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Abstract

Geometry is one of the essential mathematics materials, such as square and rectangle. However,
most elementary school students experience difficulty in understanding it due to the
abstractness of the geometric material. Furthermore, teachers teaching in the remote areas of
Indonesia still encounter problems exploring this abstract material to make students understand
caused by the limited learning resources. On the other hand, students in remote areas are
familiar with traditional games, such as Macanan. Hence, the objective of this study is to design
learning activities utilizing Macanan game in assisting students understand the concept of the
perimeter and area of squares and rectangles for fourth-grade students. A design research
approach was implemented and performed at one of the elementary schools in Jambi, Indonesia.
The research results presented that Macanan could be a context for a starting point in this
learning design of both square and rectangular learning. Employing this context, it would be
fun, enjoyable, and easy to understand the perimeter and area of squares and rectangles for
students. This game could be a context for teachers in remote areas in teaching geometry and
be a reference for identifying other contexts which can make mathematics learning easy in
remote areas.
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Introduction

Mathematics is a basic science which is highly essential in life (Cozzens & Roberts, 2020;
Phoenix, 2018). It is a subject that must be provided to students, from elementary to secondary
education (Rowland, 2012; Graham & Fennell, 2001). However, teachers in schools frequently
teach mathematics directly in an abstract form unassociated with daily life or real-world contexts
(Chong, Shahrill, & Li, 2019; Risdiyanti, Prahmana, & Shahrill, 2019). Hence, students generally
experience difficulties, anxiety, meaninglessness, misunderstanding, and misconception with the
learned mathematics (Nurhayati, Chang, Naaranoja, 2019; Maschietto & Trouche, 2010). In
essence, mathematics is a human activity (Gravemeijer, 2020; Ernest, 2013), and learning
mathematics should be taught in accordance with activities in students' daily lives. Through the
activities, students will be able to comprehend the essence of mathematics, expeditiously
understand the concept, make meaning, and take advantage of mathematics in solving problems
in the students' daily lives (Chong & Shahrill, 2016; Freudenthal, 1991; Phonapichat,
Wongwanich, & Sujiva, 2014). Therefore, it is essential to teach mathematics with relevant
contexts associated with student activities.

Besides the concern on how mathematics is taught in schools, school conditions also influence
students’ mathematical processes (Acharya, 2017). In Indonesia, not all regions are well
developed, wherein some areas are still underdeveloped or frequently referred to as the remote
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areas (Hendayana, Supriatna, & Imansyah, 2010). These areas are commonly far from urban
dwellings, road access to these places is customarily difficult to reach, and Internet access is not
available (Hendayana et al., 2010; Kurniati, Arafat, & Mulyadi, 2020). It makes school facilities
and infrastructure difficult to provide and hinders mathematics learning process of students
(Kurniati et al., 2020; Febriana et al., 2018). On the other hand, one of the solutions is employing
materials around the classrooms or schools to uphold the mathematics learning process for the
students so that the mathematics learning process can be conducted optimally in limited
conditions (Kusumah & Nurhasanah, 2017; Hadi, 2002; Zulkardi & Putri, 2019). Thus, the
materials discovered locally can be utilized as context by the students and implemented as
starting points in learning mathematics, hence, students will easily understand.

Geometry is one of the most crucial basic mathematics topics, including the concepts of
points, lines, shapes, spatial numbers, and others (Laborde, 2015). These concepts are the basis
for developing object visualization skills and learning other mathematical concepts in accordance
with visual and spatial matters (Laborde, 2015). In daily life, geometry provides means to
describe, analyze, and observe mathematical structures (Jones & Tzekaki, 2016). Besides,
geometry studies also contribute to developing mathematical reasoning skills, critical and logical
thinking, and analytical skills (Gunhan, 2014). However, students still find it difficult in learning
geometry.

