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Abstract

Mathematics communication is a way of sharing ideas and clarifying comprehension. The Realistic Mathematics Education (RME) ap-
proach can improve mathematical communication skills. The student worksheet is used because it is shorter, more comfortable and
summarizes the material along with the questions to be able to assist students in the ability of mathematics communication. This study
aims to develop teaching materials in the form of student worksheets based on Realistic Mathematics Education Approach to improve
students' mathematical communication skills. This research is development research with ADDIE development model, that is analysis,
design, develop, evaluation implementation. The subject of this research is the students of the first grade of VII. Instruments used in the
form of validation sheet, mathematics communication ability test, and interview guidance manual. The validation sheet is addressed to
material experts and media experts. The test to determine students 'mathematical communication skills is done before and after the use of
student worksheet so that it is known whether there is an increase in students' mathematical communication ability. Interview guides are
conducted with teachers and students to find out the curricula and character of students in the school. Data analysis techniques in this
study using data reduction, presentation, and conclusion. The resulting student worksheet design based on the RME approach that match-
es the characteristics, curriculum, and student tasks. This research can be developed to the stage of development, implementation, and

evaluation.
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1. Introduction

Mathematics communication is a way of sharing ideas and clarify-
ing understanding [1] through the communication of ideas into
objects of reflection, improvement, discussion, and change. When
students are challenged to communicate their thoughts to others
both orally and in writing, they learn to be clear, convincing and
appropriate in the use of the language of mathematics. Kaya and
Aydin stated that research is being done for experienced teachers,
S0 it is essential to know their views and experiences about their
mathematics communication to help improve students 'mathemati-
cal thinking and students' mathematical understanding [2]. Dis-
cussing the same topic will take a long time, and will lose high-
ability students, while if going to the next level then the low-
ability students will have difficulty [3]. This is a constraint on how
to reach students with low ability and challenge high-ability stu-
dents. The type of writing can take place in the mathematics class-
room, one of which is the theoretical exhibition, it is related to the
way the procedure performs and explains the reason of the math-
ematical results that the students are working on can happen [4].
Floriano and Bernardo say this is where we have the perspective
of teaching it in high school years, where students begin to be
directed to a group of high-level courses according to a mathemat-
ics curriculum that varies according to the subjects in science,
humanities, art or technology that are followed [5]. The National

Council of Teachers of Mathematics (NCTM) declares that learn-
ing programs in kindergarten through high school should give
students the opportunity to: Organize and consolidate mathemati-
cal thoughts and ideas by communicating them; Communicating
their mathematical thinking logically and clearly to his friends, his
teacher, and others; Analyze and evaluate other people's mathe-
matical thoughts; and Using mathematics language to express their
ideas appropriately [6]. The ability of mathematics communication
is one of the topic content tested in the Program for International
Students Assessment (PISA). Since participating in PISA in 2000,
science education in Indonesia has experienced remarkable trans-
formations to create a foundation for prosperity and sustainable
development. Between 2012 and 2015 alone, science performance
among 15-year-olds is up 21 points. The proportion size of 15-
year-olds in countries eligible for PISA assessment are those en-
rolled in schools in grades 7 or above that have increased by 15%
points in Indonesia since 2006. Looking at states in the region, the
level of coverage of Indonesia (68% of students) is higher than
Vietnam (49%) and is now just below that of Thailand (72%) [7].

But the ability of mathematics communication is still relatively
low, and this can be seen from several studies, namely: Very less
field writing from math teachers [8]. Teachers also do not attach
importance to the consideration of the relationship between math-
ematics communication and pedagogy [9]. The results of this
study indicate that in geometric proof, the subject explains what it
is understood, presents ideas in the form of images and symbols,
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and explains the content/meaning of representation accurately and
clearly, but the subject can not pass the argument systematically
and logically. Whereas in algebraic evidence, the topic describes
the understood, describes the method used, and represents the
symbolic representation of the contents/meaning accurately, sys-
tematically, logically, but the argument presented is not clear be-
cause it is insufficient and complete. The learning method used is
the traditional learning method, that is, memorizing mathematical
formulas unrelated to real life or student experience this can not
improve students' mathematical literacy [10]. A student who has a
point of view which is unaware of the relationship of mathematics
to real life will assume math is meaningless, and this will affect
student academic outcomes in mathematics [11].

