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Article Info Abstract
Article History This study aimed to develop and validate the Creative Problem-Solving Skills Test
Received: (CPSS-T), grounded in Torrance's creativity theory, to assess these skills in
16 October 2024 university students. The CPSS-T consists of five open-ended question types, each
Accepted: . . . . .
23 April 2025 designed to measure different aspects of creative problem-solving: Alternative

Use, Hypothetical Scenario, Problem-Solving, Visual Interpretation, and Future

Design. Content validity was ensured through expert feedback from six specialists

in educational psychology and creativity. The test was administered to a sample
Keywords

of 1007 university students to conduct its validity and reliability analyses.

Creati blem-solvi . . - . .
reaive proviem-solving Confirmatory factor analysis (CFA) indicated adequate model fit, supporting the

skill

Test development construct validity of the test in alignment with Torrance's theoretical framework.
Validity The CPSS-T also demonstrated strong convergent and discriminant validity.
Reliability Reliability analysis revealed high internal consistency, with Cronbach's alpha and

University students . .
Omega values as follows: Alternative Use (a = 0.87, ® = 0.87), Hypothetical

Scenario (o = 0.85, ® = 0.85), Problem-Solving (a = 0.90, ® = 0.91), Visual
Interpretation (o = 0.74, ® = 0.74), Future Design (o = 0.67, ® = 0.67), and the

Torrance’s creativity theory

overall test (o = 0.93, ® = 0.85). Item-total correlations ranged from 0.511 to
0.812, indicating a strong alignment of the items with the overall test construct.
Additionally, the CPSS-T showed significant differences between the upper and
lower groups for all items, demonstrating robust discriminatory power at the item
level. Criterion-related validity was assessed using the Scientific Creativity Test,
revealing significant positive correlations (r = 0.62, p < 0.01), further establishing
the CPSS-T as a reliable and valid tool for measuring creative problem-solving
skills in university students. These findings suggest that the CPSS-T, supported
by Torrance's creativity theory, is a psychometrically sound instrument that
educators can use to evaluate and foster creative problem-solving skills in

students.

Introduction

Creative problem-solving represents a complex cognitive process that has garnered significant attention in
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psychological and educational research over the past several decades. The theoretical underpinnings of creative
problem-solving emerge from the intersection of creativity research and cognitive psychology, providing a robust
framework for understanding how individuals generate innovative solutions to complex challenges (Runco &
Jaeger, 2012). In today's rapidly evolving societal landscape, the importance of creative problem-solving has
become increasingly pronounced, particularly in higher education, where students must develop competencies
essential for addressing future professional and societal challenges (Miller & Dumford, 2016; Taguma & Barrera,
2019). Creative problem-solving is also recognized as one of the essential 21st-century skills, alongside critical
thinking, communication, and collaboration, necessary for thriving in a dynamic and interconnected world
(Binkley et al., 2012; Griffin et al., 2012).

The significance of creative problem-solving in university education is multifaceted. First, it enhances students'
academic performance by enabling them to approach learning tasks from different perspectives and develop
original solutions (Akpur, 2020; Hu et al., 2017; Yang & Zhao, 2021). Second, it prepares them for professional
life by equipping them with creative problem-solving skills that are increasingly valued by employers (Di Battista
et al., 2023). Third, it supports their personal development and adaptability in an era of rapid technological and
social change (Zhangiang, 2023). Given the demands of the 21st century, fostering creative problem-solving
abilities helps students build resilience and flexibility, critical attributes for navigating future complexities
(Trilling & Fadel, 2009; OECD, 2019).

Despite the recognized importance of creative problem-solving in higher education, there remains a notable gap
in the availability of comprehensive assessment tools designed to measure these skills among university students.
While several established creativity tests exist in the literature, such as the Torrance Tests of Creative Thinking
(TTCT) and the Alternative Uses Task, these instruments have significant limitations. The TTCT, despite its
widespread use, has been criticized for cultural bias (Kim, 2011; Plucker, 2023), subjective evaluation processes
(Baer, 2011), and limited relevance to real-life problem-solving situations (Kaufman & Beghetto, 2009; Plucker
etal., 2023). Additionally, existing creativity measures predominantly focus on divergent thinking abilities, often
neglecting the essential role of convergent thinking in creative problem-solving (Cropley, 2000; Runco & Acar,
2012; Plucker, 2023). While specialized instruments like the Scientific Creativity Test (Hu & Adey, 2002) offer
structured theoretical frameworks, their domain-specific nature and focus on middle school students limit their
applicability for assessing general creative problem-solving abilities in university populations. Therefore, this
study aims to develop and validate a new instrument, the Creative Problem-Solving Skills Test (CPSS-T),
designed to assess university students' creative problem-solving abilities through a theoretically grounded and
methodologically robust approach. The test incorporates divergent and convergent thinking components, aligning
with contemporary theoretical frameworks while addressing the practical needs and cultural considerations in

educational assessment in higher education settings.

Theoretical Foundations

The dynamic interplay between creative thinking and systematic problem-solving approaches characterizes the

theoretical foundation of creative problem-solving. This interaction manifests in identifying problems, generating

762



International Journal of Education in Mathematics, Science, and Technology (IJEMST)

alternative solutions, and selecting the most effective approaches while maintaining originality and practicality
(Treffinger et al., 2023). The process encompasses cognitive elements, such as analytical and imaginative thinking
modes, and affective elements, including motivation, persistence, and openness to experience.

Creative problem-solving can be conceptualized as a dynamic interaction between creative thinking and problem-
solving skills. While creative thinking enables individuals to generate original, innovative, and diverse ideas,
problem-solving skills involve analyzing, evaluating, and transforming these ideas into feasible solutions. These
two processes mutually reinforce each other, forming the foundation of creative problem-solving. Creative
thinking introduces new perspectives and alternative approaches to the problem-solving process, whereas
problem-solving skills systematically apply these approaches to achieve effective outcomes (Mumford et al.,
2012; Cropley, 2006). Therefore, creative problem-solving should not be considered independently of creativity
or problem-solving skills but rather as the integration and synergy of these two competencies. In this regard,
creative problem-solving ability can be defined as the capacity to generate original ideas and systematically
transform them into practical solutions by integrating creative thinking and problem-solving skills dynamically
and interactively.

E. Paul Torrance's theoretical framework has provided one of the most influential foundations for understanding
creative thinking and problem-solving processes. Torrance's (1972) model delineates creativity into four
fundamental dimensions that continue to inform contemporary research and assessment practices. These
dimensions - originality, fluency, flexibility, and elaboration - provide a comprehensive framework for evaluating

creative potential and problem-solving capabilities (Almeshal & Aloud, 2019; Permata et al., 2022).

Contemporary research has substantiated the empirical validity of these dimensions in assessing creative cognitive
processes (Khalid et al., 2020). Torrance's contribution extends beyond theoretical constructs; his work has
established empirically validated methods for assessing both cognitive and affective aspects of creative thinking
abilities. In educational contexts, cultivating creativity demonstrates a robust correlation with enhanced problem-
solving capabilities among learners, particularly in developing systematic approaches to novel challenges (Hobri
etal., 2020).

The "Just Suppose" test, another significant contribution from Torrance, evaluates speculative thinking and
imagination while incorporating systematic problem-solving elements. Such scenarios reveal individuals' systems
thinking and social impact analysis skills (Runco, 2014). This approach has been particularly influential in
developing modern creativity assessment tools emphasizing practical application and real-world relevance,

bridging the gap between pure creative thinking and structured problem-solving methodologies.

While Torrance focused on measuring creative potential through various dimensions, J.P. Guilford's (1967)
theoretical contributions complemented this understanding by distinguishing between convergent and divergent
thinking modalities. This dichotomy represents complementary cognitive processes essential for effective
problem-solving. Divergent thinking, characterized by generating multiple unique solutions to open-ended

problems, operates in dynamic interaction with convergent thinking, facilitating the synthesis and evaluation of
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information toward optimal solution identification (Lin, 2017).

Research has shown that effective creative problem-solving involves using both divergent and convergent
thinking flexibly and dynamically. Divergent thinking allows individuals to generate ideas and explore
possibilities, engaging the cognitive elements identified in Torrance's framework. In contrast, convergent thinking
helps them critically assess and refine these ideas to identify the most effective solutions, incorporating the
systematic approach highlighted in problem-solving theories (Brophy, 1998; Jaarsveld & Lachmann, 2017).
Cognitive flexibility—the ability to switch between these two modes of thinking—is crucial for successful
problem-solving because it enables individuals to move seamlessly from idea generation to evaluation. According
to the dual pathway to creativity model, cognitive flexibility and persistence are key factors influencing the
creative process. Cognitive flexibility allows for exploring novel ideas, while persistence, an essential affective
element, ensures that individuals stay engaged and committed to solving complex problems. Together, these
attributes play a critical role in generating innovative solutions and assessing their potential effectiveness (Oh,
2017).

The Core Components of Creativity

Creativity is often understood through a set of core components encompassing various aspects of creative thinking,
including fluency, flexibility, originality, and elaboration. As initially identified by Torrance (1972) and further
developed by subsequent researchers, the core components of creativity provide a comprehensive framework for
understanding and assessing creative problem-solving abilities. These components represent distinct yet

interrelated aspects of creative thinking that collectively contribute to effective problem-solving outcomes.

