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ABSTRACT

The ability to develop Higher Order Thinking Skills (HOTS) questions is an important competency that pre-
service mathematics teachers must master. However, it is not yet known whether academic achievement
reflected in the Grade Point Average (GPA) is related to this ability. This study aims to analyze the relationship
between students’ GPA levels and their success in transforming C3-level geometry question into HOTS
Problem at levels C4 (analyzing), C5 (evaluating), and C6 (creating) based on the Revised Bloom’s Taxonomy.
This study used a quantitative approach with a correlational design involving 70 students who had taken
courses related to mathematics evaluation and learning. GPA data were categorized into three levels (low,
moderate, high) based on normative references using the mean and standard deviation, while success in
developing HOTS questions was categorized nominally (success/unsuccessful). Data analysis used the chi-
square test with the Monte Carlo method. The results showed that there was no significant relationship between
GPA categories and success in developing HOTS questions at all cognitive levels (C4: p = 0.647; C5: p =
1.000; C6: p = 1.000).
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ABSTRAK

Kemampuan mengembangkan soal Higher Order Thinking Skills (HOTS) merupakan kompetensi penting yang
harus dikuasai oleh calon guru matematika. Namun, belum diketahui secara pasti apakah prestasi akademik
yang tercermin dalam Indeks Prestasi Kumulatif (IPK) berhubungan dengan kemampuan tersebut. Penelitian
ini bertujuan untuk menganalisis hubungan antara level IPK mahasiswa dengan keberhasilan dalam
mentransformasikan soal geometri level C3 menjadi soal HOTS pada level C4 (menganalisis), C5
(mengevaluasi), dan C6 (mencipta) berdasarkan Taksonomi Bloom Revisi. Penelitian ini menggunakan
pendekatan kuantitatif dengan desain korelasional yang melibatkan 70 mahasiswa yang telah menempuh mata
kuliah yang berkaitan dengan evaluasi dan pembelajaran matematika. Data IPK dikategorikan menjadi tiga
kelompok (rendah, sedang, tinggi) berdasarkan acuan norma menggunakan rata-rata dan standar deviasi,
sedangkan keberhasilan mengembangkan soal HOTS dikategorikan secara nominal (berhasil/gagal). Analisis
data menggunakan uji chi-square dengan metode Monte Carlo. Hasil penelitian menunjukkan bahwa tidak
terdapat hubungan yang signifikan antara kategori IPK dengan keberhasilan mengembangkan soal HOTS pada
semua level kognitif (C4: p = 0,647; C5: p = 1,000; C6: p = 1,000)

Kata Kunci: prestasi calon guru, konstruksi soal HOTS, pengambilan keputusan
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INTRODUCTION

Teachers are at the forefront of efforts to achieve National Education goals (Listiani &
Sulistyorini, 2021) and implement the curriculum (Izzati & Febrian, 2021). Regarding teacher
professionalism, four competencies must be mastered: pedagogical, professional, personal, and
social competencies (Aini & Masrurotullaily, 2024). Pedagogical competency encompasses
teachers’ abilities in the learning and teaching process, which must keep pace with current
developments. These competencies can be used to manage effective learning, including: the ability
to identify each student, create and implement learning plans, evaluate, and develop student talents
and potential (Listiani & Sulistyorini, 2021). Thus, evaluation is a primary task for teachers.
Assessment of learning outcomes is expected to help students improve their higher-order thinking
skills by encouraging them to think broadly and deeply about the material being studied (Suwarno et
al., 2022).

Higher Order Thinking Skills (HOTS) are essential skills that need to be mastered in schools
to adapt to 21st-century needs (Aini et al., 2020). HOTS are skills that require critical and creative
reasoning or logic to solve problems (Listiani & Sulistyorini, 2021) and focus on measuring critical
thinking and problem-solving skills (Ali et al., 2021). The cognitive level dimensions based on
Bloom’s Taxonomy that constitute HOTS include: analyzing (C4), evaluating (C5), and creating
(C6) (Andreansyah & Aini, 2023). Teachers’ familiarity with solving HOTS questions is crucial for
students (Putri & Aini, 2023).

