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Abstract

The research intended to compare the differences of mathematical
communication skills between the students who are taught with RME
and students who are taught with conventional learning approaches in
terms of the school’s level and Mathematical Prior Knowledge (MPK).
The research populations are all Islamic Senior High School (MA)
students in Jakarta consist of 4 National Standard Schools (NSS) and
72 Regular Schools (RS). From two categories of schools level will be
selected one of the school randomly. The research instruments used in
this research are teaching materials on probability which is designed
based on RME approach, MPK test, and mathematical communication
skill test. The data will be analyzed by using the Mann-Whitney test
and t-test. According to the data analysis, it was found that: (1) there
are differences in mathematical communication skill between the
students who are taught with RME approach and students who are
taught with conventional learning approaches, as generally, or even
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both schools level and three categories of MPK, the RME learning
approach given a better enhancement, (2) there are no significant
interaction between learning approach and school level to the
improvement of the students’ mathematical communication skills, (3)
there are significant interaction between learning approaches and
students’ MPK to the improvement of mathematical communication
skills, RME approach contributed to better enhancement for low MPK
students.

Background

Basic Education Curriculum in Indonesia stated that Mathematics lesson
at Senior High School or Sekolah Menengah Atas (SMA) and Islamic Senior
High School or Madrasah Aliyah (MA) has purposes to encourage students
to be able to have several skills as follows:

1. Understanding mathematical concepts, explaining the relationship
between concepts and applying concepts or algorithms, flexibly,
accurately, efficiently, and appropriately, in solving problems.

2. Solving problems that included the ability to understand the problem,
design a mathematical model, solve the model and interpret the
obtaining solution.

3. Communicating ideas with symbols, tables, diagrams, or other media
to clarify the situation or problem.

4. Having respect on the usefulness of mathematics in daily life, such
as, the curiosity, attention, and interest in studying mathematics, as
well as a tenacious attitude and confidence in problem solving.
(Department Education of Government [5].)

The four objectives are closely related to mathematical problem solving
skills. To master problem solving skills, students require a mathematical
communication skill, because it can assist the students to connect
mathematical problems in everyday life as well as problems in other
disciplines with the existing rules in mathematics. Mathematical
communication skill consists of: (1) the ability to express mathematical ideas
by writing, demonstrating, and creating a model of problems, and (2) the
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ability to understand, interpret, and evaluate mathematical ideas presented in
written, verbal, or visual form.

Mathematical communication skill is vital to be developed, as Pugalee
[19], communication is an essential part of teaching and learning
mathematics. Kusumah [15] also said that by communicating mathematical
ideas, it can be exploited in a variety of perspectives and students can
sharpen the way of thinking. Furthermore Jacob (in Setiawan [23]) expressed
that mathematical communication is essential in the learning process and
accessing mathematics.

To enhance students’ mathematical communication skills, mathematics
learning with Realistic Mathematics Education (RME) approach offers a
solution. The three principles and the five characteristics of RME support on
the enhancement of students’ mathematical communication skills,
particularly on modeling and interaction.

Learning with RME approach has been applied in several elementary and
junior high schools, such as research Fauzan et al. [8], Armanto [1], Saragih
[21], Uzel and Uyangor [25], and Lecturer Manchester Metropolitan
University [6]. All the studies have shown that the RME approach could
improve student’s motivation and students’ learning achievement in both
elementary and junior high schools. Moreover, Zulkardi et al. [26] research
has shown that RME teaching approach makes students enjoying
mathematics learning process.

