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Abstract: Mathematical representation is one of the higher-order thinking skills needed by
students in analyzing physics cases as a form of proving the truth of understanding. Referring
to the inconsistencies in the results of research on mathematical representation involving
gender and the phenomenon of the high ability of female students in heterogeneous classes,
it is suspected that there is a relationship between class type and mathematical
representation. This study aims to analyze the increase in students' mathematical
representation abilities in terms of gender differences in homogeneous classes. The
research subjects consisted of class X high school students in Bantul, Indonesia, consisting
of 26 boys and 27 girls. The research instrument was 5 physics questions that referred to
indicators of mathematical representation. Data analysis to find out how the category of
mathematical representation increases using the N-Gain index. The results of this study
were (1) the improvement in the ability of the male students' mathematical representation
in the medium category was superior to that of the female students, (2) the improvement
in the ability to make mathematical expressions and use visual representations was better
for the male students, and (3) the ability of the female students in terms of making image
representations better than male students. This research implies that further research is
needed to be related to the causes of students' misinterpretation in dealing with physics
test.
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Introduction

Physics lesson is one of the exact sciences at the upper secondary level in Indonesia. This lesson
is the basis for the development of modern technological science by utilizing the concepts and
principles of natural phenomena (Azis et al., 2021; Wanwisa Wattanasin et al., 2021). Apart from
studying nature through observation and study of natural phenomena (Dahlia et al., 2020; Silaban &
Jumadi, 2022), physics also provides some principles of life for humans, such as harmonization and
balance so that they can interact as social beings properly (Bandura, 1997; Harisman et al., 2023). This
kind of thing fosters students' self-confidence because they can explore various physical phenomena
around them (Herliana et al., 2022; Pals et al., 2023; Yanti et al., 2020). The results of interviews with
several students of MA Ali Maksum show that there is a trend of student interest in studying science,
especially interest in physics because it is loaded with contextual evidence and has a correlation with
everyday life (Adeika et al., 2023; Sakliressy et al., 2021).
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The processes carried out by students in exploring phenomena can take various forms, one of
which is modeling phenomena in the form of mathematical representations (Romansyah & Taqwa,
2023; Santosa, 2022; Srivani & Murugappan, 2023) The use of representation in learning can be used
to improve the quality of learning, minimize student learning obstacles (Masrifah & Amiroh, 2023;
Wilujeng & Hidayatullah, 2021), increase understanding, and minimize conceptual errors (Soeharto et
al., 2019). The type of representation that can be used is strongly influenlasianced by the student's
ability to interpret the phenomenon.

National Council of Mathematics Teachers (1989) states that representation is a fundamental
subject for students in mathematical communication skills (Fatimah et al., 2020). This representation
is in the form of a student's way of thinking in configuring one aspect with another as a whole. An
example is the wave function y(t) = A. sin (wt) is one of the mathematical representations in the form
of a function, where this function can be represented by a sine graph or a wave image over time. Other
forms of representation can be in the form of explanatory text, symbols, mathematical forms, pictures,
tables and graphs, or a combination of these is a variety of representations that can be used in
communicating the mathematical aspects of a natural phenomenon (Kusumaningsih et al., 2019;
Mondal et al., 2023)

Representation is divided into two, namely internal representation in the form of a person's
mental tendency to configure mathematical information from a problem. This representation is a
cognitive process that cannot be observed so the conclusion of this representation ability is reviewed
from the verbal and behavioral side of students (Felmingham et al., 2023; Yadav & Lal, 2023). These
two outputs originating from students are referred to as external representations which the teacher
can conclude as a mapping of internal representations to their students. Teachers can do this through
teaching activities in class, daily interactions, or their tendency to solve problems (Nesi et al., 2022;
Schiering et al., 2023).