The primary task of teachers is to evaluate learning, and the results are closely related to
their ability to design test instruments. Test instruments designed by teachers aim not only to measure
knowledge but also HOTS; therefore, teachers should possess the ability to design HOTS questions
(Izzati & Febrian, 2021). The process of developing HOTS questions requires mastery of the teaching
material and teacher creativity in selecting appropriate stimulus questions to the situation and
environmental conditions (Suwarno et al., 2022). Higher-order thinking skills can be trained in
students by familiarizing them with the use of HOTS questions in the learning process (Ali et al.,
2021). Developing HOTS questions requires mastery of the teaching material and teacher creativity
in selecting stimulus questions (Suwarno et al., 2022). Higher-order skills include problem-solving,
critical thinking, creative thinking, reasoning, and decision-making (Ali et al., 2021). Decision-
making is a crucial skill for an effective teaching and learning environment (Murtafiah et al., 2023;
Yurtseven et al., 2014).

Decision-making is a choice made based on a person’s judgment (Yurtseven et al., 2014)
and refers to a person’s way of thinking to solve a problem in order to find the best solution with all
its advantages and risks (Maulana & Rochintaniawati, 2021). Decision-making involves the process
of identifying and selecting several possible solutions to a problem or situation faced, which are then
followed up on or used as problem-solving steps (Aulianata et al., 2024; Yurtseven et al., 2014).

Decision-making aims to evaluate pollution that can be realized and achieve positive results through
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the application of this process (Yurtseven et al., 2014). Decision-making represents the activity of
choosing something from several different alternatives that involves mental processes, logical
thinking, and considering available options (Suwarno et al., 2022). It can be said that decision-
making is a problem-solving activity by identifying several available alternatives and considering all
the advantages and risks to resolve the problem at hand.

Previous research has shown a significant positive correlation between decision-making
skills and problem-solving abilities (Yurtseven et al., 2014). This ability influences problem-solving
(Setyaningrum & Widiyastuti, 2020). Therefore, decision-making is an important skill for students
and needs to be practiced in the learning process (Aulianata et al., 2024). Students need to master
decision-making skills so they can adapt and survive the challenges of 21st-century life (Maulana &
Rochintaniawati, 2021). The quality of learning implemented by teachers is highly dependent on
their thought processes in decision-making. In the context of learning, decision-making is defined as
a teacher’s thought process in determining activities from a series of alternatives when designing and
implementing learning. Decision-making is also known as a thought process that begins with
generating, clarifying, and assessing the reasonableness of ideas (Murtafiah et al., 2020).

In the teaching and learning environment, students play an active role and achieve outcomes
related to the use of their decision-making skills (Yurtseven et al., 2014). Decision-making skills are
not only important for students; teachers also need to master them. Decision-making by teachers
involves generating diverse ideas, which must be explained by considering the similarities and
differences between these ideas (Suwarno et al., 2022).

Mathematics Education students, as pre-service teachers, are a crucial asset in developing
teacher competency in Indonesia. At the student level, they learn how to master four teacher
competencies, including pedagogical competency. Pre-service teacher students should be able to
design test instruments to evaluate student learning outcomes. These instruments also include HOTS
questions. Therefore, this study will focus on the decision-making process of pre-service teacher
students in designing HOTS problems from available LOTS questions. However, previous research
indicates that lecturers’ ability to design HOTS questions is still suboptimal (Ali et al., 2021). This
undoubtedly impacts student performance, particularly pre-service teacher students. The quality of
pre-service teacher students influences learning outcomes (Aini & Masrurotullaily, 2024).

Previous research by Suwarno et al. (2022) showed that as many as 51% of pre-service
teacher students failed to upgrade questions from LOTS to HOTS. This is a crucial skill that pre-
service teacher students must master in relation to pedagogical competency. The decision-making
process students go through ultimately leads to their success in upgrading questions to HOTS.
Therefore, this study will examine the relationship between student learning achievement in the form
of GPA (with low, medium, and high levels) and the success of increasing the level of questions to

HOTS questions, which are the product of the student decision-making process.
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METHODS

This study used a quantitative approach with a correlational design to analyze the
relationship between students’ GPA and their success in transforming C3-level geometry problems
into HOTS tasks at the C4, C5, and C6 levels. This success is a product of the students’ decision-
making process. Seventy fourth -semester were selected purposively based on the criteria of having
completed courses related to mathematics evaluation and learning.

