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Male and female students’ mathematical reasoning skills in solving
trigonometry problems

Suparman!, Al Jupri!, Edwin Musdi?, Nonong Amalita’, Maximus Tamur?, Jihe Chen*

Abstrak Beberapa studi sudah dilakukan untuk menguji kemampuan penalaran matematis siswa
laki-laki dan perempuan di berbagai topik matematika. Namun, studi-studi yang fokus pada
kemampuan penalaran matematis di topik trigonometri ditinjau dari perspektif gender masih belum
banyak. Penelitian kuantitatif ini bertujuan untuk mendeskripsikan dan membandingkan kemampuan
penalaran matematis siswa laki-laki dan perempuan dalam menyelesaikan masalah-masalah
trigonometri. Studi ini melibatkan siswa sekolah menengah yang diberi tes kemampuan penalaran
matematis. Tes tersebut sudah divalidasi secara teoritis dan empiris. Hasil tes tersebut dikategorikan
menggunakan rubrik capaian penalaran matematis dan dianalisis menggunakan uji Mann-Whitney
atau uji t. Hasil menunjukkan bahwa secara keseluruhan kemampuan penalaran matematis siswa laki-
laki dan perempuan belum tinggi. Siswa tersebut kurang mampu dalam menemukan pola hubungan,
mengajukan dugaan, dan mengeneralisasi pernyataan, tetapi mereka memiliki kemampuan yang
sedang dalam memverifikasi kebenaran suatu argumen. Selanjutnya, siswa laki-laki dan siswa
perempuan tidak berbeda secara signifikan dalam aspek kemampuan penalaran matematis. Temuan
ini memberikan titik awal yang penting untuk meningkatkan kemampuan penalaran matematis siswa
dalam pembelajaran trigonometri.

Kata kunci Gender, Kemampuan penalaran, Masalah trigonometri

Abstract Several studies have examined mathematical reasoning skills (MRS) of male and female
students in various mathematics topics. However, there were still not many studies, which focus on
MRS in trigonometry topics in terms of gender perspectives. Therefore, this quantitative study aims
to describe and compare the MRS of male and female students in solving trigonometry problems.
This study involved secondary school students who were given an MRS test. The test has been
validated theoretically and empirically. The results of the test were classified using the rubric of MRS
achievement and analyzed using the Mann-Whitney test or t-test. The results revealed that the overall
MRS of male and female students was low. The students lacked skills in finding a relationship
pattern, proposing a conjecture, and generalizing the statement, but they had moderate skills in
verifying the truth of an argument. Furthermore, the male and female students were not significantly
different in the aspects of MRS. The findings provide important starting points to enhance students'
MRS in the teaching and learning of trigonometry.
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Introduction

One of the mathematics learning goals is that students can solve problems both routine and
non-routine problems. Mathematical reasoning skills (MRS) have a critical role in supporting
students' skills to solve a problem, especially non-routine problems. Several studies showed that
reasoning skills and problem-solving skills have a significant positive correlation (Buckley,
Seery, & Canty, 2019; Chang, 2010; Wong, 2017). When students' reasoning skills improve,
students can solve the problems they face (Ersoy & Bal-Incebacak, 2017; Rosdiana, Budayasa,
& Lukito, 2019). Students who have high problem-solving skills tend to be able to solve any
problem that arises from changing situations and conditions (Suparman et al., 2021). Therefore,
mathematics learning should be able to facilitate students to develop and improve their MRS.
Several studies reveal that mathematics is a male domain (Brandell, Leder, & Nystrom, 2007;
Brandell & Staberg, 2008; Mendick, 2005). Also, other studies show that male students' MRS is
higher than female students in mathematics topics generally (Erdem & Soylu, 2017) and in
geometry topics (Dhlamini et al., 2019; Kadarisma et al., 2019; Setiawan & Sa’dijah, 2020).
However, different studies unravel that female students” MRS is higher than male students in
mathematics topics in general (Misu, Hasnawati, & Rahim, 2019; Salam & Salim, 2020) and
algebra topics (Rodiah & Triyana, 2019). These findings indicate an inconsistency of students'
MRS in mathematics topics in terms of gender perspectives. Therefore, it is crucial to examine
whether inconsistency of students” MRS based on gender also exists in other topics such as
trigonometry. As a consequence, this study is expected to help mathematics teachers design
instructional activities in the trigonometry topic, which support gender-based students” MRS.