The urgency of mastering mathematical representation abilities cognitively is used to estimate,
audit, and exercise control over the process of solving mathematical problems in physics lessons.
Mathematical representations can help build an understanding of physics concepts and build strong
memories of meanings and ideas (Rahmawati et al., 2022) Giving challenges to think and reason about
the mathematical forms of physical phenomena, along with communicating the results through text or
verbally will foster an accurate and logical understanding. This indicates that representation can be a
tool for students in explaining concepts, communicating ideas, reflecting, or developing problem-
solving strategie (Sahara et al., 2020; Ziadat & Sakarneh, 2022). Furthermore, Monika (2014) states that
learning conducted by teachers should use various kinds of representational models (Lamanepa et al.,
2022), such as mathematical representations for physics learning in classes with students of different
genders.

Gender differences in class are common in the learning process in Indonesia. It can be seen that
in general, classes are filled with male and female students, except for schools with independent
autonomy, such as schools with an Islamic boarding school system (Damopolii et al., 2023; Nawas et
al., 2023). Social construction is suspected to be the cause of the community's assumption that men
are characterized by masculine traits and women are feminist so it has an impact on students' cognitive
abilities. The learning process in classes with boys and girls sometimes encounters obstacles, including
the disruption of mental conditions and acceptance of learning material due to the closed assumption
of self-acceptance by the opposite sex (Darmaji et al., 2022; Mawaddah et al., 2018).

Sari (2019) presented the results of her research on differences in student learning outcomes
between heterogeneous and homogeneous classes. There is no significant effect of class differences
on the learning outcomes obtained. While the results of other studies show that male students tend
to be proficient in dissecting and understanding a problem given in the form of a story or eyeglass
description, while female students are more proficient in performing mathematical operations on
physics test questions using weapons training (ldrizi et al., 2023; Siregar et al., 2023). The results of
further research were presented by Arifin (2023) who revealed the fact that male students had higher
anxiety about not being able to carry out mathematical operations than female students. This has an
impact on their ability to solve problems that require careful analysis and mathematical calculations.
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Research findings in two cities in Indonesia, namely Padang and Surakarta, reveal that male
students have lower self-confidence in solving mathematical cases than female students. This condition
is influenced by their ability to plan solutions, monitor the solution procedures created, and re-evaluate
the resulting solutions (Arifin & Kismiantini, 2023; Barokah et al., 2020). This irony is in line with the
results of research in secondary schools in Germany which shows that the low enthusiasm of male
students in accepting the challenge of a problem results in minimal understanding of concepts
(Schirmann & Quaiser-Pohl, 2022). One of the reasons is that male students have a high level of
embarrassment about reciting or just asking the teacher for re-explanation. This was revealed in a study
at Islamic boarding schools in Malaysia which revealed that female students were more confident in
asking questions and had high levels of collaboration in peer teaching (Din et al., 2016; Moses et al.,
2021). This is different from the behavior of male students who prefer to remain silent and try to
understand the lesson material themselves. This kind of condition is thought to be one of the causes
of their enthusiasm being at a low level.

The tendency to understand material independently has positive and negative aspects. One of
them isincreasing holistic understanding because you are not distracted by peers (Reupert et al., 2023).
The impact can be seen in analyzing the problem given so that the information contained can emerge.
However, this suggests that there is concern that the mathematical operations carried out have the
potential to cause inaccuracies due to the absence of colleagues to help with the mathematical process,
especially in terms of the accuracy of the operations carried out (Istiyono et al., 2019). Female students
experience different conditions, where they prefer to study using a group system because it helps them
to review the resulting mathematical solutions (Maji et al., 2023). Apart from that, female students
have a high level of social jealousy if they get different results from their study partners(Avonts et al.,
2023; Ghazu, 2023).

