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ABSTRACT

In classroom practice, the use of problems that require students to engage both in higher-order thinking and creative
reasoning has been recognized as among the most effective strategies for meaningful learning. Within this context,
the present study was designed to investigate in depth the types of errors committed by mathematics education
students, who are also prospective teachers, in demonstrating their creative thinking abilities when dealing with
geometry-related tasks. The analytical framework employed was Newman Error Analysis (NEA), which provides a
systematic way to examine mistakes in problem-solving processes. A qualitative approach with a descriptive case
study design was selected in order to capture a detailed picture of the phenomena under investigation. The
participants consisted of 22 mathematics education students from a university located in Surakarta. Several methods
were used to gather data, including direct classroom observation, the administration of diagnostic tests specifically
developed to measure mathematical creative thinking, and in-depth interviews. The data analysis followed the model
proposed by Miles and Huberman, involving three interrelated steps: data reduction, data display, and the
formulation of conclusions. The findings revealed that the most frequent and significant errors occurred during the
transformation and encoding stages of problem solving. This study concludes that strengthening prospective
teachers’ exposure to non-routine geometry problems and explicitly addressing common error patterns are essential
for improving creative mathematical thinking.
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Introduction

In recent years, improving the quality of mathematics education has remained a central concern in
Indonesia and many other educational systems. Ongoing curriculum reforms, including the
implementation of the Independent Curriculum, emphasize the development of higher-order thinking
skills (HOTS), creativity, and flexibility to prepare learners for the complex demands of the twenty-first
century (Kemendikbudsaintek RI, 2024). Within this context, mathematics learning is expected not only
to transmit procedural knowledge but also to cultivate students’ abilities to reason, explore multiple
solution strategies, and apply mathematical ideas meaningfully in diverse situations (Mukuka et al., 2023).

Despite these curricular intentions, mathematics continues to be perceived as a difficult subject by
many learners. Empirical evidence indicates that students often struggle with mathematics due to its

abstract nature, heavy reliance on rules and formulas, and instructional practices that prioritize
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memorization over conceptual understanding (Guner, 2020). These difficulties are further compounded
by the increasing emphasis on HOTS-oriented tasks, which require learners to engage in complex
reasoning and problem solving. While the integration of HOTS into problem-based learning is
theoretically intended to deepen understanding, in practice it can become problematic when students lack
sufficient conceptual foundations, strategic competence, or prior experience with non-routine problems.
As a result, instead of supporting learning, HOTS-based problem-solving tasks may amplify students’
cognitive load and expose weaknesses in their mathematical thinking processes (OECD, 2024).

This issue is particularly evident in geometry learning. Geometry problems demand the
coordination of multiple forms of representation, including textual descriptions, diagrams, and symbolic
expressions, as well as the ability to reason spatially and logically (Xiao et al., 2024). Many students
encounter difficulties when transforming geometric situations into appropriate mathematical models or
when applying relevant concepts and formulas accurately (Zhang & Jia, 2024). Consequently, errors
frequently arise not only from a lack of procedural skill but also from deeper problems related to
understanding, reasoning, and decision-making during problem solving.

One important competency that is closely related to success in solving non-routine geometry
problems is mathematical creative thinking. Creative thinking in mathematics involves fluency in
generating multiple ideas, flexibility in adopting different strategies, originality in producing uncommon
solutions, and elaboration in developing and communicating ideas in detail. These abilities are
increasingly recognized as essential components of effective mathematics learning and teaching,
particularly in the context of HOTS-oriented instruction (Gunawan et al., 2022). However, developing
such abilities remains challenging, as many learners continue to rely on memorized procedures rather than
adaptive and reflective thinking.

To better understand students’ difficulties in mathematical problem solving, researchers have
widely employed Newman’s Error Analysis (NEA) as a diagnostic framework. NEA categorizes errors
into sequential stages, including comprehension, transformation, process skills, and encoding, thereby
allowing researchers and educators to identify where and why learners experience breakdowns in problem
solving (Lubis et al., 2021; Makgakga, 2023). Previous studies using NEA have consistently reported that
errors often occur at the transformation and encoding stages, indicating that students struggle to translate
problems into mathematical forms and to express final solutions accurately (Ashari et al., 2023;
Mubhassanah & Nurcahyono, 2025).

