing interest in using open-answer questions rooted in ethnic
mathematics, which integrates cultural elements such as language, values, and practices into
mathematical concepts. Assessments based on ethnic mathematics offer a more contextualized
approach to evaluating creative mathematical thinking, suggesting significant potential in educational

settings, particularly in the early stages (11).

However, there are concerns regarding the validity and reliability of assessment tools. Most reviewed
studies lacked comprehensive reporting on reliability, and only about half reported on the validity of
the tools used. Content validity, primarily assessed through expert judgment, was the most commonly

reported type of validity. Techniques such as the content validity ratio and index were employed to
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ensure the relevance and appropriateness of test items. Nevertheless, validity reports often lacked
completeness, highlighting the need for more thorough validity assessments in this field. It is
recommended to complement content validity with other construct validity techniques to enhance the
reliability of research findings (12).

In summary, while there are assessments available for measuring mathematical creative thinking
across various educational levels, there's a need for more focus on elementary school students,
particularly in the early grades. Additionally, there's an opportunity to explore the integration of
cultural elements into mathematical assessments to provide a more holistic evaluation of creative
mathematical thinking. Further efforts are also required to improve the validity and reliability of

assessment tools in this domain.
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