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The development of higher-order thinking skills (HOTS) is central to educational
objectives. There are few instruments to cultivate students’ HOTS, and an
instrument based on the Polya problem-solving strategy was designed. This study
assessed the HOTS among 23 students in a spatial field in Johor Bahru, Malaysia.
Utilising the content from Chapter 6 of the current Malaysian school curriculum
textbook for Year 5, which is based on the Kurikulum Standard Sekolah
Menengah(KSSM), this research employs a detailed scoring rubric to evaluate the
quality of student responses and their adherence to the Polya problem-solving
strategy across a series of spatial tasks. The results indicate a varied performance
level, with some students demonstrating excellent problem-solving abilities, while
others showed room for improvement. A significant decline in student
performance occurs as task complexity increases, particularly in the design and
steps of problem-solving. Only two out of 23 students met the requirements of
HOTS, emphasising the necessity of differentiated teaching strategies. The study
also examined the impact of gender on these skills and found no substantial effect.
When examining the effect of different ethnic groups on students’ HOTS scores, it
was found that the Malay-Chinese group had the highest mean ranking (14.00),
followed by the Malay group (12.39), while the Indian group had the lowest mean
ranking (10.50). Although there were some differences in rankings between
different ethnic groups, such differences were not large enough to be statistically
significant, and the sample should be expanded. This study recommends an
instrument to strengthen HOTS and provides a replicable framework for future
spatial reasoning research.
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INTRODUCTION

It is critical for preparing students to excel in a complex, dynamic world and cope with
changes in the 21st century (Atit et al.,, 2020). The incorporation of higher-order
thinking skills (HOTS) has become one of the reform measures used to cultivate
students’ critical and creative thinking (Shaheen, 2010; Qasrawi & BeniAbdelrahman,
2020). At present, the definition of HOTS can be divided into two categories. One is the
concept proposed on the basis of the taxonomy of educational objectives, such as Barak
(2008) proposed that higher-order thinking (HOT) refers to all intellectual activity tasks
beyond information retrieval. Lewis and Smith (1993) believe that HOTS refers to the
process of people associating new information with information stored in memory and
reorganizing it to achieve a certain purpose or find possible answers in a complex
situation. Compared with the two categories of concepts, the first category, which starts
with the taxonomy of educational objectives, defines HOTS in a more specific,
hierarchical, and operational way. This is mainly because the taxonomy of educational
objectives itself is a theory used to guide the teaching and testing of thinking skills,
whereas the second type of concept starts from the characteristics of HOTS itself, which
can describe its characteristics more clearly and is closer to the essence. Some scholars,
such as Dewey (1933, 1986), consider that if "HOT" is defined as a series of
comprehensive skills produced at a high level of cognition, then it is "HOTS". In
HOTS, the core elements all involve comprehensive analysis, problem solving,
innovation, and creation.

This study has high requirements for the pertinence and operability of concepts, so the
first type of HOTS concept is adopted. As emphasized in the revised Bloom’s
Taxonomy (2001), these different levels of cognitive thinking skills are divided into two
levels: lower-order thinking skills (LOTS) and higher-order thinking skills (HOTS). To
reflect the cognitive complexity of educational goals, skills are categorized from basic
knowledge recall to the creation of new ideas or products (Anderson; Krathwohl, 2001).
The development of HOTS includes applying, analyzing, evaluating, and creating; it
involves understanding the content of the material; and the process of decomposing,
integrating, or judging knowledge, that is, the reorganization of knowledge.The HOTS
paradigm is advocated not only to improve academic outcomes but also to prepare
students for the demands of modern citizenship in a complex, dynamic society. HOTS
involve the ability to analyze and classify information, then connect it to other concepts
in order to solve problems through specific reasoning and manipulation strategies
(Ratna & Retnawati, 2019; Rohid et al., 2019).

Problem solving is an integral part of disciplinary learning, driving deep understanding
and practical application of knowledge (Ling et al., 2019). Polya’s Problem-Solving
Theory offers a structured approach that can help demystify these complex cognitive
processes.The steps outlined by Polya—understanding the problem, devising a plan,
carrying out the plan, and reflecting upon the solution—establish a foundation for
cultivating analytical and strategic thinking in students (Polya, 1945). Each step is a
pedagogical tool, providing a scaffold for learners to build upon their existing
knowledge and encouraging a methodical approach to mathematical challenges
(Weiland & Poling, 2022). Dewey (1986) discussed the mechanism of thinking and

International Journal of Instruction, April 2025 e Vol.18, No.2



Li, Osman & Alhassora 595

suggested that "problems" are the greatest source of motivation for HOTS. This
tradition has been continued by researchers such as Resnick (1987) and Halpern (1998),
who further explored the characteristics and development of HOTS and argued that
HOTS is complex and self-regulating, involving the application of various criteria to
generate a range of problem-solving strategies. In addition to recent contributions such
as those of Zhou et al. (2024), they not only express enthusiasm for HOTS research
around the world but also contribute to the advancement of HOTS by developing and
validating the HOTS construct for students.