Nevertheless, a critical limitation of existing research is that most NEA-based studies have focused
on primary and secondary school students (Fineldi et al., 2025; Makgakga, 2023; Muhassanah &
Nurcahyono, 2025; Nufus et al., 2024). While this body of work has provided valuable insights into
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learners’ difficulties, it has paid relatively little attention to university students, particularly those enrolled
in mathematics education programs who are being prepared as future teachers (Beissembayeva et al.,
2025; Jailani et al., 2023). This represents an important research gap, as prospective mathematics teachers
are expected to possess strong conceptual understanding and creative problem-solving abilities, as well as
the pedagogical capacity to foster these skills in their future students. If such competencies are
underdeveloped at the pre-service level, difficulties in implementing HOTS-oriented and creative
mathematics instruction may persist in schools.

Furthermore, although previous studies have examined either mathematical creative thinking or
error patterns in problem solving, limited research has explicitly integrated these two perspectives.
Specifically, little is known about how different types of errors, as identified through NEA, manifest in
relation to specific indicators of mathematical creative thinking when prospective teachers solve geometry
problems. This lack of integrated analysis constrains our understanding of the underlying cognitive and
pedagogical challenges faced by future teachers.

Addressing this gap is both theoretically and practically important. From a theoretical perspective,
examining prospective teachers’ creative thinking through the lens of NEA can enrich existing models of
mathematical problem solving by linking error patterns with dimensions of creativity (Muhassanah &
Nurcahyono, 2025). From a practical perspective, such analysis can inform the design of targeted
instructional interventions in teacher education programs, particularly those aimed at reducing reliance on
memorization and enhancing engagement with non-routine, creativity-oriented tasks (Beissembayeva et
al., 2025). Given the central role of teachers in mediating curriculum reforms and HOTS implementation,
understanding and improving their creative mathematical thinking is an urgent priority.

Based on these considerations, the present study aims to investigate the mathematical creative
thinking abilities of prospective mathematics teachers in solving geometry problems by analyzing their
errors using Newman’s Error Analysis framework. Specifically, this study seeks to answer the following
research questions: (1) What types of errors do prospective mathematics teachers make at each stage of
problem solving when addressing geometry problems that require creative thinking? (2) How are these
errors related to the indicators of mathematical creative thinking, namely fluency, flexibility, originality,
and elaboration? By addressing these questions, this study contributes new empirical evidence on the

intersection of creative thinking and error analysis in pre-service mathematics teacher education.

Methods

This study adopted a qualitative research design with a descriptive method to examine students’

errors in creative thinking when solving geometry problems through Newman’s Error Analysis (NEA).
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Descriptive research focuses on portraying existing phenomena and presenting them clearly without
extending interpretations beyond the observed facts. To achieve this, a case study approach was employed
(Nassaji, 2015). A case study enables researchers to investigate specific issues or problems within a
limited context, emphasizing detailed exploration over a defined period. Cassidy et al. (2013) explain that
such an approach requires collecting comprehensive and in-depth data through various techniques,
including observation, testing, and interviews. Within this framework, the researcher aimed to identify
how errors emerge during the problem-solving process and how NEA categorizes these mistakes into
different stages. The results were expected to provide insights into the common difficulties faced by
students, which could serve as a valuable reference for improving teaching practices in mathematics
education.

The research was carried out at a Surakarta university in the 2024/2025 odd semester, involving 22
geometry students in their third semester, including 5 men and 17 women. This study used purposive
sampling to select subjects, setting specific criteria in line with the study objectives. These criteria
included: (1) mathematics education students enrolled in the odd semester of 2024-2025, (2) those with a
background in mathematics, and (3) their willingness to participate in all stages of the study, including
diagnostic tests and interviews. The selection of subjects with these characteristics was considered
relevant because they were more likely to experience difficulties in solving geometry problems. This was
expected to produce more comprehensive and diverse information about the types of errors that occur in
the process of mathematical creative thinking in geometry problems.

Data on students’ mathematical creative thinking ability were collected through the use of test
instruments. To guarantee the validity and reliability of the results, the instruments were carefully
developed in advance. The exam questions are designed with reference to four main indicators of creative
thinking with the following sub-indicators (Piirto, 2011):

Table 1. Mathematical Creative Thinking Ability Test Guidelines

Questions Question Specifications Indicator Sub Indicator
1 A problem is presented about the basic concepts of Fluncy The ability to generate
polygons and triangles. If there is a rectangle that will multiple solutions

be formed from regular hexagons and equilateral
triangles, students can determine which design is
aesthetically pleasing and efficient.