This phenomenon certainly raises a question mark related to how the mathematical
representation abilities of male and female students differ. The ability to dissect and find mathematical
variables of male students is better than that of female students, but the accuracy and thoroughness
in the mathematical representation of female students are better than that of male students (Psaki et
al., 2018). These results indicate that men are superior in giving answers logically, and women are
better in the scientific method aspects of accuracy and thoroughness in heterogeneous classes (Aliyah
et al., 2020). In other words, the inconsistency of the results obtained involves heterogeneous classes
so that inequality does not yet emerge. This only occurs in heterogeneous classes or also applies to
homogeneous classes. Based on this explanation, it is suspected that there is a link between
homogeneous and heterogeneous class types and the ability to represent mathematically, which is
related to solving physics problems. The aim of this research is to analyze students' mathematical
representation abilities in the case of momentum and impulse material physics in the tenth grade in
terms of male and female homogeneous classes.

Method

This research uses a quasi-experiment method where research subjects undergo a pretest first,
then treatment is carried out as an action stimulus and ends with a posttest to determine the
improvement in results due to the stimulus given (Taylor, 2023). The research sample used 53 class X
subjects at MA Ali Maksum consisting of 26 men and 27 women. The instrument used is a mathematical
representation ability test on Momentum, Impulse, and Collision material. This test consists of 5
questions where each question interprets the indicators of mathematical representation. After the
increase in classification is measured, the results will be grouped according to the classification of
increasing students' mathematical representation abilities, namely low, medium, and high. The
classification that has been obtained is then divided based on gender, namely male and female students
with low, medium, and high classifications.

Data analysis used descriptive analysis to explore how the students' mathematical
representations were. Guidelines for scoring can be seen in Table 1.
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Table 1. Guidelines for Scoring Mathematical Representational Ability

Mathematical Representation Achievement Indicators Question
Indicators Number
Mathematical model or Solving problems involving mathematical expressions 1,2
expression
Representation in the form of Representing data or obtaining information from 3,4
images image representation
Create images to clarify the problem 5

Data analysis to determine the increase in students' mathematical representation abilities is

obtained from the normalized N-Gain value index as follows:
. Posttest Score—Pretest Score
N — Gain = : (1)
Maximum Score—Pretest Score
The results are then grouped according to the criteria of the normalized N-Gain index (g) (Zhan

et al., 2023) as follows:

g>0,7 : High
0,3<g <£0,7 : Medium
g<0,3 : Low

Results and Discussion

The results of data analysis in terms of class differences homogeneously can be seen in the
following figure. Figure 1 shows students' mathematical representation abilities based on
homogeneous classes according to the criteria for increasing mathematical representation abilities
according to Saifuddin (2020).

50%

40% 46%

30% 35%
= 19%

10%

0%
Low Medium High

® Male Female

Figure 1. Improvement of Representational Ability in Homogeneous Classes of Males and Females

Figure 1 shows that there are 44% of male students and 46% of female students who have a low
increase in representation. Different results were obtained by the medium category, where 26% of
male students were in this category, while for female students it was slightly below that with a
percentage of 19%. The criteria for increasing high representation were obtained by 30% of male
students and 35% of female students. So that the increase in representation ability at low and high
predicates is dominated by women. In contrast, male students get more dominating in the moderate
predicate than female students.

After knowing the percentage of increased representation ability obtained, the next step is to
analyze the increase in students' mathematical representation abilities based on the indicators of
mathematical representation that have been compiled. The results of data analysis on students'
mathematical representation abilities based on indicators during the pretest implementation can be
seen in Figure 2.
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Figure 2. Mathematical Representation Ability during Pretest

Based on the picture, male students have superior representation abilities only on indicator 1.
This finding shows that the representational abilities in making mathematical expressions on indicator
1 questions are higher than female students. This difference indicates conformity with the results of
research by Adeyemo (2010) which states that the mathematical representation abilities of male
students in terms of making mathematical expressions are higher than female students with a low
significance value (Miola et al., 2023). The results and data analysis on the implementation of the
posttest can be seen in Figure 3.
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Figure 3. Mathematical Representation Ability during Posttest