Abosalem, Y. (2016) reported that performance-based assessments can help teachers
gain insight into the student learning process. It provides us with information about the
daily progress of students. Widana (2017) highlights the characteristics, steps, and
benefits of developing HOTS assessments for teachers. Sofyan et al.'s (2024) research
suggested that providing open-ended problems (OEP) or open-ended questions means
that the problem can be solved in multiple ways (flexibility). Therefore, solving OEP
problems is used to examine students' thinking and analytical abilities in mathematics
classes, and a descriptive presentation method and case study method are used. In the
field of education, although these articles are relatively rich in methods for assessing
HOTS, there is a clear lack of methods for effectively cultivating these skills. These
studies aim to cultivate teachers' ability to assess HOTS (Abosalem, 2016; Widana,
2017; Paul & Elder, 2016; Sofyan et al., 2024; Mulyoto et al., 2024), but ignore how to
implement HOTS in practice to cultivate students' HOTS.

HOTS learning is often accompanied by different performances among students, which
inevitably leads to differences in the results of the learning process. Differentiated
instruction (DI) is a systematic teaching method that requires teachers to adjust teaching
plans or tasks according to differences in students' learning levels. Research shows that
DI can improve students' mathematical understanding, especially in primary school.
Teachers can employ various strategies, such as flexible grouping and tiered
assignments, to better address the diverse learning needs in a mathematics classroom.
By providing students with tailored problems that match their ability levels, educators
can facilitate a deeper understanding of mathematical concepts (Aladwan et al.,
2023).Although DI has many advantages in theory, it may face some challenges in
practice, including the level of teachers' professional ability, how to manage the
classroom, and how to effectively meet the individual needs of different students
(Bushie, 2015; Smale-Jacobse et al., 2019; Hu, 2024). Furthermore, Bondie et al. (2019)
emphasized that future research should focus on how to customize differentiated
teaching tasks in the classroom to meet the ability levels of different students.

The development of HOTS often interferes with several external factors, and this
literature explores the impact on individual development. According to the research
results of Liu et al. (2024), the classroom environment and students' psychological and
intellectual characteristics have a direct effect on HOTS. Kheloui et al. (2023) reported
that there are gender differences in human cognitive abilities, which arise from a
combination of biological and social processes. Although sex differences in cognitive
ability are frequently reported, the magnitude of these differences and whether they
have practical significance for boys’ and girls’ educational outcomes remain highly
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controversial (Ying et al., 2020). Gender role attitudes and stereotypes may affect
expectations and performance in education (Reilly, 2012; Jancke, 2018).

Specifically, some studies have explored the impact of gender on mathematical
achievement. Kustati Martin and Nana Sepriyanti (2022) explored the impact of 21st
century learning methods on HOTS and the mathematical literacy of Indonesian science
students. The study revealed that boys generally performed better than girls did in
multiple cognitive dimensions. According to Rahayuningsih et al. (2019), in solving the
mathematics of group theory, boys outperform girls in analyzing, while girls outperform
boys in evaluating, and boys and girls score the same but zero in creating. However, in
a study of critical competence in mathematics by Widyastuti, Erna, and Hella Jusra
(2022), compared with boys, girls were able to describe and explain the information
they obtained when solving HOTS problems in more detail and coherence. These
studies suggest that whether gender differences affect students’ HOTS performance
depends on many factors, such as different math domains and different countries.

HOTS are also particularly relevant in the mathematical context of spatial reasoning,
where students must apply their understanding in novel and abstract contexts. Spatial
reasoning is fundamental for various academic and professional fields beyond
traditional STEM (science, technology, engineering, and mathematics). It involves the
ability to understand and manipulate spatial relationships and can be predictive of
success in a wide array of disciplines. Spatial reasoning encompasses both two-
dimensional (planar) and three-dimensional (solid) aspects. It includes the ability to
understand and reason about the relationships within planar and solid spaces (Mulligan
et al., 2018, Antoli, 2018, Petersen, 1985).

Wang et al. (2024) reported that although there is ample evidence to support the value
of developing spatial skills in childhood, previous studies have focused mostly on
secondary school students, with limited attention given to primary school students.
However, spatial learning is essential for developing skills such as visualization, logical
reasoning, and problem solving in primary school (Lu et al., 2022, Liu et al., 2024),
which are applicable across a range of scientific disciplines. One of the barriers to
spatial reasoning is the lack of deep engagement, and the abstract nature of spatial
learning often requires students to go beyond memorization and embrace complex
thinking. The chronic lack of spatial ability and spatial thinking may lead to
socioeconomic and gender differences in education (Fujita et al., 2020; Pavlovi¢ova et
al.,, 2022; Preciado-Babb, 2020). Additional, Malaysia is a multi-ethnic and
multicultural country, and its classrooms often reflect this diversity with students from
various ethnic backgrounds, including Malays, Chinese, Indians, and indigenous
groups. This diversity provides a unique educational environment that requires tailored
teaching strategies to address the needs of different ethnic groups (Department of
Statistics Malaysia, 2010). According to the analysis of the above literature, this study
proposed four research questions to study students” HOTS in the spatial field:

RQI1. How can an instructional instrument based on Polya’s problem-solving model be
developed to enhance higher-order thinking skills (HOTS) among Year 5 students?
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RQ2. What role do differentiated teaching strategies play in fostering higher-order
thinking skills (HOTS) among Year 5 students, and how can these strategies be
effectively implemented?