The GPA data used in this study were obtained from students’ official academic transcripts,
which documented their academic achievement over four semesters. These data were collected from
the academic records of the Mathematics Education Study Program, Faculty of Tarbiyah and Teacher
Training, UIN Kiai Haji Achmad Siddiq Jember. By using transcript-based data from the study
program, students’ academic achievement was measured through formal institutional records rather
than self-reported information, thereby strengthening the accuracy and credibility of the GPA data
used in the analysis. GPA data were categorized based on their data distribution, as shown in the
following Table 1.

Table 1. Interval of GPA Level

Interval GPA Level
GPA <(x-SD) Low
(X-SD)<GPA < (X+SD) Moderate
GPA > (X + SD) High

Data were collected through a test-based assignment in which pre-service mathematics
teachers were asked to transform C3-level geometry problems into higher-order thinking problems
corresponding to the C4, C5, and C6 levels. The classification of students’ success was determined
by examining the quality of the developed items in relation to the cognitive processes specified in
the Revised Bloom’s Taxonomy. Problems categorized as C4 were expected to reflect analytical
processes, including differentiating, organizing, and attributing; C5 problems were evaluated based
on the extent to which they involved checking and critiquing; whereas C6 problems were assessed
in terms of their capacity to promote generating, planning, and producing. In addition to the cognitive
level, the assessment also considered the appropriateness of the mathematical content involved,
particularly numerical aspects, as well as the relevance, coherence, and meaningfulness of the context
constructed in each problem. The evaluation of the developed items was conducted by the
researchers, who are doctoral-level lecturers in mathematics education, to ensure that the
classification of successful and unsuccessful HOTS problem development was grounded in both
theoretical criteria and professional judgment. Furthermore, the data were categorized dichotomously
as successful or unsuccessful

The GPA level data and success in improving the question level were then compiled into a
contingency table. The statistical test used was a chi-square test using SPSS. If the assumptions of
the chi-square test were not met, a Monte Carlo chi-square test was conducted. This method was

chosen if the expected frequency assumption was not met.The hypotheses were formulated as
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follows: (a) Ho: There is no relationship between GPA category and success in improving the HOTS
question level, and (b) Ha: There is a relationship between GPA category and success in improving

the HOTS question level. The testing criteria used a significance level of o = 0.05.

RESULTS AND DISCUSSION
The results of the GPA documentation that have been categorized based on normative

references using the mean and standard deviation are presented in the following Table 2.

Table 2. GPA Level of Pre-service Mathematics Teachers

Frequency Percent Valid Percent Cumulative Percent
Valid Low 6 8.6 8.6 8.6
Moderate 63 90.0 90.0 98.6
High 1 1.4 1.4 100.0
Total 70 100.0 100.0

The success of students in elevating the question level to C4, C5, and C6 is presented in the
following Table 3.
Table 3. Frequency of Success in Elevating HOTS Question

Tasks level Unsuccessful  Successful
C4 59 11
C5 67 3
Co6 69 1

The data shows a trend that the higher the targeted cognitive level, the lower the student’s
success rate. This pattern indicates that students experience increasing difficulty developing
questions at a more complex cognitive level. The crosstab for student success in raising the question
level to C4 is presented in the following Table 4.

Table 4. Crosstab of C4 Level

C4
Unsuccessful Successful Total
GPA Level Low Count 6 0 6
Expected Count 5.1 9 6.0
Moderate  Count 52 11 63
Expected Count 53.1 9.9 63.0
High Count 1 0 1
Expected Count .8 2 1.0
Total Count 59 11 70
Expected Count 59.0 11.0 70.0

The results of the chi-square test using the Monte Carlo method are shown in the following

Table 5.