Several researchers revealed that in studying geometry, students frequently make mistakes in
drawing or visualizing the shapes illustrated, determining the formulas and results, identifying
objects based on facts, utilizing symbols, using rules, and interpreting story problems related to
geometry in mathematical form (Riastuti, Mardiyana & Pramudya, 2017; Noto, Priatna, &
Dahlan, 2019; Ozerem, 2012, Angraini & Prahmana, 2019). There are many factors causing
students’ difficulties, such as teaching mathematics without relating it to students’ daily lives, the
method which is merely memorizing formulas, and also the low quality or not provided facilities
and infrastructure encompassing the lack of teaching material resources and teaching aids
(Riastuti et al., 2017; Noto et al., 2019; Ozerem, 2012; Angraini & Prahmana, 2019).

One of the remote areas in Indonesia is in the Village of Pemunyian, Jambi Province. This
village is located in an oil palm plantation area which is far from the urban area. Road access is
hard to reach by public transportation, and communication access such as telephone or Internet
signal is not available. Since access is strenuous to achieve, facilities and infrastructure in schools
are hardly to provide. Hence, it has also made learning mathematics difficult at one of the schools
at Pemunyian Village, Sunshine Elementary School (a pseudonym). Based on the researchers’
observations, students possess predicament in learning mathematics and they do not yet
understand some basic mathematics materials, such as number operations and geometry.

In mathematics, there is an approach known as Pendidikan Matematika Realistik Indonesia
(PMRI) which is an adoption of the Realistic Mathematics Education (RME) initiated by Hans
Freudhental from Utrecht, The Netherlands (Sembiring, Hadi, & Dolk, 2008; Sembiring, 2010;
Fauziah, Putri, Zulkardi, & Somakim, 2018). PMRI is characterized by utilizing context as a
starting point for learning mathematics to guide students to understand mathematical concepts
from informal to formal forms (Sembiring et al., 2008; Hadi, 2017; Nasution, Putri, & Zulkardi,
2018; Sembiring, 2010). The use of familiar and close contexts to students’ daily lives makes
them easier to imagine mathematical concepts and identify meaningful relations between abstract
ideas and the practical applications in the real world (Gravemeijer & Doorman, 1999; Van den
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Heuvel-Panhuizen, 2005; Risdiyanti et al., 2019). Students also experience easy understanding
on the mathematical phenomena from their own perspective and experiences allowing them to
obtain meaning from the mathematics they are learning (UNESCO, 2008). In remote areas,
mathematics learning can be maximized by the PMRI approach and utilizing the local context in
students’ daily lives and culture as starting points for learning (Kusumah & Nurhasanah, 2017).

Therefore, researchers are concerned in developing understanding of square and rectangular
shapes in geometry learning designs employing local contexts which are familiar and close to
students, which is the Macanan traditional game. The game was applied at Sunshine Elementary
School in optimizing mathematics learning in remote areas. The Macanan game is a traditional
Javanese game which is also frequently played in Jambi. In this game, some players play as
humans and other players play as the tiger, and they attempt to catch each other (Dharmamulya,
2008). Risdiyanti and Prahmana (2018) explained that there is Ethnomathematics in the Macanan
game regarding the concepts of odd numbers, geometry, flat shapes, and congruence.
Furthermore, entertaining Macanan game also encompass social, cultural, and moral values that
students can learn in order to form good student character (Prahmana & D’ Ambrosio, 2020).

Several previous researchers have developed mathematics learning by performing other
games such as learning designs using numbers in congklak traditional game (Muslimin, Putri, &
Somakim, 2012); social arithmetic learning using the kubuk manuk game (Risdiyanti et al.,
2019); learning number operations employing tepuk bergambar game (Prahmana, Zulkardi, &
Hartono, 2012); learning number operations utilizing bermain satu rumah game (Nasrullah &
Zulkardi, 2011), learning measuring applying patok lele game (Wijaya, 2008), and learning time
using gasing game (Jaelani, Putri, & Hartono, 2013). However, there is a few studies which has
implemented the learning design in schools particularly in the remote areas. Therefore, the
researchers developed a learning design, employing traditional game contexts, to be implemented
in remote areas in optimizing mathematics learning in those areas. Moreover, the learning design
is expected to be a reference for mathematics teachers, schools, and researchers and also, may
contribute to the cultural perspectives of mathematics education in Indonesia particularly and
other countries generally.