By observing several studies above, RME approach probably can also be
used to improve students’ mathematical communication skills for Senior
High School (SMA) and Islamic Senior High School (MA) students.
However, it is still questionable, as the characteristics of primary and junior
school students are different from Senior High School, however RME
learning approach can also be applied in Senior High School, because
realistic perspectives are not only interpreted with the connection of the real
world, but also with related to the clear imagination students. RME approach
has not been implemented on Senior High School in Jakarta, so MA in
Jakarta are chosen to be a research place so that teachers in MA can obtain a
new knowledge.
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Each student has a different skill to understand mathematics. As Gabon
(cited by Ruseffendi [20]) stated that the students who are chosen randomly
from the population, there are always consisted of the high, the middle, and
the low level skill. This caused students skill shared normally distributive.
Different abilities measured by Mathematical Prior Knowledge (MPK) tests.
From MPK test, the students grouped on 3 categories of MPK are high,
medium and low. Does learning by RME approach can give contribution
better towards increasing communication mathematical ability on third
category of students’ ability or only upon students who has high ability or
reverse also need to be observed. On the other hand, according to Ruseffendi
[20], “the different of ability whose students can be influenced by
environment factor”, learning environment in National Standard School
(NSS) and School Standard (SS) also different. One of example of different
as supplying LCD in every class on NSS, whereas in Standard School not yet
all classes are completed LCD. Does learning by RME approach just give
contribution on increasing students’ ability in National School Standard or
reverse or both school level needs to be observed. Therefore, it might be
suggested to implement and do research more on the realistic mathematics
hereby approach in two school levels (NSS and SS) along with three
categories of mathematical prior knowledge.

Formulation of Research Problem

Based on the background above, the issue will be focused on whether
there are differences in mathematical communication skills between the
students who are taught with RME and students who are taught with
conventional learning approaches. The research question will be formulated
as follows:

1. Are there any differences in mathematical communication skill
between students who are taught with the RME approach and those
who are taught with conventional learning approach:

a. In general.

b. Subject to school level.
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c. Subject to mathematical prior knowledge.

2. Is there interaction between learning approach with school level for
enhancing communication of mathematical competence?

3. Is there interaction between students’ learning approach with MPK
for enhancing communication of mathematical competence?

Review of Literature

Mathematical communication skills

According to Brenner [4], there are three aspects of mathematical
communication, viz., communication about mathematics, communication in
mathematics, and communication with the mathematics.

As a guide to measure students’ mathematical communication skill,
NCTM [18] provides some indicators that can be used are: (1) the ability to
express mathematical ideas by speaking, writing, demonstrating, and
describing the ideas into visual form, (2) the ability to understand, interpret,
and assess the mathematical ideas presented in writing, verbal, or visual
form, (3) the ability to use vocabulary/language, notation and mathematical
structures to present ideas, draw relationships, and make a model.

In this study, mathematical communication skills that will be examined
are:

a. The ability to express mathematical ideas in the form of pictures.

b. The ability to understand, interpret, and evaluate mathematical ideas
presented in the pictures form.

The ability to express mathematical ideas in the pictures forms consists
of: (1) the students’ ability to sketch problems associated with a permutation
towards a mathematical model, (2) the students’ ability to sketch problems
related to a combination form from an event towards a mathematical model,
(3) the students’ ability to sketch problems related to a combination of
sample space towards a mathematical model, (4) the students’ ability to
sketch problems in probability form that is related to combination and
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multiplication rules, and (5) the students’ ability to sketch problems
associated with permutation and cyclic permutations.

On the other hand, the ability to understand, interpret, and evaluate
mathematical ideas presented in the pictures form includes: (1) the students’
ability to make a permutation form from the problem containing pictures
sketch, (2) the students’ ability to make a combination form to count the
number of ways of an event based on the pictures, (3) the students’ ability to
make a combination form to cut the numbers of sample spaces based on their
created drawing sketch, (4) the students’ ability to find probability from
created drawing sketch, (5) the student’s ability to solve a probability
problem that is associated with combination from created drawing sketches,
and (6) the students’ ability to solve problems related with permutations and
cyclic permutation through pictures sketch.

RME approach

RME approach is a mathematical learning approach that started from the
real word or something that can be visualized by students. This approach is
initially developed in 1971 by the Freudenthal Institute in The Netherlands,
which is based on Freudenthal’s view that mathematics as a human activity
(in Heuvel [13]). Based on these views, three basic principles of RME are
developed, namely: (a) Guided Reinvention through Progressive
Mathematizating, (b) didactical phenomenology, and (c) emergent models
(Gravemeijer [9]). Based on three principles above, the process of
mathematics learning, Van Reeuwijk (in Drijver [7]) provides the following
characteristics of Realistic Mathematics Education: the ‘real” world, free
productions and constructions, mathematization, interaction and integrated
learning strands. In Indonesia, the mathematics learning with RME approach
developed by a team of Pendidikan Matematika Realistik Indonesia (PMRI)
since the 1990’s by some lectures from: ITB, UPI, UNJ, UNESA, UNY and
USD (Sembiring [22]).