The trigonometry topic is selected in this study because several studies showed that the
students' errors rate in solving trigonometry problems tends to be high. The errors include; do
not understand the problems given, do not master the basic concept of trigonometry, perform
basic arithmetic operations, determine the formula to solve the problem and write the final
answer (Altiner & Dogan, 2018; Hidayati, 2020; Sartika & Fatmanissa, 2020, Satriani et al.,
2020; Usman & Hussaini, 2017; Wahyuni & Widayanti, 2020). The studies about students’ MRS
from the gender perspective have been conducted. However, it focuses on students’ MRS in
general mathematics topics (Erdem & Soylu, 2017; Misu et al., 2019; Salam & Salim, 2020),
geometry topic (Kadarisma et al., 2019; Rosdiana et al., 2019; Setiawan & Sa’dijah, 2020), and
algebra topic (Karunika, Kusmayadi, & Fitrana, 2019; Rodiah & Triyana, 2019). Meanwhile,
this study focuses on male and female students’ MRS in trigonometry topic. Although relevant
studies on students' MRS in trigonometry have been conducted (e.g., Rokhima, Kusmayadi, &
Fitriana, 2019), those studies only focus on basic trigonometry. However, this study focuses on
trigonometry identity, sine and cosine law, and trigonometry function because some studies (e.g.,
Altiner & Dogan, 2018) reported that students still have errors when dealing with these
trigonometry topics.

The recent study aims to describe and compare male and female students’ MRS in solving
trigonometry problems. The research questions are: (1) is there any significant difference of
MRS between male students and female students in solving trigonometry problems? (2) how is
the achievement level of male and female students’ MRS in solving trigonometry problems?
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Theoretical review

Reasoning skills are high thinking abilities represented during the problem-solving process
(Yildirim, 2000). In this case, mathematical reasoning skills represent problem-solving activities
involving inductive, deductive, abductive, associative, and inferential thinking processes (Erdem
& Soylu, 2017; Morris, 2002), and a thinking process in understanding the ideas and concepts
inherent in a procedure (Bieda et al., 2014). In some literature, MRS consists of several abilities
such as finding a relationship pattern, proposing a conjecture, generalizing a statement,
convincing, reflecting, proving the truth of an argument, and making connections, abstraction,
and specialization (Bjuland, 2007; Breen & O’Shea, 2011; NCTM, 2000). It is important for
predicting students' future success in mastering mathematics at a high level (Rich & Brendefur,
2019), and students’ future career success (Marchis, 2013).

In this study, we refer to four indicators of MRS to measure male and female students’
MRS. These indicators are (1) proposing a conjecture, (2) verifying the truth of an argument
(NCTM, 2000), (3) finding a relationship pattern (Breen & O’Shea, 2011), and (4) generalizing
a statement (Bjuland, 2007). These indicators are selected in this study because some reports
reveal that the achievement of students' MRS in proposing a conjecture, finding a relationship
pattern, verifying the truth of an argument, and generalizing a statement is lower than the
achievement of students' MRS in other indicators of MRS (Erdem & Soylu, 2017; Dhlamini et
al., 2019; Salam & Salim, 2020).

Trigonometry is one of the mathematics fields. It is one of the applicable mathematics topics
since it has many applications with other subjects such as Physics, Engineering, Chemistry, and
much more (Goel & Elstak, 2015). Therefore, this topic is interesting to be studied. Also, the
trigonometry topic can support this study to measure students' MRS by applying realistic
problems in daily life. Some students reveal that this topic is a daunting topic to be learned due
to some bizarre symbols such as sin@ and cos8 (Goel & Elstak, 2015). Moreover, several
empirical studies reveal that most students make errors in solving trigonometry problems
(Altiner & Dogan, 2018; Usman & Hussaini, 2017). Therefore, this topic is selected to measure
male and female students’ MRS in this study.

In the trigonometry topic, there are some sub-topics such as trigonometry identity, sine and
cosine law, trigonometry function, trigonometry equation, and trigonometry inequality. The
trigonometry identity is chosen to measure students’ MRS in finding a relationship pattern. In
addition, to measure students’ MRS in proposing a conjecture and verifying the truth of an
argument, sine and cosine laws are selected. The trigonometry function is selected as a material
to measure students' MRS in generalizing a statement. These trigonometry topics were selected
because students still carried out many errors in these topics reported by prior studies (Altiner &
Dogan, 2018; Hidayati, 2020; Sartika & Fatmanissa, 2020, Satriani et al., 2020; Usman &
Hussaini, 2017; Wahyuni & Widayanti, 2020). So, every sub-topic in the trigonometry
established in this study represents every indicator of MRS selected in this study (See Table 1).
Also, to measure the achievement of students' MRS on each sub-topic of trigonometry, the
design of the MRS's scoring rubric will accommodate it (See Table 2).

