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1. Introduction

The two-variable linear equation system is the material taught at the grade VIII junior high school
level. In Indonesia, in the material students are required to be able to explain the system of linear
two-variable equations and their solutions that are related to contextual problems. Most teachers
teach the material by giving a general form of the equation so that when students encounter
contextual problems related of two-variables linear equations system students tend to have difficulty
completing [1,2]. Based on the results of the work of students with low mathematics solving
problems [3]. Therefore, meaningful learning activities are needed so that students can understand
the material of a two-variable linear equation system well.

Teachers play an important role in the implementation of learning, so the method used must be
truly following the conditions of the class [4]. Learning mathematics should not only provide
memorization in the form of procedural methods in solving mathematical problems but also build an
understanding of the mathematical concepts that are being studied [5]. Understanding the concept
is the ability that someone has to bring back the knowledge gained both in the form of speech and
writing to people so that other people understand what is being said [6]. The teacher needs to
present a real situation to facilitate students in understanding the mathematical material that is being
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studied [7]. In addition, teachers are also encouraged to use various types of representations, such
as verbal, tables and images, to improve students' understanding of the material [8]. Therefore, the
right learning method is needed so that students are easier to understand the concepts they are
learning.

Mathematical concepts that are considered so abstract require a realistic approach so that
students better understand the concepts they are learning [9]. In everyday life, of course, many
contexts can be used for mathematics learning. For example, the research conducted by Sari [10]
shows that the Kasongan pottery craftsman activities can be used as a context for material learning
in two-variable linear equation systems. Some research shows that Indonesian Realistic Mathematics
Education (IRME) can help students understand in SPLDV material [11,12]. Therefore, PMRI can be
applied to help students understand in two-linear variable system material learning in grade VIII.

PMRI is an adaptation of Realistic Mathematics Education (RME) developed by Frudenthal in the
Netherlands around 1970 [13-16]. However, in some cases, PMRI is different from RME because the
context, culture, social system and nature are different. The characteristics of the Realistic
Mathematics Educational Approach (RME), namely: 1) The used of context. The realistic problem is
used as the starting point of mathematics learning; 2) The used of models for progressive
mathematization. In realistic mathematics education, models were used in progressive
mathematization; 3) Utilization of student construction result. Students have the freedom to develop
problem-solving strategies so that various strategies are expected to be obtained. The results of work
and construction students who are used for the development of mathematical concepts; 4)
Interactivity. It is useful to develop students' simultaneous cognitive and affective abilities; 5) Linkage
[12]. Meanwhile, students will have the motivation to learn mathematics, if he sees that mathematics
is meaningful or considers the benefits of mathematics for him especially problems in daily life.
Therefore, PMRI is very suitable for use in system learning linear equations of two variables because
in this material many learn problems in everyday life.

Based on the description above, researchers are interested in designing a material learning design
for two-variable linear equation systems for class VIII students using the PMRI approach. With the
hope that this design can help students in understanding the material two-variable linear equation
systems.

2. Methodology

This research is a research design research which includes: preliminary design, teaching
experiment, and retrospective analysis [17]. Design research is a method that aims to develop Local
Intrusion Theory to improve the quality of learning [18].

In this preliminary design phase, the researcher implements the initial idea about the design that
will be used by conducting literature studies, curriculum studies, and conducting interviews with
several teachers regarding the context that will be used when teaching material systems for linear
equation variables and ending with designing learning trajectories. In this view, the researcher
composes a Hypothetical Learning Trajectory (HLT) or conjecture as a guideline of possibilities that
will appear in each learning activity. This conjecture is flexible and can be revised during the teaching
experiment stage.

In the stage of the teaching experiment, the researcher implements the learning trajectory that
has been compiled. The teaching experiment stage is divided into two stages, namely the teaching
experiment and pilot experiment. In this experimental teaching stage, the researcher carried out the
stages of teaching experiments, namely the compiled learning trajectory was tested on several VI
grade junior high school students.
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After the experimental teaching stage, the researcher then evaluates the conjectures that have
been prepared with the results of the implementation of the teaching experiment. This stage is called
retrospective analysis. This evaluation was conducted between researchers and teachers. So, the
results of this evaluation obtained a description of the learning trajectory. The two-linear linear
equation system uses the context of buying and selling.

