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Abstract. The Higher-Order Thinking Skill (HOTS) is the skill required in
the 21st century to face the challenges in the era. Therefore, it is
necessary to integrate HOTS into the teaching and learning process,
including mathematics. This research aims to provide the profile of
HOTS of mathematics students and identify any significant difference
between male and female students. HOTS of this research refer to
HOTS in Revised Taxonomy Bloom. The subject of this study was 25
middle school students: 7 male and 18 female. To reach the objective of
this study, the researchers used a quantitative descriptive design. The
findings showed that: 1) HOTS of students in mathematics is in a low
category (32%); 2) students with C4 and C6 skills are in a low category,
while there is a medium category for C5 skills; 3) there is no significant
difference between HOTS of male and female students for each level
(C4, C5, C6) or in general; 4) there is no significant difference between
HOTS of male and female students for each mathematics domain
except algebra.
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INTRODUCTION

Higher-order thinking Skills, HOTS, are not ig-
nored skills that society must possess in this era.
Many experts defined HOTS from some point of
view. HOTS refers to the ability to think creative-
ly and critically to solve a problem by authors [1,
2]; the ability to analyze, evaluate, and create au-
thors [3]; solve non-routine issues from various
perspectives by authors [4, 5]; ability to solve the
complex problem authors [6]. From those defini-
tions, HOTS can enable someone to solve a prob-
lem in many ways. In addition, those definitions
make HOTS related to 21st-century skills.

Nowadays, one way to adapt and retain in the
rapid change and challenge in 21 this era is by
mastering 21st-century skills. One of the most
critical components of 21st-century skills is
Learning & Innovation skills. The skills include
creativity and innovation, critical thinking and
problem-solving, communication, and collabora-
tion [7]. Then, from the definition of HOTS above,
it relates to 21st-century skills. Regardless of the
definition of 21st-century skills that might vary
across the nation, authors [8] those skills relate
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Taxonomy Bloom; Gender; Analyze; Evaluate; Create

to higher-order thinking skills authors [9]. There-
fore, higher-order thinking skills, HOTS, are es-
sential for all society nowadays to adapt to the
rapid development in the 21st century.

Regarding how vital higher-order thinking skills
are, the curriculum must focus on developing
these skills in the classroom authors [10, 11],
significantly to develop 21st-century skills au-
thor [12]. Integrating HOTS into the curriculum
can be a step forward in preparing students, as
the next generation, to adapt to the changes in
this era. Furthermore, integrated HOTS-based
learning in the classroom must begin with as-
sessing students' preliminary HOTS. Therefore,
teachers can determine what teaching method
they should apply and what problem they should
propose in the teaching and learning process au-
thor [13]. Thus, the problem will be meaningful
and truly can help students to develop their
HOTS.  Assessing  students’  preliminary
knowledge or skill refers to what Vygotsky said
as ZPD (Zone Proximal Development) when
teachers must provide a particular task so stu-
dents can enter their ZPD to boost their achieve-
ment authors [14, 15].
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Higher-order thinking skills (HOTS) are not re-
stricted to a particular subject. HOTS can be inte-
grated with all subjects of school, especially
mathematics, according to authors [16-18].
However, much research on mathematics shows
different results regarding gender on students’
mathematics ability. Much research showed that
males are better than female authors [19, 20];
meanwhile, a lack of research showed the oppo-
site result authors [21]. Others also showed no
significant difference between authors of male
and female mathematics abilities [22, 23]. Then,
what about students' higher-order thinking skills
in mathematics? Is there any difference between
male and female students? Research showed dif-
ferent findings in male and female students'
mathematics abilities. On the other hand, higher-
order thinking skills in mathematics, of course,
will also depend on students' mathematical abil-
ity authors [24, 25].

