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Abstract

This study aims to support student’s understanding of the properties of a bisector
related to the area of the triangle. A context and a set of activities is design based on
Realistic Mathematics Education (RME) theory to develop students’ understanding and
to engage them in meaningful activities. Design research is chosen as the research
approach with two cycles of experiment. A context of land subdivision problem was
selected to activate students’ prior knowledge and to bring them into the activities. At
First, the activities is presented in small group of mathematics students and in the
regional mathematics competition as one of the final question for the finalists. Then, the
second cycle is conducted in the classroom with students from mathematics education
program in Universitas Ahmad Dahlan. The result showed that none of the students
and finalists in the competition were able to solve the question because they do not have
idea how to do land subdivision. They cannot use their prior knowledge of bisector to
solve the problem. After revising the activities, in the classroom, all groups in the class
were able to solve the problem. These activities are land subdivision with three different
levels of difficulties and purposes.
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INTRODUCTION

Many people keep questioning the importance of mathematics in their life and
argue that it does not related directly in their life. Most people do not know the
application of mathematics in daily life even though mathematics indeed has
influence since it determines our ability and competences. In fact, the goal of
mathematics education is to help students implementing mathematical
concepts in their future life (Freudenthal, 1991); (K.W, 2011). This kind of
competency is called mathematical literacy ( (Heuvel-Panhuizen, 1998); (J,
20006); (A, 2018)). Based on the statement of (OECD, 2012) (OECD, PISA 2012
Assessment and Analytical Framework: Mathematics, Reading, Science,
Problem Solving and Financial Literacy., 2012), mathematical literacy is about
students’ ability to identify, organize, solve, and interpret mathematical
problems encountered in daily life. In Indonesia, students’ mathematical literacy
is still considered low according to the result of PISA 2015 in which Indonesian
students are only in 9th row from the bottom of the ranking table. Therefore,
mathematics education in Indonesia should focus more on how to develop
students’ mathematical literacy.

One of the solutions to support students’ mathematical literacy is
implementing Realistic Mathematic Education in the class ( (Freudenthal,
1991); (Sembiring, 2014); (A, 2018)). RME suggests mathematics to be taught
not as a ready subject but as a result of students’ exploration and activity (
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(Heuvel-Panhuizen, 1998); (Zulkardi, 2002)). Many studies have confirmed that
RME indeed had positive impact on students’ mathematical literacy ( (Widjaja,
2011); (Waluya, 2018); (Rosita, 2018); (Sutisna, 2019)). This is because RME
has three principle which are 1) Didactical phenomenology, 2) Guided
reinvention, and 3) Emergent modelling (Gravemeijer, 2003). Didactical
phenomenology suggests that the classroom activity should begin from and
based on a context. This context can be a real world problem or a fictional story
that can lead students to find big ideas and mathematical concepts (
(Gravemeijer, 2003); (A, 2018)). By using contexts, students will understand the
concepts in a more meaningful way. As a result, they can fully master the
concept and last longer in their mind than using a conventional way of teaching
( (Zulkardi, 2002); (Wijaya, 2012); (White, 2017)).

One of the concept in mathematics is special line in a triangle such as
bisector. Bisector lines of a triangle is a line connecting the vertices of the
triangles to the mid-point of the opposite sides. Students do not have to struggle
to understand this. They easily identify the line in seconds after the teacher
explains the concepts. However, this does not last longer as after days and
weeks past, they begin to doubt what a bisector of a triangle is and their
properties. Therefore, this study aims to design classroom activities for students
to explore the concept of bisector line through meaningful contexts.

RESEARCH METHOD

This study uses design research as research approach to achieve the purpose
which is designing activities for students to explore the concept of bisector line
in a triangle. Design research is choosen because it allows us to study deeper
into students’ mind. In design research, it is like we are trying to be the
students. Design research consist of three stages of developing process: 1)
Preliminary design 2) Teaching Experiment, and 3) Retrospective analysis
(Akker, 2006). In the first stage, a series of activities are designed based on the
literature study and as a result of didactical phenomenology process. Two cycles
of teaching experiment are conducted to test the design so that the activities
can be revised. The last stage is retrospective analysis in which the design is
analyzed based on the result of teaching experiment.

The subject of the first teaching experiment in this study is three groups
of 3 students from regional mathematics competition. In the second cycle, the
subject is 30 students from plane geometry course in Universitas Ahmad
Dahlan. The data is collected from students’ works and presentation. Additional
data is from observation, video recording, and interview.

RESULTS AND DISCUSSION

This study consists of three stages of designing process. Therefore, the following
explanations and descriptions are based on these three stages which are 1)
Preliminary Design, 2) Teaching Experiment, and 3) Retrospective analysis.

Cycle 1 of Design Research
Preliminary Design

The preliminary design of the activity is by giving the students an open
activity of with the context of land division. The context is about a king who
wants to split his land for his two sons. Therefore, the land must be divided
evenly and fairly. The task is students have to figure out how they divide the
land effectively and efficiently. Figure 1 shows the land.
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PEMBAGIAN TANAH ‘

ama luas untuk diberikan
s adil agar fidak
1, sang raja tidak

Scorang raja ingin membagi 3 tanah kerajaan menjadi d

kepada dua orang putranya sebagai warisan. Pembagian tan

menimbulkan rasa iri diantara keduanya, Namun, setelah sema

menemukan cara membagi tanah tersebut karena bentukny

Translation:

A king wants to divide his land of kingdom into two parts with
similar area for his two sons. The division must be done fairly such
that there will be no conflict between them afterwards. However, after
thinking all night long, the king cannot find the solution because the
shape of the land is very complex. How do you divide the land? Give
and draw your solution!

