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1. INTRODUCTION

Mathematics plays a crucial role in everyday life and in the advancement of science and technology.
As a foundational discipline, mathematics is essential for developing 21st-century skills, including the four core
competencies (4Cs): critical thinking, creative thinking, communication, and collaboration [1-3]. Recent stud-
ies highlight that creative thinking and problem-solving in STEM fields are closely related to the emergence of
digital innovation and entrepreneurship-oriented education [4—6]. This reinforces the relevance of integrating
creative and cognitive diversity in mathematics learning within the edupreneurial and technopreneurship frame-
work [7-9]. Educational processes must therefore foster interaction, engagement, and motivation, while also
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respecting students’ interests and psychological development [7, 8]. Learning should not only be enjoyable
but also personalized, taking into account students’ diverse cognitive styles their unique ways of processing,
storing, and applying information [9, 10].

A defining feature of modern mathematics education is that its delivery is rooted in learning psychol-
ogy theories established by education experts [11-14]. With a solid understanding of educational psychology,
teachers can identify students’ prior knowledge and cognitive processes. Moreover, they can design learning
activities that align with student conditions and instructional goals [15, 16]. There are two core challenges in
organizing education: the first pertains to technical skills how, when, where, and by what method instruction
is delivered and the second relates to more abstract aspects, such as student and teacher motivation, creativity,
psychology, and willpower [17-19].

In reality, current instructional practices are still dominated by a teacher-centered paradigm. This one-
way teaching model fosters student dependence on the teacher, leading to passive learning behavior. Students
mostly listen, take notes, and are asked to memorize and solve exercises, resulting in boredom and disengage-
ment from mathematics. This passive approach prevents students from developing independence, causing them
to rely on teachers when facing problems [20, 21]. A teacher-centered paradigm undermines students’ self-
directed learning. In contrast, creative students can analyze complex problems, collaborate independently or in
groups, and confidently articulate their ideas during lessons. Creative thinking cultivates self-confidence and
accelerates students’ comprehension and mastery of subject matter [22—24]. Mathematics education presents
intricate challenges; many students perceive it as a difficult subject, often avoided. This is due to its hierarchical
nature while not requiring a fixed sequence, learning new concepts often depends on prior mastery.

Davis outlines six reasons why creative thinking should be emphasized in mathematics education:

* Mathematics is too vast and complex for rote learning.

* Students are capable of producing original solutions to problems.

 Teachers should respond to surprising and unique student contributions.

* Rote and routine problem-solving demotivates students and hinders development.
* Originality should be taught, such as through independently derived proofs.

» Real-life applications of mathematics demand creativity [25].

Creative thinking is fundamental for discovering new knowledge and generating innovations that ben-
efit both current and future generations [26, 27]. Recent international studies have also emphasized the integra-
tion of creativity within entrepreneurship education, showing how innovative thinking processes directly foster
entrepreneurial competence and sustainable educational practices. These findings strengthen the relevance of
our approach, which connects creative thinking in geometry education with edupreneurial and creativepreneur-
ship frameworks.

One of the mathematical topics that students often find particularly difficult is geometry, especially
spatial intersection, distance, and angle problems [28, 29]. Challenges in learning geometry include interpret-
ing three-dimensional figures on a two-dimensional plane requires a high level of abstraction The concepts are
complex and often integrated with other mathematical topics such as trigonometry and triangles, Instructional
methods largely remain lecture-based or conventional, Learning media and resources are limited in both quan-
tity and quality. These factors make geometry difficult for students, resulting in lower levels of creative thinking
in this subject. Students often struggle to analyze, draw, and understand concepts necessary to solve three-
dimensional word problems due to insufficient creative problem-solving skills [30-33]. Therefore, strategies
are needed to orient mathematics instruction toward enhancing students’ creative thinking. This competency is
essential and must be nurtured [34, 35].