The previous studies about squares and rectangles were examined by Haris and Putri (2011)
which utilized the context of woven bamboo to teach the area of a square. It was implemented
for third-grade students in State Elementary School of 119 Palembang. Furthermore, Wahyuni
(2014) was designing the learning trajectory of square and rectangle properties applying the
context of lapis legit cake implemented in 7th-grade students at Islamic Junior High School of
Hasanah Pekanbaru. On the other hand, the context of Plaid Pattern Cloth (Haryani, Putri, &
Santoso, 2015) and the Reallotment activities (Fitri & Prahmana, 2018) have been implemented
to teach the concept of square and rectangular area for junior high school students. However, all
research studies were conducted in urban areas.

Methods

This study employed a research design method in enhancing the quality of learning practices
in the classroom specifically in remote area schools. Research design is defined as a systematic
and flexible method for improving the quality of education (Simonson, 2006). Besides, the
research design is also defined as a method to develop or validate a learning theory
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(Gravemeijer & Van Eerde, 2009). This research was conducted through a hypothetical
analysis of interactive schemes encompassing students' thinking strategies in the classroom.

There are three stages implemented in this research, which are preliminary design,
experimental design, and retrospective analysis (Bakker, 2004; Gravemeijer & Cobb, 2006).
The objective of preliminary design is to formulate a learning trajectory elaborated and refined
in the experimental design stage (Plomp & Nieveen 2013). At this stage, the researcher
performs observations on the curriculum applied based on school conditions and designs a
Hypothetical Learning Trajectory (HLT), accommodating learning objectives, learning
activities, and conjectures or alleged student thinking strategies (Prahmana, 2017). This
conjecture provides as a new one which develop in every lesson, is flexible and can be revised
during the experimental design stage to adapt to the conditions in the classroom (Van den
Akker et al., 2006). After the HLT was designed in the Preliminary Design stage, the HLT was
implemented at the experimental design stage to explore students' thinking strategies.
Furthermore, in the retrospective analysis stage, the conjectures in the HLT are compared with
the results of implementation in the classroom (Plomp & Nieveen, 2013).

The researchers analyzed the data with the teacher and supervisor to increase the validity of
the study. The results are interpreted as a learning trajectory utilizing Macanan traditional
game. In the research design, it is not a design which works but how and why the design can
work. A retrospective analysis of the HLT design was compared with the learning that has been
performed, and the results explain how the square and rectangular concepts were generated
from the traditional game, such as a Macanan traditional game.

Remote School Context

Square and rectangular shape learning designs employing Macanan traditional game were
implemented in the Elementary School, Pemunyian Village, Jambi Province, Sumatra Island,
Indonesia. The distance between the nearest city of Muara Bungo City to the school is about
52.18 km. It can merely be reached by a land route along 97.1 km which is unpaved road with
a travel time of about 2 hours to 3 hours (Figure 1).

Sunshine 7"
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Figure 1. Location of Sunshine Elementary School from Muara Bungo City.
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The roads in the Pemunyian Village area are in the form of rocky soil, making it difficult
for people to get in and out of the village. Public transportation cannot reach the village due to
the location far from the city, difficult access to public transportation, and non-existent
communication access like telephone and internet. Regarding the description, Sunshine
Elementary School is known a remote and underdeveloped area. These conditions
tremendously affect the Sunshine Elementary School particularly the quality of learning
facilities and infrastructure, the educators, and the learning.

Figure 2 contains photos of the Sunshine Elementary School from the front view and in the
classroom. In this school, learning resources such as books are seriously limited because access
to purchase books in the town is undoubtedly far, and the availability of books in the Muara
Bungo City is also limited. Learning resources from the internet cannot be attained by students
because there is no internet access at all.

g

Figure 2. Front view of Sunshine Elementary School (Iet) and classroom (right).