Similar results were also found in junior high school Negeri 1
Jetis, Yogyakarta. Efforts to improve students’' mathematical
communication skills, especially how to express ideas orally and
writers will use the expected approach to help overcome the prob-
lems that occur by using the approach of Realistic Mathematics
Education (RME).

RME is a theory of learning to teach mathematics that began as a
movement in the late 60s in the Netherlands in an effort to recon-
sider mathematical education, where up to that time, mechanistic
approaches have been dominant. It started in 1968 with the Wis-
kobas Project, the Dutch abbreviation for mathematics in primary
school [12]. RME is the source or starting point for the develop-
ment of mathematical concepts in real life [13]. RME has been
studied by various authors, students' responses to learning by
RME students provide a positive response that they feel happy
with their learning implementation [14]. RME is one of the most
appropriate approaches to teaching mathematics according to the
curriculum which in this case focuses on teaching high-level
thinking, student skills, including helping build their own
knowledge, problem-solving, critical thinking, creative thinking
and mathematical communication [15]. Found in this study is the
difference in student achievement of learning by using RME with
conventional [16]. The survey results found that students taught
based on models of addition and subtraction using RME-based
ICT had a significant overall improvement in mathematics com-
pared with students taught using traditional teaching [17]. Stu-
dents in Vietnam are believed to learn mathematical ideas through
contextual problem-solving. Therefore, it is expected that teachers
in Vietnam can teach math using the RME approach to help stu-
dents recognize the relationship between abstract mathematics and
real life this is seen from research [18]. D Lange J points out that
the mathematics learning with the RME approach includes the
following aspects: starting the lesson by raising the "rill" problem
for students according to their experience and level of knowledge,
so that students are immediately involved in meaningful learning;
the assigned problem should be directed in accordance with the
objectives to be achieved in the learning; students develop or cre-
ate informal symbolic models of the problem/problem posed;
teaching takes place interactively: the student explains and gives
the reason the person he or she is giving, understands the friend's
answer, agrees with the friend's answer, expresses disapproval,
seeks other alternative solutions; and reflect on each step taken or
on the outcome of the lesson [19].

To support the implementation of RME in need of teaching mate-
rials, learning media and assessment of learning outcomes. The
student worksheet is one of the teaching materials. However,
based on observations and interview guidance with one of the VII
junior high school teachers of Junior High School 1 Jetis, Yogya-
karta, it is known that the student worksheets used in mathematics
lessons still do not improve students' mathematical communica-
tion skills. So the need for the development of a supportive stu-
dent worksheet. The developed student worksheet is expected to
train students’ mathematical communication skills to apply and
deepen the mathematical concepts of students are still less able to
communicate their opinions about mathematics to the real world
and not yet used to express ideas in the form of oral and written
form. They also find problems when determining the stages to find

solutions to problems when looking for answers and what kind of
patterns they will use. Based on this, it takes an effort to improve
the students' mathematics communication skills.

Improved learning quality begins with the enhancement of the
quality of instructional design, and to create an exciting learning
tool, in its creation must be by the methods and models that match
the needs of the students for learning to be meaningful [20].
Therefore, teachers need to find solutions so that students can
understand math easily. One solution that can be considered is
developing teaching materials in the form of student worksheets
[21]. This article proposes the design of a mathematics course
based mathematics student approach to improve the ability of
mathematical communication.

2. Method

This type of research is development research. The research model
used in this research is ADDIE. The ADDIE model is one of the
instructional designed [22]. This model phase includes analysis,
design, development, implementation, and evaluation. This
involves educational goals and determining what needs to be
taught to complete educational purposes. First, the design phase of
educators creates a broad range of explanations that explain how
to deliver instructions to fulfill the objectives undertaken during
the analysis process. In the next stage of development, each
instructional component is presented in as much practical detail as
possible to complete in the design phase. At the implementation
stage, educators provide instructions with or without first
implementing smaller projects. Finally, the evaluation phase of the
educator gets feedback on the program and makes adjustments to
the teaching program. The subject of this study is the grade VII
junior high school students 1 Jetis, Yogyakarta. During the
process of each phase, it is important to remember that movements
from stage one to the next are not exclusively linear [23 ].
Samples were taken from class VII B by involving teachers,
students, material experts and media experts. The object of this
research Data collection methods undertaken in this study was
taken by providing tests and interview guidelines.