Fluency, the first component, refers to the ability to generate numerous ideas within a given timeframe. This
quantitative aspect of creativity reflects an individual's capacity to produce relevant responses to a given problem
(Kaufman & Sternberg, 2010). Research has shown that higher levels of ideational fluency often correlate with
an increased likelihood of generating innovative solutions, as a larger pool of ideas provides more opportunities

for unique combinations and insights.

Flexibility represents the capacity to generate diverse categories of responses and approach problems from
multiple perspectives. This component reflects cognitive adaptability and the ability to break free from mental
sets or fixed thinking patterns. Studies have demonstrated that flexibility in thinking contributes significantly to
problem-solving success, particularly in complex or novel situations requiring innovative approaches (Canéer &
Mulej, 2013).

Originality, the most commonly associated component with creativity, refers to the ability to produce unique,
unusual, or novel ideas. This component is often evaluated based on the statistical rarity of responses within a
given population (Runco, 2004). The assessment of originality requires careful consideration of cultural and

contextual factors, as what constitutes an original response may vary across different settings and populations.
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Elaboration, the final core component, involves developing and enriching initial ideas with details and complexity.
This component reflects the depth of thinking and the capacity to expand upon basic concepts to create more
sophisticated solutions. Research has shown that elaboration skills contribute significantly to the practical
implementation of creative ideas and the development of comprehensive problem-solving approaches (Amabile,
1996).

The assessment of creative problem-solving abilities has historically relied on various standardized instruments,
each with strengths and limitations. The Torrance Tests of Creative Thinking (TTCT) is one of this domain's most
widely used and thoroughly researched instruments. The TTCT employs verbal and figural tasks to assess the four
core components of creativity, providing a comprehensive evaluation of creative thinking abilities (Kim, 2006).

Another significant tool is the Alternative Uses Task, initially developed by Guilford (1967) and subsequently
adapted by various researchers. This assessment requires participants to generate multiple unique uses for
everyday objects, measuring divergent thinking capabilities by evaluating fluency, flexibility, and originality
(Amran et al., 2019). Also, the Scientific Creativity Test developed by Hu and Adey (2002) represents a more
specialized assessment tool, focusing specifically on creative thinking within scientific contexts. While this
instrument offers psychometric solid properties and a structured theoretical framework, its domain-specific nature

limits its applicability for assessing general creative problem-solving abilities.

Despite their widespread use, existing creativity assessment tools face several significant limitations that
necessitate the development of more comprehensive and culturally sensitive instruments. The TTCT, while well-
established, has been criticized for cultural bias (Kim, 2011), subjective evaluation processes (Baer, 2011), and
limited relevance to real-life problem-solving situations (Kaufman & Beghetto, 2009). Current assessment tools
often focus primarily on divergent thinking abilities, potentially neglecting the critical role of convergent thinking
in creative problem-solving. This limitation fails to capture the complex interplay between different cognitive

processes in real-world problem-solving situations.

The Present Study

This study aims to develop a test that effectively measures university students' creative problem-solving skills
validly and reliably. The Creative Problem-Solving Skills Test (CPSS-T) development addresses several critical
gaps in existing assessment tools while incorporating a contemporary understanding of creative problem-solving
processes. The rationale for developing this new instrument stems from the need for a more comprehensive,
culturally sensitive, and practically relevant assessment tool to evaluate creative problem-solving abilities in
educational and professional contexts effectively. For example, Plucker et al. (2023) highlight that the
multifaceted, sociocultural, and developmental nature of creativity necessitates that assessments be adapted to

different life stages and problem-solving contexts.

The CPSS-T's contribution lies in its integrated approach to assessment, incorporating both divergent and
convergent thinking processes while maintaining a strong theoretical grounding in established creativity

frameworks. The test structure, comprising five distinct components (Alternative Uses Test, Hypothetical
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Scenario, Problem-Solving Scenario, Visual Interpretation, and Future Design), provides a multifaceted
evaluation of creative problem-solving abilities. Each component of the CPSS-T has been carefully designed to
assess specific aspects of creative problem-solving while maintaining practical relevance to real-world situations.
Including visual interpretation and future design, components reflect contemporary needs for creative problem-
solving in increasingly complex and technologically advanced contexts (Finke et al., 1992). The test's evaluation
criteria operationalize Torrance's four core components while incorporating modern approaches to creativity
assessment. The emphasis on practical application and real-world problem-solving scenarios addresses limitations
identified in existing instruments, providing a more comprehensive and relevant assessment tool for contemporary

educational and professional settings.

Method

Research Design

The research design followed a systematic four-phase approach to develop and validate the test (DeVellis, 2012).
Initially, the theoretical foundation was established based on Torrance’s and Guilford’s theories, guiding the
identification of core constructs—fluency, flexibility, originality, and elaboration. Subsequently, an item pool was
generated by designing test components, including alternative uses, hypothetical scenarios, problem-solving tasks,
visual interpretation, and future design. In the second phase, six subject matter experts evaluated the items based
on specified criteria (e.g., originality, flexibility, fluency, and elaboration) to ensure content validity. In the third
phase, the test was implemented with a sample of 1,007 students, followed by a pilot analysis of 854 participants.
Finally, the data analysis phase assessed construct validity through confirmatory factor analysis (CFA) and
reliability through internal consistency and item-total correlations, complemented by criterion validity testing with

153 participants using the Scientific Creativity Test as a benchmark.

Test Structure, Development and Validation Process

The Creative Problem-Solving Skills Test (CPSS-T) developed in this study is based on Torrance's (1972) theory
of creativity and Guilford's (1967) theory of convergent and divergent thinking, structured to meet contemporary
problem-solving needs. Torrance identified four core components of creativity: fluency, flexibility, originality,
and elaboration. These components form the building blocks of the creative problem-solving process (Kaufman
& Sternberg, 2010). Fluency refers to the ability to generate numerous ideas within a given time; flexibility reflects
the ability to think across different categories and develop various approaches; originality is the capacity to
produce new and unique ideas; and elaboration refers to the skill of developing and enriching ideas. The
development process of CPSS-T and its key components are presented in Figure 1, showing the progression from
theoretical framework to pilot implementation. According to Guilford's theory, creative thinking is best evaluated
through open-ended tasks that require divergent thinking. This approach necessitates measuring skills such as
generating multiple solutions to problems, thinking in diverse contexts, providing unconventional solutions, and
developing in-depth ideas (Runco & Acar, 2012). Based on this theoretical foundation, the test includes five
distinct components: Alternative Uses Test, Hypothetical Scenario, Problem-Solving Scenario, Visual

Interpretation component, and Future Design.
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The first component, the Alternative Uses Test, inspired by Guilford's (1967) work, requires participants to
consider as many alternative uses as possible for an ordinary pen (Appendix A and B). This task assesses divergent
thinking and enables the measurement of fluency, flexibility, and originality. Cropley (2006) emphasizes that
thinking of unusual uses for everyday objects is a significant indicator of creative problem-solving ability. The
second component, the Hypothetical Scenario, adapted from Torrance's "Just Suppose" test, asks participants to
consider, "If people could communicate through telepathy, how would society change?" This component
evaluates speculative thinking and imagination, revealing individuals' systems thinking and social impact analysis
skills (Runco, 2014).

The Problem-Solving Scenario, based on a real-world problem-solving approach (Isaksen et al., 2011), asks
participants to propose creative solutions for extending the battery life of a smartphone produced by a specific
company. This component provides a holistic evaluation encompassing all assessment criteria (fluency, flexibility,
originality, elaboration). As emphasized in Amabile's (1996) theory of creativity, generating solutions for real-
world problems is one of the most critical indicators of creativity.
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Figure 1. Development and Validation Process of the CPSS-T
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The Visual Interpretation component, inspired by Torrance's visual-verbal transformation tests, requires
participants to create a short story or scenario based on given visual elements. This task measures visual creativity
and storytelling ability, focusing on originality and elaboration dimensions. Finke et al. (1992) highlight the
importance of visual stimuli in triggering creative thinking. The final component, Future Design, adapted from
Torrance and Torrance's (1978) Future Problem-Solving Program, involves designing a new mode of

transportation for the year 2050, describing its features through a drawing, and evaluating visionary thinking and

design skills.
Table 1. Summary Table of CPSS-T Components and Evaluation Criteria

Theoretical Evaluation Key Theoretical
Component ] Assessment Focus o

Foundation Criteria Support
Alternative Uses ) Divergent thinking, Fluency, Flexibility,

Guilford (1967) ) o S Cropley (2006)
Test everyday object utility Originality
Hypothetical Torrance's "Just  Speculative thinking, Fluency, Flexibility,

) S S Runco (2014)
Scenario Suppose” social implications Originality
] . o Isaksen et al.
Problem-Solving  Real-world Practical creativity, ]
. ) ) All four components (2011), Amabile
Scenario approach solution generation
(1996)
Visual Torrance's visual-  Visual creativity, Originality, ]
. . . Finke et al. (1992)
Interpretation verbal tests narrative development Elaboration
] Future Problem-  Visionary thinking, Originality, Torrance &

Future Design ) ] . ] .