This research aims to provide the profile of stu-
dents' HOTS performance to contribute to de-
scribing the HOTS profile of students in mathe-
matics. The researchers also explored the differ-
ences between male and female students' HOTS
in mathematics. The research about gender dif-
ferences in mathematics HOTS was conducted by
authors [26], which showed that male and female
students have different HOTS in mathematical
problem-solving. However, the research was
qualitative and only had two samples: students
with high HOTS ability. This research fails to pro-
vide teachers with a general view of the students'
HOTS level in mathematics. It lacks empirical ev-
idence on the difference between male and fe-
male HOTS in mathematics.

Authors conducted another research on stu-
dents' HOTS in mathematics authors [27]; the
finding shows that the HOTS of female and male
students differ for each HOTS indicator. Howev-
er, the research only focused on one mathematics
topic, namely linear equations. Meanwhile, this
research will focus on almost all mathematics
topics for middle school students, namely alge-
bra, geometry, statistics, and numbers. Therefore,
investigating students’ HOTS profiles is more
profound than before. It will provide the teacher
with a wide diversity of students' HOTS, not only
from individual factors (gender) but also from a
mathematics content point of view (algebra, ge-
ometry, statistics, and numbers). It can also help
the teacher identify what students typically have
HOTS levels and which mathematics topics are
more challenging. As a result, the teacher can
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prepare appropriate hypothetical learning trajec-
tories to support the development of students'
HOTS in mathematics classrooms for specific top-
ics. It can benefit the teacher to create differenti-
ated learning for their students and build equity
in mathematics, whether male or female.

To achieve the objective of this research, we pro-
posed five research questions.

RQ 1: How is the profile of students’ HOTS in
mathematics, in general, and across gender (male
and female)?

RQ 2: What are male and female students' per-
formances in solving mathematics HOTS ques-
tions for each topic of mathematics?

RQ 3: Is there any significant difference between
HOTS in mathematics for male and female stu-
dents?

RQ 4: Is there any significant difference between
HOTS in mathematics of male and female stu-
dents for each level (C4, C5, and C6)?

RQ 5: Is there any significant difference between
HOTS in mathematics for male and female stu-
dents in each mathematics domain?

METHOD

This research used a quantitative approach be-
cause the data collected is numerical data author
[28]. In addition, the researchers applied descrip-
tive quantitative analysis to the design of this re-
search. The researchers chose this design be-
cause it is preferred for gathering data without
manipulating any variables [29] and for descrip-
tive purposes [29, 30]. This approach is suitable
for representing students' HOTS in mathematics.
The sample of this research was 25 middle
school students in Mataram City, West Nusa
Tenggara, Indonesia. There are seven male stu-
dents and 18 female students in the study. The
researchers selected the research subjects
through purposive sampling based on specific
criteria. We chose students who have learned
almost all mathematics content for the middle
school level. Therefore, the researchers selected
students in Grade 9 as research subjects and col-
lected data through HOTS questions for mathe-
matics. They assigned twenty questions to the
subjects. The researchers conducted this re-
search during the pandemic and collected data
through Google Forms. The question covered al-
most all mathematics topics for middle school
students and all HOTS levels. The HOTS criteria
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in this research are based on the Revised Taxon-
omy Bloom [3]. Before the instrument is used, it
has been justified by experts and, through trial,
tests to identify the validity, reliability, power,
and discrimination index. The collected data was
then analyzed using descriptive and inferential
statistics.

The researchers analyzed the data using descrip-
tive statistics to answer RQ 1 and RQ 2, as both
research questions aimed to describe students'
HOTS profiles in general. Meanwhile, for RQ 3,

Table 1 - Research Hypotheses

RQ 4, and RQ 5, the data were analyzed using in-
ferential statistics to identify whether there is
any significant difference between male and fe-
male students' HOTS in mathematics. The signifi-
cance level used in this research is 5 %. The hy-
potheses for RQ 3, RQ 4, and RQ 5 are presented
in Table 1. A comparison test will be performed
to check whether there is any significant differ-
ence between male and female students' HOTS in
mathematics.