2 A problem about the perimeter and area of a  Flexibility = Provides many alternatives
quadrilateral is presented. If there is a rectangle whose or different directions
perimeter is known, students can construct another
congruent square from the rectangle with the largest
possible area.

3 A sketch is presented showing a square with a shaded  Originality =~ Thinking of unusual ways
area. Students can determine how to obtain the length
of one of the lines in detail.
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4 A sketch is presented showing a square containing an  Elaboration  Elaborating on the details
n-sided shape with a shaded center. Students can of an idea, object, or
determine how to calculate the shaded area in their situation to make it more
own way. interesting

There are four essay problems used in the test, each of which represents one indicator and is
validated by two experts. The results of the Aiken Diagnostic Test coefficient calculations for students are
presented in the following table:

Table 2. Aiken's Coefficient V Scale Conversion on Diagnostic Tests

Question Number \% Criteria
1 0,825 Valid
2 0,950 Valid
3 0,800 Valid
4 0,875 Valid

Based on the expert assessment, each test item was evaluated by two experts using a five-point
rating scale. The resulting Aiken’s V coefficients ranged from 0.80 to 1.00, indicating that all test items
met the criteria for validity (Aiken, 1985). The questions were then tested on students to determine their
empirical validity, which was found to be valid with a moderate level of difficulty and sufficient
discriminating power. An unstructured interview method was then used after a diagnostic test to obtain
in-depth data on the types and causes of errors made by students in solving geometry problems. A total of
six students were selected for interviews, each representing high, medium, and low levels of mathematical
creative thinking ability.

The study of students in solving geometry problems based on mathematical creative thinking
abilities was processed through an analysis developed by Milles and Huberman, namely data reduction,
data presentation, and data conclusions (Miles & Huberman, 1994). This process was used to ensure
methodological accuracy in interpreting the data obtained in the diagnostic test and in-depth interviews.
In the reduction stage, researchers calculated data based on test results that were categorized and coded
using manual coding assisted by Excel, filtering and grouping data based on NEA categories, namely
errors in understanding, transforming, mathematical processes, and encoding.

The presentation stage is carried out by transforming the data into a classification table of errors,
making it easy to see the patterns of errors and the relationship between each type of error. The final stage
is verification and conclusion drawing by interpreting the meaning of each pattern found. This process is
not only about finding the proportion of each type of error, but also about deciphering the reasons for the
errors made by students. Thus, explicitly, this analysis provides a strong basis for developing

recommended and targeted learning for the 21st century (Miles & Huberman, 1994).
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Results and Discussion

The results of research on prospective teachers' mathematical creative thinking abilities in solving
geometry problems based on Newman's analysis were processed according to Milles and Huberman,
namely data reduction, data presentation, and data conclusion.
Data Reduction

After the assessment process, the data analysis process began with data reduction by presenting the
distribution of each student's score in solving the mathematical creative thinking problem on plane
geometry problems, as shown in Table 2.

Table 3. Distribution Scores and Answer Categories for the Mathematics Creative Thinking Ability Test Overall

. Number of Question percentage

Answer Categories Students Scored 1 3 3 " (%)
Correct Answer 4 2 2 2 1 9
Correct but Incomplete Answer 3 3 4 7 4 20
Incorrect Answer 2 5 4 2 5 18
Not Completed Answer 1 6 9 5 3 26
No Answer 0 6 3 6 9 27

Jumlah 88

Table 3 presents the distribution of students’ scores across the four test items representing the
indicators of mathematical creative thinking and reveals uneven performance with generally low
achievement. For Item 1 (fluency), most students obtained low scores, indicating difficulty in generating
multiple valid solutions. Items 2 and 3 showed slightly better outcomes, although only a small number of
students achieved high scores. In contrast, Item 4 (elaboration) demonstrated the weakest performance,
with the majority of students scoring zero. These findings indicate that students experienced the greatest
difficulty when tasks required them to develop and clearly communicate their ideas. From the perspective
of Newman’s Error Analysis (NEA), low performance in fluency and elaboration reflects limitations in
idea generation and refinement, which are closely associated with breakdowns at the transformation and
encoding stages of the problem-solving process.

This table further clarifies students’ difficulties by presenting the percentage distribution of answer
categories. The dominant categories were “not completed answers” (26%) and “no answers” (27%), while
fully correct answers accounted for only 9% of all responses. This distribution indicates that many students
were unable to complete the problem-solving process, often abandoning their solutions before reaching a
coherent conclusion. Such patterns are consistent with difficulties in sustaining reasoning under cognitive
demands, particularly when tasks require creative exploration rather than routine procedures.