Given geometry’s high level of abstraction and interrelatedness with other concepts, it is crucial to con-
sider students’ individual differences in information processing referred to as cognitive styles. As mentioned,
a central characteristic of contemporary mathematics instruction is its foundation in educational psychology
theories. Understanding these allows teachers to identify students’ cognitive abilities and thinking processes,
and to design appropriate learning activities [36—-38]. Cognitive style as the individual manner of processing,
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storing, and using information in response to tasks or environmental demands [39]. It reflects distinctive student
learning preferences in terms of receiving and processing information. Several types of cognitive styles exist,
but this study focuses on FI and FD styles. These styles represent how individuals analyze and interact with
their environment. Field-dependent learners tend to perceive patterns as wholes and struggle to isolate specific
aspects of a situation or to deconstruct patterns into components. In contrast, field-independent learners are
more analytical, recognizing parts of a problem and breaking down complex patterns into their elements.

2. RESEARCH METHODS

This study adopts a descriptive-qualitative research design aimed at exploring and describing the learn-
ing trajectory that supports the development of students’ creative thinking in geometry learning [40]. The inves-
tigation is framed by students’ cognitive styles, categorized as FI and FD. A total of six students were selected
through purposive sampling, representing different combinations of cognitive style and mathematical ability
level. Each cognitive style group consists of students with high (01), medium (02), and low (03) performance
levels. The participants were labeled as follows: SFI-01, SFI-02, SFI-03 FI and SFD-01, SFD-02, SFD-03 FD,
respectively.

2.1. Research Participants

The participants involved in this study were six students from a selected school, chosen specifically
to represent a diverse range of cognitive styles and performance levels. The selection process began with ad-
ministering the Group Embedded Figures Test (GEFT) to classify students as FI or FD. From these classifica-
tions, three students were purposively selected from each cognitive style group, ensuring variation in geometry
performance levels high, medium, and low. This composition allowed the study to capture distinct learning
trajectories and examine how cognitive style interacts with students’ creative thinking abilities in geometry.

2.2. Data Collection Technique
Data were gathered using the following methods:

* GEFT: This perceptual test was used to determine students’ cognitive style, whether FI or FD, by identi-
fying their ability to find embedded figures in complex images [41].

* Creative Thinking Test: This test was designed to assess students’ creative thinking in solving geometry
problems. The students’ responses were analyzed to understand their trajectory in demonstrating creative
thinking characteristics [42].

* Semi-structured Interviews: Interviews were conducted using an open-ended question guide to obtain
deeper insights into students’ cognitive processes, strategies, and reflections while engaging with geom-
etry learning tasks. This helped to triangulate the results of the written tests [43].

2.3. Research Procedure

The research procedure consisted of three main stages, identifying cognitive styles through the GEFT
to classify students as FI or FD, grouping participants into high, medium, and low mathematical ability levels,
and administering geometry-based creative thinking tasks followed by semi-structured interviews for triangu-
lation [44, 45]. This streamlined approach ensured consistency in data collection while minimizing redun-
dancy and maintaining focus on how each student’s cognitive style influenced their creative learning trajectory
[46, 47].

2.4. Data Analysis Technique

The research procedure was carried out in several stages [27]. First, the determination of cognitive
styles was done by administering the GEFT to categorize students as either FI or FD. The GEFT helped identify
each student’s cognitive style, which was essential for analyzing their learning trajectory in geometry [48].

3.  RESULT AND DISCUSSION

In this study, the GEFT was used to determine students’ cognitive styles, categorizing them as FD
or FI. The GEFT consists of questions designed to assess students’ ability to identify simpler images hidden
within more complex ones, with a time limit of 12 minutes. The test is divided into three parts: the first section
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includes 7 questions to be completed in 2 minutes, serving as a practice exercise to ensure students understand
the instructions and test procedure, and is not scored. The second and third sections each contain 9 questions,
which are the actual test items and are scored, with 5 minutes allotted for each section. The scoring criteria for
the GEFT are as follows: students receive 1 point for each correct answer and 0 points for incorrect answers
[49, 50]. The total score ranges from 1 to 18. A detailed scoring table for the GEFT test is provided below and
presented in Table 1.

Table 1. GEFT Test Scoring Criteria

GEFT Score Cognitive Style Type
0-11 FD
12-18 FI

Out of the 32 students who took the GEFT, 19 students were categorized with a FD cognitive style,
while the remaining 13 students exhibited a FI cognitive style. The data is presented in the following table, as
shown in Table 2.

