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Abstract

This study aims to determine the development of mathematical representation skills of junior high school students (SMP) based on math-
ematical exam results data in 2014-2016. The research data was obtained from responses of students' answers consisting of 1,535 stu-
dents in 2014 and 2,000 students in 2015 and 2016 classified based on indicators of mathematical representation ability. In addition, the
classification of student response data is also by gender and type of school. This research is a descriptive research using tables and graphs
to describe data analysis of the development of the ability of mathematical representation in each year. The results show that the average
percentage of mathematical representation ability of junior high school students in creating and using representations to organize, record
and communicate mathematical ideas decrease every year. In indicators uses representation to model and interpret the physical, social,
and mathematical phenomena increase in 2014 to 2015 but decrease in 2016. In general, the average percentage of mathematical repre-

sentation ability of male students is higher than female.
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1. Introduction

Mathematics is one of science that is taught at every level of
education with the concept which is related to each other or
related to another science. One of the abilities required in
mathematics learning is the ability of mathematical representation
[1]. The ability of mathematical representation is one of the
crucial and important things in understanding mathematics [2].
Understanding of mathematics can be enhanced by having good
mathematical representation skills, so mathematical representation
can help students in improving and developing students'
understanding of mathematics [3].

There are various ways to improve the ability of mathematical
representation there are using active learning method, Realistic
Mathematics Education (RME), and context-based learning or also
known as Contextual Teaching and Learning (CTL) [4]. Contex-
tual learning giving the opportunity for students to construct and
represent mathematical ideas into various forms of representation
so the students can develop the mathematical understanding and
problem-solving ability to solve the math problem [5]. The earlier
research showed that context-based learning improves the ability
of mathematical representation better than conventional learning
[6].

The application of the real context in mathematics applied in the
item of mathematical problem. The problem is based on real prob-
lems. The context of math problems can motivate students to
make a mathematical representation. It implied the students use
reasoning ability to help in understanding mathematics [7]. It
shows that item based on context can stimulate students to per-
form mathematical representations. The earlier research conducted
shows that students with the high and medium level of mathemati-
cal representation ability can represent mathematical ideas in ta-

bles, images, and mathematical symbols, solve problems related to
mathematical modeling and can write problem steps math with
words. While students with the low mathematical representation
ability only solve problems related to mathematical modeling and
write steps of mathematical problems with words [8].

Based on these conditions the mathematical representation ability
analyzed by using the item based on context. The problems in
these questions based on real problems (context-based). The de-
velopment of mathematical representation ability can be analyzed
by using mathematics test which is arranged by the item based on
the indicator of mathematical representation ability. However,
there is no further research that discusses the development of
mathematical representation abilities in secondary high school
based on indicators of mathematical representation ability and
gender differences. Therefore this study aims to analyze the de-
velopment of students' mathematical representation abilities based
on indicators of mathematical representation of junior high school
students in terms of gender.
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2. Literature Review

Mathematics has five content standards, namely communication
skills, reasoning, problem-solving, connection, communication,
and mathematical representation [1]. Five standards of such con-
tent are the goal of learning mathematics, so the purpose of learn-
ing mathematics is not just limited to the score of mathematics
learning results only. Representation is one of the components in
mathematics that has a connection with mathematical communica-
tion skills and is used to connect between abstract ideas with logi-
cal thinking to understand mathematics [9].

Mathematical representation ability is one of the processes in
problem-solving as a tool for understanding, exploring math prob-
lems to make the visual representation and dependent on how well
the mathematical problem is understood [10],[11]. When students
construct ideas and use mathematical representation indirectly the
student has developed the basic knowledge so it helps help stu-
dents in doing problem-solving [5].

This research analyzes student response data based on two indica-
tors of mathematical representation ability there are 1) creating
and using representation to organize, record, and communicate
mathematical ideas; 2) use representation to model and interpret
physical phenomena, social, and mathematical phenomena [1].

3. Methodology

This research uses descriptive research approach, which describes
without any manipulation. This research describes the develop-
ment of students' mathematical representation abilities at the sec-
ondary high school in terms of gender-based on indicators of
mathematical representation there are 1) represents math problems
using drawings, tables, and graphs, and 2 ) uses terms, symbols,
and structures to model situations or math problems.