In general, the analysis of the types of difficulties students encounter in solving the problem
requiring creative mathematical thinking through diagnostic tests is based on Newman Errors Analysis

(NEA), which has been adapted to the needs of the researcher, including: 1) difficulties in understanding
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the problem; 2) difficulties in transforming the problem; 3) difficulties in processing the problem; and 4)
difficulties in determining the encoding.

Error in comprehension of the problem
|
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Figure 1. Student errors in understanding the problem

Based on the facts in the field, it appears that most students are still unable to determine what
information is known in this problem. This can be seen in the following image, where students have
provided a brief explanation in their answers, but only for the two pieces of information provided.
Meanwhile, there is other information that can be obtained, namely the length of the square and how the
triangle will also be congruent. This implies that some students do not yet understand the information
provided in the dominant indicator, which is elaboration, namely detailing the details of an idea, object,
or situation so that it becomes more interesting.

Error in transforming the problem
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Figure 2. Students' Error in Transforming the Problem

In the next picture, it can be seen that the formulation of the trapezoid area has an error where the
location is not correct at %(AG + HE) x height. It can be said that students in determining problem

transformation experience many mistakes in problems in the originality aspect and are identified as having
difficulty in solving problem number 3 regarding thinking of unusual ways. These findings indicate
limited representational fluency, as students struggled to move flexibly between visual, verbal, and

symbolic representations of geometric problems.
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Errors in the mathematical process
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Figure 3. Student Errors in the Mathematical Process

prospective teacher's responses differed from step to step, as seen in Figure 3. The mathematical
procedure of figuring out how many pieces of each tile are used demonstrates this. Given that there are
1247 triangular tiles in this image, it is evident that the tile requirements are not being met, whereas there
are no more than 500 triangular and hexagon tiles. This case shows that even when students identified
relevant formulas, they frequently applied them incorrectly or performed inaccurate calculations. Such
errors suggest that students relied heavily on memorized procedures without fully understanding the
underlying concepts. From an NEA perspective, these weaknesses reflect a breakdown in the procedural
execution stage, which in turn compromises creative problem solving.
Error in determining encoding

In the following picture, it can be seen that students make mistakes in determining encoding. The

following are the results of student answers in the originality indicator in question 3.
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Figure 4. Student Error in Determining Encoding

Encoding errors emerged as the most dominant type of error across several indicators, especially
originality and elaboration. It can be seen in Figure 4 that it has provided a solution to the final value, but

5 52 .
—: 1, which
16

the explanation of the results is wrong. It should produce a ratio of 5: 16, but students make
does not match the actual answer. Some students arrived at numerically plausible results but failed to
express their solutions accurately or coherently. This indicates difficulty in articulating mathematical
conclusions, even after partial success in earlier stages. Encoding errors therefore represent a critical

barrier to demonstrating creative thinking, as ideas that are not clearly communicated cannot be evaluated

or extended further.
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After analyzing the answers, interviews were conducted with several prospective teachers to resolve
issues based on the diversity of difficulties encountered. Based on the interview results, several statements
were obtained: “I am confused about writing down what I know and what is being asked because I cannot
remember the material being tested” (S8); in addition, in solving problem number 1, there was also a
statement: “I am confused whether the tiles must be made in one shape or many” (S5).

The difficulty students had in transforming problems lay in determining the formula to use and
creating mathematical models. Prospective teachers did not have a very good memory of the material,
which affected the subsequent stages of solving the problems being tested. Based on the interview results,
the majority of prospective mathematics teachers said they had forgotten the formulas, and some did not
even know the mathematical symbols used in creating mathematical models.

In addition, errors in determining formulas are also a major factor in students' difficulties. The use
of mathematical formulas or mathematical models that have been created, up to the point of mathematical
operations, are the areas of difficulty experienced by students in the mathematical process. This is due to
the students' inability to connect the known and unknown information from the problem, resulting in
difficulties in using mathematical models.

Furthermore, students are still unable to design appropriate and logical solution patterns for the
problems tested. This is evident when students are not careful in applying mathematical operations from
formulas and mathematical models. In addition, students' weak mathematical calculation skills are a major
factor in the mathematical process stage. Furthermore, prospective teacher students tend to rush to solve
problems, which leads to errors in using mathematical calculations. Students' lack of knowledge of the
formulas used even extends to the creation of mathematical models that they cannot use in their answers,
so that in the interview session, students fail to use calculations and determine encoding. The interviews
yielded various results, such as: “I was able to construct a mathematical model from problem number 3,
but I didn't have time to use and operate the formula I made because I was in a hurry” (S2); “Because |
was in a hurry to finish the problem, I used the wrong arithmetic operations in problems two and three,
resulting in many mistakes” (S8); “I was confident that the rhombus formula I created could be used, but
I used the mathematical model I created incorrectly for problem two” (S2).