RQ3. What differences, if any, exist in the development of HOTS between male and
female students, and how should teaching strategies be adapted to address these
differences?

RQ4. Is there a significant difference in higher-order thinking skills (HOTS)
performance among students from different ethnic groups?

METHOD
Research Design and Sampling

This study adapts a developmental research approach to create, test, and refine an
instructional instrument based on Polya’s problem-solving model. A quantitative
approach was used to provide a comprehensive understanding of the effectiveness of the
instrument and teaching strategies.

In Year 4, students learned more about the theme of "space" in the plane, including
angles, areas, etc., and they only learned the volume formula of rectangular prisms and
cubes. In Year 5, they learned complex shapes, which is more suitable for investigating
students' HOTS ability. So a sample of 23 Year 5 students was selected from a primary
school in Malaysia, with an emphasis on aligning with the Kurikulum Standard Sekolah
Menengah (KSSM) framework. Purposive sampling was employed to ensure that
students from different performance levels were included. The small sample size
allowed for in-depth analysis and piloting of the instrument before broader
implementation. The demographic structure of the study included 23 students; 12 were
boys (52.2%) and 11 were girls (47.8%), with a nearly equal ratio of boys to girls. The
ethnic composition of the class included 9 Malays (39.1%), 5 Malay-Chinese (21.7%),
and 9 Indians (39.1%), reflecting rich cultural diversity.

Research Framework

To meet the challenges of teaching and learning spatial reasoning, this study adopts the
Polya problem-solving strategy. This is a systematic approach to teaching students how
to solve problems, emphasizing a step-by-step analytical process that includes
understand, design, carry out, and look-back steps that foster an analytical ability to
solve problems (Polya,1945). To develop HOTS in classroom teaching or individual
learning, a series of measures should be designed in advance to intervene in and guide
the learning process. Figure 1 shows the framework of the entire study, which provides
a clearer and more intuitive understanding of the research content.
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Polya Problem-Solving Strategy(1945)

+ Understand

» Design - — -

- Carry Out Higher-Order Thinking Skills

« Look Back based on Revised Bloom's
> Coding | Detailed Scoring | Testing Taxonomy (2001)
8 Rubric byased on - Applying -
= Students’ answers - Analyzing =i

Space-related questions from = Evaluating 3
textbook content of Chapter 6 of » Creating
KSSM Year 5 in Malaysia

Figure 1
Research framework

Student Answer Sheet and Scoring Rubrics

The validity and reliability of the questions Q1-Q4 (Refer Table 1) and the scoring
rubrics (refer Table 2) have been thoroughly evaluated by two experts: an experienced
primary school mathematics teacher and a mathematics education researcher. Their
expertise ensured that the questions were aligned with the research objectives and
suitable for the target group. Additionally, the researchers have ensured that the items
are clear, appropriate, and effective in capturing the intended constructs.

Table 1 shows the content of the student test paper and the measurement questions
adapted from the Polya problem-solving strategy. The difficulty is in a gradient form to
measure students” HOTS, with one question corresponding to one level of HOTS.
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Student answer sheet adapted from the Polya problem-solving strategy to measure

students’ high-order thinking skills

Questions

Subquestions

Q1 In a design project, a cuboid was
cut and removed from a cube. Calculate
the volume of the cuboid removed.

Q2 Dad wants to build a brick footpath
in the house compound as shown in the
diagram. He has allocated RM4 000 for
this. The cost of building 1 m? brick
footpath is RM100. Is there enough

a. What are the key
information points in the
question? Please list
them.

b. What are your

approaches to solving

money? d
this problem?

c. List the steps to solve
the problem.
d. Check again and write

Q3 Mickey said that shape A has a the final answer.

longer perimeter than shape B. Minnie
said that shape B has a longer

perimeter. Who is right? (Each question will have

4 subquestions based on
Polya Problem-solving

Strategy)

Q4 There is a rectangular piece of
paper in Jaha's hand. Divide the
rectangle into other equal parts in at
least three ways and show the process.