Solving Program  innovative design Elaboration Torrance (1978)

The assessment criteria operationalize Torrance's four core components systematically. Originality assessment is
based on the statistical rarity principle that Runco (2004) proposed and is evaluated across all questions. Appendix
C and D present some rare and common answers to test items. Flexibility relies on categorical diversity, while
fluency is assessed according to the productivity principle. Elaboration is based on Torrance's elaboration
principle. The content validity of the test was established through expert feedback from six specialists in
educational psychology and creativity, who assessed the alignment of the test items with the theoretical
foundations of Torrance and Guilford, the level of measurement of contemporary problem-solving skills, and the
clarity of the items. Some items were revised based on the experts' feedback to enhance clarity and

comprehensibility.

Consequently, the developed test is designed to comprehensively evaluate the multidimensional structure of
creative problem-solving ability. The test format and assessment criteria are aligned with widely accepted
theoretical frameworks in the literature and reflect modern creativity assessment approaches. This test can be valid
and reliable for assessing creative problem-solving ability in educational and professional settings. Table 1

summarizes the CPSS-T components and their respective evaluation criteria, offering a comprehensive overview
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of the tasks and assessment dimensions.

Evaluation of the Creative Problem-Solving Test

The Creative Problem-Solving Skills Test (CPSS-T) is scored based on four distinct criteria; Originality,
Flexibility, Fluency, and Elaboration. Each criterion is rated on a scale of 0 to 5 points. The Originality criterion
measures the uniqueness of participants' ideas. A score of 5 is awarded for highly original and unique ideas (in
the top 5% frequency); a score of 3 for moderately creative ideas (between the 5-10% frequency); a score of 1 for
common or ordinary ideas (between the 10-30% frequency); and a score of O for lack of original ideas. The
Flexibility criterion evaluates participants' ability to produce ideas across different categories. A score of 5 is
awarded for highly diverse ideas across multiple categories, a score of 3 for moderately diverse ideas, 1 for ideas
restricted to a single theme or category, and 0 for no diversity in ideas.

The Fluency criterion assesses the speed and quantity of idea generation. A score of 5 is given for generating a
high number of ideas (10 or more); a score of 3 for a moderate number (5-9); a score of 1 for a few ideas (1-4);
and a score of 0 for an inability to produce ideas. Finally, the Elaboration criterion measures the clarity and
comprehensiveness of the generated ideas. A score of 5 is given for thoroughly detailed ideas, a score of 3 for
moderately detailed ideas, a score of 1 for minimal detail, and a score of 0 for a lack of detail. Table 2 outlines

the scoring criteria and the minimum-maximum scores for each question in the test.

Table 2. Scoring Criteria for the Creative Problem-Solving Test

) Originality Flexibility Fluency Elaboration  Min-Max
Question No and Content

(0-5) (0-5) (0-5) (0-5) Score
1. Alternative Uses (Pen) v v v X 0-15
2. Hypothetical Scenario (Telepathy) v v v X 0-15
3. Problem-Solving (Battery Life) v v v v 0-20
4. Visual Interpretation v X X v 0-10
5. Future Design (Transportation) v X X v 0-10
Total 5 questions 3 questions 3 questions 3 questions 0-70

The total score obtained on the Creative Problem-Solving Test ranges from 0 to 70. This score is then converted
to a 0 to 5 scale using the formula [(Score x 5) + 70], allowing for a standardized interpretation of participants'
abilities. This comprehensive evaluation process provides a detailed, multidimensional assessment of participants'
creative problem-solving skills, highlighting strengths and areas for improvement.

e 4.1-5.0: Superior creative thinking ability

e 3.1-4.0: Good level of creative thinking ability

e 2.1-3.0: Moderate level of creative thinking ability

e 1.1-2.0: Creative thinking ability in need of improvement

e 0.0 - 1.0: Inadequate creative thinking ability
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Participants and Data Collection Process

The study included 1,007 university students who voluntarily participated in the research. Of the participants,
54.8% (n = 552) were female, and 45.2% (n = 455) were male. The sample was drawn from students enrolled in
undergraduate programs across multiple universities in Turkey, ensuring diverse representation in institutional
and academic backgrounds. The distribution of participants across academic levels was as follows: 35.4% (n =
356) were first-year students, 21.4% (n = 216) were second-year students, 26.8% (n = 270) were third-year
students, and 16.4% (n = 165) were fourth-year students. Participants' ages ranged from 18 to 35 years, with a
mean age of 24.58 (SD = 6.59).

The study was conducted after obtaining approval from the Bursa Uludag University Ethics Committee (approval
number: 2024-09-53). Participants were selected using a convenience sampling method, with efforts made to
include students from various universities and fields of study to enhance the generalizability of the findings. Data
collection was facilitated through collaboration with academic staff at participating institutions, who supported

the recruitment process by disseminating information about the study to their students.

Before the assessments, information sessions were held to explain the study's purpose, procedures, and voluntary
nature, allowing interested students to participate. A detailed document outlining the study's objectives and
procedures was distributed to participants, and written informed consent was obtained. The document emphasized
that participation was entirely voluntary and that refusal to participate would not affect students' academic

standing.

A structured data collection schedule was prepared to optimize accessibility and minimize disruptions to academic
activities. Assessments were conducted in person during class hours within a designated timeframe under the
supervision of the researchers. Participants were provided with clear instructions before the assessment began to
ensure consistency in administration. This comprehensive approach to participant recruitment and data collection

was designed to maintain methodological rigor while respecting the participants' time and autonomy.

Data Analysis

Validity and reliability analyses were conducted on two separate samples to examine the psychometric properties
of the scale: 854 students for the primary analyses and 153 students for the criterion validity study. Confirmatory
factor analysis (CFA) was performed to test the construct validity of the scale, assessing whether the factor
structure of the measurement tool represented the theoretically proposed structure and the level of inter-factor
relationships (Brown, 2015; Kline, 2011). Additionally, convergent and discriminant validity was examined by
calculating Composite Reliability (CR), Average Variance Extracted (AVE), Maximum Shared Variance (MSV),
and Maximum Reliability (MaxR(H)) values as further evidence of construct validity (Hair et al., 2014). For
reliability, Cronbach's alpha and Omega alpha coefficients were calculated to evaluate internal consistency. ltem-
total correlations were computed to assess each item's relation to the overall scale and its adequacy in measuring

the targeted attribute (DeVellis, 2012). An independent samples t-test was conducted between the top and bottom
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27% groups, based on their scores on the scale items, to determine the discriminatory power of the items (Kelley,
1939). This analysis demonstrates the ability of items to differentiate between individuals with and without the
targeted trait.

The Scientific Creativity Test, developed by Hu and Adey (2002) and adapted into Turkish by Denis Celiker and
Balim (2012), was utilized for criterion validity. Criterion validity assesses the relationship between the developed
measurement tool and another validated instrument measuring a similar construct, providing essential evidence
of the scale's effectiveness in capturing the intended construct (Cronbach & Meehl, 1955). In this context, the
Scientific Creativity Test and the Creative Problem-Solving Test were administered to the same group, and the

correlation between their scores was examined.

Results

Descriptive Results

Upon examining the descriptive statistics for the Creative Problem-Solving Test scores presented in Table 3, it is
observed that scores for the Alternative Uses question range from 1 to 13, with a mean of 7.97 (SD = 1.97). Scores
for the Hypothetical Scenario question range between 2 and 12, with a mean score of 7.97 (SD = 1.98). The
Problem-Solving question scores vary from 2 to 18, yielding a mean of 11.44 (SD = 2.96). Scores for the Visual
Interpretation question range from 1 to 9, with an average score of 6.36 (SD = 1.21). Similarly, scores for the
Future Design question range from 1 to 9, with a mean score of 6.22 (SD = 1.38). The total scores for the entire
test range between 13 and 60, with a mean of 39.96 (SD = 7.83). To interpret this mean score on a 5-point scale,
the formula [(Score x 5) + 70] was applied, resulting in an average score of 2.85 for participants on the creativity

test. This score corresponds to a moderate level of creative thinking ability (2.1 - 3.0 range).

Table 3. Descriptive Statistics (N=854)

Test Questions Min. Max. Mean SD Skewness Kurtosis
(SE =0.08) (SE=0.17)
Originality 0 5 292 071 -0.31 0.33
Flexibility 0 4 259 0.76 -0.21 -0.09
Fluency 0 5 2.46 0.75 -0.20 -0.02
Alternative Use  Total 1 13 7.97 1.97 -0.27 0.06
Hypothetical Originality 0 5 3.01 0.70 -0.44 0.50
Scenario Flexibility 0 5 2.56 0.74 -0.52 0.33
Fluency 0 4 240 0.81 -0.67 0.18
Total 2 12 797 198 -0.65 0.23
Problem-Solving Originality 0 5 3.15 0.76 -0.50 0.81
Flexibility 0 4 274 081 -0.57 0.23
Fluency 0 5 265 0.90 -0.76 0.65
Detailing 0 5 2.89 0.87 -0.34 0.31
Total 2 18 1144  2.96 -0.67 0.47
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Test Questions Min. Max. Mean SD Skewness Kurtosis
(SE =0.08) (SE=0.17)

Visual Originality 0 5 3.26 0.71 -0.70 0.34

Interpretation Detailing 0 5 3.09 0.65 -0.48 1.43
Total 1 9 6.36 1.21 -0.75 111
Future Design

Future Design Originality 0 5 3.23 0.83 -0.82 0.70
Detailing 0 5 299 076 -0.49 0.76
Total 1 9 6.22 1.38 -0.91 151
Total Score 13 60 3996 7.83 -0.68 0.47

Validity and Reliability Analysis Results

Confirmatory factor analysis (CFA) was conducted to test the construct validity of the Creative Problem-Solving
Skills Test (CPST) developed. The CPST assesses four core components of creative thinking: fluency, flexibility,

originality, and elaboration (see Figure 2).
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Figure 2. Confirmatory Factor Analysis Diagram, y>=124,81; Df=33; p<0,001
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These components are grounded in Torrance’s (1972) creativity theory and form the theoretical foundation of the
test, structured to meet contemporary problem-solving requirements. Torrance's creativity components represent
the multidimensional structure of creative thinking and serve as the building blocks of the creative problem-

solving process.

