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Abstract: Mathematical proof is one of the mathematical abilities that is very important for
students. Until now, most students had difficulty in mathematical proof. The difficulty of this
mathematical proof needs to be analyzed the causes, including analysis based on gender
differences. This qualitative research aims to describe the ability of mathematical proof based
on gender difference. The research subjects were students of mathematics education FKIP
Lampung University taking the introduction to group theory in the odd semester of the academic
year 2019/2020. Research subjects were 30 people; consisted of 7 men and 23 women. Data was
collected through tests and observations, and it were analyzed descriptively based on 3 indicator
levels, namely fluency, flexibility, and originality. The results showed that the mathematical
proof ability of students were 1.80 (medium); men was 1.43 (medium) and female was 1.87
(medium), and men reach originality. It is concluded that the mathematical proof ability of
students is medium, women are higher than men in fluency and flexibility, but men are higher
than women in originality.

Keywords: mathematical proof, the introduction to group theory, gender differences.

Abstrak: Pembuktian matematis adalah salah satu kemampuan matematis yang sangat penting
bagi siswa. Hingga saat ini, sebagian besar siswa mengalami kesulitan dalam pembuktian
matematis. Kesulitan pembuktian matematis ini perlu dianalisis penyebabnya, termasuk analisis
berdasarkan perbedaan jenis kelamin. Penelitian kualitatif ini bertujuan untuk mendeskripsikan
kemampuan pembuktian matematis berdasarkan perbedaan jenis kelamin. Subjek penelitian
adalah mahasiswa pendidikan matematika FKIP Universitas Lampung yang menempuh kuliah
teori grup pada semester ganjil tahun akademik 2019/2020. Subjek penelitian berjumlah 30
orang; terdiri dari 7 laki-laki dan 23 perempuan. Data dikumpulkan melalui tes dan observasi,
dan datanya dianalisis secara deskriptif berdasarkan 3 level indikator, yaitu fluency, flexibility,
dan originality. Hasil penelitian menunjukkan bahwa kemampuan pembuktian matematis
mahasiswa adalah 1,80(sedang); laki-laki adalah 1,43 (sedang) dan perempuan adalah 1,87
(sedang), dan laki-laki yang mencapai indikator originality. Jadi, diperoleh kesimpulan bahwa
kemampuan pembuktian matematis mahasiswa tergolong sedang, perempuan lebih tinggi
dibandingkan laki-laki pada fluency dan flexibility, namun laki-laki lebih tinggi daripada
perempuan pada originality.

Kata kunci: pembuktian matematis, pengantar teori grup, perbedaan jenis kelamin.
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= INTRODUCTION

Mathematics is one of the fields of science taught to students from elementary
school to tertiary level. The study of material at the elementary school level is very
simple, and the study of the material develops more complexly up to college. In addition
to the study of the material, the abilities students want to achieve also develop in
accordance with the nature of mathematics itself. Soedjadi (2000) stated that science
which is abstract, relies on agreement, has a deductive mindset, has symbols that are
empty of meaning, pays attention to the universe of speech, and is consistent with its
system. Rochmad (2010) added that deductive mindset is a form of mathematical proof
because deductive mindset is developed through mathematical proof. Generally, the
proof of mathematics at the elementary school level uses the inductive mindset, while
the proof at the college level uses the deductive mindset. In addition, Sari (2016) stated
that a deductive mindset is more difficult for students than an inductive mindset; or in
other words deductive proof is more difficult for students than inductive proof. Usually,
mathematical proof at higher education level is more widely used than the lower level
(elementary and secondary schools).

Mathematical proof is one of the mathematical abilities that is very important for
students, in addition to understanding mathematical concepts, solving problems, and
communicating mathematical ideas. Stefanowicz (2014) stated a proof is a sequence of
logical statements, one implying another, which gives an explanation of whya given
statement is true. Mathematical proof is absolute, which means that once a theorem is
proved, it is proved for ever. Until proventhough, the statement is never accepted as a
true one. There are two techniques that can be used to prove the statements, that is direct
proofs and indirectproofs. Direct proof assumes a given hypothesis, or any other known
statement, and then logicallydeduces a conclusion. Indirect proof, also called proof by
contradiction, assumes the hypothesis (if given) together with a negation of a conclusion
to reach the contradictory statement. In fact, to date most students have difficulty in
mathematical proof.