Detailed Scoring Rubrics for Data Coding

The purpose of constructing HOTS evaluation indicators is to solve the problem of how
to measure the HOTS of primary school students. Scoring criteria were developed on
the basis of students’ answers, and students’ responses were coded using points so that
differences in students’ scores could be more clearly seen. Table 2 provides detailed
explanations.
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Table 2
Detailed scoring rubrics based on students’ answers

Criteria : . . -
mﬂ\o Point 1 Point 2 Points 3 Points

a Ke The listed key Key information  Accurately and
Iﬁforr¥1ation Failed to list any key  information points points are mostly  comprehensively listed all
Points information points. are partially incorrect correct but it lack key information points

or incomplete. detail. with detailed explanations.
b. Anproach No solution is Proposed solution is I(nit?g?ﬂzsed Proposed solution is not
t(; S(E)l[\)/e the proposed, or the relevant but it lacks relevant and only relevant and logical
Problem proposed solution is clarity and logical logical, but lacks but also innovative and

completely irrelevant.  coherence. practical.

innovation.
The steps are
correct, clearly
expressed, but

The steps listed are

c. Stepsto  Failed to list steps, or  basically relevant but The steps are completely

Solve the the listed steps are contain significant correct, logically clear,
- - may lack -
Problem completely incorrect.  errors or omit precision in and precisely executed.
important steps. execution.
. Review is L
. Review conducted The review is very
d. Review 210%33\2&\3' Vc\)lfserrors but not thoroughly; g:%?:gv%rgmm thorough, ensuring the
the Answer persist after review. ?rg)irsr;eegrrors were identified and igﬁ'\e’g is completely
' corrected. '
Legend:

(1) Each step is pointed out independently and is based on the student's specific
performance in that step.

(2) Teachers should decide specific points on the basis of students’ actual operations
and performance.

Table 3 provides a concise summary of the research methods employed to address four
distinct research questions, detailing the data collection and analysis processes for each.
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Summary of Research Methods
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Research Data Collection
Question

Data Analysis

RQ1 The researchers used a quantitative research
method to select 23 fifth-grade students from
a primary school in Malaysia as a sample to

assess and improve their higher-order
thinking skills (HOTS). The research team
designed a teaching tool based on George

Polya's problem-solving strategies, combined

with the content of Chapter 6 of the fifth-
grade textbook of the National Primary
School Science Curriculum (KSSM), and

constructed four task problems with difficulty

gradient space domains based on Bloom's
higher-order thinking skills, and each
problem has four sub-problems containing
Polya's problem-solving steps.

In order to comprehensively evaluate students'
responses, the researchers developed a detailed
rating scale with four categories: key information
points, problem-solving methods, problem-solving
steps, and answer review, each of which was scored
from 0 to 3 points based on Polya's problem-
solving model. Through this scoring system, the
researchers were able to quantify students' ability to
understand and apply Polya's problem-solving
strategies. In addition, the researchers conducted
descriptive analyses to evaluate students'
performance on questions of different difficulty
levels, thereby gaining insight into students’
abilities in higher-order thinking skills.

RQ2 Researchers employed a detailed scoring
rubric to evaluate students' responses and
recorded each student's total score to assess

their problem-solving skills and higher-order
thinking skills (HOTS). Based on the scores,

student performance was categorized into

three levels: Lack of Problem Solving Skills,

Average or Developing Problem Solving

Skills, and Exhibiting Higher-Order Thinking

Skills (HOTS).

Descriptive statistical analysis was conducted to
calculate the minimum, maximum, mean, and
standard deviation of the students' total scores,
providing insight into the overall distribution of
student performance. Students were then
categorized into three levels based on their scores:
those scoring between 0 and 12 were identified as
lacking problem-solving skills, those with scores
between 13 and 28 were considered to have
average or developing problem-solving skills, and
those scoring between 29 and 48 were recognized
for exhibiting higher-order thinking skills (HOTS).

RQ3 The data collected were divided into 12 boys
and 11 girls according to gender and then the

performance scores of male and female

students on HOTS questions was compared.

An independent samples t-test was used to compare
the mean scores of male and female students to
determine whether gender had a significant effect
on performance.

RQ4 Collect HOTS scores of students of different

ethnic groups including Malays, Malay-
Chinese and Indians.

The Kruskal-Wallis test was used to compare the
differences in HOTS total scores among the three
ethnic groups to determine whether ethnic
background had a significant effect on the measure.

FINDINGS

The overall performance level of students on higher-order thinking skills questions

Q1-04 students’ responses
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Figure 2
Q1-Q4 Points of each step

Figure 2 shows the students’ responses in Q1-Q4. Each question has four small steps:
understand, design, carry out, and look back. Each step is evaluated at 0—3 points. The
number of students who received 0-3 points is shown in the picture, which allows us to
see how the students responded and how many points they received for each step.

In Applying Level question (Q1), which focuses on applying known concepts, students
performed consistently well in the understanding step, with many scoring 3 points.
However, their performance showed greater variation in the design and carry out steps,
where fewer students reached the highest score. The look back step saw a balanced
range of scores, indicating moderate ability to reflect on their solutions.

As the difficulty increases in the analysis level (Q2), students perform better in the
understanding step, with 15 students scoring 1, 3 students scoring 2, and 5 students
scoring 3. However, in the more complex design and carry out steps, more students
scored 2 than in the understand step, indicating that there are some challenges in
translating understanding into action, but the difficulty can be overcome. The review
step produced a bimodal score distribution, indicating that the level of reflective ability
varies.