CFA was performed to evaluate whether the items in the scale align with the factor structure based on this
theoretical foundation. The purpose of the analysis is to determine the extent to which each item loads onto each
component and establish the scale's structural validity. In this context, model fit indices, factor loadings, and the
distribution of items across the specified components were examined. The CFA results aim to confirm the four-

component structure of the scale, thereby supporting the validity of the theoretical model.

Table 4 presents the fit indices of the five-factor structure of the CPSS-T, along with the acceptable and good fit
ranges for these indices. The results indicate that the five-factor structure of the Creative CPSS-T adequately
reflects the theoretical model, with fit indices generally falling within acceptable and good fit thresholds. These

findings support the construct validity of the test's five-factor structure based on confirmatory factor analysis.

Table 4. Fit Values of the Five-Factor Structure of the Creative Problem-Solving Skills Test

Fit Index Good Fit Acceptable Fit Observed Values Reference

/df <3 <4-5 3.74 Byrne, 1989
RMSEA <0.05 0.06-0.08 0.06 Browne & Cudeck,
SRMR <0.05 0.06-0.08 0.03 1993

GFI >0.90 0.85-0.90 0.94 Joreskog & Sorbom,
AGFI >0.90 0.80-0.90 0.93 1984

CFI >0.95 0.90-0.94 0.96

TLI >0.95 0.90-0.94 0.95 Bollen, 1989

IFI >0.95 0.90-0.94 0.96

Upon examining Table 5, the factor loadings of the five-factor structure of the CPSS-T range from 0.68 to 0.91
across all factors, with a significance level of p < 0.001. These values indicate that the factors are strongly defined.
CR (Composite Reliability) and AVE (Average Variance Extracted) values were evaluated to assess convergent
validity. Ideally, CR should exceed 0.70, and AVE should be greater than 0.50 (Hair et al., 2010). These thresholds
were met for most factors, except for the Future Design factor, which had a CR value 0.68. However, since this

value is very close to the 0.70 threshold, it was deemed to contribute to convergent validity overall.

Table 5. Factor Loadings, CR, AVE and MSV Values of the Creative Problem-Solving Skills Test

Questions / test B B S.E. C.R. p CR AVE MSV MaxR(H)
Alternative Use 087 0.69 0.72 0.881
Originality 0.77 1

Flexibility 0.89 1.22 0.05 27.43 -

Fluency 0.82 113 0.05 25.27 -
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Questions / test B B S.E. C.R. p CR AVE MSV MaxR(H)
Hypothetical Scenario 0.85 0.66 0.8 0.861
Originality 0.75 1

Flexibility 086 120 0.05 2588 -

Fluency 082 126 0.05 24.70 -

Problem-Solving 091 0.72 0.8 0.926
Originality 0.82 1

Flexibility 090 118 0.04 32.44 -

Fluency 091 132 004 3320 -

Detailing 076 1.06 0.04 2516 -

Visual Interpretation 0.75 0.60 0.77 0.762
Originality 0.83 1

Detailing 071 078 0.04 20.88 -

Future Design 068 051 0.77 0.683
Originality 0.75 1

Detailing 0.68 0.83 0.05 16.14 -

**p<0.001

To establish discriminant validity, MSV (Maximum Shared Variance) values must be lower than AVE values (Hu
& Bentler, 1999). This condition was satisfied for all factors. Additionally, high MaxR(H) values further
supported the reliability and discriminant validity of the factors. These findings indicate that the five-factor

structure of the test generally fulfills the criteria for both convergent and discriminant validity.

Upon examining Table 6, the Cronbach's Alpha and Omega Alpha coefficients for the three-component criteria,
such as "Alternative Uses" and "Hypothetical Scenario," were found to be 0.87 and 0.85, respectively. These
values indicate that these scales exhibit high reliability. For the "Problem-Solving" criterion, which comprises
four components, Cronbach's Alpha coefficient is 0.90, and the Omega Alpha coefficient is 0.91, reflecting
exceptionally high internal consistency. However, for two-component criteria, such as "Visual Interpretation” and

"Future Design," the reliability coefficients were lower.

Table 6. Cronbach Alpha and Omega Reliability Coefficients

Questions / test Number of component Cronbach alpha (o) Omega alpha (o)
Alternative Use 3 0.87 0.87
Hypothetical Scenario 3 0.85 0.85
Problem-Solving 4 0.90 0.91
Visual Interpretation 2 0.74 0.74
Future Design 2 0.67 0.67
Overall Test 14 0.93 0.85

Precisely, the Cronbach's Alpha and Omega Alpha coefficients for the "Future Design" criterion were calculated
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as 0.67. Lower reliability coefficients are expected for scales with fewer items, and this value is considered
acceptable within sufficient reliability thresholds (Taber, 2018). Coefficients within the range of 0.60-0.70 are
often deemed acceptable, particularly for exploratory studies or scales with a limited number of items.

Finally, when examining the overall reliability of the scale, the Cronbach's Alpha coefficient for the 14-component
overall test is 0.93, and the Omega Alpha coefficient is 0.85. These high values demonstrate strong overall internal
consistency, indicating that the test provides a reliable structure for holistic evaluation. Item-total correlation
values represent the degree of association between each item in a test and the total test score. These values are
used to assess the test's internal consistency and individual items' contribution to the overall scale. High item-total
correlations indicate that the items are consistent with the overall structure of the test and positively contribute to
its reliability.

Table 7 presents the item-total correlation values for the sub-dimensions of the CPSS-T. The relationships between
the originality, flexibility, fluency, and elaboration scores of the Alternative Uses, Hypothetical Scenario,

Problem-Solving, Visual Interpretation, and Future Design sections with the total test scores were examined.

Table 7. Creative Problem-Solving Skills Test Item Total Correlations

Questions / test Total

Originality 0.697™

Alternative Use Flexibility 0.800™

Fluency 0.773"

Originality 0.770™

Hypothetical Scenario Flexibility 0.810™

Fluency 0.749™

Originality 0.812™

. Flexibility 0.808™

Problem-Solving -
Fluency 0.812

Detailing 0.732™

) ) Originality 0.714™

Visual Interpretation . "
Detailing 0.647

) Originality 0.545™

Future Design . n
Detailing 0.511

~p<0.01, N=854

The results indicate that the highest item-total correlations were observed in the Problem-Solving sub-dimension
for originality and fluency (r = 0.812). Similarly, high correlations were found in the Hypothetical Scenario and
Alternative Uses sections, particularly for flexibility, which ranged from 0.800 to 0.810. The Future Design sub-
dimension exhibited relatively lower correlation values, such as for originality (r = 0.545). All correlations were
statistically significant (p < 0.01), demonstrating the high internal consistency of the test and the substantial

contribution of the items to the overall scale.
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Table 8 was created to examine the discriminative power of each item in the CPSS-T. In this analysis, two groups
were identified based on the top and bottom 27% of test scores, and their responses to each item were compared
using an independent samples t-test. For all items, the mean scores of the upper group (n = 230) were significantly
higher than those of the lower group (n = 230) (p < 0.001). Notably, the Problem-Solving section demonstrated
the highest discriminative power in the dimensions of originality (t(458) = 28.79) and flexibility (t(458) = 27.57).
Although the Future Design section showed relatively lower discriminative power in originality and elaboration,
the values remained statistically significant (t(458) = 14.28 and 12.87, respectively). These findings suggest that

the test items are highly discriminative and effectively measure participants' creative problem-solving skills.

Table 8. Discrimination Levels of Creative Problem-Solving Skills Test Questions

Group
Lower (n=230) Upper (n=230)
Questions Component M SD M SD t(458)
Originality 2.33 0.64 3.57 0.54 22.20™"
Alternative Use Flexibility 1.82 0.56 3.27 0.51 29.07
Fluency 1.70 0.60 3.12 0.51 27.24™
Originality 2.32 0.62 3.62 0.49 24,91
Hypothetical Scenario Flexibility 1.78 0.64 3.20 0.44 27.50™"
Fluency 1.55 0.74 3.00 0.49 24,717
Originality 2.38 0.66 3.89 0.44 28.79™
. Flexibility 1.82 0.69 341 0.54 27.57""
Problem-Solving -
Fluency 1.66 0.86 3.40 0.57 25.61
Detailing 2.03 0.80 3.53 0.62 22.47
) _ Originality 2.59 0.67 3.84 0.37 24.68™"
Visual Interpretation . "
Detailing 2.60 0.70 3.61 0.51 17.76
) Originality 2.67 0.92 3.72 0.63 14.28™"
Future Design . .
Detailing 2.55 0.86 3.47 0.66 12.87

~*p<0,001

To examine the criterion validity of the Creative Problem-Solving test, 153 participants completed both this test
and the Scientific Creativity test. Descriptive statistics revealed that participants' mean scores were 55.37 (SD =
18.37) for the Scientific Creativity test and 39.63 (SD = 7.28) for the Creative Problem-Solving test (see Table
9).