Data Presentation

The following section presents a synthesized overview of students’ performance and error patterns
in solving geometry problems that require mathematical creative thinking. The data are organized to
highlight trends across creative thinking indicators and Newman’s Error Analysis stages, providing a
clearer basis for interpreting the observed difficulties. This presentation serves as a bridge between the

descriptive results and their subsequent analytical discussion.
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Table 4. Average Score of Each Indicator of Mathematical Creative Thinking Ability

No Indicators of Mathematical Creative Maximum Score
) Thinking Score x %

1 thinking with more than one answer 4 1,50 33
(fluency).
diversity of given problem-solving

2 strategies (flexibility). 4 1,68 42

3 Thinking of unfamiliar ways (Originality). 4 1,73 43
Elaborate an idea, object or situation so

4  that it becomes more interesting 4 1,32 33

(Elaboration).

Table 5 shows each student who has worked on four items of mathematical problems based on
creative thinking skills, so a total of 88 student work is obtained with a maximum number of difficulties
of 352. With a percentage of 33% of the overall maximum, the elaboration indicator is the innovative
thinking skill that is most difficult overall. This indicates that many errors still occur, particularly in
encoding. The two main challenges in resolving the tested problems are the mathematical procedure and
figuring out the encoding. These results suggest that while some students were able to generate alternative
approaches or unconventional ideas, they struggled to develop and communicate those ideas in detail.
Table 5 reinforces this interpretation by showing that incomplete and unanswered responses dominated
across all indicators, particularly for elaboration.

Table 6 below shows the results of student work on the tested questions seen from the ability to
think creatively mathematically. This is detailed based on the indicators that become the reference so that
the details are obtained.

Table 5. Percentage of Student Mathematical Creative Thinking Ability Test Answer Results
Student Answer

Aspek KBKM JB BKL JS TSM ™
> % > % > % > % > %
1. fluency 2 9 3 14 5 23 6 27 6 27
2. flexibility 2 9 4 18 4 18 9 41 3 14
3. originality 2 9 7 32 2 9 5 23 6 27
4. elaboration 1 5 4 18 5 23 3 14 9 41
Total 7 18 16 23 24

Note:

JB : Correct Answer

BTL : Correct but Incomplete Answer

JS : Incorrect Answer

TSM : Not Completed Answer
TM  : No Answer

Information was obtained that showed that the results of each student's work in solving

mathematical problems were different, this can be seen in Table 5. Problem number 1, in the fluency
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aspect, students gave a greater percentage in the element of not answering and not completing the answer
with a rate of 27%. In comparison, the correct answer only had a percentage of 9%, and only two students
were able to answer correctly. This also happened in the aspects of flexibility, originality, and elaboration,
which only gave less than three correct answers.

On the flexibility of the dominant students who did not finish answering, on the originality of the
dominant students who have the right answer but incomplete, and on elaboration has the highest
percentage of students who do not answer on solving geometry problems. It is identified that there are
still many problems that occur in students about their understanding of solving plane geometry problems

in 3rd semester students at the University.

NEWMAN’S ERROR DISTRIBUTION

—&—Fluency == Flexibility Originality — ==>=Elaboration
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COMPREHENSION TRANSFORMATION PROCESSING SKILL ENCODING

Figure 5. Indicator of Creative Thinking Based on Newman's Error Distribution

Figure 5 integrates these findings by illustrating the distribution of NEA errors across creative
thinking indicators. Encoding errors were dominant in elaboration, originality, and flexibility, whereas
transformation errors were most prevalent in fluency. This pattern highlights a close relationship between
creative thinking demands and specific stages of problem-solving failure.

Discussion

The findings of this study indicate that prospective mathematics teachers demonstrated generally
low levels of mathematical creative thinking when solving geometry problems, with significant difficulties
emerging at the transformation and encoding stages of problem solving. These results suggest that creative
thinking challenges are not limited to generating ideas but are strongly associated with students’ ability to

represent, process, and communicate mathematical reasoning.
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From a theoretical perspective, the dominance of transformation and encoding errors can be
interpreted through the lens of cognitive load theory. Geometry problems that require creative thinking
impose high intrinsic and extraneous cognitive loads, particularly when students must coordinate multiple
representations and devise non-routine strategies (Ekin et al., 2025; Redifer et al., 2021). When students
lack well-developed schemas, cognitive resources may be depleted before they reach the encoding stage,
resulting in incomplete or inaccurate solutions (Mierop et al., 2020). This helps explain why many students
abandoned their answers or failed to articulate final conclusions.