Figure 3 shows different results from the pretest results. The homogeneous class of men and
women experienced an increase in mathematical representation abilities with a value that was not too
significant. However, there was a difference in that male students experienced a higher increase in their
representation abilities on the 2 indicators, namely indicator 1 and indicator 2. Meanwhile, the increase
in the representation of female students was relatively small, namely 1.9 for indicator 1 and 0.1 for
indicator 2. This contrasts with the findings of Adeyemo (2010) which revealed that men's visual
representation abilities in using image illustrations were lower than women. The discrepancy between
these findings prompted the researchers to review the scoring guidelines used to scan and analyze the
data.

Table 1 also shows that the ability of mathematical representation is influenced by the
correctness of the answers (accurate) and the completeness of the representation aspects given in the
answers to the questions (correct and complete get a score of 20). This is to the results of Zakiri's
research (2018) which states that the profile of mathematical communication in students is divided
into completeness, fluency, and accuracy of answers. The research found that the profile of male
students' mathematical communication abilities was superior to that of female students. So that the
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ability of mathematical representation is influenced by a gender-based mathematical communication
profile which is reinforced by Mawaddah (2023) where students in homogeneous classes are more
expressive in presenting their thoughts because there is no mental turmoil due to perceptions of the
opposite sex. This is thought to be the cause of the higher male students' mathematical representation
than female students.

Then an analysis of written answers from students in each homogeneous class was carried out
in the low-ability category. Determination of students with low representation ability is based on the
number of students in the low category compared to the other two categories.

Indicator problem 1:

Fressbie bermassa 0,5 kg dilempar ke arah pemukul dengan kecepatan 12,5 m/s. Kemudian bola
berbalik arah dengan kecepatan 37,5 m/s dari arah datangnya bola. Berapakah impuls yang terjadi?

The answers given by students can be seen in Figure 4.

Biere = 0.0 Vo

Ny =2 ™k © ok M. 0,05 kg
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Figure 4. Student representation in answering posttest questions

Figure 4 shows that both students' answers begin by writing down the magnitude data presented
in the problem. Then male students enter this quantity into the impulse equation as a change in
momentum by considering the direction of the velocity vector so that the results are 2.5 Ns which
corresponds to the solution of the problem to get a score of 20. The correctness of male students'
answers is influenced by their thoroughness in expressing the illustration text on the problem becomes
a mathematical expression in vector analytic operations. This is consistent with the characteristics of
kinematics material which requires students to think holistically and analytically (Dina Handayani et al.,
2023; Romansyah & Taqwa, 2023).

The female students have also done a mathematical representation by writing down the data
from the problem illustrations and choosing the right equation to get the problem solved. However,
female students have not carried out a comprehensive analysis of the direction of motion of objects,
so they do not give a negative sign (-) to the velocity component that reverses direction. So that the
result is 0.75 Ns which is not by the problem solution.

Meanwhile, female students have also made mathematical representations by writing down
data from the problem illustrations and choosing the right equations to get the problem solutions.
However, female students have not carried out a comprehensive analysis of the direction of motion of
objects, so they do not give a negative sign (-) to the velocity component that reverses direction. So
that the results of 0.75 Ns are obtained which are not by the problem solution.

Indicator problem 2:

Gambar di bawah ini menunjukkan benda A dan B sebelum bertumbukan dengan data kecepatan
dan massa tertera. Apabila setelah tumbukan terjadi, kecepatan A menjadi 7 m/s ke kanan, kemanakah
arah gerak B dan berapa nilai kecepatannya?
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The answers given by students can be seen in Figure 5.
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Figure 5. Studenfrepresentation in answering posttest questions

Figure 5 shows the answers of male students according to the problems given. Students write
down data according to the phenomena and perform calculations correctly according to the rule of
inline vector resultants. However, male students did not make representations of pictures on their
answer sheets. The problem presents both objects moving to the right before the collision and object
A moving to the right after the collision with a speed of 7 m/s. This information implies that object B
as an object that is pounded must move to the right with an increasing speed because it gets the
additional speed from object A. Male students are more thorough in translating and exploring
information from the illustrations given so that the solution is obtained vs = 12.5 m/s and move to the
right.