3. Results

The results obtained in this study are HLT designs in which there is a learning trajectory in system
learning of two variable linear equations using the context of buying and selling. The researcher
describes the research data as follows:

3.1 Preliminary Design

The initial idea of the researcher was to design a learning trajectory in the material of two-
variable linear equation systems using the context of the sale and purchase of stationery. At the
beginning of learning activities, the teacher divides students into several groups heterogeneously by
paying attention to students' academic abilities. The sale and purchase rules are described in the
following schem~

The teacher
divides
students mto
two groups

Seller Group Buyer
Group
R ~_ _ J

A E c A E A B
{given apencil and {=ziven 3 sharpensr {given apendil {given IDR. 2000 {given IDR 2500 {ziven IDR. Ry
=raser packags) and eraser packazs) packaze and and IDR 2500) and IDER. 5500) 2500 and IDR.

sharpensr) 6500)

Fig 1. Rules of sale and purchase

In the scheme, it is illustrated that at the beginning of learning the teacher divides students into
two groups, namely groups of sellers and groups of buyers. Then for students who enter into the
seller group, given a package of stationery consisting of three packages, namely the first package
contains a pencil and eraser, the second package contains a sharpener and pencil, and the third
package contains a pencil and sharpener. For each package, it consists of two packages of different
amounts and different in price. As for students who enter the buyer group, each student is given
money of IDR. 2000, IDR. 2500, IDR. 5500, IDR. 6000, and IDR. 6500.

Students from the buyer group will make a purchase transaction by purchasing a stationery
package that matches the amount of money they have. Each student looks for pairs of other students
who buy and sell the same type of item (but different in number). For example, Fayad as a seller of
pencils and erasers while Farez was the buyer, Fayad and Farez became a team and then looked for
another team that bought and sold the same type of items namely pencils and erasers. So that one
team consists of four students. This division of groups is also to determine the problems that will be
solved by each group. This learning track is designed for a total of 24 students. The results of group
division and topics can be seen in Table 1.
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Tabel 1
Division of groups and topics to be resolved
Kelompok Topik

Al 1 pencil + 2 eraser = 2.500
A2 1 pencil + 1 eraser = 2.000
B1 4 sharpeners + 3 erasers = 5.500
B2 2 sharpeners + 1 erasers = 2.500
C1 3 pencils + 2 sharpeners = 6.500
c2 2 pencils + 3 sharpeners = 6.000

From the table above it can be seen that for each group the topic of the problem must be
resolved. Through these problems, the teacher asks students to understand the context of the
problems that have been obtained from the sale and purchase. Then students are asked for how to
solve problems given by the teacher in the form of student activity sheets. In the student activity
sheet students are asked to represent a rectangle as a pencil, square as an eraser, and a link as a
sharpener. Then students are asked to solve these problems with their own strategies. It is
hypothesized that many strategies will emerge from each group such as by imagining, doubling
purchases, separating the same items of goods and taking (eliminating) items bought from one
another. After that each group was asked to present the results of the discussion. And finally, the
teacher directs the conclusions of learning that has been done.

The development of HLT in each learning activity is the most important part of designing student
learning activities. The design is inseparable from the learning trajectory that contains learning plans
from the material to be taught. In this case, the learning trajectory is a concept map that students
will go through during the learning process. The learning trajectory used in this study is students'
understanding of the concept of two-variable linear equations using the context of buying and selling,
then after that, deepened understanding of making mathematical models, after achieving that
understanding will be obtained substitution formula and elimination of concepts a two-variable
linear equation system and its application in solving everyday problems.

An vnderstanding Understanding of
of the concept of making
bwo-variabls linsar mathematical

Understanding of
substitution
formulas and
elimination to
solve everyday
problams

squations vsas the modzls vsing the

context of buying context of buwing
and selling and selling
stationery stabionery

Fig 2. Leaning Trajectory Learning of Two-Variable Linear Equation
Systems at the Junior High School Level

A set of learning activities system two variable linear equations based on learning trajectory and
the results of student thinking will be hypothesized in HLT. It aims to achieve students' understanding
of the two-variable linear equation system and be able to apply it in everyday life. The relationship
between learning pathways, activities, and achievement of learning designed to be HLT can be seen
in Figure 3.
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Fig. 3. Design of a Hypothetical Learning Trajectory (HLT) at
the Junior High School Level

Based on the HLT described in Figure 2, the student learning trajectory design, in general, is
obtained in the system of linear equation learning two junior high school level variables using the
context of buying and selling which is illustrated in the iceberg form in Figure 4.