Hypotheses Statistical Hypotheses Research Hypotheses
Hypotheses for Hy: g = Uy H,: There is no significant difference between male and female stu-
RQ 3 Hi:pq # 1y dents' HOTS in mathematics
a=5% H;: There is a significant difference between male and female stu-
dents' HOTS in mathematics
Hypotheses for |C4 H,: u; |H,: There is no significant difference between male and female stu-
RQ 4 = u, |dents' Analysis Skills (C4)
Hi:uy |Hyq: There is a significant difference between male and female stu-
* Uy dents' Analysis Skills (C4)
a=5%
C5 H,:puq |H,: There is no significant difference between male and female stu-
=U, dents' Evaluation Skills (C5)
Hy:py | Hyp: There is a significant difference between male and female stu-
# U, |dents' Evaluation Skills (C5)
a=5%
Cé6 H,: uq | H,: There is no significant difference between male and female stu-
=u, |dents' Creation Skills (C6)
Hi:uy |Hyq: There is a significant difference between male and female stu-
* Uy dents' Creation Skills (C6)
a=5%
Hypotheses for |Number H,: u; |H,: There is no significant difference between male and female stu-
RQ 4 =U, dents HOTS in number domain
Hy:p, |Hyp: There is a significant difference between male and female stu-
* Uy dents HOTS in number domain
a=5%
Algebra H,: pq | Hy: There is no significant difference between male and female stu-
= U, dents' HOTS in the algebra domain
Hy:p, |Hyp: There is a significant difference between male and female stu-
* Uy dent's HOTS in the algebra domain
a=5%
Geometry H,: uy | Hy: There is no significant difference between male and female stu-
and Measure- = U, dents' HOTS in the geometry and measurement domain
ment Hy:wq |Hyq: There is a significant difference between male and female stu-
* Uy dents' HOTS in the geometry and measurement domain
a=5%
Statistics H,: u, |H,: There is no significant difference between male and female stu-
and Probability | = u, |dents' HOTS in statistics and probability domain
Hy:p, | Hyp: There is a significant difference between male and female stu-
* Uy dents' HOTS in the statistics and probability domain
a=5%

Notes: p1 — The mean of male students' HOTS; p2 — The mean of female students' HOTS
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The conversion of students' HOTS will be deter-
mined based on Table 2 to provide a better in-
terpretation.

Table 2 - Category of HOTS Score

HOTS Score Category
X = 66.67% High
33.33% <x<66.67% Moderate
x < 33.33% Low
RESULTS AND DISCUSSION

RQ 1: How is the profile of students' HOTS in
mathematics, in general, and across gender (male
and female)? Table 3 shows that, in general, the
HOTS of students in mathematics is in a low cat-

egory.

Table 3 - Students' HOTS

RQ 2: What are male and female students' per-
formances in solving mathematics HOTS ques-
tions for each topic of mathematics? From Ta-
ble 5, geometry is the most challenging subject
for students to answer; males or females get
scores less than 33.33% in geometry topics,
which means that both abilities in geometry top-
ics are low.

Table 5 - Students' Achievement in HOTS for Each
Mathematics Topic

Tobic Male | Female | Total Catesor
P ) | (%) | (%) 8oty

Number 30.61 34.13 33.14 Low
Algebra 28.57 | 38.89 36.00 | Moderate
Geometry and 3095 | 2130 | 24.00 | Low
Measurement
Statistic and
Probability 42.86 38.89 40.00 | Moderate

Male (%) | Female (%) | Total (%)
Average HOTS 32.14 31.94 32.00
Score
Category Low Low Low

Male students get a higher score (32.14%) than
female students (31.94%). For each indicator
(Table 4), students can perform better in ques-
tions with C5 Level (39.43%). Meanwhile, the
questions with C4 & C6 Levels are more challeng-
ing for them. From a gender view (Table 4), male
students can perform better in answering ques-
tions with Levels C4 and C6 than female students.

Table 4 - Students' Achievement in HOTS for Each
Level

However, female students achieved a medium
level in numbers, algebra, and statistics, while
male students only achieved a medium level in
statistics. Overall, students can perform well in
almost all topics except geometry.

