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Abstract

This study aims to describe the flexibility of students' mathematical thinking in solving HOTS
(Higher Order Thinking Skills) problems on number operations material, by considering gender
differences. The research was conducted with a qualitative approach, using tests and in-depth interviews
with four students (two boys and two girls) in class VII at MTs N Kota Batu. The results showed that only
some subjects were able to fulfill the indicators of mathematical thinking flexibility thoroughly. Subjects
who have high flexibility use more than one strategy in solving problems, showing diversity, accuracy,
and efficiency. In contrast, subjects with low flexibility tended to use a single strategy. The findings
showed that female subjects had high mathematical thinking ability by fulfilling all flexibility indicators,
namely using more than one strategy, solving problems correctly, and choosing effective and efficient
strategies. In contrast, male subjects tend to use a single strategy, which shows limited flexibility of
thinking. This study concludes that flexibility in mathematical thinking is an important ability that needs
to be developed to improve students' success in solving HOTS problems.
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Introduction

Mathematics learning in modern times now emphasizes not only the ability to calculate, but also
the development of higher order thinking skills. This is in line with the demands of the curriculum which
requires students to be able to solve problems that test HOTS (Higher Order Thinking Skills). HOTS
guestions are designed to encourage students not only to understand basic concepts, but also to analyze,
evaluate, and create innovative solutions in various contexts. Therefore, the ability to think critically and
creatively is very important in the process of learning mathematics (Melawati et al., 2022) & (Widana,
2018).

Creative thinking in mathematics involves the ability to look at a problem from multiple points of
view and come up with a variety of possible solutions. This ability not only supports complex problem
solving, but also helps students to develop flexibility in thinking. Creativity in mathematics can be
measured through fluency, flexibility and novelty in thinking, all of which are important indicators of
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high mathematical thinking ability (de Vink et al., 2022) & (Akgul & Kahveci, 2016). Research shows
that divergent thinking can improve students' performance in solving mathematical problems, as it allows
them to generate different and original solutions (de Vink et al., 2022).

Flexibility in mathematical thinking is the ability to change approaches or strategies in solving
mathematical problems. This flexibility allows students to adapt to different types of problems and find
new ways to reach the correct solution. Research indicates that flexibility of thinking is very important in
solving complex mathematical problems, because it allows students to use various strategies and adjust
their approach according to the needs of the problem (Purwasih et al., 2019) & (Ratnaningsih, 2017).
Thus, the development of mathematical thinking flexibility should be a focus in mathematics learning
(Rizalno & Purwanto, 2022).

Gender differences in mathematics education have been a significant research topic. Several
studies have shown that there are differences in how males and females solve math problems. Males tend
to excel in tasks that require spatial thinking, while females are better at tasks that require verbal and
detail skills (Abdullah et al., 2015). However, the results of these studies are still mixed, and it is
important to further explore how gender affects students' mathematical thinking flexibility in the context
of HOTS problems (Supriadi, 2019).

Although there have been many studies that address mathematical thinking flexibility and the role
of gender in problem solving, there are still some gaps that need to be filled. Previous studies tend to
focus on general contexts or on one type of math problem only. In addition, many of the studies were
conducted abroad with different cultural and educational contexts. Therefore, this study aims to fill the
gap by focusing on the flexibility of students' mathematical thinking in solving HOTS problems on
number operations, by considering gender differences (Artikasari & Saefudin, 2017).

Based on this background, this study is expected to contribute significantly to the understanding
of how mathematical thinking flexibility and gender differences affect students' ability to solve HOTS
problems. The results of this study can serve as a basis for designing more effective and inclusive learning
strategies, so as to help all students, both male and female, to achieve their maximum potential in learning
mathematics.

Based on this background, this study is expected to contribute significantly to the understanding
of how mathematical thinking flexibility and gender differences affect students' ability to solve HOTS
problems. The results of this study can serve as a basis for designing more effective and inclusive learning
strategies, so as to help all students, both male and female, to achieve their maximum potential in learning
mathematics.

Methods

The purpose of this study, which uses a qualitative approach, is to describe and explore the
flexibility profiles of male and female junior high school students in solving HOTS problems on number
operations. The students selected for this study were students who were in grade seven of the first
semester at MTs N Kota Batu. Non-probability (non-random) sampling was conducted. Non-random
sampling was conducted on students of class VII H MTs N Kota Batu. The number of students in class
VIl H at this school is 32 students. Sampling of each student's mathematical ability was carried out using
Purposive Sampling technique, namely the selection of samples based on certain characteristics that are
considered to have a connection with the characteristics of the population that are already known in
advance and based on recommendations from the VII H class teacher. These students have good math
skills and can communicate orally and in writing. This study was chosen because students with this ability
can usually solve problems and show flexibility. Four subjects, two boys and two girls, were selected
based on these requirements.