The prevalence of process skill errors further suggests limited conceptual understanding and
overreliance on memorization. Although memorized procedures may suffice for routine tasks, they are
insufficient for creative problem solving, which demands flexible adaptation of knowledge. This finding
aligns with prior research indicating that procedural dominance constrains students’ ability to engage in
higher-order and creative thinking (Hwang & Riccomini, 2021). However, beyond confirming previous
studies, the present results highlight how such limitations manifest specifically among prospective
teachers, a group expected to model creative reasoning in future classrooms.

Encoding errors, which were particularly prominent in originality and elaboration tasks, reveal an
often-overlooked aspect of creative thinking: representational and communicative competence. Even
when students generated viable ideas, they struggled to express them clearly and coherently. This finding
underscores the importance of representational fluency the ability to translate internal reasoning into
external mathematical expressions as a critical component of creative problem solving(Kristayulita et al.,
2020; Maskar et al., 2023; Xu et al., 2022). Without this fluency, creative ideas remain implicit and cannot
be effectively evaluated or shared.

The results also raise important implications for mathematics teacher education. If prospective
teachers experience persistent difficulties in creative problem solving, especially in geometry, they may
be less prepared to design and facilitate HOTS-oriented learning in schools(Jupri & Hidayat, 2022;
Zamzam et al., 2023). This underscores the need for instructional approaches that systematically expose
pre-service teachers to non-routine problems and explicitly address common error patterns identified
through NEA.

Several limitations of this study should be acknowledged. First, the sample size was relatively small
and drawn from a single institution, which limits the generalizability of the findings. Second, the focus on
plane geometry restricts the extent to which conclusions can be extended to other mathematical domains.
Future research could involve larger, multi-institutional samples and explore additional topics to further

examine the relationship between creative thinking and error patterns.
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Despite these limitations, this study contributes to the literature by integrating mathematical
creative thinking indicators with Newman’s Error Analysis in the context of pre-service teacher education.
By linking specific error types to dimensions of creativity, the study provides a more nuanced
understanding of where and why prospective teachers struggle, offering a foundation for more targeted
and theoretically grounded instructional interventions.

Conclusion

Based on the results, it can be concluded that overall, the average mathematical creative thinking
ability of students in semester 3 with the subject of plane geometry, whose material is in the flat field, is
still low, namely 39%. This ability can be seen in each aspect, namely in the aspect of fluency related to
thinking of more than one answer, the percentage obtained is 38%, the flexibility aspect related to finding
many alternatives or different directions obtained a percentage of 42%, the originality aspect related to
thinking of unusual ways obtained 43%, and the elaboration aspect related to detailing ideas, objects, or
situations to make them more interesting obtained a percentage of 39%. The biggest mistakes were in
transformation and encoding. This happened because of the determination of something that was known
and asked from the information due to the inability to remember the material in the test, forgetting the
material given, not knowing the systematic solution to the problem, the inability of students to identify
the meaning of terms, a lack of technical memory in applying concepts in difficult situations, and the
tendency of students to memorize the steps without understanding the concepts used in solving the
problem. There needs to be consistent handling in providing non-routine problems for each problem given
to improve creative thinking skills. This indicates that a high cognitive load can negatively affect creative
thinking performance and suggests that appropriate support for divergent and convergent thinking can
improve students' creative thinking skills, although its impact on geometry performance still needs to be
further researched.