RQ 3: Is there any significant difference between
HOTS in mathematics for male and female stu-
dents? Using SPSS 26, the Normality and Homo-
geneity Test result is presented in Table 6.

Table 6 - Normality & Homogeneity Test for RQ 3

p-value Decision
Normality Test 0.881 Data is normally
distributed
Homogeneity 0.826 Data is homogeneous
Test

Level | Male (%) Female (%) | Total (%) Category
C4 30.61 26.19 27.43 Low
C5 28.57 43.65 39.43 Moderate
Cé 38.10 25.00 28.67 Low

On the other hand, female students are better
than male students at the C5 level. Table 4 also
showed that students' C5 Skills (evaluation) are
in the medium category but low in C4 (analysis)
and C6 (creation) skills. In addition, male stu-
dents achieved a medium level in C6 Skills, while
females achieved a medium level in C5 SKkills.

Section “Education”

Since both showed that the data is expected
(p>0.05) and homogenous (p>0.05), a t-test will
be performed to compare male and female stu-
dents' HOTS in mathematics; the result of the t-
testis presented in Table 7.

Table 7 - Comparison Test Between Male and
Female Students' HOTS

. p-value
value (2- Decision
tailed)
HOTS There is no significant
Score 0.32 10975 difference (Retain H,)
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It showed no significant difference between the
HOTS of male and female students in mathemat-
ics, with a significance level of 5% (Ho I accept-
ed).

RQ 4: Is there any significant difference between
HOTS in mathematics of male and female stu-

dents in each mathematics domain? Table 10
shows the result of the Normality and Homoge-
neity Test for RQ 5.

Table 10 - Normality & Homogeneity Test for RQ 5

dents for each level (C4, C5, and C6)? Using Domain Test I_)value Decision
SPSS 26, the Normality and Homogeneity Test 0.006 |Datais not
result for RQ 4's data is presented in Table 8. Normality normally
Number distributed
.. 10.000 Data is not
Homogeneity
Table 8 - Normality & Homogeneity Test for RQ 4 homogeneous
0.355 Data is
Skill Test p- Decision Normality normally
value Algebra distributed
C4 Normality 0.031 | Datais not .. 10.024 Data is not
Homogeneity
(Analyze) normally homogeneous
distributed 0.056 Data is
Homogeneity | 0.380 | Datais Normality normally
homogeneous l(\;/[ee(::ue:;ﬁliif distributed
C5 Normality 0.930 | Datais normally H .. 10.178 Data is
(Evaluate) distributed omogeneity homogeneous
Homogeneity | 0.356 | Datais 0.238 Datais
homogeneous . Normality normally
C6 (Create) | Normality 0.260 | Datais normally lSl'tracl)tllosaltl;(i:lsitand distributed
distributed y 10230 |Datais
Homogeneity | 0.185 | Datais Homogeneity homogeneous
homogeneous

The table shows that the data for C5 and C6 are
regular and homogenous. Then, a t-test will be
performed to compare male and female students’
HOTS in mathematics for C5 Skills. However, if
data for C4 is not standard (p<0.05) but homo-
geneous, then the Mann-Whitney test will be ap-
plied to the case. With a significance level of 5%,
the results of the comparison test between male
and female students for C4, C5, and Cé6 are pre-
sented in Table 8. It showed no significant differ-
ence between male and female students in C4,
C5, and C6 Skills.

Table 9 - Comparison Test Between Male and
Female Students' HOTS For Each Level

The table showed that data for Geometry and
Statistics are typically distributed and homoge-
nous. Then, a t-test will compare male and female
students' HOTS in mathematics in both domains.
However, if data for algebra is regular but not
homogeneous, then the Welch test will be ap-
plied to the case. Meanwhile, the data are not typ-
ical and homogeneous for the number domain, so
the Welch test will be used to analyze the do-
main. With a significance level of 5%, the result of
the comparison test between male and female
students for numbers, algebra, geometry, and
statistics is presented in Table 11.