Methods

This study employed the descriptive and comparative research design with a quantitative
approach (Gall, Gall, & Borg, 2003). There were four steps to conduct this study. Firstly, we
designed the MRS test items (See Table 1). It was designed based on the established indicators
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of MRS (Bjuland, 2007; Breen & O’Shea, 2011; NCTM, 2000), which consist of four
trigonometry problems within the topics such as trigonometry identity, sine and cosine law, and
trigonometry function.

Secondly, we validated the test theoretically and empirically. Theoretically, two experts in
mathematics education were involved in the validation process in which they verified and
justified the MRS test items based on the content and language. It resulted in a valid and eligible
test. Also, sixty tenth-grade students were involved in the empirical validation process. The
results showed that the test had a significant differentiator index. Moreover, three problems had
a moderate difficulty index, and one problem had a high difficulty index. Also, the reliability
test showed that the Alpha Cronbach coefficient was 0,66. These findings indicate that the test
was reliable and eligible to be used as an instrument to measure MRS in this study (Gliem &
Gliem, 2003; Shelby, 2011; Vaske, Beaman, & Sponarski, 2016).

Table 1. The developed test for MRS

Item Indicator Problem
1 Finding a Given aq, @y, ..., &, are one of angles in n arbitrary triangles. If p =
relationship sec?ay + csc?ay, + sec?a, + csc?ay_q + -+ sec?ay + csc?ay and
pattern q = tan’a, + cot’a, + tan’a, + cot?a,_; + - + tan’a, +
cot?a, then determine the value of p — q.
2 Proposing a There are two ponds of catfish types Alpha and Beta, which are in the
conjecture form of an arbitrary triangle. The endpoints of catfish pond type Alpha

are P, Q, and R, while the endpoints of catfish pond type Beta are K, M,
and N. If the length of PQ, QR, and PR is respectively 7 m, 8 m, and 9
m, while the length of KM, MN, and KN are respectively 6 m, 8 m, and
13 m, so which type of catfish pond has the vertex with the largest angle
size? Mention the point and give the reason!

3 Verifying the Amanda stands in a place on the side of a straight and high-flowing
truth of the river. She observes the Pine and Mahogany trees that are on the other
statement sides of the river. The Pine tree is a right cross from her, and the

distance of the Pine and Mahogany trees is 4v/6 m, and the size of
Amanda's viewpoint angle on two trees is 30°. There is no connecting
bridge to cross the river, and around Amanda, there is only a wooden
beam with the size of 18 m x 30 cm x 10 cm. Suddenly, Arman comes,
there is dialogue like the following:
Arman: Do you want to cross this river?
Amanda: Yes, but I am confusing about whether the wooden beam can
be used to cross this river. What do you think?
Arman: [ think that this wooden beam can be used to cross this river.
Based on the above dialogue, check the truth of Arman's statement and
conclude the problem!

4 Generalizing the  The characteristics of the cosine function are as follows:

statement - Its domain is D, = {x|0 <x< %}
- Itsrangeis Ry = {y|-2 <y < 4}
- The general form of its function is g(x) = pcoskx +r
- Pisapositive integer less than 5

- Some points passed through by the curve are (0,4) and G, —2)

Based on the characteristics above, determine the cosine function. Give
the reason and conclude the problem!
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Thirdly, we administered the test to the 62 tenth-grade students (23 males and 39 females,
16-17 years old). The participants were given 120 minutes to solve all of the problems using the
paper-based test. They were selected using the purposive sampling technique due to the easy
access of place and time in communicating this study to participants.

Table 2. The scoring rubric of the MRS test

Indicator  Scale Description

0 No answer

1 The pattern found is wrong
Finding a 2 The pattern found is correct but the principles or concepts used are wrong
relationship 3 The pattern found is correct; the principles or concepts used are correct, but

pattern the arithmetic operation is less precise.
The pattern found is correct, the principles or concepts used are correct,
and the arithmetic operation is precise

No answer

The conjecture given is wrong

The conjecture given is correct, but no reason for the conjecture made

The conjecture given is correct, there is the reason for the conjecture made,
but it is less precise

The conjecture given is correct, there is the reason for the conjecture made,
and it is precise

Proposing a
conjecture

W N = O B

N

No answer
1 Steps in the verification process are wrong or mostly wrong
Steps in the verification process are correct but the principles or concepts
used are wrong
Steps in the verification process are correct, the principles or concepts used
are correct, but the arithmetic operation is less precise
Steps in the verification process are correct, the principles or concepts used
are correct, and the arithmetic operation is precise

Veritying 2
the truth of a
statement 3

No answer
1 Generalization and the process of generalizing is wrong or mostly wrong
Generalization is correct but the process of generalizing is wrong or mostly
wrong
Generalization is correct, but there is a slight error in the process of making
the generalization
Generalization is correct, and the process of generalizing is correct and
precise

Generalizing 2
the
statement 3

Fourthly, we analyzed the results of the test. The scoring rubric (Table 2) was used to
measure students” MRS. Furthermore, the scoring rubric was arranged according to the Likert
scale, which was 0 — 4 (Boone & Boone, 2012; Brown, 2011; Sullivan & Artino, 2013). Each
scale of 0 — 4 interpreted the overall students' answers to each question.