Q3 (Evaluation Level) requires more evaluation skills, so the performance is more
uneven, but no student scored 3 points in the 4 steps. In the understanding stage, 10
students scored 2 points, 9 students scored 1 point, and 4 students scored 0 points. The
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design and implementation stage is very challenging, and most students scored 1-2
points. In the review stage, 3 students scored 2 points, 8 students only scored 1 point,
and 12 students scored O points, indicating that reflection and self-evaluation are
difficult at this stage.

The most complex question, Q4 (creative level), was meant for testing students’
creative thinking. Six students scored 2 points in the understanding step, and the design
step scores dropped sharply, with only one student scoring 2 points and nine students
scoring only 1 point, but three students scored 3 points in the execution stage. However,
the largest number of students (17) scored 0 points in the look-back step, indicating that
they had more difficulty reflecting on and evaluating their solutions. The poor
performance of students in the look-back step indicates that students have poor
awareness and less learning or training in this area.

Overall, students had a relatively strong understanding of questions Q1 and Q2, with
some students scoring 3 points, but no students scored 2 points in the more complex Q3
and Q4. In the questions Q1-Q4, as the difficulty increased, some students still scored 2
points in the first two steps of the understand and design step. No student scored 3
points in any step of Q3, which shows that students' evaluation ability needs to be
strengthened, but 3 students scored 3 points in the carry out step of Q4, which shows
that some students have the ability to discuss in categories or the knowledge points of
the questions are familiar to students, so they can solve the difficulties. More than half
of the students scored 0 points in the look-back step of Q3 and Q4, which shows that
students are better at reflection and evaluation when facing evaluation and creative
challenges.

Description of each step of the Polya problem-solving strategy

Q1-Q4 (Understand) Q1-Q4 (Design)

s () s { — S Y—p—

0 o
tand,Q1 Understand, Q2 Understand,Q3 Understand Q4 Design,Q1 Design Q2 Design,Q3 Design.Q4

Q1-Q4 (Look back)

e 0 e ]

o 0 00
Carry outQ1 Carry out,Q2 Carry out,Q3 Carry out,Q4 Look back,Q1 Look back.Q2 Look back Q3 Look back.Q4

Figure 3
Q1-Q4 Descriptions of the understand, design, carry out and look back steps
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Figure 3 compares the responses of each step in Q1-Q4. It shows the students’ answers
in the understanding, design, carry out and look back sections in Q1-Q4, with points of
0--3 and the number of students. The difficulty of questions in Q1-Q4 gradually
increases, testing students’ HOTS in applying, analyzing, evaluating, and creating.

In the understanding step (first graph), even as the difficulty increased, the high scores
in this step indicate that students’ understanding is not always hindered by the
complexity of the task. The designing step (second graph) shows more variability as the
tasks become more complex. For example, Q3 is more difficult than Q2, but more
students scored 2 points in Q3 than in Q2. This suggests that when students are familiar
with the analysis required, they are better able to design solutions, even if the overall
task is challenging.

In the carry out step (third graph), the performance again fluctuates, but there are some
notable strong responses even in the more difficult questions. No students scored 3
points in Q3, but four students scored 3 points in Q4, which again verifies the design
step conclusion, suggesting that executing solutions can vary depending on both the
task and the student’s familiarity with the required processes.The look back step (fourth
graph), Q2 is more difficult than Q1, but the number of 0 points in Q2 is less than that
in Q1. Attention should be given to students' responses in Q1 and their grasp of key
concepts, indicating that reflection and evaluation skills may vary by task. Additionally,
no student achieved a score of 3 in Q3 and Q4, highlighting the need to strengthen their
ability to provide effective feedback on more challenging questions.

In conclusion, Figure 3 reveals that while the difficulty of questions increases, students’
performance does not always decline across all steps. Teachers and educators should
take into account both the complexity of the task and the students’ prior knowledge and
experience when assessing their problem-solving abilities.

Analyzing the quality of students' responses and their congruence with the polya
problem-solving strategy via a detailed scoring rubric

Table 4

Overall performance of student points

N Minimum Maximum Mean Std.Deviation
23 9 3 19.22 6.789

Table 5

Dividing students into different levels on the basis of the point criteria

Lack of Problem o Indicates that the student performs poorly on problem solving and scores low.
Solvina Skills The score range can be set between 0% and 25% of the total score.
Y For a total score of 48, this would be 0 to 12.

Indicates that the student performs averagely and is developing their higher-
Average or Developing order thinking skills.

Problem Solving Skills The score range can be set between 26% and 59% of the total score.

For a total score of 48, this would be 13 to 28.

Exhibiting Higher-Order

0, 0,
Thinking Skills (HOTS) The score range can be set between 60% and 100% of the total score.

L]
L]
o Usually, means that the student performs well on most or all problems.
L]
o For a total score of 48, this would be 29 to 48.
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Table 4 shows the overall performance of the students. On the basis of the criteria in
Table 5, 8 students (s2, s4, s7, s9, s11, s14, sl15, s22) scored between 0 and 12,
indicating that they lacked problem-solving skills. Thirteen students (s1, s3, s5, s6, s8,
s10, s12, s16, s17, s18, s20, s21, and s23) scored between 13 and 28, indicating that
their problem-solving skills were average or developing. Two students (s13, s19) scored
above 29, indicating that they demonstrated higher-order thinking skills.