The female student's answer showed her misinterpretation because she made a re-sketch with
incorrect image information. This misinterpretation occurs in the direction of vector vB which moves
to the left where the illustration of the problem shows that vector vB moves to the right. This has an
impact on the destruction of the conception of physics when entering variables into the equation of
the Law of Conservation of Momentum. However, the information about the questions is given in full
and the mathematical operations are carried out correctly so that a score of 5 is obtained.

The results of the two answers on two different indicators show differences in students'
mathematical representations which have an impact on the correctness of the solutions given.
Mathematical representation includes elements of mathematical communication so that there is a
correlation between mathematical representation abilities and students' mathematical communication
profiles. Zakiri (2018) revealed that there are several profiles of mathematical ability, such as precision
and accuracy shown in the accuracy of the interpretation given. One of the obstacles in solving physics
problems in this study is the accuracy of the mathematical interpretation used to produce wrong
answers for female students (Dixit, 2023; Kaushanskaya et al., 2013). In addition, aspects of accuracy
also affect students' mathematical communication profiles, such as re-checking the variables that enter
the equation and re-examining the correctness of procedures and the results of mathematical
operations in problem-solving.

These obstacles are influenced by various things, male students have an orientation to be able
to work independently rather than in groups. This tendency is initiated by their individualistic attitude
so that they are free to imagine the supplements they provide without fear of being intimidated by
their co-workers (Zambrano R. et al., 2023). This freedom has an impact on processing information,
mastering concepts, and the ability to make correlations between concepts at a higher level (Ebadi et
al., 2023). However, this behavior takes a long time (dos Santos et al., 2023). Apart from that, the
homogeneous class conditions where there is a separation between male and female classes mean
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they are not burdened with the adrenaline rush of impressing female students with their achievements
(Dimitratos et al., 2021).

The opposite happens to women where female students tend to work in groups. The group work
model has one advantage, namely aspects of accuracy and speed of work at a high level. Collaboration
between female students can improve learning outcomes because there is checking of work results
between friends so that the correctness of the results of mathematical operations is relatively high
(Bazrgar et al., 2023). The group work model has the disadvantage that students with high cognitive
abilities tend to dominate so that freedom of imagination is low because the majority will only depend
on them (Hine et al., 2022). Other students also tend to adapt to the concepts proposed so that other
views on the concepts they face are minimal and they also worry when they differ from their colleagues
(Tan et al., 2023). This is allegedly the cause of female students having high mathematical
representation in the aspect of precision and accuracy, but having a low level in the aspect of imagining
or creating alternative illustrations in solving the physics problems they face (Anggraini et al., 2023;
Fahuzan & Santosa, 2018; Supratman et al., 2023). This is in accordance with findings by Aliyah (2020)
where male students have better abilities than female students in terms of mathematical interpretation
of the illustrations provided. This condition is thought to be the cause of male students' mathematical
representation ability scores being slightly higher than female students in homogeneous classes.

Conclusion

Based on the results of the data analysis that has been done, it can be concluded that there are
insignificant differences in the ability of mathematical representation in the male and female
homogeneous classes. the increase in the representation ability of male students was higher than that
of female students in the medium group. The increase in the ability of female students was higher in
the low and high groups. The increase in the ability to make mathematical expressions and use visual
representations in the form of auxiliary illustrations for boys is higher than that for female students.
Different results were obtained by female students in terms of expressing and making pictures based
on the questions being tested. The ability to make image representations for female students is
superior to that of male students, but this is often accompanied by misinterpretation of questions. It is
recommended to conduct research related to the causes of students' misinterpretation in solving
physics test.
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