The results of the MRS test were measured based on the scoring rubric. Also, the
achievement of MRS of male and female students was classified as high (v > 70%), moderate
(55% < v < 70%), and low (v < 55%) (Maya, 2011). Furthermore, the comparison test of two
means, such as t-test or Mann-Whitney, was applied to compare the MRS of male and female
students in trigonometry topics (Fay & Proschan, 2010; McElduff et al., 2010; De Winter &
Dodou, 2010). The assumption tests such as the data normality and homogeneity tests were
checked to establish the comparison test of two means used (de Gois et al., 2020; Gorbunova &
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Lemeshko, 2012; Rasch, Kubinger, & Moder, 2011). To analyze the result of the MRS,
Microsoft Excel and SPSS version 21 software were used as the tools.

Findings and Discussion
The male and female students’ MRS

The analysis of the MRS test using the scoring rubric showed that from twenty-three male
students, seven students had moderate MRS, and sixteen students had low MRS. Also, from
thirty-nine female students, two students had high MRS, seven students had moderate MRS, and
thirty students had low MRS.

Table 3. Students” MRS in trigonometry topic

Gender Descriptive statistics Mathematical reasoning
achievement
Mean  Standard deviation = Sample size ~ Mean of percentage Category
Male 6,35 2,71 23 39,67% Low
Female 5,92 3,17 39 37,02% Low

Table 3 shows that the overall achievement of male and female students’ MRS in solving
trigonometry problems was still low. Furthermore, the Shapiro-Wilk test showed that the P-value
was more than 0,05. It means that the data is normal. In addition, Levene’s test showed that the
P-value was more than 0,05. It indicates that the variance of data is homogeneous. Because the
data was normal and had homogeneous variance, the t-test was carried out to justify any
difference between male and female students’ MRS significantly (Fay & Proschan, 2010;
McElduff et al., 2010). The results of the t-test are presented in Table 4.

Table 4. The comparison of male and female students” MRS

t-value Degree of Freedom (df) Sig. (2-tailed)
0,538 60 0,593

Table 4 reveals that the p-value of T statistics was more than 0,05. It indicates that the MRS
of male and female students in solving trigonometry problems do not differ significantly. This
finding was similar to Salam and Salim (2020); their results showed that the MRS between male
and female students in mathematics was not significantly different. Moreover, in solving
geometry problems, the MRS between male and female students was also not significantly
different (Kadarisma et al., 2019). Therefore, these findings support this study that male and
female students’ MRS is not significantly different in solving trigonometry problems.
However, Table 3 reveals that female students' MRS were lower than male students' MRS.
Similar previous studies also revealed that male students' MRS were higher than female students'
MRS in solving mathematics problems (Erdem & Soylu, 2017) and geometry problems
specifically (Kadarisma et al., 2019; Setiawan & Sa’dijah, 2020). These findings provide strong
evidence that the term "mathematics as a male domain" is right. In this context, mathematics as
a male domain means that male students have performed better than female students for
mathematical skills, especially MRS (Brandell & Staberg, 2008).

Although this study provides evidence that the MRS is a male domain descriptively, the
results of other studies show that male students’ MRS was not higher than female students’ MRS
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(Misu et al., 2019; Salam & Salim, 2020). These findings interpret that mathematics as a male
domain is not applied absolutely. Factors such as class, ethnicity, and geographical location
could make this different study (Yates, 1997). In their study, Yates (1997) reported that in
Australia and United Kingdom, female students outperformed male students in mathematics
study. Also, socioeconomic status was one factor causing the difference in the mathematical
skills of male and female students, specifically MRS (Brandell & Staberg, 2008). As a
consequence, these factors become a determinant part of the different MRS levels in gender
issues.