Table 9. Correlation Between Scores Obtained from Creative Problem-Solving and Scientific Creativity Tests

Measure Minimum Maximum M SD 1. 2.
1. Scientific creativity 16 104 55.37 18.37 —
2. Creative problem-solving 22 53 39.63 7.28 0.62™ —

“p<0.01, N=153
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Correlation analysis between the two tests showed a positive and significant relationship (r = 0.62, p < 0.01),
indicating that the Creative Problem-Solving test validly measures creative thinking skills. While the two tests
focus on different domains (scientific creativity and creative problem-solving), creative thinking is their shared
construct. Therefore, individuals with high scores on the Creative Problem-Solving test are likely to demonstrate
strong creative thinking skills, contributing to scientific creativity success. This relationship supports the validity
of the test.

Discussion

Creative problem-solving is a cognitive skill that is becoming increasingly important in contemporary education
and professional settings. This study focuses on the development, validity, and reliability analyses of the Creative
Problem-Solving Skills Test (CPSS-T), designed to evaluate creative problem-solving processes through a
multidimensional approach. The test is grounded in Torrance's (1972) theory of creativity, which assesses the core
components of creative thinking—fluency, flexibility, originality, and elaboration. This theoretical framework
provides a robust foundation for analyzing creative problem-solving skills and is suitable for addressing modern

problem-solving needs.

In this study, the structural validity of the test was evaluated through confirmatory factor analysis (CFA),
convergent and discriminant validity were examined, and reliability coefficients were thoroughly analyzed. The
results demonstrated that the test provides a comprehensive validity and reliability profile. The CFA results
confirmed that the five-factor structure of the test aligns well with the theoretical model. The fit indices obtained
were compared with the acceptable thresholds in the literature (e.g., Byrne, 1989; Browne & Cudeck, 1993) and
indicated strong structural validity for the test. For instance, the y?/df ratio was 3.74, within acceptable limits.
Additionally, the RMSEA value of 0.06 and GFI value of 0.94 align with the good fit thresholds suggested by
Joreskog and Sdrbom (1984). Other fit indices, such as CFI and IFI (both >0.95), also yielded highly favorable
results, meeting the validity standards proposed by Bollen (1989).

The composite reliability (CR) and average variance extracted (AVE) values, calculated to evaluate convergent
validity, met the criteria recommended by Hair et al. (2010). In particular, CR values exceeding 0.70 reflect the
consistency and reliability of the test items. Although the CR value for the Future Design factor was 0.68, its
proximity to the ideal value contributed positively to the overall validity assessment and was deemed acceptable.
Furthermore, MSV and AVE analyses supported the discriminant validity of the factors (Hu & Bentler, 1999).

Reliability analyses revealed strong internal consistency, as evidenced by high Cronbach's alpha and Omega
coefficients. For instance, the Problem-Solving subscale yielded a Cronbach's alpha of 0.90 and an Omega
coefficient of 0.91, indicating high internal consistency. Similarly, the subscales Alternative Uses and
Hypothetical Scenario demonstrated reliability coefficients of 0.87 and 0.85, respectively, further validating their
effectiveness in measuring participants' creative thinking skills. However, the two-component subscales, Visual
Interpretation, and Future Design exhibited slightly lower reliability coefficients (0.67). According to Taber

(2018), reliability coefficients within the 0.60-0.70 range are acceptable for exploratory studies and scales with
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fewer items. These findings underscore the importance of considering subscale-specific factors in future scale

development and evaluation processes.

The item discrimination analysis showed that all items exhibited significant differences between the upper and
lower groups, highlighting their discriminative power. For example, the originality and flexibility dimensions in
the Problem-Solving section demonstrated the highest discrimination levels, while the Future Design section
exhibited lower but still significant levels of discrimination. These findings confirm the strong item-level

discrimination of the test and its effectiveness in evaluating creative problem-solving skills.

To further support the validity of the CPSS-T, a correlation analysis was conducted with the Scientific Creativity
test (Denis Celiker & Balim, 2012; Hu & Adey, 2002). The results revealed a moderate and positive significant
relationship between the two tests (r = 0.62, p < 0.01). This finding highlights a fundamental link between creative
problem-solving and scientific creativity, demonstrating that the CPSS-T validly measures creative thinking. The
positive correlation with scientific creativity provides a crucial indicator of the test's validity and establishes a

strong foundation for future research on creative thinking skills.

Conclusion

Creative problem-solving skills are increasingly occupying a central position in the educational paradigm of the
21st century. In this context, the psychometric properties of the developed CPSS-T demonstrate that the scale can
be reliable and valid for assessing creative problem-solving skills. Notably, the high-reliability values obtained in
the dimensions of problem-solving and alternative uses indicate that the fluency, flexibility, and originality
components proposed by Torrance's creativity theory are successfully evaluated by the scale. These findings
support the view that creative thinking processes can be systematically measured and evaluated. The significant
relationship demonstrated with the scientific creativity test reveals that creative problem-solving skills are closely
related to scientific thinking processes. This finding is important as it emphasizes the interdisciplinary nature of
creative problem-solving. Furthermore, confirming the scale's five-factor structure contributes to our
understanding of the multidimensional nature of creative problem-solving processes. Multidimensional test
structure allows educators and researchers to evaluate students' creative problem-solving skills from different

perspectives.

The relatively lower reliability values obtained in the visual interpretation and future design dimensions reflect
the measurement challenges in these areas. This situation reveals the methodological difficulties encountered in
measuring the visual and future-oriented dimensions of creative thinking and indicates the need for developing
new measurement approaches in this field. However, the high item discrimination values observed across all
subscales demonstrate that the scale can successfully distinguish between different levels of creativity. The results
of this study emphasize the importance of standardized measurement tools in evaluating creative problem-solving
skills. The psychometric properties of the CPSS-T demonstrate that the scale is a reliable instrument used in
research and educational settings. Demonstrating the CPSS-T's reliability represents an important step toward

systematically monitoring and evaluating the development of creative problem-solving skills.
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Recommendations

Based on the research findings, it is recommended that revision studies be conducted aimed at increasing the
reliability coefficients of the Visual Interpretation and Future Design subscales in future studies. In this context,
strengthening the psychometric properties by adding new items to these subscales could be considered.
Conducting adaptation studies of the scale in different cultures and languages is essential for testing its cross-
cultural validity. Additionally, it is recommended that the test's predictive validity be examined through
longitudinal studies and adaptations for different age groups be developed. Planning studies using cross-sectional
and longitudinal research designs to understand the developmental process of creative problem-solving skills will
also contribute to the literature. Finally, developing implementation guidelines for using CPSS-T in educational

settings and preparing assessment guides for teachers will support the practical application of the scale.

Acknowledgements

This research was supported by Bursa Uludag University Scientific Research Projects Unit with the number SGA -
2025-2156. The authors sincerely thank the Bursa Uludag University Scientific Research Projects Unit for their

valuable support.

References

Akpur, U. (2020). Critical, reflective, creative thinking and their reflections on academic achievement. Thinking
Skills and Creativity, 37, 100683. https://doi.org/10.1016/j.tsc.2020.100683

Almeshal, S. and Aloud, G. (2019). The impact of ethical climate on creative problem -solving capacity: an
empirical study on human resource employees in saudi arabia. Journal of Economics Management and
Trade, 1-13. https://doi.org/10.9734/jemt/2019/v24i130155

Amabile, T. M. (1996). Creativity in context: Update to "The Social Psychology of Creativity." Westview Press.

Amran, M., Kutty, F., & Surat, S. (2019). Creative problem-solving (CPS) skills among university students.
Creative Education, 10(12), 3049-3058. https://doi.org/10.4236/ce.2019.1012229

Avrifiana, E., Suratno, S., & Wahyuni, D. (2022). The analysis of communication skills on biology learning process
with creative learning in senior high school. Eduvest - Journal of Universal Studies, 2(3), 523-529.
https://doi.org/10.36418/edv.v2i3.387

Baer, J. (2011). How divergent thinking tests mislead us: Are the Torrance Tests still relevant in the 21st century?
The Division 10 debate. Psychology of Aesthetics, Creativity, and the Arts, 5(4), 309-
313. https://doi.org/10.1037/a0025210

Binkley, M., Erstad, O., Herman, J., Raizen, S., Ripley, M., Miller-Ricci, M., & Rumble, M. (2012). Defining
twenty-first century skills. In P. Griffin, B. McGaw, & E. Care (Eds.), Assessment and teaching of 21st
century skills (pp. 17-66). Springer.