Instruments used in the form of validation sheet, mathematics
communication ability test, and the interview guide. The valida-
tion sheet is addressed to material experts and media experts. The
test to determine students 'mathematical communication skills is
done before and after the use of student worksheet so that it is
known whether there is an increase in students' mathematical
communication ability. Interview guides are conducted with
teachers and students to find out the curricula and character of
students in the school.

Data analysis technique in this research is data reduction [24].
Data obtained from observations and interview guidelines con-
ducted in schools are then summarized and concluded. From the
analysis results obtained a clear picture of the things that are need-
ed in the development of student worksheets to be done. Namely
data reduction, presentation, and conclusions.

Analyze

Develop

G

Fig. 1: Development Process [25]
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3. Results and discussion
3.1. Analysis

The ADDIE model analysis phase identifies the performance gap,
the difference between the standard set in the standard operating
procedure (SOP) and some teacher performance. Performance
gaps are usually handled by learning products, namely: a
collection of training and assessment materials. In the analysis
phase in doing some stages are

Stage 1: Curriculum analysis, to know the competence or content
that will be developed in the student worksheet. The results ob-
tained are junior high school Negeri 1 Jetis, Yogyakarta using the
2013 curriculum which refers to Permendikbud No. 68 of 2013 on
the essential competition and Structure of the junior secondary
school curriculum.

Stage 2: Validating performance gaps, knowing the ability of stu-
dent communication skill hence conducted test of student commu-
nication ability and interview guidance of teacher and student. It is
found that the test scores of students' mathematical communica-
tion ability is still low or low. While the result of interview guide-
book of student still difficulties in delivering opinion material in
oral and written form.

Stage 3: Determining objectives, activities were determining what
goals will be implemented in the future. In this study, the authors
develop teaching materials namely Student Worksheet.

Stage 4: Analysis material, the activities were identifying, detail-
ing and compiling material to be written in the student worksheet.
And what is obtained in this analysis is the material of class VII
even semester [25].

3.2. Design

Stage Design follows the analysis, which is done at the design

stage are:

1.Adjust the proposed learning product into a larger curriculum.
The proposed learning product refers to the 2013 curriculum.

2.Describe the proposed learning product, at this stage divided
into several parts:

3. a. The opening section

4.In this section there are several parts, namely cover (Figure 2);
introduction (Figure 3); table of contents (Figure 4); Indicator
(Figure 5); Concept (Figure 6), (6.a), (6.b), (6.c), (6.d)
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Fig. 2: Cover
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Fig. 3: Introduction
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Fig. 4: Table of Contents

Fig. 5: Indicator
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b) The content section, consisting of chapter titles, material sum-
maries, exercise questions and evaluation. Concepts (Figure 6).
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¢) The closing section, consisting of a glossary, bibliography, and
answer key.

4. Conclusions

This research resulted in the design of student worksheets based
on the RME approach that suits the characteristics, curriculum,
and student tasks. Student worksheets are designed to improve
students' mathematical communication skills. Designing student
worksheets are part of the ADDIE development procedure. The
student worksheet component consists of three parts: a) The open-
ing section, comprising of cover, table of contents, introductory
words, and instructions for use; b) The content section, containing
of chapter titles, material summaries, exercise questions and eval-
uation; and c) The closing section, consisting of a glossary, bibli-
ography, and answer key. The content section contains the RME
principles: guided reinvention, didactical phenomenology (self-
developed  phenomenon),  self-developed models  (self-
development models).

Indicators of mathematics communication capabilities are also
included in the RME stages that are present on this part of the
student worksheet. Research can be further developed at the stage
of development and dissemination.
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5. Suggestion

The design worksheet student Realistic Mathematics Education is
designed to improve the communication mathematics abilities of
seven-grade high school students. This research can be developed
in the development stage and to the field testing phase to deter-
mine the practicality and effectiveness of the student worksheet.
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