Table 2. GEFT Test Results
No Cognitive Style Total
1 FD 19
2 FI 13

Data on the learning trajectory of creative thinking were collected through the analysis of student
answer sheets and interviews with 18 selected students, chosen using purposive sampling based on consider-
ations of cognitive style and ability. These 18 students were grouped to represent different cognitive ability
levels. The high-level group consisted of SFI-01, representing students with a FI cognitive style and high
cognitive ability, and SFD-01, representing students with a FD cognitive style and high cognitive ability. The
middle-level group consisted of SFI-02, representing students with a FI cognitive style and medium cognitive
ability, and SFD-02, representing students with a FD cognitive style and medium cognitive ability [5S1]. The
low-level group consisted of SFI-03, representing students with a FI cognitive style and low cognitive ability,
and SFD-03, representing students with a FD cognitive style and low cognitive ability.

The students’ answer sheets were analyzed to determine the stages of their creative thinking while
solving the test questions. Interviews were conducted after the learning activities to clarify and confirm the
stages of creative thinking and the challenges students faced during the learning process or difficulties in solving
the problems provided by the teacher [52].

3.1. The subject of the study, categorized as high ability FI (SFD-01)
Presented below with the student’s answer sheet for analysis.
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Figure 1. Analysis of the answer sheet of SFD-01

Based on Figure 1, it can be observed that almost all the indicators of creative thinking in SFD-01 are
met. From the analysis of SFD-01’s answer sheet and in-depth interviews, it was found that SFD-01 demon-
strates a good level of creative thinking. On the answer sheet, SFD-01 was skilled in writing down what was
known and what was asked, which met the fluency indicator, indicating the ability to identify the problem.
Additionally, SFD-01 included a cube diagram in the answer sheet, which demonstrated flexibility in interpret-
ing or understanding the problem with the aid of a visual representation. SFD-01 also showed the ability to
evaluate answers, as indicated by summarizing the completed answers, which shows the evaluation capability.
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However, the ability to elaborate on the answer step-by-step was somewhat inaccurate. This condition suggests
that SFD-01’s creative thinking process was disturbed by a noisy and chaotic classroom environment, which
affected their concentration in completing the task. In this category, SFD-01 made errors in completing the task
due to a lack of understanding of the concept, which was marked by mistakes in all or part of the task solution
and an inability to evaluate their own errors. Therefore, SFD-01 also faced difficulties in linking concepts, from
one concept to another. Below is an excerpt from the interview between the researcher and SFD-01.

e P:”When working on the problem, are you able to identify the problem and solve it step by step? (from
stating what is known, what is asked, and the solution)”.

e SFD-01 : ”Yes, sir. When I was in middle school, my teacher told me that when solving problems, I must
write down what is known, what is asked, and then the solution. I can’t just give the answer directly”.

e P:”Do you find it difficult to identify the problem?”.

* SFD-01 : ”No, sir. It’s just a matter of writing down what is known, what is asked, and then answering.
I just transfer what is in the question to my answer”.

* P: ”How do you understand the questions in the problems?” (interpreting the problem).
* SFD-01 : "I read the question carefully, sir, while looking for the formula that I will use”.

* P:”Do you always draw the shape or figure mentioned in the question first? Do you find it difficult to
draw?”.

* SFD-01 : "Yes, sir, so I don’t get confused when solving the problem later. I don’t have trouble drawing”.
* P:”Do you solve the problem based on your own ideas or someone else’s?”.

* SFD-01 : ”It’s my own idea, sir. I first understand the question given by the teacher, then I look for the
formula to solve it”.

e P: At the end of the solution, do you always conclude the answer you found?”.
* SFD-01 : ”Yes, sir, I usually check again to see if my answer is correct or not”.

3.2. Subject of research with medium cognitive ability, FI (SFI-02)
The following is the student’s answer sheet (SFI-02) analyzed based on the indicators of creative
thinking:
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Figure 2. Analysis of answer sheet SFI-02

From the analysis of the answer sheet shown in Figure 2, it is evident that SFI-02 is proficient in
writing down what is known and what is asked, fulfilling the fluency indicator, which refers to the ability
to identify problems. Additionally, SFI-02 is skilled at drawing a cube diagram on the answer sheet, which
reflects flexibility, or the ability to interpret/understand a problem with the help of a diagram. SFI-02 also
demonstrates the ability to evaluate the answer, as shown by writing a summary of the completed solution,
indicating an evaluation skill. However, the ability to detail the answer step-by-step with clear procedures is
somewhat lacking.