Table S. SPSS Output of Chi Square Tests of C4 Level
Monte Carlo Sig. (2-sided) Monte Carlo Sig. (1-sided)

99%
99% Confidence Confidence
Asymptotic Interval Interval
Significance Lower Upper Lower Upper
Value f (2-sided) Significance Bound Bound Significance Bound Bound
Pearson Chi- 484 .647° .634
Square 4502 659

Copyright © 2025, Jurnal Tadris Matematika, Vol. 8, No. 2, November 2025 x 207



Suwarno: From C3 to HOTS...

Value
Likelihood Ratio
534
Fisher’s  Exact
Test .194
Linear-by-Linear
Association 692¢
N of Valid Cases
70

Monte Carlo Sig. (2-sided)

Asymptotic
Significance
f (2-sided) Significance
282 A476P
.647°
406 617°

99% Confidence
Interval
Lower Upper
Bound Bound Significance
463
489
.634
659
.605 .403b
630

Monte Carlo Sig. (1-sided)

99%
Confidence
Interval

Lower Upper

Bound Bound

390 416

a. 3 cells (50.0%) have expected count less than 5. The minimum expected count is .16.
b. Based on 10000 sampled tables with starting seed 2000000.
c. The standardized statistic is .832.

The Table 5 shows a significance value of 0.647 (p > 0.05), thus accepting Ho. This means

there is no significant relationship between GPA category and success in developing HOTS questions

at level C4.

The following Table 6 presents a crosstab for student success in raising the question level to

Cs.
Table 6. Crosstab of C5 Level
Cs
Unsuccessful Successful Total
GPA_Level Low Count 6 0 6
Expected Count 5.7 3 6.0
Moderate  Count 60 3 63
Expected Count 60.3 2.7 63.0
High Count 1 0 1
Expected Count 1.0 .0 1.0
Total Count 67 3 70
Expected Count 67.0 3.0 70.0
The results of the chi-square test using the Monte Carlo method are shown in the following
Table 7.
Table 7. SPSS Output of Chi Square Tests of C5 Level
Monte Carlo Sig. (2-sided) Monte Carlo Sig. (1-sided)
99%
99% Confidence
Asymptotic Confidence Interval Interval
Significance Lower Upper Lower Upper
Value f (2-sided) Significance Bound Bound Significance Bound Bound
Pearson  Chi- .840 1.000° .000 1.000
Square 3482
Likelihood 724 1.000° .000 1.000
Ratio 647
Fisher’s Exact 1.000° .000 1.000
Test .667
Linear-by- .684 1.000° .000 1.000 .762° 751 773
Linear 166°
Association
N of Valid
Cases 70

a. 4 cells (66.7%) have expected count less than 5. The minimum expected count is .04.
b. Based on 10000 sampled tables with starting seed 2000000.
c. The standardized statistic is .408.
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Based on the table above, the results of the Monte Carlo chi-square test showed a significance
value of 1.000 (p > 0.05), thus accepting Ho. This means there is no significant relationship between
GPA category and success in developing HOTS level C5 questions.

The contingency table for students’ success in raising the question level to C6 is presented
in the following Table 8.

Table 8. Crosstab of C6 Level

C6
Unsuccessful Successful Total
GPA Level Low Count 6 0 6
Expected Count 5.9 .1 6.0
Moderate Count 62 1 63
Expected Count 62.1 9 63.0
High Count 1 0 1
Expected Count 1.0 .0 1.0
Total Count 69 1 70
Expected Count 69.0 1.0 70.0

The results of the chi-square test using the Monte Carlo method are shown in the following
Table 9.
Table 9. SPSS Output of Chi Square Tests of C6 Level

Monte Carlo Sig. (2-sided) Monte Carlo Sig. (1-sided)
99% Confidence 99% Confidence
Asymptotic Interval Interval
Significance Lower Upper Lower Upper
Value f (2-sided) Significance Bound Bound Significance Bound Bound
Pearson Chi- 1132 .945 1.000° 1.000 .000
Square
Likelihood Ratio 212 .899 1.000° 1.000 .000
Fisher’s Exact Test .374 1.000° 1.000 .000
Linear-by-Linear 054¢ 817 1.000° 1.000 .000 913° 906 920
Association

N of Valid Cases 70
a. 4 cells (66.7%) have expected count less than 5. The minimum expected count is .01.
b. Based on 10000 sampled tables with starting seed 2000000.
c. The standardized statistic is .232.