Some studies report the cause of the difficulty of students doing mathematical
proof. Maya & Sumarmo (2011) reported several causes of student difficulties in
mathematical proof, namely unable to generate an example, unable to explain a concept
into simpler form of concepts, did not understand standard mathematical notation and
mathematical language, did not know to start a proof, did not satisfy for starting a proof,
and lack of understanding toward mathematical notation caused they used unexact or
confusing mathematical language. Santosa (2013) stated five reasons students find it
difficult to carry out mathematical proof, namely lack of understanding of concepts,
lack of logical knowledge and methods of proof, limitations of students in under-
standing language and mathematical notation, ability and knowledge of choosing facts
and theorems to be applied, and affective aspects of belief in proof. Nurrahmah &
Karim (2018) stated the cause of students' difficulty in mathematical proof due to weak
understanding of concepts. Based on the three results of the study it can be concluded
that the understanding of weak mathematical concepts is the main cause of the difficulty
of students doing mathematical proof.

The difficulty of students in mathematical proof is expressed by the weak
achievement of mathematical proof indicators. Lestari (2015) listed that the five
indicators of mathematical proof ability are reading, doing, criticizing, modifying, and
rearranging mathematical proof directly or indirectly. Herizal et al., (2019) provide 3
indicators of mathematical proof, namely (1) understanding the axioms, premises, and
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mathematical results that already exist with the flow of deductive reasoning, (2)
completing the proof if there are errors, and (3) comparing the effectiveness of one
evidence with another evidence. According to Sutiarso et al., (2019) that indicators of
mathematical proof ability can use indicators of creative thinking ability, namely
fluency, flexibility, and originality; and this indicator is used in this study.

At present, research on mathematical proof ability in terms of gender differences
is rarely (if ever) conducted. While research on other mathematical abilities have (often
even) done by researchers such as mathematical problem-solving ability (Zhu, 2007;
Lowrie & Diezmann, 2011), mathematics literacy (Thlen, 2016; Aula et al., 2019),
mathematical disposition (Birenbaum & Nasser, 2006; Andari & Sugiman, 2019) ,
understanding of mathematical concepts (Wilhelm, 2009; Sutiarso et al., 2018),
mathematical creative thinking (He & Wong, 2011; Mahama et al., 2019), mathematical
reasoning (Halat, 2008; Erdem & Soylu, 2017), and mathematical representation
(Fauzan et al., 2018). Research on students' mathematical proof in terms of gender
differences is seen as important. The results of some of these studies indicate that there
are differences in mathematical thinking skills between men and women. The results of
this study can also be a lecturer guide in teaching mathematics between male and female
students. especially mathematical proof in the introduction to group theory. This study
aims to describe the mathematical proof ability of students in the introduction to group
theory courses in terms of gender differences.

METHOD

This type of research is qualitative which explains the actual situation without any
treatment of the research subjects.The research subjects were students of mathematics
education, Faculty of Teacher Training and Education, Lampung University taking the
introduction to group theory in the odd semester of the academic year 2019/2020.
Research subjects were 30 people; consisted of 7 men and 23 women. Data was
collected through tests and observations, and it were analyzed descriptively based on 3
indicator levels, namely fluency, flexibility, and originality. The form of test is essay
from introductory material to group theory, that is (1) prove the division algorithm "Let
a and b be integers (b> 0). Then there are integers q and r which are valid single a = bq
+71,0<r<b,dan (2) prove that 22¢* 1 + (-1) .8 = 0 (mod 5)?. The selection of this
problem is based on the consideration that most of the material (more than 80%)
contains proofs of theorems/theorems. Observation to analyze student answers based on
students' answers to the introduction of group theory

RESULT AND DISCUSSION

The results of this study are based on students' answers to the introduction of
group theory. The students' answers were analyzed based on 3 indicators of
mathematical proof ability, namely fluency, flexibility, and originaly. Each student's
answer was analyzed based on gender and each indicator of mathematical proof ability.
The results of the analysis of the mathematical proof ability of students from 30 students
as follow in Figure 1.
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Figure 1. Students’ mathematical proof ability in an introduction to group theory

Based on Figure 1, it was found that the mathematical proof ability of students in
introduction to group theory mostly achieved fluency and flexibility indicators, and
originality were the least indicators obtained by students. These results indicate that the
mathematical proof ability of students medium level. Then, the results of the analysis of
the mathematical proof ability of students from 30 students in terms of gender
differences as in Figure 2.
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Figure 2. Students’ mathematical proof ability in terms of gender differences

Based on Figure 2, it is found that the mathematical proof ability of female is
higher than that of men, even though the two levels of proof ability between the two are
the same (medium). Besides that, from Table 3 it was found that more men achieved
fluency and women achieved more flexibility, but only men achieved originality and
women did not achieve it. It can be concluded that the mathematical proof ability of
women is higher than that of men, although there are men who reach originality.