Bollen, K. A. (1989). A new incremental fit index for general structural equation models. Sociological Methods
& Research, 17(3), 303-316. https://doi.org/10.1177/0049124189017003004

Brophy, D. R. (1998). Understanding, measuring, and enhancing individual creative problem-solving efforts.

779


https://doi.org/10.1016/j.tsc.2020.100683
https://doi.org/10.9734/jemt/2019/v24i130155
https://doi.org/10.4236/ce.2019.1012229
https://doi.org/10.36418/edv.v2i3.387
https://psycnet.apa.org/doi/10.1037/a0025210
https://doi.org/10.1177/0049124189017003004

Yurt

Creativity Research Journal, 11(2), 123-150. https://doi.org/10.1207/s15326934crj1102_4

Brown, T. A. (2015). Confirmatory factor analysis for applied research. Guilford publications.

Browne, M. W., & Cudeck, R. (1992). Alternative ways of assessing model fit. Sociological Methods & Research,
21(2), 230-258. https://doi.org/10.1177/0049124192021002005

Byrne, B. M. (1989). A primer of LISREL.: Basic applications and programming for confirmatory factor analytic
models. Springer-Verlag Publishing.

Canger, V. and Mulej, M. (2013). Multi-criteria decision making in creative problem solving. Kybernetes, 42(1),
67-81. https://doi.org/10.1108/03684921311295484

Cronbach, L. J., & Meehl, P. E. (1955). Construct validity in psychological tests. Psychological Bulletin, 52(4),
281-302. https://doi.org/10.1037/h0040957

Cropley, A. (2006). In praise of convergent thinking. Creativity Research Journal, 18(3), 391-404.
https://doi.org/10.1207/s15326934c¢rj1803 13

Denis Celiker, H., & Balim, A. G. (2012). Bilimsel yaraticilik 6l¢eginin Tiirk¢eye uyarlama siireci ve
degerlendirme  olgiitleri.  Usak  Universitesi  Sosyal ~ Bilimler ~ Dergisi,  5(2), 1-21.
https://doi.org/10.12780/UUSBD111

DeVellis, R. F. (2012). Scale development: Theory and applications. Sage Publications.

Di Battista A., Grayling S., Hasselaar E., Leopold T., Li R., Rayner M., Zahidi S. (2023). Future of jobs reports
2023. World Economic Forum. http://hdl.voced.edu.au/10707/648248

Elma, E., Samsudin, A., & Suhandi, A. (2022). Analysis of students' creative problem-solving ability in static
fluids: pilot study. Jurnal Pendidikan Mipa, 23(3), 816-823.
https://doi.org/10.23960/jpmipa/v23i3.pp816-823

Finke, R. A, Ward, T. B., & Smith, S. M. (1992). Creative cognition: Theory, research, and applications. The
MIT Press.

Griffin, P., McGaw, B., & Care, E. (2012). Assessment and teaching of 21st century skills. Springer.

Guilford, J.P. (1967). The nature of human intelligence. McGraw-Hill.

Hair, J. F., Hult, G. T. M., Ringle, C. M., & Sarstedt, M. (2014). A primer on partial least squares structural
equation modeling (PLS-SEM). Sage.

Hair, J., Black, W. C., Babin, B. J., Anderson, R. E., & Tatham, R. L. (2010). Multivariate data analysis. 6th (ed.)
Prentice-Hall.

Hobri, H., Ummah, I., Yuliati, N., & Dafik, D. (2020). The effect of jumping task based on creative problem
solving on students’ problem solving ability. International Journal of Instruction, 13(1), 387-406.
https://doi.org/10.29333/iji.2020.13126a

Hu, L.-t., & Bentler, P. M. (1999). Cutoff criteria for fit indexes in covariance structure analysis: Conventional
criteria versus new alternatives. Structural Equation Modeling, 6(1), 1-
55. https://doi.org/10.1080/10705519909540118

Hu, R., Su, X. H., & Shieh, C. (2017). A study on the application of creative problem solving teaching to statistics
teaching. Eurasia Journal of Mathematics, Science and Technology Education, 13, 3139-3149.
https://doi.org/10.12973/eurasia.2017.00708a

Hu, W., & Adey, P. (2002). A scientific creativity test for secondary school students. International Journal of
Science Education, 24(4), 389-403. https://doi.org/10.1080/09500690110098912

780


https://doi.org/10.1207/s15326934crj1102_4
https://doi.org/10.1108/03684921311295484
https://psycnet.apa.org/doi/10.1037/h0040957
http://hdl.voced.edu.au/10707/648248
https://doi.org/10.23960/jpmipa/v23i3.pp816-823
https://doi.org/10.29333/iji.2020.13126a
https://psycnet.apa.org/doi/10.1080/10705519909540118
https://doi.org/10.12973/eurasia.2017.00708a

International Journal of Education in Mathematics, Science, and Technology (IJEMST)

Isaksen S. G., Dorval K. B., & Treffinger D. J. (2011). Creative approaches to problem solving: A framework for
innovation and change (3rd ed.). Sage.

Jaarsveld, S., & Lachmann, T. (2017). Intelligence and creativity in problem solving: the importance of test
features in cognition research. Frontiers in Psychology, 8. https://doi.org/10.3389/fpsyg.2017.00134

Joreskog, K. G., & Sérbom, D. (1984). LISREL-VI user's guide. Scientific Software, Inc., Mooresville, IN.

Kaufman, J. C., & Beghetto, R. A. (2009). Beyond big and little: The four ¢ model of creativity. Review of General
Psychology, 13(1), 1-12. https://doi.org/10.1037/a0013688

Kaufman, J. C., & Sternberg, R. J. (Eds.). (2010). The Cambridge handbook of creativity. Cambridge University
Press.

Kelley, T. L. (1939). The selection of upper and lower groups for the validation of test items. Journal of
Educational Psychology, 30(1), 17-24. https://doi.org/10.1037/h0057123

Khalid, M., Saad, S., Hamid, S. R. A., Abdullah, M. R., Ibrahim, H., & Shahrill, M. (2020). Enhancing creativity
and problem solving skills through creative problem solving in teaching mathematics. Creativity Studies,
13(2), 270-291. https://doi.org/10.3846/cs.2020.11027

Khalid, M., Saad, S., Hamid, S., Abdullah, M., Ibrahim, H., & Shahrill, M. (2020). Enhancing creativity and
problem solving skills through creative problem solving in teaching mathematics. Creativity Studies,
13(2), 270-291. https://doi.org/10.3846/cs.2020.11027

Kim, K. H. (2006). Can we trust creativity tests? A review of the Torrance Tests of Creative Thinking
(TTCT). Creativity research journal, 18(1), 3-14. https://doi.org/10.1207/s15326934crj1801_2

Kim, K. H. (2011). The creativity crisis: The decrease in creative thinking scores on the Torrance Tests of Creative
Thinking. Creativity research journal, 23(4), 285-295. https://doi.org/10.1080/10400419.2011.627805

Kim, K. H. (2017). The torrance tests of creative thinking-figural or verbal: Which one should we use?. Creativity.
Theories—Research-Applications, 4(2), 302-321. https://doi.org/1515/ctra-2017-0015

Kline, R. B. (2011). Principles and practice of structural equation modeling (3rd ed.). Guilford Press.

Lin, C. (2017). Threshold effects of creative problem-solving attributes on creativity in the math abilities of
taiwanese upper elementary students. Education Research International, 2017(1).
https://doi.org/10.1155/2017/4571383

Miller, A. L., & Dumford, A. D. (2016). Creative cognitive processes in higher education. The Journal of Creative
Behavior, 50(4), 282-293. https://doi.org/10.1002/jocb.77

Mumford, M. D., Medeiros, K. E., & Partlow, P. J. (2012). Creative thinking: Processes, strategies, and
knowledge. The Journal of Creative Behavior, 46(1), 30-47. https://doi.org/10.1002/jocb.003

OECD (2019). An OECD learning framework 2030. In: Bast, G., Carayannis, E.G., Campbell, D.F.J. (eds) The
future of education and labor. arts, research, mnovation and society. Springer, Cham.
https://doi.org/10.1007/978-3-030-26068-2_3

Oh, K. (2017). Integrating creative problem solving into the field of fashion education. Fashion Industry and
Education, 15(1), 59-65. https://doi.org/10.7741/fie.2017.15.1.059

Permata, S., Sunarno, W., & Harlita, H. (2022). Effect of the problem based learning and double loop problem
solving learning models on problem solving ability in term of creative thinking on environmental
pollution material. Jurnal Penelitian Pendidikan Ipa, 8(6), 2647-2653.
https://doi.org/10.29303/jppipa.v8i6.1996

781


https://doi.org/10.3389/fpsyg.2017.00134
https://doi.org/10.1037/a0013688
https://psycnet.apa.org/doi/10.1037/h0057123
https://doi.org/10.3846/cs.2020.11027
https://doi.org/10.3846/cs.2020.11027
https://doi.org/10.1155/2017/4571383
https://doi.org/10.1002/jocb.77

Yurt

Plucker, J. A. (2023). The patient is thriving! Current issues, recent advances, and future directions in creativity
assessment. Creativity Research Journal, 35(3), 291-303.
https://doi.org/10.1080/10400419.2022.2110415

Plucker, J. A., Meyer, M. S., & Makel, M. C. (2023). Supporting innovation: Sociocultural and developmental
considerations in the assessment of creativity. In Creativity, Innovation, and Change Across
Cultures (pp. 29-50). Cham: Springer International Publishing. https://doi.org/10.1007/978-3-031-
28206-5_2

Runco, M. A (2004). Creativity. Annual Review of Psychology, 55, 657-
687. https://doi.org/10.1146/annurev.psych.55.090902.141502

Runco, M. A. (2014). Creativity: Theories and themes: Research, development, and practice. 2nd. Academic
Press. https://doi.org/10.1016/c2012-0-06920-7

Runco, M. A., & Acar, S. (2012). Divergent thinking as an indicator of creative potential. Creativity Research
Journal, 24(1), 66-75. https://doi.org/10.1080/10400419.2012.652929

Runco, M. A., & Jaeger, G. J. (2012). The standard definition of creativity. Creativity Research Journal, 24(1),
92-96. https://doi.org/10.1080/10400419.2012.650092

Taber, K. S. (2018). The use of Cronbach's alpha when developing and reporting research instruments in science
education. Research in Science Education, 48(6), 1273-1296. https://doi.org/10.1007/S11165-016-9602-
2

Taguma, M., & Barrera, M. (2019). OECD future of education and skills 2030: Curriculum analysis. OECD.