Parents of students possess a telephone, but the signal is eminently weak and they must walk
long distances and up the hill to obtain a signal. Therefore, students primarily depend heavily
on teachers' learning resources. However, the teachers’ academic qualifications at this school
are also low. Some teachers’ education is senior high school, and the others graduated from
varied majors of bachelor degree but are teaching all courses. In other words, teachers in these
schools did not graduate from Primary School Teacher Education department. These conditions
have limited the students’ learning process, and it is frequently problematic to understand the
lesson due to the limited learning facilities and infrastructure as well as inadequate teacher
qualifications.

Results and Discussion

When conducting research at the school, the researcher performed observations to identify
curriculum and conditions of students in grade four. Then, the researcher discovered that many
students did not understand some basic mathematics material such as number operations
regarding addition, subtraction, multiplication, and division. Researchers also unveiled that
there were still students who were not good at reading. Besides, the prerequisite materials for
learning square and rectangle are like elements in the plane figure that should have been learned
by students, but there were still many students who did not understand. It makes it difficult for
researchers to implement square and rectangular learning designs utilizing the Macanan game.
In solving the problems, before the researcher implemented the learning design, the researcher
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provided treatment by providing private lessons to students as an expectation that students
could understand the prerequisite materials first before studying square and rectangular
material.

After students understood the prerequisite material, the researcher applied the square and
rectangular learning design employing Macanan traditional game as a starting point for
learning. The learning design consists of four activities, which are Activity 1, playing Macanan
traditional game, Activity 2, identifying the elements and properties of squares and rectangles,
Activity 3, determining the perimeter of the square and rectangle, and Activity 4, determining
the area of the square and rectangle. The summary of these activities is presented in Table 1.

Table 1
Summary of Square and Rectangular Learning Activities employing Macanan Traditional
Game

Activity a}nd Learning Concepts of Square and The Learning Descriptions
Trajectory Rectangle
Activity 1 The Shape of Square and Students play the Macanan game
Playing Macanan Traditional Rectangle Students find plane shape in the Macanan
Game game field
Students present and discuss the result of
finding plane shape in front of the classroom
Activity 2 The Elements and Students cut, past and color the plane shapes
Identifying the Elements and ;ror:ertulas of Square and inthe Macanan game field.
Properties of Square and ectangle Students identify elements and properties of
Rectangle square and rectangles
Students present the results of identifying
elements and properties of square and
rectangle, then continued to class discussion
Activity 3 The Perimeter of Square Students solve problem about perimeter of
and Rectangle the square

Determining the Perimeter of the
Square and Rectangle Students solve problem about perimeter of
the rectangle

Activity 4 The Area of Square and Students solve problem about area of the

Determining the Area of the Rectangle square

Square and Rectangle Students solve problem about area of the
rectangle

Activity 1. Playing Macanan Traditional Game

The first activity is to play Macanan traditional game. The game of Macanan is played by
two people employing field games (Figure 3) and rock games. The stones are considered people
and a tiger. People have to catch the tiger to win, or the tiger eats all people to win. They start
from either end of the field, and take turns of moving from one vertex to another. People and
the tiger should walk according to the line in the tiger game field. The way people catch the
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tiger is to surround the tiger and have to jump it successfully. When the tiger wants to catch
people, it must jump over the people in the game field.

Figure 3. Field of Macanan game.

The objective of this activity is to introduce and equate students' perceptions of the context
of Macanan traditional game to help them understand squares and rectangles. Activity 1
comprises of three activities, which are Activity 1.1, students play the Macanan game; Activity
1.2, students find plane shapes in the Macanan game field, cut and past them on the template
provided; and Activity 1.3, students present and discuss the result of finding plane shape in
front of the class.

Activity 1.1. Students Play the Macanan Game

The teacher began Activity 1 by exploring students' knowledge about the Macanan game
utilized as a learning context, then the teacher explained the activities to be performed. Then,
the teacher guided students to create groups of two people. The teacher distributed the Student
Activity Sheets (SAS) and invited students to simulate the Macanan game in front of the class.
The simulation can be illustrated in Figure 4.

\\!ju i

Figure 4. Students and teachers were applying Macanan game.