Flexible thinking ability data were obtained from tests with flexible thinking ability components
and interviews. The instruments used have been validated by material experts, namely lecturers. The data
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that has been collected is analyzed with a qualitative approach. The data processing stages included data
reduction, data presentation, and conclusion drawing.

According to Goleman (1995) flexibility is the ability to provide various solutions and
approaches in solving problems. In line with Amina et al. (2020) that the main characteristic of flexibility
in thinking is knowing and using several strategies. Someone who has cognitive flexibility in him will
solve problems efficiently and effectively and can ensure the correctness of the answers generated
through several methods that have been used, meaning they can solve correctly. So the indicators used in
order to determine the flexibility profile of junior high school students in solving HOTS problems in
number operation material can be observed in table 1 below:

Table 1. Indicators of Flexibility in Mathematical Thinking

Measured ability Indicator
Flexibility Of Mathematical ¢ Uses more than one strategy/method
Thinking ¢ Solve the problem correctly

e Shows the most effective and efficient strategy
based on the results

Results and Discussion

The research results were obtained based on tests and in-depth interviews conducted with 2 male
and 2 female students of MTs N Kota Batu regarding the ability of mathematical thinking flexibility in
solving HOTS-based problems. The following are the results of student work based on the tests given:

i S
Figure 1. M-1 Answer number

Based on Figure 1, it shows that subject M-1 only used one strategy, namely simple arithmetic
operations, with steps 2 — 3 —4 = —5 and added the results to the final position of the floor 5+ 5 = 10,
thus obtaining the correct answer, which is the 10th floor. Although the subject managed to solve the
problem correctly and used a fairly efficient strategy, the answer given by the subject did not show the
flexibility of mathematical thinking because the subject did not try to use more than one way, such as the
algebraic equation method or visual representation using a number line. Thus, it shows that the subject
can solve the problem correctly and show an efficient strategy, but has not fulfilled the indicator of using
more than one strategy. This is corroborated by the interview as follows:

P1 : Can you explain how you solved this problem and why you chose this method?

M-1: I only used simple arithmetic operations, such as adding and subtracting numbers. For example,
| calculated 2 — 3 +4 = 5 and then added the result to the final floor, so that 5 + 5 = 10

P1: Did you think of any other ways besides this?
M-1: No
pla (‘f i «':_
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Figure 2. M-1 Answer humber 2
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Figure 2 presents the response of subject M-1. Based on the written answer, the subject used the
numbers 6, 5, and 1 to form the operation & — 5 + 1, which results in a value of 2, aligning with the given

problem’s objective. However, this solution does not fully comply with the information provided in the
problem, as it only utilizes three different numbers and does not incorporate three operators. The solution
relies solely on basic mathematical calculations without demonstrating exploration of alternative
strategies or methods, thus failing to reflect flexibility.

Although efficient in terms of computation, the strategy employed is not entirely effective since it
does not fulfill all the problem's requirements, making the answer not entirely correct. Therefore, based
on the provided response, it can be concluded that subject M-1 has not yet demonstrated flexibility in
solving the problem. This finding is further supported by the interview results presented below.

P,: Can you explain how you solved this problem? What led you to use the numbers 6, 5 and 1 for the
operation 6 — 5+ 1?

M-1: | chose that number because | thought the result would match the objective of the problem,
which was to get a score of 2. | tried to calculate in a simple way, and it worked immediately.

P.: Are there any other ways?

M-1: Not considered.
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Figure 3. M-2 Answer number 1
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Based on the answer in Figure 3, subject M-2 uses an arithmetic operation strategy with the steps
x+2—3—4=275, then solves the equation to x = 10. In this case the subject can show the correct

answer and use a way that is easy to understand, but the subject has not been able to provide more than
one way of solving. This is corroborated by the results of the interview as follows.

P1 : How did you solve problem number 1?

M-2: Understanding the information contained in the problem, it is known to go up 2 floors, down 3
floors and down 4 floors. meaning that the total subtraction is 7 and the addition is 2. Then I
guessed for example the first time on the 10th floor, up 2 floors = on the 12th floor, then down 3
floors = on the 9th floor and down 4 floors = on the 5th floor.

P1 : Are there any other ways?
M-2: No.