The results of research on mathematical proofing ability of mathematics education
students in the introduction to group theory showed that most students achieved fluency
and flexibility, and only 1 person achieved originality. The result is an analysis of the
students' answers to the introduction of group theory questions consist of 2 items,
namely (1) prove the division algorithm "Let a and b be integers (b> 0). Then there are
integers ¢ and r which are valid single a=bq + r, 0 <r <b, dan (2) prove that 22** + (-
1) X8 = 0 (mod 5)?. When analyzing student answers, for question number 1 most
students were limited to solving fluency. This is evidenced by the answers of students
who tend to follow what is written in the textbook or what is exemplified by the
lecturer. The answers of students in this number 1 (Figure 3), there is no flexibility even
originality. The following is an example of student answer number 1, namely:
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Figure 3. Example of students’ answers on number 1

Furthermore, in answer number 2 it appears that students achieve flexibility. This
Is indicated by the existence of different student answer ideas from textbooks or lecturer
examples. The following is an example of one student's answer number 2 (Figure 4).
Based on student answers to number 2 shows that students are not only fluency in
solving problems, but also students achieve flexibility indicators. Flexibility can be
demonstrated when students modify algebraic operations in proving k = n + 1. The
completion of this proof is not easy, because students must be able to associate an
algebraic concept and operation with other algebraic concepts and concepts. This shows
that flexibility is achieved by students.
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Figure 4. Example of students’ answers on number 2

The results also showed that there were differences in mathematical proof ability
between men and women; and the difference is that female students have the ability to
prove higher than men. In the first two indicators (fluency and flexibility) women are
higher than men but in the third indicator (originality) only male students achieve it.
The results of the analysis of the test answers show that women are more systematic and
detailed in proof than men, but the answers of women are still limited to imitating or
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slightly modifying examples of lecturer proof. However, the results of the analysis on
the students' answers showed that there was a male student who answered the difference
in mathematical proof ability between men and women. The results of this data analysis
are in accordance with the opinion (Baer & Kaufman, 2008) which states that women
are more creative (fluent and flexible) in completing work/problems than men.

With regard to higher male students than female indicators of originality, this is
caused by differences in differences between women and men can also be caused by
differences in the anatomy of male and female brains. According to Snowman &
McCown (2012) that differences in brain structure have a significant effect on
differences in the abilities of men and women. The brain structure of men causes men to
tend to have a higher level of self-confidence than women. With this higher level of
trust, men are braver to convey original / new ideas than women; while women are often
hesitant to come up with new ideas. There are differences in the results of this study
with previous studies. A meta-analysis study by Cramond et al., (2005) states that from
various studies on creativity found a relationship between gender differences with the
level of creativity both in terms of quantity and quality. The results of an analysis of
research journals from 1958-1998 found a difference both in the aspects of fluency,
flexibility, and originality. Women tend to be higher in the aspects of fluency,
originality, and elaboration, while in the aspect of flexibility men tend to be higher even
though the difference is not too high. Although there are differences with the previous
research, but there are similarities in this study, namely indicators of fluency. That in
this study it was found that women were higher than men on the fluency indicator. The
difference between this study and the previous one is due to the small number of
subjects of this study compared to the meta-analyzes of previous studies.

CONCLUSION

Based on the results of the study concluded that the mathematical proof ability of
students in introduction to group theory mostly achieved fluency and flexibility
indicators, and originality were the least indicators obtained by students; these results
indicate that the mathematical proof ability of students medium level. In addition, the
mathematical proof ability of female is higher than that of men, even though the two
levels of proof ability between the two are the same (medium); that is women are higher
than men in fluency and flexibility, but men are higher than women in originality. Based
on the results of this study, further research is needed on how to improve mathematical
proof ability for male and female students including other mathematics’ material.
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