This research uses data from UN mathematics response in second-
ary high school in 2014, 2015, and 2016 consisting of 1,535 stu-
dents’ responses in 2014 and 2,000 students in 2015 and 2016
students’ response. The data is processed by using descriptive
statistics. The sample selection by doing the randomization in the
selection of UN (large scale assessment) in mathematics question
and the randomization of students’ responses data.

4. Result and Discussion

Based on the analysis of student responses from UN in 2014,
2015, and 2016 then obtained the following results:
A. Analysis of students' mathematical representation abilities in

2014
PN Ls Ps

60.30%
57.62%

M Indicator 1 59.95%

59.97%

54.84%
47.08%

56.22%

M Indicator 2 49.64%

Fig.1 Percentage of Mathematical Representation Ability Viewed from
Gender and type of school in 2014.

Tables and graphs above showed that in 2014 in public schools
male students have higher mathematical representation ability than
female students for the first indicator, which is different by 0.35%.
While the second indicator of female students is higher than male,
that is different by 2.35%. In private schools, female students have
higher mathematical representation ability than male students for

the first and second indicators, which are different by 1.38% and
2.56%.

In general, the mathematical representation ability of male and
female students in 2014 showed in the following graph:

h L

58.08%
54.80%

57.57%
52.35%

® Indicator 1

m Indicator 2

Fig.2 Percentage of Mathematical Representation Ability in General 2014

Based on the graph it showed that male students have a higher
average mathematical representation ability than female students
in the first and second indicators, which is different by 0.51% and
2.45%.

B. Analysis of students' mathematical representation abilities in

2015
LN PN LS PS

45%

B Indicator 1 42% 41% 42%

W Indicator 2 74.89% 71.65% 64.23% 67.17%

Fig.3 Percentage of Mathematical Representation Ability Viewed from
Gender and type of school in General 2015.

Based on the above tables and graphs showed that in 2015 in pub-
lic schools male students have superior mathematical representa-
tion abilities than female students for the first and second indica-
tors, which are 3% and 3.24% different. However, in private
schools, female students have higher mathematical representation
skills than male students for the first indicator, which is 1% and
the second indicator is 2.94%. In general, the ability of mathemat-
ical representation of male and female students in 2015 showed in
the following graph:

Fig.4 Percentage of Mathematical Representation Ability in Gen-
eral 2015.

The graph showed that female students have a higher average
mathematical representation ability than male students in the first
and second indicator, which is different by 1% and 0.15%.

C. Analysis of students' mathematical representation abilities in

2016.
LM PN LS PS
M Indicator 1 45% 45% 35% 38%
m Indicator 2 54.93% 54.64% 41.61% 45.45%

Fig. 5 Percentage of Mathematical Representation Ability Viewed from
Gender and type of school in 2015.
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Based on the data in the tables and graphs above, it is found that
there is no significant difference in the percentage of mathematical
representation ability of male and female students in public
schools for the first and second indicators, but in private schools
the mathematical communication ability of female students is
higher than male students, Which different by 3%. In general, the
mathematical representation ability of male and female students in
2016 can be seen in the following graph.

| P
| Indicator 1 41% 40%
50.05%

48.27%

I Indicator 2

Fig.6 Percentage of Mathematical Representation Ability in General 2016

Based on the graph showed that male students have a higher
mathematical representation ability than female students in first
and second indicators, which is different by 1% and 1.78%.

5. Discussion

The analysis of the development of mathematical representation
ability of secondary high school students based on students' re-
sponse data on mathematics test according to mathematical repre-
sentation indicator and gender. The results of the analysis show
that male and female students have differences in mathematical
representation ability on each indicator. The differences are based
on gender differences.

Gender as one aspect that can affect a person's cognitive level
because it is caused by psychosocial factors that have an influence
on gender differences [12]. This biological aspect is seen to give
rise to "gaps" or differences in one's ability, for example, male and
female students experiencing different treatment from the sur-
rounding environment, this occurs with the understanding of ge-
netic factor differences [13].