Differences between males and females in terms of performance on spatial topics

An independent sample t test is performed to compare whether there is a significant
difference in the average scores of male and female students on the HOTS questions in
Table 6 . If there is a significant difference, it indicates that gender may have an impact
on students' performance.

Table 6
Group statistics and Independent sample t test for gender influence
G N Mean Std. Std. Levene's Sig t df Sig (2- Mean Std. Error 95%  95%
Deviation Error Test (F) tailed) Difference Difference ClI Cl
Mean Lower Upper
F 11 20.18 7.264 219 .43 52 .64 21 53 185 2.87 -4.12  7.82
M 12 18.33 6.513 1.88 .64 52 .64 20.198 .53  1.85 2.88 -4.17  7.87

Legend:G:Group;F:Female;M:Male

The mean test score of the male group in Group Statistics is 20.18, with a standard
deviation of 7.264. The mean test score of the female group is 18.33, with a standard
deviation of 6.513.

Levene's test for the equality of variances, with a p value of .644, indicates that there is
insufficient evidence to reject the null hypothesis that the variances of the two gender
groups are equal. T test for the Equality of Means, with a p value of 527 when the
variances are assumed to be equal and a p value of 0.529 when the variances are
assumed to be unequal. Both p values are much higher than the commonly used
significance level of 0.05, indicating that there are no significant gender differences.
The 95% confidence interval of the difference, with a confidence interval of -4.125--
7.822, includes 0, which means that the difference between the two groups is not
statistically significant.

In summary, the results of this analysis revealed that there was no significant difference
in the scores of the male and female students on this test and that gender was not a
significant factor affecting the scores.

Differences ethnic composition students in the performance of higher-order
thinking skills (HOTS)

Table 7 showed the results of the Kruskal-Wallis test were used to compare the
differences in the total scores in HOTS among the three ethnic groups (Malays, Malay-
Chinese, Indians).
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Table 7
Kruskal-Wallis test among the three ethnic groups
Group N Mean Rank Kruskal-Wallis H  df Asymp. Sig.
Malay 9 12.39 .909 2 .635
Malay Chinese 5 14.00
Indian 9 10.50

The ranking mean data show that the average ranking of the Malay-Chinese group is the
highest (14.00), followed by the Malay group (12.39), and the Indian group is the
lowest (10.50). The statistical test results are Kruskal-Wallis H value of 0.909, degree
of freedom 2, and significance level (Asymp. Sig.) of 0.635. Since the significance
value is greater than 0.05, this indicates that the ranking differences between different
ethnic groups are not statistically significant.

DISCUSSION
Intention of designing Questions

This study selected the knowledge points of Chapter 6 and adapted the questions. Table
8 explains why these four questions were selected to study HOTS and provides the
corresponding explanations.

Table 8
Aims and Levels of Questions Q1-Q4
Questions Aims Levels
This question is designed to test students' understanding and calculation ability of
Q1 geometric bodies. Students need to understand the concepts of cubes and cuboids ~ Applying
and be able to apply the corresponding formulas to calculate their volumes.
This question tests students' mathematical abilities, specifically their ability to
budget and solve economic problems in real-world situations. Students are
required to use basic arithmetic and unit conversions to determine whether the .
Q2 Analyzing

funds set aside by their father are sufficient to build a specified area of brick
sidewalks. This question also involves integrating mathematical concepts with
practical situations and cultivating students' mathematical modelling abilities.

This question tests students' understanding of the concept of perimeter and their
ability to calculate the perimeter of irregular shapes. Students need to understand
that perimeter is the sum of the lengths of the boundaries of closed figures and be
Q3 able to apply perimeter calculations to compare the lengths of two irregular Evaluating
figures. Through this question, students can also develop logical reasoning skills,
analyse and judge which shape has a longer circumference, and give a reasonable
explanation.

This question tests students' understanding of the concepts of segmentation of
geometric shapes and fractions, as well as their problem-solving abilities. Students
are required to use geometry knowledge to divide a rectangular piece of paper into
at least three equal parts and demonstrate this process. Through this problem,
students develop geometric thinking and creative problem-solving skills while
deepening their understanding of fractions and geometric shapes.

Q4 Creating

Q1-Q4 students’ step responses based on the Polya Problem-Solving Strategy

The four questions (Q1-Q4) are meticulously crafted to assess students' abilities in
HOTS, encompassing application, analysis, evaluation, and creation. Q1 evaluates
students' understanding and calculation abilities regarding geometric shapes, requiring
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them to apply formulas to calculate volumes. Q2 delves into students' mathematical
capabilities to budget and solve real-world economic problems, integrating basic
arithmetic and unit conversions to determine budget sufficiency for building brick
sidewalks. Q3 challenges students to understand the concept of perimeter and calculate
it for irregular shapes, fostering logical reasoning to compare lengths and provide
explanations. Q4 tests students' grasp of geometric shape segmentation and fractions, as
well as their problem-solving skills, by asking them to divide a rectangular paper into
equal parts, enhancing their geometric thinking and creative problem-solving abilities.