Once students understood the way to play the Macanan game, each group played the game
at their tables (Figure 5). Before starting the game, the students implemented suit to decide to
be the tiger (the winner) or the people (the loser). Then, the students were playing in accordance
with what was understood during simulations with the teacher.
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. =
Figure 5. One group of students was playing the Macanan game.

Activity 1.2. Students Find Plane Shape in the Macanan Game Field
After the students finished playing the Macanan game, the teacher guided them to find

planes shapes in the tiger field. Students succeeded in finding plane shapes: squares, rectangles,
and triangles (Figure 6).

Figure 6. Students were finding plane shapes on the Macanan game field.

Activity 1.3. Students Present and Discuss the Result of Finding Plane Shape in Front of the
Class

The teacher guided students to conduct a class discussion. The teacher instilled the students'
responses about the context of the Macanan game by inviting students to look back again at
the Macanan game field. Then, the teacher demanded students to present different kinds of
plane shapes on the playing field (Figure 7).

~ ‘

—tl Nl

Figure 7. The teacher invited students to look back again at the Macanan game (left) and
student with teacher were having a class discussion (right).
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Students then answered with the plane shapes they had discovered: triangles, squares, and
rectangles. This activity can be portrayed in Dialog 1.

Dialogue 1
Teacher : Pada bidang permainan Macanan terdapat bangun datar dengan bentuk apa
saja?
[In the Macanan game field, what kinds of plane shapes are there?]
Student : Segitiga, segiempat.
[Triangle, Square]
Teacher : Berapa banyak bangun yang ada pada bidang permainan ini?
[How many planes shapes are there in the Macanan game filed?]
Student : Segitiga, segiempat, segitiga lagi, persegi panjang.

[Triangle, square, triangle again, rectangle]

Activity 2. Identifying the Elements and Properties of Square and Rectangle

Activity 2 aims to help students understand and identify the elements and properties of
squares and rectangles. The elements comprise of lines, diagonals, points, and corners. The
objective of this activity is also to help students understand the relation between elements of
square and rectangular. Activity 2 consists of several activities which are Activity 2.1
containing students’ cutting, pasting, and coloring the plane shapes in the Macanan game field;
Activity 2.2, identifying elements and properties of square and rectangles; Activity 2.3,
entailing students presenting the results of identifying elements and properties of square and
rectangle, then a class discussion. Before these activities began, the teacher allowed students
to play the Macanan game first in order to maintain and increase students” motivation so that
learning mathematics is fun for students.

Activity 2.1. Student Cut, Past, and Color the Plane Shapes in the Macanan Game Field

In this Activity 2.1, the teacher began the activity by distributing paper in which there was
a picture of the Macanan game field. The teacher instructed students to cut the plane shapes
that they have discovered in the game field. Then, the pieces of the plane shapes were being
re-attached to the student worksheet. After being attached to the student worksheet, students
provide different colors to the plane shapes.

plane shape (right).
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Figure 8 displays students who were pasting and coloring a piece of plane shape on the
worksheet. The results of Activity 2.1 can be identified in Figure 9.

Figure 9. The student result in Activity 2.1.

Activity 2.2. Students Identify Elements and Properties of Square and Rectangles

In Activity 2.2, the teacher demanded the students to identify the square and rectangular
elements such as sides, diagonals, angles, points, and lines. Students made a list of these
elements and properties in the column provided in the worksheet. Students could identify the
elements of squares and rectangles. They were able to display the elements in form of images,
defined in the student’s own language, and employed these elements to identify the properties
of squares and rectangles. The results were that the students were successful in identifying a
square's properties, such as having the same size of each side, having four angles of 90 degrees,
and having two diagonals of the same length. The students were also able to identify a
rectangle's properties, such as having two long and two wide sides, two diagonals of the same
length, and four angles of 90 degrees. It is presented in Figure 10.

2-1
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Figure 10. The result of identifying the properties of square and rectangle.