Figure 1. The land of kingdom

This design is then tested in the final mathematics literation contest in
UAD as a question for three teams in the final stage. The result will be discussed
in the next section.

Teaching Experiment

Because this is a mathematics competition than teacher or observer
cannot do scaffolding. Hence, the model employed in this teaching experiment
is discovery learning. We gave the students time to discuss the problem with
their friends and the result is then presented in front of the audience.

Figure 2. The answer of the first group

Figure 2 shows the answer from the first group in which they were trying
to divide the land into two parts. However, when they are asked the reason, they
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failed to convince everyone. They claimed that the just estimate roughly without
calculation the land with the black line. Hence, they just conclude that that the
two lands have the same area. From this fact, it seemed that this group did not
know how to do the split. Group 2 also did something similar with group 1.

Figure 3. The answer of the third group

Group 3 has different approach shown in Figure 3. They divided the land
into several parts and then they share the parts for the sons. This strategy
seemed better than the first two groups. However, they also failed to proof that
the part they share have the same area or equal. But this strategy is more
accurate than just roughly estimate without a reference. They assume these
parts are equal in which they use them as reference. But, they also realize that
the answer are not good enough and there must be a better solution for it.

Retrospective Analysis

The result of the first cycle turned out to be not as we have expected. No
students can find the reasonable solution. The given solution is just randomly
arranged parts and they estimated or assume the parts have the same area.
This is not the correct answer. None of the groups came up with the idea of
triangle and the properties of bisector line. Therefore, the activity was then
revised to adjust students’ ability.

Cycle 2 of Design Research

Preliminary Design

The activity in the first cycle is too open and discovery learning seemed not to
work for students. Therefore, we revise the activity into a more engaging and
teacher was more involved during the discussion. We created preliminary
problems before they do the complex one. Figure 4 represents the problem.
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KONTEKS:

Seorang raja ingin membagi 3 tanah kerajaan menjadi dua sama luas untuk diberikan
kepada dua orang putranya sebagai warisan. Pembagian tanah ini harus adil agar tidak
menimbulkan rasa iri diantara keduanya. Namun, sang raja setelah semalaman berpikir,
sang raja tidak menemukan cara membagi tanah tersebut karena bentuknya yang sulit.
Bisakah kalian membantu raja tersebut??

TANAH 1 TANAH 2

TANAH 3

Figure 4. Problems in the second cycle

There are three lands starting from the simplest one (triangle) into a more
complex (Four sided land) and the almost-similar problem from the cycle 1. We
hypothesized that students will come up with the idea of bisector from the first
activity when the land is formed like a rectangle. This design is then tested in
the geometry course in 2018 with approximately 25 students.

\ T\t\ing‘;a:{\\;gcg;?u;m B kemudian

dibagi  medjadi dua

28150 hpatan decscbue  dibagi  menjadi
dua

Figure 5. Answers for problem about Land 1 from the first group

Teaching Experiment

The experiment begin with teacher giving the problem to the students
and they work in small groups of 3 students to solve them. Figure 5 shows the
answer of the first group for problem in land 1. The firs group did the split by
folding the paper so that the side meet to the next side. Then, they draw a line
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to indicate the mark on the land. After they folded them, they cut them and glue
to the upper left corner and bottom-right corner. The have the same area but
the teacher asked them again “How do you fold the land, it is impossible” and
“how would you join the two lands into one again”. They cannot answer the
teacher and then they got confused.

Figure 6. Answers for problem about Land 1 from the second group

The second group also have an interesting answer shown in Figure 6.
They did not fold the land but they find the midpoint of each side by using a
procedure of drawing a perpendicular bisector using a compass and a ruler. The
mark of compass can be seen in Figure 6 proves that they use them as a
reference to divide the land. However, they still split the land into 4 parts and
separate from each other. However, they did not find a better way of dividing
the land so that there will be only 2 main lands.

Retrospective Analysis

The results shows that the students come up with the properties of bisector in
activity in which suggest that the activity played a better role than the first
problem given to the students. By getting the idea of bisector, students then
moved to the next problem of land. Figure 7 shows some of the answers.

Figure 7. Answers for problem about Land 1 from the second group
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They easily divide the land by finding the bisector and forming triangles.
However, the result answers are not efficient. Since they can actually divide the
land into two triangles only. After discussing the problem with the teacher they
realized a better way of splitting the land so that the parts were not separated
from each other.

CONCLUSION

Based on the discussion above we can conclude that the activity bring
the students to the concept of bisector in a triangle by splitting the land. The
first problem was not effective since it needs more guidance and too open for
the students. But, after simplifying the problem, they can find various solution
to the problems.
The second and third problems are also can be solved by the students although
the solution are not elegant and still the parts are separated from each other.
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