Torrance, E. P. (1972). Predictive validity of the Torrance Tests of Creative Thinking. The Journal of Creative
Behavior, 6(4), 236-252. https://doi.org/10.1002/j.2162-6057.1972.tb00936.x

Torrance, E. P., & Torrance, J. P. (1978). Future problem solving: National interscholastic competition and
curriculum project. The Journal of Creative Behavior, 12(2), 87-89. https://doi.org/10.1002/j.2162-
6057.1978.th00163.x

Treffinger, D. J., Isaksen, S. G., & Stead-Dorval, K. B. (2023). Creative problem solving: An introduction.
Routledge. https://doi.org/10.4324/9781003419327

Trilling, B., & Fadel, C. (2009). 21st century skills: Learning for life in our times. Jossey-Bass.

Yang, J., & Zhao, X. (2021). The effect of creative thinking on academic performance: Mechanisms,
heterogeneity, and implication. Thinking Skills and Creativity, 40, 100831.
https://doi.org/10.1016/j.tsc.2021.100831

Zhangiang, M. (2023). Strategies for cultivating creative thinking ability of students majoring in educational
technology. Frontiers in Educational Research, 6, 62-66. https://doi.org/10.25236/FER.2023.061911

Author Information

Eylp Yurt
https://orcid.org/0000-0003-4732-6879

Bursa Uludag University

Turkiye

Contact e-mail: eyupyurt@gmail.com

782


https://doi.org/10.1080/10400419.2022.2110415
https://psycnet.apa.org/doi/10.1146/annurev.psych.55.090902.141502
https://doi.org/10.1016/c2012-0-06920-7
https://psycnet.apa.org/doi/10.1002/j.2162-6057.1972.tb00936.x
https://doi.org/10.1016/j.tsc.2021.100831
https://doi.org/10.25236/FER.2023.061911

International Journal of Education in Mathematics, Science, and Technology (IJEMST)

Appendix A. Yaratici Problem Co6zme Beceri Testi (Turkish Form)

Genel Yonerge

Sevgili Katilimci, bu test, yaratici problem ¢ézme becerilerinizi 6lgmek i¢in tasarlanmigtir. Toplam 5 agik uglu
soru bulunmaktadir. Testte dogru veya yanlis cevap yoktur; 6nemli olan yaratici ve 6zgiin diisiinmenizdir. Liitfen
her soruyu dikkatle okuyun ve elinizden gelenin en iyisini yapin.

Sorular ve Ydnergeler
Soru 1: Alternatif Kullanim Testi
Yonerge: Siradan bir kalem icin miimkiin oldugunca c¢ok farkli kullanim alani diisiiniin. Klasik kullanimi
(yazmak) disinda, bu nesneyi nasil kullanabileceginizi listeleyiniz. Ornegin, "sa¢ tokasi olarak kullanmak" bir
alternatif kullanim olabilir.
Soru 2: Varsayimsal Senaryo
Yonerge: "Eger insanlar telepati (bes duyunun yardimi olmaksizin gerceklestigi ileri siiriilen bilgi aktarimi)
yoluyla iletisim kurabilseydi, toplum nasil degisirdi?" Bu varsayimsal durumun olasi etkilerini diisiiniin. Miimkiin
oldugunca cok ve cesitli etki yaziniz.
Soru 3: Problem C6zme Senaryosu

Yonerge: Bir akilli telefon tireticisi, pil d6mriinii 6nemli 6l¢iide artirmak istiyor. Mevcut teknolojiler disinda, pil

omriini uzatmak i¢in yaratici ¢dziimler iiretin. Miimkiin oldugunca ¢ok ve cesitli ¢oziim onerileri yaziniz. Her
birini kisaca agiklayimiz.

Soru 4: Gorsel Yorumlama

Yonerge: Bu gorsele bakin ve ondan ilham alarak kisa bir hikaye veya senaryo yazin. Hikayeniz gorsel 6geleri
yaratict bir sekilde yorumlamalidir.

Soru 5: Gelecek Tasarimi

Yonerge: 2050 yilinda kullanilabilecek yeni bir ulagim araci tasarlayin. Bu arag, giiniimiizdeki ulagim sorunlarini

(trafik, ¢evre kirliligi, hiz vb.) ¢6zmelidir. Aracinizi ¢izin ve 6zelliklerini agiklaymn.
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Appendix B. Creative Problem-Solving Skills Test

General Instructions
Dear Participant,
This test is designed to measure your creative problem-solving skills. It consists of 5 open-ended questions. There
are no right or wrong answers to the test; your ability to think creatively and uniquely matters. Please read each

question carefully and do your best.

Questions and Instructions
Question 1: Alternative Uses Test
Instruction: Think of as many different uses as possible for an ordinary pencil. Apart from its conventional use
(writing), list alternative ways you could use this object. For example, "using it as a hair clip" could be one

alternative use.

Question 2: Hypothetical Scenario
Instruction: "If humans could communicate through telepathy (information transfer claimed to occur without the
help of the five senses), how would society change?" Consider the potential impacts of this hypothetical situation.

Write as many varied effects as possible.

Question 3: Problem-Solving Scenario
Instruction: A smartphone manufacturer wants to increase battery life significantly. Beyond current technologies,
come up with creative solutions to extend battery life. Write as many diverse solution ideas as possible and briefly

explain each one.

Question 4: Visual Interpretation

Instruction: Look at this image and write a short story or scenario inspired by it. Your story should creatively

interpret the visual elements of the image.

Question 5: Future Design
Instruction: Design a new vehicle that could be used in the year 2050. This vehicle should address transportation

problems (e.g., traffic, pollution, speed). Draw your vehicle and explain its features.
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Appendix C. Examples of Rare (Original) and Common Answers to Some Questions in

the Test (Turkish)

Soru 1: Alternatif Kullanim Testi

En Nadir Cevaplar

En Yaygin Cevaplar

Soluk Borusu Tikanmikliginda {1k Yardim Aract
Muzik Aleti Olarak Kullanma
Masa Olarak Kullanma

Golge ile Zaman Belirleme
Koordinat Belirleme Aract
Mikrofon Olarak Kullanma
Cigek Destek Cubugu

Kaset Bandi Sarma

Bitki Baglama

T1ibbi Amagli Delici Alet
Pervane Yapma

Kapali Kutular1 Kaldirma Araci
Deniz Dalga Yonlerini izleme
Ufak Heykel veya Yap1 Yapma
Portatif Sinyal Cubugu

Kitap Ayraci Olarak Kullanma
Cetvel veya Duz Cizgi Cizme
Stres Carki Gibi Kullanma
Telefon Tutucu Olarak Kullanma
Sa¢ Tokas1 veya Sa¢ Sekillendirme
Isaret Araci Olarak Kullanma
Toprak Eseleme Aract

Minik Delik A¢cma

Vida Sikma

Mandallama veya Sabitleme
Dekoratif Objeye Doniistiirme
Cizim ve Sekil Verme

Masa Uzerinde Stres Atmak
Nesne Sabitleyici

Mini Cekic veya Delge¢ Olarak Kullanma

Soru 2: Varsayimsal Senaryo

En Nadir Cevaplar

En Yaygin Cevaplar

Telepatinin Psikolojik Yan Etkileri
Siyasi ve Ekonomik Giiglerin Cokiisii
Telepatik Kalkan Gelistirme Thtiyaci

Dil ve Kiiltiirlerin Yok Olmasi

Egitimde Carpici Degisiklikler

Daha Fazla Yargilayici Bir Toplum
Ozel Hayatin Tiimiiyle Kayb1

Sanat ve Edebiyatin Yeniden Sekillenmesi
Evrensel Ahlak ve Degerlerin Yikimi
Manipiilasyonun imkansiz Hale Gelmesi
Sugun Tiimiiyle Azalmasi

Sir Kavraminin Yok Olmasi

Bilgi Kirliligi ve Anlam Karmasasi

Sosyal Medya ve Dijital Platformlarin Anlamsizlagmasi

Yaratici ve Elestirel Diisiincenin Azalmasi

Yalan Soylemenin imkansiz Hale Gelmesi
Empati ve Anlayisin Artmasi
Mahremiyetin Sona Ermesi