Acknowledgement

The authors would like to say thank you to the supervisors and all those who have supported this
research.
References

Aiken, L. R. (1985). Three Coefficients for Analyzing the Reliability and Validity of Ratings. Educational
and Psychological Measurement, 45(1), 131-142. https://doi.org/10.1177/0013164485451012

Ashari, N. W., Ugi, L. E., Pakan, A. Y., Sunardin, S., & Lestari, W. D. (2023). Analysis Of Mathematics
Learning Difficulties In Solving Story Problems Based On Newman’s Error Analysis. Mathline :
Jurnal Matematika Dan Pendidikan Matematika, 8(1), 256-278.
https://doi.org/10.31943/mathline.v8il.381

416



https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1177/0013164485451012
https://doi.org/10.31943/mathline.v8i1.381

Volume 7, Nomor 2, Januari 2026, pp. 404-418

Beissembayeva, S., Oshakbayeva, Z., Yerkibayeva, G., Babayeva, K., & Chakanova, S. (2025). Formation
of key skills of the XXI century in the educational practice of a teacher. International Journal of
Evaluation and Research in Education (IJERE), 14(4), 3125.
https://doi.org/10.11591/ijere.v14i4.32968

Cassidy, R., Pisac, A., & Loussouarn, C. (2013). Qualitative Research in Gambling. In Qualitative
Research in Gambling. https://doi.org/10.4324/9780203718872

Ekin, M., Krejtz, K., Duarte, C., Duchowski, A. T., & Krejtz, 1. (2025). Prediction of intrinsic and
extraneous cognitive load with oculometric and biometric indicators. Scientific Reports, 15(1), 5213.
https://doi.org/10.1038/s41598-025-89336-y

Fineldi, R. J., Hidayati, K., & Atmaja, F. L. (2025). 4 case study: Analysis of students mathematical
creative thinking ability derived from their self efficacy. 140001. https://doi.org/10.1063/5.0133713

Gunawan, Kartono, Wardono, & Kharisudin, I. (2022). Analysis of Mathematical Creative Thinking Skill:
In Terms of Self Confidence. International Journal of Instruction, 15(4), 1011-1034.
https://doi.org/10.29333/ij1.2022.15454a

Guner, N. (2020). Difficulties Encountered by High School Students in Mathematics. International
Journal of Educational Methodology, 6(4), 703—713. https://doi.org/10.12973/ijem.6.4.703

Hwang, J., & Riccomini, P. J. (2021). A Descriptive Analysis of the Error Patterns Observed in the
Fraction-Computation Solution Pathways of Students With and Without Learning Disabilities.
Assessment for Effective Intervention, 46(2). https://doi.org/10.1177/1534508419872256

Jailani, J., Retnawati, H., Rafi, I., Mahmudi, A., Arliani, E., Zulnaidi, H., Abd Hamid, H. S., & Prayitno,
H. J. (2023). A phenomenological study of challenges that prospective mathematics teachers face in
developing mathematical problems that require higher-order thinking skills. Eurasia Journal of
Mathematics, Science and Technology Education, 19(10), em2339.
https://doi.org/10.29333/ejmste/13631

Jupri, A., & Hidayat, A. S. (2022). Problem-solving Approach and Its Impact on Creative Thinking Ability
of Prospective Mathematics Teachers. Jurnal Pendidikan Matematika, 16(3), 257-268.
https://doi.org/10.22342/jpm.16.3.17820.257-268

Kristayulita, K., Nusantara, T., As’ari, A. R., & Sa’dijah, C. (2020). Schema of analogical reasoning-
thinking process in example analogies problem. Eurasian Journal of Educational Research,
2020(88), 87 — 104. https://doi.org/10.14689/ejer.2020.88.4

Lubis, R. S., Pramudya, 1., & Subanti, S. (2021). Mathematics Literacy: Newman’s Error Analysis (NEA)
Review from Habits of Mind. I-CMME 2021,237-247. https://doi.org/10.2991/assehr.k.211122.033

Makgakga, T. P. (2023). Solving quadratic equations by completing the square: Applying Newman’s Error
Analysis Model to analyse Grade 11 errors. Pythagoras, 44(1).
https://doi.org/10.4102/PYTHAGORAS.V4411.742

Maskar, S., Herman, T., Dasari, D., & Puspaningtyas, N. D. (2023). Creativity in Mathematics:
Mathematical Reasoning Ability of Indonesian Students and Solution Recommendation. Acta
Scientiae, 25(5). https://doi.org/10.17648/acta.scientiae.7813

Mierop, A., Maurage, P., & Corneille, O. (2020). Cognitive Load Impairs Evaluative Conditioning, Even
When Individual CS and US Stimuli are Successfully Encoded. International Review of Social
Psychology, 33(1). https://doi.org/10.5334/irsp.339

417



https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.11591/ijere.v14i4.32968
https://doi.org/10.4324/9780203718872
https://doi.org/10.1038/s41598-025-89336-y
https://doi.org/10.1063/5.0133713
https://doi.org/10.29333/iji.2022.15454a
https://doi.org/10.12973/ijem.6.4.703
https://doi.org/10.1177/1534508419872256
https://doi.org/10.29333/ejmste/13631
https://doi.org/10.22342/jpm.16.3.17820.257-268
https://doi.org/10.14689/ejer.2020.88.4
https://doi.org/10.2991/assehr.k.211122.033
https://doi.org/10.4102/PYTHAGORAS.V44I1.742
https://doi.org/10.17648/acta.scientiae.7813
https://doi.org/10.5334/irsp.339

Volume 7, Nomor 2, Januari 2026, pp. 404-418

Miles, M. B., & Huberman, A. M. (1994). Qualitative Data Analysis: An Expanded Sourcebook. SAGE
Publications.