Table 11 - Comparison Test Between Male and
Female Students' HOTS For Each Mathematics
Domain

p-value .
(2-tailed) Decision

C410.960 There is no significant difference (Retain
Ho)

C50.096 There is no significant difference (Retain
Ho)

C6(0.158 There is no significant difference (Retain
Ho)

RQ 5: Is there any significant difference between
HOTS in mathematics for male and female stu-

Section “Education”

p-value
(2- Decision
tailed)
Number 0071 There is no significant
' difference (Retain H,)
Algebra 0.021 There is a significant
' difference (Reject H,)
Geometry and 0.168 There is no significant
Measurement ' difference (Retain H,)
Statistics and 0.158 There is no significant
Probability ' difference (Retain H,)
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It showed no significant difference between male
and female students for numbers, geometry, and
statistics, but it does in the algebra domain.

This research focuses on describing the HOTS
profile of students in mathematics subject and
whether it is different between male and female
students. The result shows that middle school
students have low HOTS in mathematics. In addi-
tion, this research confirms no significant differ-
ence between male and female students' HOTS in
mathematics in general or for each indicator.
Nevertheless, if we view it from the mathematics
domain, there is a significant difference in the
algebra domain between male and female stu-
dents, while female students surpass male stu-
dents. Meanwhile, we cannot find any differences
between male and female students for other do-
mains.

Research shows that male students outperform
in mathematics more than female students [31-
33]. Based on Table 3, male students can perform
better than female students in solving mathemat-
ics HOTS questions. However, the differences be-
tween male and female students are not signifi-
cant. Therefore, for that sample, the HOTS skills
level of male and female students is the same.
This research shows the opposite finding from
the previous research [26, 27]. However, this re-
search supports the earlier study that males and
females do not have differences in mathematics
[23, 34]. It may happen since the sample used in
this research is different, and the topic of math-
ematics covered is more comprehensive than in
the previous research.

HOTS is a skill; therefore, it must be frequently
trained to be fluent [34, 35]. However, based on
our interview with teachers at that school, HOTS
problems are rarely used in the class. It may be
why there is no significant difference between
males and females. The teacher seldom applies
HOTS since students, even for comprehension
tests, still need more achievement. HOTS prob-
lems require students to use reasoning [36], but
how can they do reasoning if the fundamental
concept still cannot be understood? Also, teach-
ers rarely apply HOTS problems during instruc-
tion, which may be another reason students have
low ability in HOTS in mathematics.

Gender Differences in HOTS Indicators. Among C4
(analyze), C5 (evaluate), and C6 (create) skills,
students can perform better only in C5 skills. The
result depicted that the student showed medium

Section “Education”

ability in evaluation (C5) skills. Meanwhile, both
in C4 and C6, students showed low ability.

Analysis skills include dividing data or infor-
mation into pieces and determining their rela-
tionship [3]. The analysis skill consists of three
processes: differentiate, organize, and attribute.
Figure 1 shows the example of analyzing level
questions or C4. In the question, students were
asked to measure the magnitude of 2ACD. Only
12% of students can answer this question cor-
rectly, with 29% male and 5% female students.
This question indicates that male students may
analyze better than female students; male stu-
dents can differentiate information, determine
valuable information, and organize the helpful
information to find the answer better than fe-
male students.

Panjang Jembatan
»?—7 ( — e

Figure 1 - Example of C4 Question (in Indonesian)

600 100°

\. {] + A l:) B

Meanwhile, the evaluation is the ability to decide
based on specific criteria or standards [3]. Evalu-
ation skills involve two main processes, namely,
checking and criticizing. Figure 2 is an example of
a question for the C5 Level.

Q-:\ DIt Dlsco::;{gy
s + 10% °© J
a’ss 20% """ °

Toko A Toko B
Discount

%3 N 15% |

“Diskon 5%2* artinya setelah barang mendapat diskon 3%, barang tersebut
mendapat diskon kembali sebesar 2%

Diketahui harga tas dan sepatu di kedua toko tersebut sama. Jika Alma akan
membeli tas dan sepatu tersebut, agar biaya yang dikeluarkan minimum
sebaiknya ia membeli...