As the difficulty of the questions increases, student performance in the steps of
understanding, designing, executing, and reviewing declines, with Q4 showing the most
significant drop, indicating a greater challenge to students’ comprehension and
execution. The design and execution steps are pivotal in the problem-solving process
and are where students are most likely to encounter difficulties with complex problems.
Educators should focus on enhancing student performance in these steps and developing
their abilities to review and self-evaluate, which are crucial for learning and growth
from each problem-solving experience.

Fifth-grade students are at a critical stage of cognitive development, becoming capable
of handling more complex thinking tasks. In the cultivation of HOTS, fifth-grade
students can develop specific cognitive abilities such as the ability to apply geometric
concepts and formulas to solve practical problems, like calculating volumes (applying
level). They can analyze real-world economic issues and use basic arithmetic and unit
conversions to address budgeting problems (analyzing level). They can evaluate the
perimeter of irregular shapes, logically deduce which has a longer circumference, and
provide rational explanations (evaluating level). Lastly, they can creatively divide a
rectangular piece of paper into at least three equal parts, deepening their understanding
of fractions and geometric shapes (creating level). Through these activities, students not
only improve their problem-solving skills but also develop critical thinking and
innovation abilities in the process of understanding and creating new knowledge.
Educators can facilitate the development of these cognitive abilities by designing
challenging problems and providing appropriate guidance.

Discussion students’ HOTS performance and Differentiated Instruction Strategies

The construction of evaluation indicators for HOTS is actually about solving the
problem of how to measure primary school students’ HOTS. According to the data
analysis in Tables 3 and 4, students' performance in the HOTS test was clearly
hierarchical. Eight students scored between 0 and 12 points, indicating that they had
obvious deficiencies in problem solving. Thirteen students scored between 13 and 28
points, indicating that their problem-solving skills were at an average level or were
developing. Two students scored more than 29 points, indicating excellent HOTS.
Students who score in the higher range (29-48 points) demonstrate a better
understanding and application of the Polya problem-solving strategy, which includes
understanding the problem, devising a plan, carrying out the plan, and looking back on
the solution process. This suggests that their cognitive skills are more developed in
terms of analytical, evaluative, and creative thinking. This distribution emphasizes the
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differences in cognitive skill development among students, suggesting that
differentiated teaching strategies should be adopted for students of different levels to
promote the development of HOTS. The factor that makes a difference in cognitive skill
development among students, as indicated by the hierarchical performance, is the level
of engagement and proficiency in applying problem-solving strategies. By tailoring
instruction to meet the specific needs of students at each level, educators can more
effectively promote the development of HOTS across the student body.The research
provides evidence that tailored instruction can significantly impact student performance
and cognitive growth.

Discussion of difference between Male and Female to solving Higher-Order
Thinking Skills questions in overall performance

Table 5 and 6 display the results of the independent sample t-test, focusing on HOTS, a
high-level assessment of students' abilities. Gender was examined as a potential factor
influencing performance, but the results indicated no significant differences based on
gender. This finding suggests that gender does not play a substantial role in shaping
educational achievement, even for challenging HOTS assessments. Additionally, it
implies that teaching strategies need not differ by gender, as its influence diminishes as
students progress to higher grades. Gender has often been explored as a variable in the
development of Higher-Order Thinking Skills (HOTS). In contrast, teaching strategies
have a profound impact on the development of HOTS. A meta-analysis by Hattie (2009)
showed that effective teaching strategies, such as feedback, interactive teaching, and
cooperative learning, have a high effect size on student learning outcomes, including
HOTS development. Hattie emphasizes that these instructional approaches account for a
larger variance in student achievement compared to demographic factors like gender.

Discussion of differences ethnic composition students in the performance of
higher-order thinking skills (HOTS)

From the statistical results, although the mean ranking of the Malay-Chinese group is
slightly higher, the effect of ethnic background on the measured indicators is not
statistically significant. This may be related to the small sample size (especially the
Malay-Chinese group with only 5 people), which limits the sensitivity of the statistical
test. In addition, cultural differences or uneven distribution of educational resources
may show significant effects in larger samples or more refined indicators. Therefore,
future research can expand the sample size and further refine the variables, such as
exploring the performance of students of different races in specific learning modules. In
2024, the total population of Malaysia is estimated to be 34.1 million, mainly composed
of Malays, Chinese, Indians, and several indigenous ethnic groups (Department of
Statistics Malaysia, 2024). According to the 2010 census data, among the citizens of the
country, indigenous people (Malays and indigenous peoples) accounted for 67.4%,
Chinese accounted for 24.6%, Indians accounted for 7.3%, and other ethnic groups
accounted for 0.7% (Department of Statistics Malaysia, 2010; Lim, 2013).