Methods and Procedure

This research is a quasi experimental design with pretest-posttest control
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group design as follows:

0X,0 (Ruseffendi [20]),

where X; is teaching with RME approach, X, is conventional learning

approaches, and O is the mathematical communication skills on the pretest
and posttest.

There are three research variables such as: independent variable,
dependent variable and control variable. The independent variable is a
learning approach that consists of the RME approach and conventional
learning approaches. Dependent variable is a students’ mathematical
communication skill, and the control variable is the school level and students
MPK. School level comprised of National Standard School (NSS) and the
Regular School (RS), while MPK students will be categorized like high,
medium and low. The research populations are sophomore of MA in Jakarta,
academic year 2011/2012, consisting of 4 National Standard Schools (NSS)
and 72 Regular Schools (RS). This test instruments used in this research are
Mathematical Prior Knowledge (MPK), and mathematical communication
skills.

Analysis of the Data

The analyses used in this study are the analysis of qualitative data and
quantitative data analysis. Qualitative data analysis is used to analyze the
students’ answer sheets at pretest and posttest. From this analysis, students’
mathematical communication skills will be obtained on the pretest and
posttest. The results qualitative analysis will be followed by quantitative
analysis to compare the average enhancing students’ mathematical
communication skills from experiments class and the control class.
Enhancing mathematical communication skills will be measured by
mathematical formula:

g= posttest score — pretest score

~ maximum possible score — pretest score (Meltzer [16], Hake [12]).



8 Ervin Azhar, Yaya S. Kusumah, Jozua Sabandar and Turmudi

The differences of students’ mathematical communication skills will be
measured by the Mann-Whitney and t-test.

On the other hand, the interaction between learning approach with school
level and MPK will be based on Minium [17] said that in general, the
guestion of interaction between two treatments may be phrased this way:
“Whatever the difference among the several levels of one treatment, is it the
same for each of the levels of the other treatments?”

Results

Enhancing communications of mathematical competence

There are differences in mathematical communication skills between the
students who are taught with RME approach and students who are taught by
conventional learning approaches, both in general (see Table 1), or even on
the second level of the school (see Table 2) and three categories of MPK (see
Table 3).

Table 1. Enhancing mathematical communication skills

. Pretest Posttest N-Gain N-Gain
Statistic .
Exp |Control| Exp |Control| Exp |Control| difference
n 53 55 53 55 53 55

Average | 3.357 | 3.367 |92.448 |57.374 | 0.922 | 0.559 |Significant
Std 0.978 | 0.961 |10.635|11.317 | 0.110 | 0.118

Table 2. Enhancing mathematical communication skills viewed from school
level

School L Pretest Posttest N-Gain N-Gain
Statistic .
level Exp |Control | Exp |Control | Exp |Control | difference
n 30 31 30 31 30 31

NSS | Average | 3.394 | 3.402 | 95.515 | 61.290 | 0.953 | 0.599 | Significant
Std 0.923 | 0.908 | 8.710 |10.136 | 0.090 | 0.105
n 23 24 23 24 23 24
RS | Average | 3.320 | 3.333 | 88.775 |52.273 | 0.884 | 0.506 | Significant
Std 1.048 1.027 | 11.740 | 10.646 | 0.122 0.111
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Table 3. Enhancing mathematical communication skills viewed from MPK

category
MPK . Pretest Posttest N-Gain N-Gain
Statistic .
category Exp | Control | Exp | Control | Exp | Control | difference

n 4 4 4 4 4 4
High | Average | 3.636 | 3.636 | 95.455 | 77.273 | 0.953 | 0.764 | Significant
Std 0.000 | 0.000 | 9.091 | 1.818 | 0.094 | 0.019
n 39 40 39 40 39 40
Medium| Average | 3.263 3.455 | 92.960 | 57.636 | 0.927 0.561 | Significant
Std 1.118 | 0.803 | 10.354 | 9.909 | 0.107 | 0.103
n 10 11 10 11 10 11
Low | Average | 3.636 | 2.975 | 90.000 | 49.091 | 0.896 | 0.475 | Significant
Std 0.000 1471 | 12.457 | 7.799 0.129 0.081