Takaydn

Figure 4. M-2 Answer number 2

Based on the answer in Figure 4, the strategy used by Subject M-2 is 2x 3+ 4 —8 = 2, this
fulfills the requirements of the problem by using four different numbers (2, 3, 4, and 8) and three
operators (+,—,x). The result of the calculation is correct, which is 2, so the indicator of solving the
problem correctly is met. However, the answer only shows one strategy without exploring alternative
ways, so the indicator of using more than one strategy/way has not been met. The strategy chosen is quite
effective and efficient because it is simple and easy to understand, but without a comparison with other
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strategies, it is difficult to conclude that this is the most optimal strategy, so this indicator is only partially
met. This is corroborated by the interview results below.

P2: How did you solve the problem? Did you try more than one way to get the result?

M-2: | immediately tried to use the numbers given, namely 2, 3, 4, and 8, then set the operator to
2x3+4-8=2,

P2: Do you think there is another way to get the result of 2 with the same numbers and rules?
M-2: There might be, but I didn't think to try other methods because the one | was using was working.

Figure 5, shows the answer of subject F-1 using a simple arithmetic method, the method used is
quite creative and produces the correct answer, but the subject is only able to provide one way. Thus, the
answer given has not been able to show flexibility perfectly. The interview results below reinforce the test
answers given by the subject.

P1: Can you explain how you solved this problem?

F-1: I chose the numbers and operators that were easiest to remember, and then tried them until the
results matched the question.

P1: Did you try any other ways to solve this problem?
F-1: No.
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Figure 6. F-1 Answer number 2

Based on Figure 6, subject F-1 used four different strategies in solving the given problem. All
strategies produced the number 2 with the correct calculation, so the indicator “solving the problem
correctly” was met. The diversity of strategies used also shows the exploration of alternative ways,
fulfilling the indicator “using more than one strategy/way”. Of the four solutions, the first strategy
6x2+4—1=2Iisthe most effective and efficient because it uses minimal steps and basic operators,
so this indicator is also met. Thus, the answer fulfills all three flexibility indicators. This is also
strengthened by the following interview results.

P,: Can you explain how you solved this problem to get the result 2?

F-1: 1 tried various combinations, ranging from basic operations such as addition and subtraction to
combinations with multiplication and division. One of the methods | wused was
6x2+4—-1=2

P2: What is the reason for this?

F-1: Since there are fewer steps and the operators used are simple, it is faster to calculate. Also, this
method is less complicated and gives the correct result immediately. Although | tried several
other ways, | think this first way is the most efficient way to solve the problem.
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Figure 7. F-2 Answer number 1

The answer in Figure 7 shows that subject F-2 is able to meet the flexibility indicator because it
uses more than one strategy, namely visualization of the number line to make it easier to understand the
movement up and down the elevator, as well as explicit mathematical calculations to get the final
solution, which shows a combination of visual and numerical strategies. The problem solving was done
correctly, where the calculation showed that Abi's initial floor in the elevator was the 10th floor,
corresponding to the final condition on the 5th floor after going up 2 floors, down 3 floors, and down
again 4 floors. The strategy used is also effective and efficient, because the visualization of the number
line helps explain the steps of the elevator movement in stages, ensures the calculation is not wrong, and
provides certainty of results, so that the answer meets all indicators of flexibility. This is also reinforced
by the interview results below.

P1: Can you explain how you solved the problem related to the movement of Abi's elevator to find its
initial floor?

F-2 : 1 used two methods, first by making a number line to illustrate the movement of the elevator up
and down. After that, | also did the mathematical calculations directly to make sure the results
were correct. This way, it was easier for me to understand the steps and check if the end result
was correct.

P1: Do you think this strategy is appropriate? If so, why?

F-2 : 1 found it very effective, as the visualization helped me understand the gradual movement of the
elevator, while the calculation ensured that the result was correct. This combination made me
more confident in my answer, and | eventually found that the starting floor was the 10th floor,
according to the given end condition.

P1: Are there any other ways?
F-2 : Yes, in addition to using ordinary calculations, | also use a number generator.

Figure 8. F-2 Answer number 2
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Based on Figure 8, the answer of subject F-2 shows that it is able to fulfill flexibility as a whole,
because it uses several different strategies to solve the problem, by trying various combinations of
numbers, operators, and calculation sequences. One of the strategies gave the correct result, namely,
6x2+4—1=2 which is marked with a check mark, thus fulfilling the accuracy indicator. This

strategy also fulfills efficiency because it uses different numbers (6, 2, 4, 1) and three operators as
required by the problem, and the steps are simple and lead directly to the required result. Thus, the correct
answer shows the ability of flexibility, accuracy, and efficiency in solving problems according to the
given indicators. Reinforced by the interview results below.