Further insights into SFI-02’s creative thinking process can be seen from the interview, as follows:
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* P : ”When solving problems, do you complete them in an organized manner?” (from writing knowns,
asked, and answers).

SFI-02 : Yes, the teacher told us to do it that way”.

e P:”Oh, is it difficult for you to work in an organized manner?”

SFI-02 : ”No, it’s fine”.

* P:”How do you understand the questions on the test?” (interpreting the problem).

SFI-02 : I read it slowly while thinking about what is being asked”.

* P:”Do you draw anything? If so, what’s the purpose?”.

SFI-02 : Yes, it makes things clearer”.

* P:”Do you always summarize the answer after solving the problem?”.

SFI-02 : "Yes, I do”.

Based on observations, interviews, and the analysis of the answer sheet, it can be concluded that SFI-
02 exhibits a good level of creative thinking skills. This is supported by the improvement observed across
meetings, as well as from the analysis of the answer sheet and interviews, although SFI-02 occasionally makes
careless mistakes and lacks precision in determining the steps to solve the problems.

3.3. FD medium ability category research subject (SFD-02)

Based on observations, interviews, and excerpts from the answer sheet, it can be concluded that SFD-
02 demonstrates a good level of creative thinking skills. This is evident from the observed improvement in
skills across meetings, as well as from the analysis of the answer sheet and interviews. However, SFD-02 still
shows occasional carelessness and a lack of detail in outlining the steps for solving problems. Below is the
answer sheet of SFD-02, analyzed based on the indicators of creative thinking:

Figure 3. Analysis of answer sheet SFD-02

From the analysis of the answer sheet, observations, and interviews as illustrated in Figure 3, it can
be concluded that SFD-02 demonstrates a good level of creative thinking skills. This is evident from the
observed improvement in skills across meetings, as well as from the analysis of the answer sheet and interviews.
However, SFD-02 still faces challenges with the evaluation aspect of creative thinking, as they sometimes forget
to summarize the final answer, indicating that their evaluation skills are still lacking. Here’s the detailed analysis
based on creative thinking indicators:

SFD-02 exhibits fluency, which refers to the skill of identifying problems, as shown by their ability
to write down what is known and what is being asked. Fluency in problem identification provides valuable
information for problem-solving. Additionally, SFD-02 displays elaboration skills by clearly outlining the
steps for solving the problem. They are also capable of interpreting the problem through visual aids, as shown
by the way they drew a cube in their answer sheet. However, the challenge SFD-02 faces is their tendency to
forget to conclude the final answer, reflecting a weakness in their evaluation skills.

The following interview excerpts further illustrate SFD-02’s creative thinking abilities:

* P:”When you are working on the problem, do you do it step by step?” (from writing down the known,
the question, and the answer).
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SFD-02 : ”Yes, but sometimes I forget”.
e P:”Do you find it difficult to work in an orderly manner?”.
e SFD-02 : ”No, I don’t”.

* P: ”How do you understand the questions in the problem?” (interpreting the problem).

SFD-02 : I read it, then look for what is being asked”.

* P:”Do you draw it? If so, what is the purpose?”.

SFD-02 : ”Sometimes I draw it, sometimes I don’t. I often forget. The purpose is to understand better”.

e P: ”At the end of solving the problem, do you always summarize the answer you’ve found?”.

SFD-02 : ”Yes, but I sometimes forget”.

Based on the observations, interviews, and analysis of the answer sheet, SFD-02 shows a good level
of creative thinking skills, with noticeable improvement in each meeting. However, there is still room for
improvement in the evaluation aspect of their thinking process.