Male and female students’ MRS for each indicator

Finding a relationship pattern

Table 5. The results of students’ MRS in finding a relationship pattern

Gender Descriptive statistics Mathematical reasoning
achievement
Mean  Standard deviation  Sample size =~ Mean of percentage Category
Male 0,74 0,75 23 18,48% Low
Female 1,00 1,24 39 25% Low

The achievement of male and female students’ MRS in this indicator is presented in Table
5. It shows that male and female students' skill in finding a relationship pattern of the
trigonometry identity problem was low. In the previous study, Rodiah and Triyana (2019)
showed a similar result that students' skill to analyze mathematics situations using the pattern
was low. The low skill of male and female students in finding a relationship pattern could be
drawn from the analysis of the achievement of students' skills in solving trigonometry identity
problems. Of twenty-three male students, all of them had a low skill in finding a relationship
pattern. It indicates that their low skill in finding a relationship pattern makes them difficult to
solve the problem. On the other hand, seven female students had a high skill, and thirty-two
female students had a low skill in finding a relationship pattern from thirty-nine female students.
It means that most female students still have difficulty solving trigonometry identity problems,
whereas a small proportion of female students have been able to solve the problem.

The distribution of male and female students' skills in finding a relationship pattern of
trigonometry identity problems is presented in Figure 1. It describes those two female students
who found the correct pattern, employed the correct principle and concept, and carried out the
precise arithmetic operation. As a consequence, they were able to determine the value of p — g
correctly. It indicates that they have the high skill to find a relationship pattern in solving
trigonometry identity problems. The evidence is presented in Figure 2.

Five female students found the correct pattern and used the correct principle and concept,
but they conducted the less precise arithmetic operations. Some studies also reveal that students
often made errors in arithmetic operations (Hidayati, 2020; Usman & Hussaini, 2017). Students'
errors in arithmetic operations could be affected by difficulty in conducting basic arithmetic
operations such as calculation or computation (Rohimah & Prabawanto, 2019). Therefore, they
were not able to find the precise final answer. It indicates that they have a moderate skill to find
a relationship pattern in solving trigonometry identity problems. Four male students and two
female students could find the correct pattern; however, they used the wrong principle or
concept. This finding was in line with several studies showing that some students often did not
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understand the principle or concept such as theorem or formula used to solve the trigonometry
identity problem (Sartika & Fatmanissa, 2020). Also, nine male students and twelve female
students did not get the correct pattern. This can be interpreted that they have a low skill in
finding a relationship pattern of a trigonometry identity problem. The evidence is presented in
Figure 3.

Female I 5,13%
Male 0,00%

Female NN 12,82%
Male = 0,00%

Female I 5,13%
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Male I 17,39%
Female NN  30,77%
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Female I 46,15%

Male I /4 3,48%

Figure 1. The distribution of students' skills in finding a relationship pattern

® p—q = (secei 4 L5C don + Soctila 4 ESC g + o 4 Spcidly 4 L3¢, = Vo', +
Lot dn 4 4ontdy 4 ot dnay 4 oo 0+ dantdn + fot )
e l&ﬁtlv{t ~+an'd, 4 Sectda - dant Ayt et Secten "'*0“110{"‘) ¢ L&JVL[ A
CoA’d 4 £5C s ~ Cotthy + - =t E5Cdn= Cotoln)
LLETF ey Y (gt amvt | )
RN
2n

L

1

1"

Figure 2. The evidence of female students' answers in solving the trigonometry identity
problem

2 > 2
@ P= Sec K4 escdn + Sectiy + esciolnoy 4 =« 4 SE(LOCn-i' e A,

4= tan&i & Cod*dln 4 tan'd, 4
= VX £ U 4
s h

Figure 3. The evidence of male students' answers in solving the trigonometry identity problem
Ten male students and eight-teen female students did not give their answers. This proves

that the overall male and female students' skill to find a relationship pattern of trigonometry
identity problem was low. Therefore, it is needed an extraordinary effort to enhance students'

41



Suparman, et al.

skills in finding a relationship pattern in trigonometry topics, specifically in trigonometry
identity topics.

Because of the unnormal data, the Mann-Whitney test was conducted to give the
justification of the difference between male and female students' skills in finding a relationship
pattern (Fay & Proschan, 2010; McElduff et al., 2010). The results of the Mann-Whitney test
showed that the p-value of U statistics was 0,772, and it was more than 0,05. This result indicates
that male and female students' skills to find a relationship pattern in solving trigonometry identity
problem is not different significantly. It could be shown using the same achievement level of
male and female students' skills in finding a relationship pattern-which was low. However,
descriptively, female students' skill to find a relationship pattern was higher than male students'
skill to find a relationship pattern in solving trigonometry identity problems. This finding was
supported by the previous studies showing that male students' mathematical skill was lower than
female students' mathematical skill in trigonometry topic (Salam & Salim, 2020).