Differences or "gap" between men and women also occurs in
mathematics, it is also due to differences in biological factors. In
addition, female students have lower self-esteem than men in
mathematics learning, thus impacting the high anxiety of female
students in solving mathematical problems [14]. These biological
factors can make a difference in spatial ability, higher order think-
ing, and other cognitive aspects, resulting in differences in the
achievement of mathematics learning [15].

The condition showed that spatial ability is one of the cognitive
aspects in mathematics influenced by gender. The spatial ability
relates to the ability to represent abstract ideas in various forms
such as images, symbols, graphs, and tables. Performing visual
representations in problem-solving provide a similar meaning with
using spatial abilities by performing visual representations [16], so
there is a correlation between mathematical representation and
spatial ability. The interrelationship between the mathematical
representation ability and spatial ability is based on the interrela-
tionship of meaning, the ability to represent abstract ideas in visu-
al form or other modeling forms [17].

The results showed that male has the higher percentage of mathe-
matical representation ability than female. In the indicators of
creating and using representations to organize, record and com-
municate mathematical ideas male students have an average per-
centage of mathematical representation ability, that is 47.1% while
females 46.8%. In indicators using representations to model and
interpret the physical, social, and mathematical phenomena of
male students also have higher percentage of mathematical repre-

sentation ability, that is 58.1% while females 56.7%. The results
are consistent by the argument that men are seen to have a tenden-
cy to the spatial aspect while women have a tendency toward ver-
bal skills (Fryerr, Levitt, 2009). It is, therefore, several psycholog-
ical, biological, and spatial aspects that can affect the students'
mathematical representation abilities.

The spatial ability is related to geometry, so the analysis of stu-
dents 'spatial ability in mathematics can be done by looking at the
development of students' geometry abilities. The results of the
analysis show that geometry is a field of mathematics that has the
lowest percentage of mathematical representation ability then
algebra and statistics. The following is an example of geometry on
indicators creating and using representations to organize, record,

and communicate mathematical ideas.
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Fig.7 Example math problem of square area

The picture above is an example of geometry in the rectangular
material. The problem aims to enable students to determine the
black area on the square. The biggest obstacle that students expe-
rience when working on this problem is that students are not able
to represent the black area is a square area. When the student has
understood that the area is square, the student only needs to calcu-
late the square area using the formula.
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Fig.8 Example math problem of square area

The picture above is an example of geometry to determine the area
of combined area. If the student wants to solve the problem then
the student is required to be able to represent the combined form
of triangle and trapezium. The steps in solving the problem are: 1)
the student determines the height of the triangle using the Pythag-
oras formula, 2) calculates the area of triangle and trapezoid, 3)
calculates the amount of triangle and trapezoidal area

33, Perbatikan gambar skctsa kebum beriku!

Fig.9 Example math problem of parallelogram area
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The picture above shows an example of geometry related to con-
text, which is determining the area of the road around the park in
the form of a parallelogram. 1) Determine that there are two simi-
larly shaped of a parallelogram, 2) determine the size of each side
of the parallelogram, 3) calculate the area by finding the differ-
ence between the area of the large parallelogram and small paral-
lelogram The problem requires students to represent the area of
the road around the park in the form of a parallelogram. In addi-
tion, after representing the abstract idea the students are also re-
quired to linkink between the concepts.

Some examples of the analysis of the above problems show that
students 'representational abilities are related to students' spatial
ability in geometry. Students with low spatial ability will have
difficulty in representing geometric objects to solve problems.

6. Conclusion

Based on results and discussion, the analysis of the development
of students' mathematical representation abilities at the secondary
high school reviewed by gender showed that the mathematical
representation of male and female students in the indicators cre-
ates and uses representation to organize, record, and communicate
ideas mathematics has decreased every year. In the indicators
using representations to model and interpret the physical, social,
and mathematical phenomena, the mathematical representation
abilities of male and female students increase in 2014-2015 but
decreased in 2016.

The mathematical representation ability related to spatial ability,
that is changing the abstract idea into a form of visual representa-
tion. Gender is one of the biological aspects related to the psycho-
logical aspect of students in finding self-tendency towards mathe-
matics ability. Female students have the tendency to verbal ability
while male students have the tendency to spatial ability. This sug-
gests that one of the reasons male students have higher mathemat-
ical representation abilities than female students is male students
tend to have higher spatial abilities than female students.
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