3.4. Research Subject of Low Ability Category FI (SFI-03)

Based on the analysis of the answer sheet, observations, and in-depth interviews, it was found that
SFI-03 is a student who demonstrates a moderate learning trajectory in creative thinking. This is evidenced by
the answer sheet from the questions given by the researcher, as follows:

Given = Cube ABCD . TFOH
Asled < Line AC with DT
b < Line HB with T6
T Answer
4 'CF = Line DE

AATFC 15 on eauilatersd /N | 50 its angle
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Figure 4. Analysis of answer sheet SFI-03

From the analysis of the answer sheet, observations, and in-depth interviews as presented in Figure
4, it was found that SFI-03 demonstrates moderate creative thinking skills. This is evident from the answer
sheet provided by the researcher, as follows: SFI-03 is skilled at writing down what is known and asked, which
meets the fluency indicator of creative thinking. This indicates the ability to identify problems and use the
information for problem-solving. However, SFI-03 is not yet proficient in elaborating on the answer, as seen in
the steps of problem-solving, which lack detail, even though the final answer is correct. Drawing a cube on the
answer sheet reflects flexibility, a skill in interpreting a problem using visuals. SFI-03 struggles with evaluating
answers, as the final conclusion is often not included, meaning SFI-03 has not fully developed the evaluation
skill. Further analysis of SFI-03’s creative thinking skills can be seen from the following interview with the
researcher:

* P : ”When solving the problem, do you follow a step-by-step process?” (Writing down what is known,
asked, and answered).

SFI-03 : ”Yes, I write down what is known, asked, and then answer it”.
* P:”Do you have difficulty solving problems step by step?”.
¢ SFI-03 : "No, I don’t”.

* P: ”How do you understand the questions on the test?” (Interpretation of the question).

SFI-03 : I read it carefully”.
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e P:”Do you draw? If so, what’s the purpose?”.
* SFI-03 : ”Yes, I do, but sometimes I forget. The purpose is to help me understand the problem”.
* P: ”At the end of the problem-solving process, do you always conclude the answer?”.

e SFI-03 : ”Yes, but I often forget”.

Based on observations and the interview, as well as the answer sheet, SFI-03 has a moderate learning
trajectory in creative thinking.

3.5. Research subject of low ability category FD (SFD-03)

From the data collected through observations and in-depth interviews, it was found that SFD-03 is a
student who possesses moderate creative thinking skills.

To summarize the comparative findings, the following table presents differences in creative thinking
outcomes based on cognitive styles (FI vs. FD) and ability levels (high, medium, low):

Table 3. Summary of Creative Thinking Outcomes Based on Cognitive Styles and Ability Levels
Creative

Cognitive Ability <y Strong Weak
Style Level Thinking Indicators Indicators
Level

e
Independent High High A
Evaluation,
FI S
Originality
Field Fluency,
Independent Medium High—Moderate Flexibility, Elaboration
FI Evaluation
Field L
Independent Low Moderate Fluepgyj Orlglna.hty,
FI Flexibility Evaluation
Field Fluency,
Dependent High High Flexibility,  Elaboration
FD Evaluation
Field Fluenc
Dependent  Medium Moderate y,' Evaluation
Elaboration
FD
Field .
Dependent Low Moderate-Low  Fluency Elabora.t 1o,
ED Evaluation

The summary Table 3 above illustrates that FI students generally exhibit higher levels of creative
thinking across all indicators, particularly in fluency, flexibility, and evaluation, whereas FD students tend to
struggle in elaboration and evaluation aspects, especially at lower ability levels.

This is evidenced by the answer sheet provided for the problem given by the researcher, as follows:

Given = Pyrowid  LABCD o5 o Sausre ?}yw«f&
The base edge = Gom ond  the height of the pyromid Gom
Question = what 18 the wensure of the ongle formed

between line  TC ond  plane  ABCD

Answer T

/|
'/_.j_(A’»Q‘D
o—ac

So the ongle formed between fline TC and f@zxne
ABCD s 00 degrees

Figure 5. Analysis of Sheet Answer SFD-03
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From the analysis of Figure 5, it was found that SFD-03 is fairly skilled in identifying problems that
will serve as information for solving them. This demonstrates their fluency in thinking, as shown by their
ability to write down what is known and what is asked. However, SFD-03’s skill in elaborating the answer with
correct steps is still lacking, as evidenced by the insufficiently detailed answers. The cube diagram included
in the answer sheet demonstrates their flexibility, or the ability to interpret or interpret a problem using visual
aids. Although the diagram was not entirely complete or clear, the effort to draw it has been recognized as a
skill in problem interpretation (flexibility). At the end of the answer sheet, SFD-03 demonstrates evaluation
skills by writing a summary of the completed answers, indicating they possess adequate evaluation skills.