Proposing a conjecture

Table 6. The results of students” MRS in proposing a conjecture

Gender Descriptive statistics Mathematical reasoning
achievement
Mean Standard deviation = Sample size =~ Mean of percentage Category
Male 2,00 1,24 23 50% Low
Female 2,00 1,38 39 50% Low

Table 6 reveals that male and female students' skill in proposing a conjecture of the cosine
law problem given was low. A study regarding the analysis of students' errors in mathematical
reasoning in solving geometry problems showed that some students had difficulty expecting the
correct conjecture (Setiawan & Sa’dijah, 2020). It means that their skill to guess the correct
conjecture is still low. The low skill of male and female students in proposing a conjecture could
be shown from the analysis of the achievement of students' skill in solving cosine law problems.
Eight male students had a high skill, and fifteen male students had a low skill in proposing a
conjecture. It indicates that mostly male students still have difficulty solving the cosine law
problem.

On the other hand, fourteen female students had a high skill, and twenty-five female
students had a low skill in proposing a conjecture. It also indicates that most female students still
have difficulty in solving the cosine law problem. However, some male and female students
have been able to finish the cosine law problem well because they have a high skill in proposing
a conjecture. Therefore, they can expect the correct conjecture and give the precise reason for
the conjecture made, although some students give the less precise reason.

The distribution of male and female students' skills in proposing a conjecture of the cosine
law problem is presented in Figure 4. The figure describes those three male students and seven
female students who could guess the correct conjecture and give the proper reason. This shows
that they have a high skill to propose a conjecture to decide precisely the type of catfish pond
that has the vertex with the largest angle size. The evidence is presented in Figure 5.
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Figure 5. The evidence of female students' answers in solving the cosine law problem

Seven female students and five male students could expect the correct conjecture and
provide the reason for the conjecture, but the conjecture presented was less precise. It indicates
that they have a moderate skill in proposing a conjecture so that although they can determine the
type of catfish pond which has the vertex with the largest angle size, they present the less suitable
reason. Furthermore, seven male students and twelve female students were able to expect the
correct conjecture, but they could not provide a precise reason. Students were unable to give a
precise reason because they did not understand the concept employed to explain the conjecture
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made. Some previous studies reported that some students still encountered misunderstanding
concepts in trigonometry topics (Ahmad et al., 2018; Dewanto, Budiyono, & Pratiwi, 2018;
Hidayati, 2020). This indicates that they have a low skill to propose a conjecture. Therefore, they
cannot provide a reason why they decide the type of catfish pond. The evidence is presented in
Figure 6. Also, five male students and five female students proposed the incorrect conjecture.
Moreover, eight female students and three male students did not answer the cosine law problem.
These interpret that their skill to propose a conjecture is low. Therefore, they cannot determine
the type of catfish pond which has the vertex with the largest angle size.
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So, the triangle with the largest angle is Beta, vertex M, because the longer front side also has
a large angle. For example, KM is 13, which is longer than other sides. There is angle M, 130°.
The longer a side of the triangle, the larger the angle located in front of the side.

Figure 6. The evidence of male students' answers in solving the cosine law problem

Verifying the truth of a statement

Table 7 shows that male and female students' skill in verifying the truth of a statement was
moderate. It means that they still have a little difficulty solving the sine law problem. A previous
study revealed that some students carried out errors in clarifying the truth of an argument in
solving geometry problems (Setiawan & Sa’dijah, 2020). It reveals that they have to enhance
their critical thinking skills because it will support their ability to verify the truth of the argument
(Bellamy, 2007). In addition, fifteen male students had a high skill, and eight male students had
a low skill in clarifying the truth of an argument. This indicates that most male students can solve
the sine law problem well, although some male students cannot solve the sine law problem.
Meanwhile, there were twenty-one female students who had a high skill and eight teen female
students who had a low skill in verifying the truth of an argument. It indicates that most female
students can solve the sine law problem well. However, some female students are unable to solve
it. Furthermore, male and female students who have a high skill to verify the truth of an argument
can clarify the truth of Arman's statement claiming that the wooden beam can be used to cross
the river. Whereas, they who have a low skill to clarify the truth of Arman's argument cannot
state that the wooden beam can be employed to cross the river.

The distribution of male and female students' skills in verifying the truth of a statement is
presented in Figure 7. Thirteen male students and ten female students applied the correct steps
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in the verification process, employed the correct principle and concept, and carried out the
precise arithmetic operation. It indicates that they have a high skill to clarify the truth of an
argument so that they can examine the truth of Arman's argument stating that the wooden beam
can be used to cross over the river. The evidence is presented in Figure 8 and Figure 9.