The Monte Carlo chi-square test results showed a significance value of 1.000 (p > 0.05), thus
Ho was accepted. This means there is no significant relationship between GPA category and success
in developing HOTS questions at the C6 level.

The results of this study demonstrate consistent findings across the three HOTS cognitive
levels (C4, C5, and C6): there is no significant relationship between student GPA category and
success in developing HOTS questions. Students’ GPA in the mathematics evaluation and learning
course was not a significant predictor of their ability to develop HOTS questions. This indicates that
high academic achievement does not guarantee students’ ability to design questions at a high
cognitive level. This finding is consistent with previous research that found that mathematics teachers
experience significant difficulties in developing questions at the C5 and C6 levels compared to those
at lower cognitive levels (Widana, 2017). These difficulties are caused by a lack of understanding of

the characteristics of each cognitive level and limitations in designing question contexts that require
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high-level thinking processes. Previous research also states that students’ decision making varies in
problem-solving (Murtafiah et al., 2020).

Anderson and Krathwohl (2001) explains that level C4 (analyzing) requires the ability to
break information into its components and understand the relationships between those components.
Level C5 (evaluating) requires the ability to make judgments based on specific criteria and standards,
while level C6 (creating) is the highest level, requiring the ability to combine elements into something
new, coherent, and original. The increasing complexity at each level appears to be a significant
challenge for students, regardless of their GPA. C6 level problems require not only mastery of
mathematical content but also the ability to design situations or contexts that require students to
produce original and innovative products or solutions (Brookhart, 2010). This aligns with the
findings of this study, which showed the highest failure rate at level C6. Students must not only
understand mathematical concepts but also be able to imagine how they will use that knowledge to
create something new. Other research indicates that teachers’ difficulties in developing HOTS
questions are also caused by a lack of models or examples of HOTS questions to refer to, as well as
a lack of specific training on HOTS question development (Apino & Retnawati, 2017). This is
relevant to the context of this research, where student teachers may not have received instruction
focused on developing HOTS problem

Eleven students successfully developed C4-level questions, all of whom had moderate
GPAs. Similarly, at levels C5 and C6, the students who succeeded also came from moderate
categories. This reinforces the finding that success in developing HOTS questions is not solely
determined by GPA. This aligns with research that found that teachers’ ability to develop assessments
does not always correlate with their academic qualifications (Kusaeri & Aditomo, 2019). This also
aligns with (Sa’dijah et al., 2021), who found that the quality of teachers’ decision making, reflected
in how problems are given, solved, checked, and refined into new ideas, depends on contextual
enactment rather than fixed academic credentials, reinforcing the view that decision-making skills in
HOTS instruction are best developed through deliberate practice and reflection rather than assumed
from GPA alone. There are other factors such as teaching experience, practical reflection, and
professional learning opportunities that have a greater influence on assessment development

capabilities than formal academic achievement (Retnawati et al., 2018).

CONCLUSION

Based on the results of the research and discussion regarding the relationship between
student GPA categories and the success of developing HOTS questions, several conclusions can be
drawn as follows: (1) there is no significant relationship between GPA categories and the success of
developing HOTS questions at all cognitive levels tested. The results of the chi-square test using the

Monte Carlo method showed a significance value of 0.647 for level C4, 1.000 for level C5, and 1.000
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for level C6 (all p > 0.05). This finding indicates that academic achievement reflected in GPA was
not significantly associated with students’ ability to design questions with a high cognitive level.
Methodologically, future studies should go beyond classifying students’ products as
successful or unsuccessful by examining their decision-making trajectories during HOTS task
development. Some students may fail to produce valid HOTS geometry tasks not merely because of
limited content knowledge, but because their transformation from C3 to C4, CS5, or C6 is not guided
by rational and systematic decisions. Therefore, qualitative studies using think-aloud protocols, task-
based interviews, or cognitive task analysis are needed to reveal how pre-service teachers identify
cognitive demands, choose task modification strategies, and justify the HOTS level of the problems

they develop.
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