A Tas di toko A dan sepatu di toko B
B. Tas dan sepatu di toko A

C. Tas di toko B dan sepatu di toko A
D  Tas dan senam di toko B

Figure 2 - Example of C5 Question (in Indonesian)

The students were asked to determine the best
choice to purchase bags and shoes to get a
cheaper price based on the criteria given. Most
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students can answer the question (60%) correct-
ly. However, if we view it from gender, only 43%
of male students can answer the question, while
67% of female students can answer it correctly.
Based on this question, female students can make
better decisions than male students. Female stu-
dents may have better evaluation skills at this
level than male students.

On the other hand, the creation skill is the oppo-
site of analysis. The skill refers to compiling a
piece of information into a whole [3]. This skill
also consists of three processes: formulated,
planned, and produced. Figure 3 shows the ex-
ample of a question in C6 Level that asked stu-
dents to determine when the sales results of two
companies are equal.

~rafik Peni “ame Perusahaan A _ -
Grafik Penjualan Game Perusahaan A Grafik Penjvalan Gane Perusshaan B

Hasil Penjulan
Hasil Penjulan

(juta)
4

109
10 3;
10

85

(uta)
*

Waktu Waktu
Penjualan
1 23458 (bulan)

Penjualan
= )

i -34S (bulan)

Figure 3 - Example of C6 Question (in Indonesian)

The question required students to create a line
equation for each company based on the graphic
given. Only 36% can answer that question cor-
rectly, with 57% male and 28% female students.
The question indicates that male students have
better creative skills than female students.

Gender differences for each domain. Table 4
shows that female students outperform male
students in number and algebra domains. Mean-
while, male students surpass female students in
geometry and statistics; this is supported by pre-
vious research showing that male students can
perform better in visual-spatial abilities [37, 38].
It also can be seen in Figure 1 that when students
need to use visual representation ability to solve
problems, most male students can outperform
females. It also applies to statistics, where many
visual representations are used, i.e., diagrams
and graphics. However, although male students'
scores in statistics and geometry are higher than
female students, there is no significant statistical
difference between male and female students.
Therefore, this research confirms previous re-

Section “Education”

search that showed no significant difference be-
tween males and females in visual abilities [39].

On the other hand, the characteristics of female
students who are good at using language authors
[40, 41] are essential in mathematics [42], espe-
cially in numbers and algebra. In the algebra do-
main, students will need skills, such as using

symbols, variables, or other mathematical lan-
guage, to manipulate real-life mathematics prob-
lems and solve them to get answers. Therefore, it
is no wonder female students can perform better
in algebra. From Figure 2, we also find that while
male students better understand visual repre-
sentation than female students when the infor-
mation is given in writing (sentences), female
students can perform better than male students.
Female students tend to grasp the information in
writing or text more easily than male students
[43].

In general, from a topic point of view, geometry is
the most challenging topic for students. Most
students needed help answering the HOTS ques-
tion on this topic. As shown in Figure 1, the ques-
tion is straightforward, but most of the students
incorrectly answer the question. It may be
caused by the need for students to understand
the facts and concepts of line and angle. In geom-
etry, there are a lot of terms and concepts that
must be understood by students, not only memo-
rized. On the other hand, statistics and probabil-
ity domains are the most manageable topics for
students; this can be caused by the fact that sta-
tistics and probability are more realistic than
others.

CONCLUSIONS

HOTS is essential for adapting to and facing chal-
lenges in the 21st century. Therefore, developing
students' HOTS in the teaching and learning pro-
cess, including mathematics, is crucial. Further-
more, this study explores the HOTS profile of
students in mathematics. The results show that
HOTS-level mathematics students are generally
in a low category. However, the analysis showed
no significant difference in HOTS between male
and female students in general or at each level.
Meanwhile, when viewed from the mathematics
domain, there is a substantial difference between
male and female students only in the algebra
domain. The study also showed that the HOTS
question on geometry is the hardest for students
to solve.
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