Table 7. The results of students’ MRS in verifying the truth of a statement

Gender Descriptive statistics Mathematical reasoning
achievement
Mean Standard deviation = Sample size =~ Mean of percentage Category
Male 2,78 1,57 23 69,57% Moderate
Female 2,28 1,38 39 57,05% Moderate
Female I 5,64%
<
IV | | 55,52 %
Female I 23,2 1%
o
Male mE— 3 70%
K5 Female 0,00%
8 (o]
n Male 0,00%
Female e 41, 03%
-
Male I )6, 09%
Female I 5,13%
o
Male HEE— 8 70%

Figure 7. The distribution of students' skills in verifying the truth of a statement

Furthermore, eleven female students and two male students could apply the correct steps in
the verification process and use the correct principle and concept. However, they conducted a
less precise arithmetic operation. It means that they have a moderate skill in clarifying the truth
of an argument. Some studies also revealed that students often made an error in the arithmetic
operation (Hidayati, 2020; Usman & Hussaini, 2017). Students' errors in arithmetic operations
could be affected by students' difficulty in conducting basic arithmetic operations such as
calculation or computation (Dewanto et al., 2018; Rohimah & Prabawanto, 2019). As a
consequence, there are some mistakes in the verification process that they carry out. In addition,
six male students and sixteen female students applied the incorrect steps in the verification
process. Moreover, two male students and two female students did not answer. These reveal that
they have a low skill in verifying the truth of an argument. Therefore, they are unable to clarify
the truth of Arman's argument stating that the wooden beam can be used to cross over the river.
Students who have a low skill in clarifying the truth of an argument can be affected by some
factors, such as misunderstanding the meaning of the problem (Ahmad et al., 2018; Dewanto et
al., 2018; Hidayati, 2020; Wahyuni & Widayanti, 2020) and misconceptions of a concept such
as they are unable to establish the formula used (Ahmad et al., 2018; Dewanto et al., 2018;
Hidayati, 2020; Rohimah & Prabawanto, 2019; Satriani et al., 2020).

The result of the Mann-Whitney test showed that the p-value of U statistics was 0,114, and
it was more than 0,05. This result indicates that male and female students' skill to verify the truth
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of an argument in solving sine law problem is not different significantly. It could be revealed
using the same achievement level of male and female students' skills to clarify the truth of an
argument — which was moderate. Consequently, their skill in verifying the truth of Arman's
argument stating that the wooden beam can be used to cross over the river is not significantly
different. Descriptively, however, in solving the sine law problem, male students' skill to clarify
the truth of an argument was higher than female students' skill to verify the truth of an argument.
This finding was in line with a previous study (e.g., Salam & Salim, 2020) that reported male
students' skill was higher than female students' skill to validate the truth of an argument. Another
study also revealed that female students made more mistakes than male students in checking the
validity of an argument (Setiawan & Sa’dijah, 2020). These prove that in verifying the truth of
an argument, male students' skill is better than female ones.
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Translation:
Because having the wooden beam 18m then Amanda can cross the river as the length of the

wood equals the distance

Figure 8. The evidence of male students' answers in solving the sine law problem
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Translation:
Because the length of the wood is 18m while the width of the river is 12v/2, then Amanda can
travel across the river as the wood is longer than the width of the river. Thus, Amanda’s

statement is correct.

Figure 9. The evidence of female students' answers in solving the sine law problem
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Generalizing a statement

Table 8 reveals that male and female students' skill in generalizing the statement was low.
This means that most students are not able to solve the trigonometry function problem,
specifically the cosine function. This result was similar to the previous study; Rodiah and
Triyana (2019) revealed that students' skill in concluding was low in solving a two-variable
linear equation system. Furthermore, all male students had a low skill to generalize the statement.
Also, from thirty-nine female students, only one student had a high skill, and other female
students had a low skill to generalize the statement. It can be interpreted that most students
cannot determine the cosine function from some characteristics of function given because they
have difficulty to give the reason toward the cosine function established and make a conclusion
that it is the correct cosine function asked. Therefore, they have to improve their skill in
generalizing the statement by the practice of mathematics problem that measures students' skill
to conclude.