Duygusal ve Sosyal Baglarin Giiglenmesi
Sosyal Catismalarin Azalmasi

Dil ve Konusma Ihtiyacinin Azalmasi
Su¢ Oranlarinin Diigsmesi
Manipiilasyonun Zorlagmasi

Hizli Bilgi ve Duygu Paylasimi

Egitimde Kolaylik

Toplumun Gelisimi

Korku ve Guvensizlik

Yargilama ve Onyargilarin Artmast

Telepatiye Dayali Yeni Teknolojiler
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Soru 3: Problem C6zme Senaryosu

En Nadir Cevaplar

En Yaygin Cevaplar

Piezoelektrik sistemler eklenmesi

Termal enerji doniistimii

Gtines paneli entegre telefon

Telefonun gece otomatik kapanmasi
Batarya analiz uygulamasi

Ihtiyag dist bilesenleri devre dis1 birakma
Mikro tiirbinlerle enerji Gretimi

Yapay zeka destekli enerji yonetimi
Kinetik enerjiyle sarj eden kapaklar

Nanoteknoloji piller

Telefon ekran parlakligimi diisiirmek
Gereksiz uygulamalart kapatmak

Telefonu sarja tam dolmadan ¢ikarmak
Telefonu siirekli sarjda birakmamak

Arka planda ¢aligan uygulamalar1 kapatmak
Geceleri telefonu ugak moduna almak

Pil tasarruf modunu etkinlestirmek

Ekran siiresini kisaltmak

Telefonu serin bir yerde tutmak

Telefonu diisiik giic modunda kullanmak

Soru 4: Gorsel Yorumlama

En Nadir Cevaplar

En Yaygin Cevaplar

Geometrik sekillerin bir diinya tasvirinde bulugmasi
Ankesorlii telefonun giinese yaptigt yolculuk

Farkli gezegenlerin dostluk denemesi

Dag zirvesindeki doga betimlemesi

Tiim renk ve sekillerin bir araya geldigi senlik

Duygulari simgeleyen geometrik sekiller

Diinyanin dogal dongiisiiniin geometrik sekillerle anlatimi

Renkli sekillerin bir koroya katilmast
Geometri Diyari’nda dostluk hikayesi
Atmosferik bir sabah betimlemesi

Giinesli bir giinde deniz kenarinda oturma
Giinesli bir havada piknik yapma

Riizgar ve gilinesin altinda yiiriiyiis yapma
Sahilde vakit gecirme

Renkli sekillerin gokyiiziinde dalgalanmasi
Geometrik sekillerin sahilde siralanmasi
Renkli bir giin batim1 betimlemesi

Farkli geometrik sekillerle resim yapma
Deniz kenarinda giinesli bir 6gle sonrasi

Riizgarl bir giinde arkadaslarla yiirtiyiis

Soru 5: Gelecek Tasarimi

En Nadir Cevaplar

En Yaygin Cevaplar

Atmosferik Hiz Kapsiilii
Cevre Dostu Hibrit Ucan Arag
Kendi Yakitin1 Ureten Arag
Kugllen Arag

Geri Dontigiimlii Malzemelerle Yapilmis Ucan Arag

Isinlanma Portall1 Ulagim Araci
Yerden Havaya Cikabilen Hibrit Arag
Karbon Negatif Ucan Arag

Yesil Yolculuk Saglayan Arag
Manyetik Ugus Sistemi

Sehir i¢i Manyetik Arag

Ugan Araba Tasarimi1
Elektrikli Arag

Cevre Dostu Ugan Arag
Bisiklet

Solar Panel Destekli Ugan Arag

Yeraltindan Ulagim Sistemi

Geri Donlisiimlii Malzemelerle Arag
Elektrikli Ucak

Hizli Arag

Su ile Calisan Arag

Doga Dostu Mini Araba
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Modiler Enerji Sistemli Arac
Kirlilik Filtresiyle Calisan Araba
Su Aritma ile Calisan Arag

Hava ve Karada Calisan Ucan Arag

Kapsul Arag

Kapsiillii Rayli Sistem
Araba Boyutunda Ucan Arag
Hibrit Yakitli Araba
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Appendix D. Examples of Rare (Original) and Common Answers to Some Questions in

the Test

Question 1: Alternative Uses Test

Rare Answers

Common Answers

First Aid Tool for Choking
Using as a Musical Instrument
Using as Tongs

Determining Time with Shadows
Coordinate Determination Tool
Using as a Microphone

Flower Support Stick

Rewinding a Cassette Tape
Tying Plants

Medical Piercing Tool

Making a Propeller

Tool for Lifting Closed Boxes
Observing Sea Wave Directions
Making Small Sculptures or Structures
Portable Signal Stick

Using as a Bookmark

Drawing a Straight Line or Ruler
Using as a Stress Spinner

Using as a Phone Holder

Hairpin or Hair Styling Tool

Using as a Pointer

Soil Digging Tool

Making Small Holes

Tightening a Screw

Clamping or Fastening

Converting into a Decorative Object
Drawing and Shaping

Stress Relief on a Desk

Object Stabilizer

Using as a Mini Hammer or Hole Puncher

Question 2: Hypothetical Scenario

Rare Answers

Common Answers

Psychological Side Effects of Telepathy
Collapse of Political and Economic Powers
Need to Develop Telepathic Shields
Disappearance of Languages and Cultures

Significant Changes in Education
A More Judgmental Society
Complete Loss of Private Life

Reshaping of Art and Literature

Destruction of Universal Morals and Values

Manipulation Becomes Impossible
Complete Elimination of Crime

Disappearance of the Concept of Secrets

Information Pollution and Meaning Confusion

Meaninglessness of Social Media and Digital Platforms

Decline in Creative and Critical Thinking

Lying Becomes Impossible
Increased Empathy and Understanding
End of Privacy

Strengthening Emotional and Social Bonds

Reduction in Social Conflicts

Reduced Need for Language and Speech
Decrease in Crime Rates

Difficulty in Manipulation

Fast Sharing of Information and Emotions

Ease in Education
Social Development
Fear and Insecurity

Increase in Judgment and Prejudice

New Technologies Based on Telepathy
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Question 3: Problem-Solving Scenario

Rare Answers

Common Answers

Adding Piezoelectric Systems That Collect Energy from
User Movements

Thermal Energy Conversion System While Holding the
Phone

Solar Panel Integrated into the Phone Screen

Automatic Nighttime Phone Shutdown Programmed for
User Sleep Time

Battery Usage Analysis App to Inform the User

Disabling Unnecessary Components to Extend Battery Life
Micro Turbines on the Back of the Phone for Energy

Generation
Al-Supported Energy Management Software

Kinetic Energy Charging Covers from Walking or
Movement

Nanotechnology Batteries with Higher Capacity

Lowering Phone Screen Brightness

Closing or Removing Unnecessary Apps
Not Plugging in Before Fully Charging
Unplugging the Phone After Fully Charged

Closing Background Apps
Turning on Airplane Mode at Night

Activating Battery Saver Mode

Reducing Screen Time or Turning Off the Phone

Periodically
Keeping the Phone Cool to Prevent Overheating

Using the Phone in Low-Power Mode

Question 4: Visual Interpretation

Rare Answers

Common Answers

Geometric Shapes Meeting in a World Depiction
Payphone's Journey to the Sun

Friendship Trials Between Different Planets

Nature Depiction at the Mountain Summit

Festival Where All Colors and Shapes Come Together
Geometric Shapes Representing Emaotions

Earth's Natural Cycle Illustrated with Geometric Shapes
Colorful Shapes Joining a Choir

Story of Friendship in Geometry Land

Depiction of an Atmospheric Morning

Sitting by the Sea on a Sunny Day

Having a Picnic on a Sunny Day

Walking in the Wind and Sun

Spending Time at the Beach

Colorful Shapes Waving in the Sky
Geometric Shapes Lined Up on the Beach
Depiction of a Colorful Sunset

Drawing with Different Geometric Shapes
Sunny Afternoon by the Sea

Walking with Friends on a Windy Day

Question 5: Future Design

Rare Answers

Common Answers

Atmospheric Speed Capsule

Eco-Friendly Hybrid Flying Vehicle

Vehicle Producing Its Own Fuel

Shrinking Vehicle

Flying Vehicle Made from Recyclable Materials

Teleportation Portal Transportation

Flying Car Design

Electric Vehicle

Eco-Friendly Flying Vehicle

Bicycle

Solar Panel-Supported Flying Vehicle

Underground Transportation System

789



Yurt

Hybrid Vehicle Capable of Ground-to-Air Movement Vehicle Made from Recyclable Materials
Carbon-Negative Flying Vehicle Electric Aircraft

Vehicle Providing Green Travel High-Speed Vehicle

Magnetic Flight System Water-Powered Vehicle

Inner-City Magnetic Vehicle Nature-Friendly Mini Car

Vehicle with Modular Energy Systems Capsule Vehicle

Car Running with a Pollution Filter Capsule Rail System

Water Purification Powered Vehicle Flying Vehicle the Size of a Car

Air and Land Hybrid Flying Vehicle Hybrid-Fueled Car
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