Muhassanah, N., & Nurcahyono, N. A. (2025). Analysis of Elementary School Teacher Education
Students’ Errors in Solving Mathematical Problems Based on Newman’s Theory. RANGE: Jurnal
Pendidikan Matematika, 7(1), 351-366. https://doi.org/10.32938/jpm.v7i1.9358

Mukuka, A., Balimuttajjo, S., & Mutarutinya, V. (2023). Teacher efforts towards the development of
students’ mathematical reasoning skills. Heliyon, 9(4), e14789.
https://doi.org/10.1016/J.HELIYON.2023.E14789

Nassaji, H. (2015). Qualitative and descriptive research: Data type versus data analysis. In Language
Teaching Research (Vol. 19, Issue 2, pp. 129-132). SAGE Publications Ltd.
https://doi.org/10.1177/1362168815572747

Nufus, H., Muhandaz, R., Hasanuddin, Nurdin, E., Ariawan, R., Fineldi, R. J., Hayati, I. R., & Situmorang,
D. D. B. (2024). Analyzing the students’ mathematical creative thinking ability in terms of self-
regulated learning: How do we find what we are looking for? Heliyon, 10(3), ¢24871.
https://doi.org/10.1016/].heliyon.2024.e24871

OECD. (2024). Transforming education in Indonesia. https://doi.org/10.1787/9{f8d407-en

Peraturan Menteri Pendidikan, Kebudayaan, Riset, Dan Teknologi Republik Indonesia Nomor 12 Tahun
2024 Tentang Kurikulum Pada Pendidikan Anak Usia Dini, Jenjang Pendidikan Dasar, Dan Jenjang
Pendidikan Menengah, Pub. L. No. 12, Permendikbud 1 (2024).

Piirto, J. (2011). Creativity for 21st Century Skills: How to Embed Creativity Into the Classroom.

Redifer, J. L., Bae, C. L., & Zhao, Q. (2021). Self-efficacy and performance feedback: Impacts on
cognitive load during creative thinking. Learning and Instruction, 71, 101395.
https://doi.org/https://doi.org/10.1016/].learninstruc.2020.101395

Xiao, T., Liu, J., Huang, Z., Wu, J., Sha, J., Wang, S., & Chen, E. (2024). Learning to Solve Geometry
Problems via Simulating Human Dual-Reasoning Process. Proceedings of the Thirty-
ThirdInternational Joint Conference on Artificial Intelligence, 6559-6568.
https://doi.org/10.24963/ijcai.2024/725

Xu, W., Geng, F., & Wang, L. (2022). Relations of computational thinking to reasoning ability and
creative thinking in young children: Mediating role of arithmetic fluency. Thinking Skills and
Creativity, 44. https://doi.org/10.1016/].tsc.2022.101041

Zamzam, K. F., Sa’dijah, C., Subanji, & Rahardi, R. (2023). The Creative Thinking Process of Prospective
Teachers in Developing Assignments. Journal of Higher Education Theory and Practice, 23(1), 101
— 108. https://doi.org/10.33423/jhetp.v2311.5793

Zhang, C., & Jia, B. (2024). Enriching STEAM education with visual art: education benefits, teaching
examples, and trends. Discover Education, 3(1). https://doi.org/10.1007/s44217-024-00354-w

418



https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.32938/jpm.v7i1.9358
https://doi.org/10.1016/J.HELIYON.2023.E14789
https://doi.org/10.1177/1362168815572747
https://doi.org/10.1016/j.heliyon.2024.e24871
https://doi.org/https:/doi.org/10.1016/j.learninstruc.2020.101395
https://doi.org/10.24963/ijcai.2024/725
https://doi.org/10.1016/j.tsc.2022.101041
https://doi.org/10.33423/jhetp.v23i1.5793
https://doi.org/10.1007/s44217-024-00354-w