The interaction between learning approach with school level and MPK
category for improvement on mathematical communication

Interaction between learning approach to school level by comparing the
effect of different learning approaches at both the school level. Interaction
between the learning approach and the school level can be conducted by
observing the following graph in Figure 1. Since the graph tends to parallel,
this suggests that the interaction between learning approach to school level is
not significant.

1.200
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0.600 ——% - afs= RME

0.400 —]
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0.000 . .

NSS RS
School Level

’----‘

Skor N-Gain

Figure 1. Interaction between learning approach with school level for
enhancing communication of mathematical competence.
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Figure 2. Interaction between learning approach with MPK students for
enhancing communication of mathematical competence.

Interaction between students’ learning approaches with MPK seen by
comparing the effect of different learning approaches in three categories of
MPK. To see whether this interaction is significant, it can use graph in Figure
2. Since the graph tends to intersect, this suggests that the interaction
between the MPK approaches to student learning is significant.

Discussion

The fundamental difference between RME approaches and conventional
learning lies in the Guided Reinvention through Progressive Mathematizating
and emergent models. In conventional learning, the teacher explains the
mathematical concepts and their application to several problems, so that
students can solve problems that involve only one mathematical concept, but
the difficulty in solving problem that involves several concepts such as the
following problem below:

A dinner at the round table was attended by four families. Each family

consists of husband, wife and a child. So all in all there are 12 people.

a. |Ifitis agreed that each family member should sit side by side, make a
sketch to find many ways their sitting arrangement.

b. Based on the sketches that you create so many ways determine the
composition of their seats.
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To solve the above problem, it required communication skills such as,
the ability to express mathematical ideas in a problem by using a picture and
interpreting the images that have been created in mathematical form. In this
case, the learning process through Progressive Mathematizating Guided
Reinvention and posing models help students to solve problems that involve
multiple concepts, compare answers on student learning RME approaches
and conventional learning.

For 57 students follow learn RME approaches, 28 students (17 from NSS
and 11 from RS) answered as Figure 3a, 20 students (12 from NSS and 8
from RS) answered as Figure 3b, 3 students (2 from NSS and 1 from RS)
answered as Figure 3c. Answers as Figure 3a and Figure 3b show the ability
of students to sketch (model) of the problems associated with the
combination of permutations and a cyclic permutation, while the students’
answers on Figure 3c show students understand the problems associated with
this form cyclic permutation and permutations, but not able to integrate the
form cyclic permutation and permutations of the problem. The ability of the
students has an impact on problem solving, students who answered the
question (4a) as in Figure 3a and Figure 3b answer question (4b) as in Figure
4a and 4b, while students who answered the question (4a) as in Figure 3c to
answer question (4b) as Figure 4c.

=1

4. Sebuah jamuan di meja bundar dihadiri oleh 4 keluarga. Masing-masing

keluarga terdiri dari suami, istri, dan seorang anak. Jadi semuanya ada 12
orang.
a. Jika disepakati bahwa setiap anggota keluarga harus duduk

berdampingan, buatlah sketsa untuk menemukan banyak cara susunan

duduk mereka.
TR\ kel tial SN
= S kL 3 - ey
yis \QL%] = Ejz .5:,’:: o
W g, b ?