P,: Can you explain how you solved the problem?

F-2: 1 tried several combinations of numbers and operators first, such as addition, subtraction and
division, until | found the right result. Finally, | chose 6 x 2+ 4 —1 = 2, because the result was
correct and fulfilled all the requirements of the question.

P.: Why did you choose that method? Do you consider it the most efficient or appropriate?

F-2: Yes, because | used different numbers such as 6, 2, 4 and 1, and only three operators. The
process is also simple, producing the correct answer immediately without any redundant steps.
So, in my opinion, this is the most appropriate way.

Based on the results of the study which showed that only some subjects were able to fulfill the
indicators of mathematical thinking anomalies thoroughly, it is important to illustrate that continuity of
mathematical thinking is a crucial ability in solving mathematical problems. Based on data analysis, it
was found that female subjects, namely Subjects F-1 and F-2 who showed a high level of thinking
argumentation, used more than one strategy in solving the problem, reflecting the diversity of ways of
solving, the accuracy of the answers, and the effectiveness of the strategies used. This is in line with
research Firdaus et al. (2019) which shows that mathematical thinking includes the use of various
strategies to solve mathematical problems. Critical thinking skills are a very important part of learning
mathematics, especially in dealing with problems with high difficulty levels (Siswono, 2016).

In contrast, Male subjects like M-1 and M-2 who tend to use a single strategy show that their
thinking is still limited. Research by Prajitno and Toifur was not found in the references provided, so it
cannot be used to support this claim. However, research (Tambunan, 2019) revealed that students with
good thinking skills are better able to solve problems based on Higher Order Thinking Skills (HOTS)
because they can consider various alternative solutions and choose the most efficient strategy. This
finding is reinforced by Nisa Rambe & Sinaga Asmin (2019), which shows a direct relationship between
the ability to explore various approaches and the success of solving mathematical problems. Thus, the
difference in mathematical thinking ability between subjects reflects the variation in exploratory strategies
for solving the problems encountered.

According to Krutetski in (Nuryadi et al., 2022) states that women are superior in accuracy,
thoroughness, accuracy, and sexiness of thinking in mathematics learning. While the findings of
Anggraeni & Herdiman (2018), male students have better problem solving skills compared to female
students, male subjects are also more thorough and complete in writing problem solving steps compared
to female students. However, women's abilities are better at the plan implementation stage, although there
are several stages where there are still errors. In contrast to research conducted by Lestari et al. (2021),
female students are more rigid in counting. However, this study also underlines that male students are
better at understanding problems.

According to Pasiak in (Kondo et al., 2018), differences in mindset between men and women are
influenced by brain structure and hormonal influences. This difference has an impact on the way and style
they do things. Maccoby and Jacklin (Kondo et al., 2018) revealed that in general, girls are superior in
language and writing skills, while boys tend to be better at math.
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Based on the description above, it shows that women think more flexibly than men. The variation
in mathematical thinking ability between subjects reflects differences in the exploration and application of
problem-solving strategies. This emphasizes that the ability of mathematical thinking flexibility should
continue to be developed to increase students' success in solving various types of problems.

Conclusion

This study shows that students' mathematical thinking flexibility in solving HOTS problems on
number operation material still varies based on gender. Subjects F-1 and F-2 showed high mathematical
thinking ability by fulfilling all flexibility indicators, namely using more than one strategy, solving
problems correctly, and choosing effective and efficient strategies. In contrast, subjects M-1 and M-2
tended to use a single strategy, which showed limited flexibility in thinking. The exploration factor and
diversity of strategies are the main determinants of the level of flexibility in mathematical thinking, where
subjects with higher flexibility are able to explore various approaches and optimal strategies. This finding
highlights the importance of developing flexibility in mathematical thinking as a crucial skill in learning
mathematics, especially in dealing with problems that require higher order thinking skills.

It is expected that mathematics teachers focus more on developing students' mathematical
thinking flexibility, especially in solving HOTS (Higher Order Thinking Skills) problems. Teachers are
advised to design learning strategies that encourage the exploration of various problem-solving
approaches, for example through group discussions, visual media, and problems with varying levels of
difficulty. In addition, teachers need to motivate students to try different ways of solving and appreciate
their creativity, without focusing too much on the right or wrong answer. Further research is expected to
examine other factors, such as learning style, motivation, or self-confidence, and involve a wider range of
subjects for more generalized results.
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