Further analysis of SFD-03’s creative thinking learning trajectory can be seen in the following inter-
view between the researcher and SFD-03:

* P: “When working on the problems, do you do it in a systematic order or not?” (from writing what is
known, what is asked, and answering).

SFD-03 : “Yes, sir, I do it in order, known, asked, then answered”.

* P: “Do you find it difficult to work in a systematic order?”.

SFD-03 : “Not really, sir, but if the problem is difficult, sometimes I find it hard to organize it”.

¢ P: “How do you understand the questions in the problems?” (giving interpretation of the problems).

SFD-03 : “I usually read them first, and if I don’t understand the meaning, I ask my friends, sir”.
* P: “At the end of the problem-solving, do you always summarize the answer you have found?”.

* SFD-03 : “Yes, sir, but sometimes I forget”.

Based on the observations, interviews, and analysis of the answer sheet, SFD-03 shows a moderate
learning trajectory for creative thinking. The observations indicate improvement, though not significantly large,
but if analyzed deeper, the improvements seen in each meeting suggest that SFD-03 has the desire to improve
their creative thinking skills [30].

4. MANAGERIAL IMPLICATIONS

The findings of this study provide several important managerial implications for educators, school
administrators, policymakers, and edupreneurs in promoting creativity-based learning and technopreneurial
education. First, for educators, understanding students’ cognitive styles FI and FD is essential in designing
adaptive learning trajectories that foster creative thinking through personalized instruction. Teachers can use
differentiated approaches to enhance fluency, flexibility, and originality by integrating project-based and visual
learning strategies into geometry lessons.

Second, for school managers and administrators, the results highlight the importance of institutional
support for continuous professional development programs that train teachers to apply creativity-centered and
innovation-driven teaching models. Schools should encourage collaboration between educators to design learn-
ing environments that align with 21st-century skills, especially creativity and problem-solving.

Third, for policymakers, this study underlines the need to incorporate cognitive diversity frameworks
into national curriculum standards and policies to support inclusive, equitable, and innovative education. Such
policies can strengthen creative competencies that contribute to Sustainable Development Goal 4 (Quality Ed-
ucation).

Finally, for edupreneurs and technopreneurs, the proposed learning trajectory offers opportunities to
develop educational products, digital platforms, and teacher training workshops that embed creative and cog-
nitive diversity principles. These innovations can enhance both pedagogical effectiveness and entrepreneurial
value, supporting the creation of scalable education solutions that align with the evolving demands of digital
learning ecosystems.
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5. CONCLUSION

Based on the analysis of creative thinking ability test results and interviews, this study concludes that
FI students in the high and medium categories demonstrate strong learning trajectories because they are able
to fulfill all creative thinking indicators. FI students in the low category show a moderate learning trajectory,
particularly because the originality indicator has not been fully achieved. Meanwhile, FD students in the high
category also show a good learning trajectory by meeting all creative thinking indicators, while FD students
in the medium and low categories still require further support, especially in elaboration and evaluation skills.
These difficulties are mainly related to weak visual-spatial abilities, limited accuracy in visualizing geometric
objects, forgetting formulas or calculation procedures, and lack of thoroughness in evaluating answers.

The implication of these findings is that geometry learning should be designed through adaptive and
differentiated instructional strategies that consider students’ cognitive styles and levels of creative thinking
ability. Teachers need to provide learning activities that strengthen visual-spatial understanding, encourage
students to elaborate their ideas, and guide them in evaluating their solutions more carefully. In addition, the
use of visual representations, structured problem-solving guidance, and reflective evaluation tasks can help
students improve originality, elaboration, and accuracy in solving geometry problems. This study also supports
SDG 4: Quality Education by promoting inclusive and innovative learning practices that enhance students’
creative potential and cognitive diversity.

Future research is recommended to involve a larger and more diverse sample to obtain broader and
more generalizable findings. Further studies may also integrate technology-based learning media, dynamic ge-
ometry software, or visual-spatial learning tools to examine their effectiveness in improving students’ creative
thinking trajectories. In addition, future research can explore specific instructional models that are most suit-
able for supporting FI and FD students across different ability levels, particularly in strengthening elaboration,
evaluation, and originality in geometry learning.
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