Table 8. The results of students’ MRS in generalizing the statement

Gender Descriptive statistics Mathematical reasoning
achievement
Mean  Standard deviation = Sample size =~ Mean of percentage Category
Male 0,83 0,39 23 20,65% Low
Female 0,64 0,63 39 16,03% Low

The distribution of male and female students' skills in generalizing the statement is
presented in Figure 10. It describes that one female student could make the correct generalization
and conduct the slight error of the generalization process. It indicates that she has moderate skill
in generalizing the statement. Consequently, she can determine the correct cosine function.
However, the process to find the cosine function is a slight error, such as students' error to
calculate or compute basic arithmetic operations. Several previous studies reported that students
often carried out an error in calculating or conducting basic arithmetic operations (Dewanto et
al., 2018; Hidayati, 2020; Rohimah & Prabawanto, 2019; Usman & Hussaini, 2017). The
evidence is presented in Figure 11.

Female 0,00%
Male = 0,00%
Female mHE 2,56%
Male 0,00%
Female = 0,00%
Male 0,00%
Female I  56,41%
Male I 32,61%
Female IS 41,03%
Male HEE—— 17,39%

Scale

Figure 10. The distribution of students' skills in generalizing the statement
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Furthermore, nineteen male students and twenty-two female students made the incorrect
generalization. The evidence is presented in Figure 12. Moreover, sixteen female students and
four male students did not answer. This indicates that they have a low skill to generalize the
statement. Therefore, they are unable to determine the correct cosine function asked. As a result,
they cannot solve the trigonometry function problem. Students who had a low skill to generalize
the statement could be caused several things: they did not elaborate and synthesize the
characteristics of cosine function given, did not understand the concept of function, or did not
understand the method for solving a two-variable linear equation system. Some previous studies
revealed that most students still had a low skill to understand the principle and concept of
mathematics, specifically trigonometry (Dewanto et al., 2018; Hidayati, 2020; Wahyuni &

Widayanti, 2020).
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Figure 11. The evidence female students' answers in solving trigonometry function
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The result of the Mann-Whitney test showed that the p-value of U statistics was 0,088, and
it was more than 0,05. This result indicates that male and female students' skill to generalize the
statement in solving the cosine function problem is not different significantly. It could be
revealed that using the same achievement level of male and female students' skill to generalize
the statement — which was low. Therefore, their skill in generalizing some characteristics of
cosine function given to determine the cosine function asked is not different significantly.
Descriptively, however, in solving the trigonometry function problem, specifically the cosine
function, male students' skill to generalize the statement was higher than female students' skill
to generalize the statement. A study regarding the analysis of students' errors on mathematical
reasoning in solving geometry problems reported that female students carried out more mistakes
than male students in concluding (Setiawan & Sa’dijah, 2020). Meanwhile, several previous
studies revealed that in concluding, female students' skill was higher than male students' skill
(Rodiah & Triyana, 2019; Salam & Salim, 2020). It uncovers that male and female students' skill
in generalizing the statement is not different significantly.

Conclusion, implication, and limitation

Overall, this study found that male and female students” MRS in solving trigonometry
problems was low. Specifically, male and female students’ skills in finding a relationship pattern,
proposing a conjecture, and generalizing the statement were also low. Only in verifying the truth
of an argument, male and female students' skills were moderate. Furthermore, the MRS of male
and female students did not differ significantly. Moreover, male and female students’ skills to
find a relationship pattern, propose a conjecture, verify the truth of an argument, and generalize
the statement were also not significantly different. Therefore, overall, they had the same
opportunity to enhance or improve their MRS.

This study implies that mathematics teachers in secondary schools should enhance male and
female students” MRS, specifically on the indicator of finding a relationship pattern, proposing
a conjecture, and generalizing a statement because the achievement of male and female students'
MRS on those indicators is low. The enhancement of male and female students' MRS in
trigonometry topics can be carried out by supporting male and female students’ basic concepts
and principles in trigonometry identity, sine, and cosine law, and trigonometry function. The
improvement of these basic and principle of trigonometry topics of male and female students
can be conducted by implementing the precise model or approach of mathematics learning such
as problem-based learning model or realistic mathematics education approach. Since the
mathematics learning model or approach will accommodate male or female students to learn
trigonometry topics collaboratively, they can share information between male or female students
regarding the precise concept or principle of trigonometry to solve trigonometry problems.
Therefore, the findings of this study provide a starting point for improving male and female
students' MRS in mathematics learning by solving trigonometry problems specifically.

This study only involved four indicators of MRS. To explore overall male and female MRS,
we recommend involving other MRS indicators for further research. Also, the sub-topic of
trigonometry involved in this study is half of the trigonometry topic. Other researchers can
involve some sub-topics of trigonometry in further research, such as trigonometry equation and
trigonometry inequality. In addition, the time for students to solve trigonometry problems in this
study is limited. It is only one hour, so it is difficult for students to manage their work in solving
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trigonometry problems because the proportion between the difficulty level of problems and the
given time is not balanced.
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