However, in the sample of this study, the proportion of Malay and Indian students was
equal, which may be due to the fact that the mathematics teacher of the selected class
was Indian. Despite the larger proportion of Indian students, the statistical results show
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that the average ranking of Indian students is still lower than that of other groups. This
may reflect that factors other than ethnic background (such as differences in teacher
teaching style, family support, language, or cultural background) have a more
significant impact on student performance. Future research needs to further explore
these potential variables and reveal the relationship between complex educational
backgrounds and student performance through diversified research designs.

Discussion of Implementation Expansion

The senior grade mathematics curriculum in Malaysia's KSSM gradually increases the
difficulty in space, and it is necessary to help students build the ability to solve spatial
problems in primary school. In addition, secondary school students will gradually shift
their studies from Euclidean geometry to solid geometry. The van Hiele theory,
proposed by Dutch mathematics educator Hans van Hiele, focuses on the developmental
stages of geometric thinking (Crowley, 1987). The theory holds that students go through
different levels of thought, following instruction divided into five learning stages, from
intuitive perception to more abstract reasoning, which is closely related to applying,
analyzing, evaluating, and creating in HOTS. In educational practice, teachers can use
van Hiele theory to assess students' current stage in mathematical thinking.

In addition to selecting a specific chapter from the textbook, the assessment of spatial
skills can also be carefully constructed around dimensions. Building on Clements'
(2003) foundational questions for geometric concept development, spatial skills are
delineated into four dimensions: recognition of graphics, assessing the ability to identify
and classify shapes; movement of graphics, examining spatial transformations such as
translation and rotation; orientation of graphics, evaluating the understanding of
direction and position in space; and measurement of graphics, focusing on quantifying
attributes such as length and area. These interconnected dimensions form a
comprehensive framework for assessing spatial reasoning and geometric understanding,
enabling educators to systematically enhance curricula and evaluation tools.
Incorporating differentiated instructional (DI) applications into these dimensions can
further enhance students’ learning experiences by offering interactive tools to practice
spatial transformations and measurements, thus fostering a deeper understanding of
geometric concepts.

In the field of education, although many methods exist for assessing geometric ability,
methods for effectively developing these skills are lacking. Research, such as the work
of Abosalem (2016) and Sofyan et al. (2024), aims to cultivate teachers' ability to assess
HOTS but ignores how to apply these methods in practice to cultivate students' HOTS.
The proposed instrument aims to meet interdisciplinary needs, supporting both
individual exploration and group collaboration. While grounded in mathematics, the
tool's flexible design enables application across different disciplines, facilitating
research beyond specific subjects and offering dedisciplinary insights into problem-
solving dynamics and student thought processes.
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CONCLUSION

The development of higher-order thinking skills (HOTS) is a cornerstone of educational
goals, but there is little research on how to effectively develop these skills in students.
Our study fills this gap by using the Polya problem-solving strategy as an instrument to
assess the HOTS of 23 students in Malaysia. It not only demonstrates operations
through mathematical content but also expresses how the instrument can be used across
disciplines. It can transcend disciplinary boundaries and be used as a multifunctional
tool in various research fields. Next, students' responses were carefully reviewed to
spatial tasks in the textbook via detailed scoring criteria, which also provides a
replicable framework for future spatial reasoning research. The results painted a picture
of varying skills. The students needed more support in the design and execution of
problem solving, which was a clear challenge. Moreover, the analysis revealed that only
two students fully accepted the HOTS criteria, which highlights the urgency of the
differentiated instruction (DI) strategy.Finally, the researchers used independent sample
T tests and found that gender had no significant effect on HOTS scores in terms of
spatial quality, and more emphasis should be placed on improving cognitive and
problem-solving skills overall. Several limitations should be acknowledged. The sample
size of this study was relatively small, focusing on a group of 23 fifth-grade students
from different ethnic backgrounds. The limited sample size and lack of significant
differences may limit the generalizability of the findings to the wider population. As
reflected in the study, the Malay-Chinese group had the highest average ranking
(14.00), followed by the Malay group (12.39) and the Indian group (10.50), and it is
possible that the performance differences between different ethnic groups were not
statistically significant. Additionally, the study explored short-term outcomes of Polya’s
model without examining the long-term effects on student performance. The gender
analysis was limited in scope, relying on observed patterns rather than extensive
statistical testing. Future studies should consider larger, more diverse samples across
different school settings to validate the findings. Longitudinal research is also
recommended to explore the long-term impact of Polya’s model and differentiated
teaching strategies on HOTS development. Further investigations could examine the
effectiveness of instructional tools in other mathematical domains or subjects.
Additionally, more in-depth gender analysis is needed to develop tailored strategies that
address the unique learning needs of male and female students. This study offers
valuable insights for educators seeking to enhance HOTS in primary mathematics
education. The findings highlight the importance of flexibility and support in teaching
practices, encouraging teachers to adopt strategies to DI and ensure that students are
appropriately challenged regardless of their abilities or learning preferences. Schools
and policymakers should provide professional development opportunities for teachers to
effectively implement the strategy and foster HOTS in their classrooms.
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