Students find substitution and slimination Formal

formulas

Create a2 mathematical model by
specifying a rectangle asx, square as y,
and circleasz

Mode for

with rectangular example as - s Modz of

the price of each item in its own

Fig. 4. Iceberg HLT in Learning a system of two-
variable linear equations at the Junior High School
level

3.2 Teaching Experiment and Analysis Retrospective

At this stage, the researcher conducts a learning trajectory experiment that has been designed
for several seventh-grade students of junior high school. Then, the researcher conducted a
retrospective analysis of the results of the experiments obtained in the experimental design stage.
There are 5 activities carried out in the experimental design stage and are classified in several stages,
namely activities in the informal stage, mode of, for mode and formal stages as follows:
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3.2.1 Informal stage

At this stage, the activity carried out is the first activity, namely students doing buying and selling
activities in accordance with the rules that have been arranged. The teacher starts learning by giving
guestions, what is needed when we are going to buy and sell. Then students answer what is a
requirement when going to buy and sell. After that, the teacher divides students into several groups.
Then the teacher explains that in this activity the teacher will ask students to buy and sell and explain
the rules of sale and purchase.

In this stage, students are familiar with the activity of buying and selling stationery because it is
part of the daily activities that students often do. So that students have no difficulty when doing it.
After that student are asked to write the package of stationery they have purchased.

3.2.2 Mode of stage

Activities carried out at this stage are the second activity. After students make buying and selling
and record packages of stationery that have been purchased, students are asked to discuss with the
group. In the discussion, students are required to be able to write packages of purchased stationery
into mathematical forms with agreed upon examples. With this example, students are asked to find
out what the price of each stationery is.

In this activity, there are some students who are still not right in making an example. However,
most students can easily find the price of each of the stationery they have purchased. This is
estimated because students are familiar with stationery packages that are used as realistic contexts.
The results of students' work in writing mathematical forms with agreed upon examples can be seen
in Figure 5.

Fig. 5. Student Activities in Making Forms of Mathematics

3.2.3 Mode for stage

Activities carried out at this stage are the third activity. After students can write a mathematical
form with a predetermined example, then students are asked to write problems into a mathematical
model, which consists of coefficients and variables. Most students can easily write it down. The
results of students' work in writing mathematical models can be seen in Figure 6.
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Fig. 6. Student Activities in Making Model of Mathematics

3.2.4 Formal stage

At this stage, the activity carried out is the fourth activity. In this activity, students are given errors
in daily life related to the system of linear two-variable equations. Then students are asked to write
down the mathematical model and find the price of each item.

Next, the teacher guides students to find the formula for substitution and elimination. From these
activities, most students realize that the formula they have used is substitution formula, namely by
estimating the price of each item and then calculated according to the number of items. However,
from this activity, no answer has emerged which uses the method of elimination in the process. So
that it is still necessary to improve the learning trajectory that has been compiled. The following are
students' answers to the explanation of the ways they use to find the price of each item can be seen
in Figure 7.

Fig. 7. Students' answers about how they find the price of each item

4. Conclusions

The results of this study indicate that in system learning linear equations two variables can be
used learning design using context easily found in students' daily activities. This can help students to
understand mathematical concepts easily, pleasantly, close to the daily activities of students and to
the students' imagination. In addition, it can facilitate students in solving problems encountered in
students' daily lives.
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This research is in line with the reform of mathematics education which was initiated by
Indonesian mathematics educators through Indonesian Realistic Mathematics Education (IRME) to
create learning methods that are not only concerned with the final results, but rather emphasize the
processes that occur during learning and are oriented towards problem solving in daily life and
oriented to the rediscovery of mathematical concepts [19]. The role taken from the results of this
study is to add to the study of mathematical learning design, namely the design of a two-variable
linear equation system learning using the context of buying and selling.
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