Figure 3a. Answer Type A for experiment class on problem number 4a.
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4. Sebuah jamuan di meja bundar dihadiri oleh 4 keluarga. Masing-masing
keluarga terdiri dari suami, istri, dan seorang anak. Jadi semuanya ada 12
orang.

a. Jika disepakati bahwa setiap anggota keluarga harus duduk

berdampingan, buatlah sketsa untuk menemukan banyak cara susunan
duduk mereka.
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Figure 3b. Answer Type B for experiment class on problem number 4a.
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4. Sebuah jamuan di meja bundar dihadiri oleh 4 keluarga. Masing-masing

keluarga terdiri dari suami, istri, dan seorang anak. Jadi semuanya ada 12
orang.

a. Jika disepakati bahwa setiap anggota keluarga harus duduk

berdampingan, buatlah sketsa untuk menemukan banyak cara susunan
duduk mereka.
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Figure 3c. Answer Type C for experiment class on problem number 4a.
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4. Sebuah jamuan di meja bundar dihadiri oleh 4 keluarga. Masing-masing
keluarga terdiri dari suami, istri, dan seorang anak. Jadi semuanya ada 12
orang.

a. Jika disepakati bahwa setiap anggota keluarga harus duduk
berdampingan, buatiah sketsa untuk menemukan banyak cara susunan

duduk mereka.

Figure 3d. Answer Type A for control class on problem number 4a.
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Figure 3e. Answer Type B for control class on problem number 4a.
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4. Sebuah jamuan di meja bundar dihadiri oleh 4 keluarga. Masing-masing
keluarga terdiri dari suami, istri, dan seorang anak. Jadi semuanya ada 12
orang.

a. Jika disepakati bahwa setiap anggota keluarga harus duduk
berdampingan, buatlah sketsa untuk menemukan banyak cara susunan
duduk mereka.
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Figure 3f. Answer Type C for control class on problem number 4a.

b. Berdasarkan sketsa yang anda buat tentukan banyak cara susunan duduk

mereka.
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Figure 4a. Answer Type A for experiment class on problem number 4b.

b. Berdasarkan sketsa yang anda buat tentukan banyak cara susunan duduk

mereka.
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Figure 4b. Answer Type B for experiment class on problem number 4b.
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orang.
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b. Berdasarkan sketsa yang anda buat tentukan banyak cara susunan duduk

mereka.
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Figure 4c. Answer Type C for experiment class on problem number 4b.

For the 55 students who join conventional process, 17 students (9 of NSS
and 8 from RS) answered as Figure 3d, 14 students (8 of NSS and 6 from
RS) answered as Figure 3e, 13 students (7 from NSS and 6 from RS)
answered as Figure 4f, and only 13 students who did not answer, but this
capability is not followed by solving related problems with the combination
of permutations forms a cyclic permutation from the sketch of image as
shown in Figure 4d, Figure 4e and Figure 4f. The students who answered the
question (4a) as Figure 3d answer question (4b) as Figure 4d, students who
answered the question (4a) as Figure 3e answer question (4b) as Figure 4e,
and the students who answered the question (4a) as Figure 3f answer matter
(4b) as Figure 4f.
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b. Berdasarkan sketsa yang anda buat tentukan banyak cara susunan duduk

mereka.
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Figure 4d. Answer Type A for control class on problem number 4b.

b. Berdasarkan sketsa yang anda buat tentukan banyak cara susunan duduk
mereka.
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Figure 4e. Answer Type B for control class on problem number 4b.
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Figure 4f. Answer Type C for control class on problem number 4b.
Conclusion

Based on the findings and the discussion that has been discussed
previously, some conclusions are obtained as follows:

1. There are significant differences between the students who are taught
with the RME approach and the students who are taught with
conventional learning (CL) to enhancing mathematical
communication skill both in general and in second level schools and
third categories of MPK. Learning the RME approach provides a
better improvement of mathematical communication skills.
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2. There are no significant interaction between learning approach and
the improvement of school level mathematical communication skills.

3. There are significant interactions between learning approach with
MPK students to communication of mathematical competence. RME
learning approach contributes to better low MPK students.

Implication

Based on the data, discussion and conclusions, the RME learning

approach can be used to enhance mathematical communication skills in MA.

Recommendation

If the RME approach is used to enhance the mathematical

communication skills for MA’s student in counting rule and probability
topic, then RME approach probably can also be used for other topics in
Madrasah Aliyah. As mathematics curriculum in MA is relatively same with
Senior High School, then RME learning approach can also be applied to
enhance the mathematical communication skills in Senior High School.
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