128




Padhila Angraini, Rully Charitas Indra Prahmana & Masitah Shabhrill

Activity 2.3. Students Present and Discuss the Results of Identifying Elements and Properties
of Square and Rectangle

After Activity 2.2, students presented the results in front of the class. It aims to explore the
various thinking strategies of students. Students produced a picture of the pieces of a plane
shape from Activity 2.1, then displayed the squares and rectangles' elements and properties in
the shapes they had drawn. Student presentations are presented in Figure 11.

Figure 11. Students were presenting the results of identifying elements and properties of
square and rectangle in front of class.

The teacher guided them to conduct class discussions. It aims to equalize perceptions about
squares and rectangles' elements and properties. Snippets from class discussions are
demonstrated in Dialogue 2.

Dialogue 2

Teacher : Take alook at the pictures you have made, what can be connected from one

line to another line? Do you know which side is called and how many are
they?

Student : Four.

(Students presented the line which connects the intersection points on the
square)

Teacher : When it is known that there are four sides, which side are these?

(The teacher provided the corner notation to the square image)

Student : Side is the line connecting Ato B,BtoC,CtoD and D to A.

(See Figure 11)

Activity 3. Determining the Perimeter of the Square and Rectangle

Activity 3 aims to help students understand the perimeter of squares and rectangles. This
activity began with the teacher presenting a picture of the Macanan game field and a student
worksheet. Then students solved some problems on the student worksheet associated with the
Macanan game field on the student worksheet. These problems are as follows.

Problem 3.1. Determining Perimeter of the Square

Yogi and Varif were playing the game with the position of the rock as displayed in Figure
12. Yogi was as the tiger and Varif was as the people. The stones in the figure were illustrated
with dots. The tiger was illustrated with red dot, while black dots represented people. It was
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then connecting the dots on the drawing of the Macanan game area to obtain a plane shape and
then provided the shape color. From the plane shape identified, the students were asked whether
they could determine the perimeter of the plane shape they discovered on the Macanan game
field if they understood that the distance between the points was 4 cm. Then, the students were
also demanded to answer the question: what is the perimeter of the plane shape and what is the
formula?

N N |

- /

Figure 12. The Macanan game field on Problem 3.1.

After the students obtained an image of the Macanan game field, the students connected the
dots on the plane. The result of connecting these points was a square shape. Then, students
colored the square shape. After that, students solved the problem and wrote the answers to the
student’s worksheet which can be identified in Figure 13.
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Figure 13. Students’ answers of Problem 3.1 for one square of sides 4 cm.

Figure 13 displays that students comprehended the perimeter of a square and could determine it
correctly even though they still employed the basic method by adding up all the sides of the square.
Hence, it can be concluded that the student has built the understanding on the perimeter of a square
and strategies to determine it. Answers and the formula of the square perimeter are presented in
Figure 14.
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Figure 14. Students’ answers for the perimeter and the formula of the square sides 5 cm.

Figure 14 illustrates that the students answered in their own language, the perimeter of a
square is the sum of the sides of the square. The students determined the perimeter formula by
adding the sides of the square 4 times. The students were also able to explain the formula in
formal form. Based on this answer, it can be concluded that the students had understood the
definition and formula of the perimeter of a square.

Problem 3.2. Determining Perimeter of the Rectangle

Jeni and Selfi were playing the game with the position of the rock presented in Figure 15.
Jeni was as the tiger and Selfi was as the people. The stones in the figure were illustrated with
dots. The tiger and the people were illustrated with black dot and red dots respectively. They
connected the dots on the drawing of the Macanan game area to obtain a plane shape and then
provided the shape color. From the plane shape discovered, they students had to answer
whether they could explain what was meant by the long side and the wide side, what the
perimeter of the plane shape was, and what the formula was.

\

4

Figure 15. The Macanan game field on problem 3.2.

The result of connecting and coloring the rectangle was subsequently employed by students
to solve the problem and write the answers to the students’ worksheet as displayed in Figure
16. It indicates that students have answered using their own language that the long side is the
longest side, and the wide side is the shortest side.
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Figure 16. Students’ Answers of Problem 3.1.

Students also understood how to determine the perimeter of a rectangle and write the
formula in formal form. However, students still found difficulties in defining the perimeter of
a rectangle. The teacher then clarified that the definition of the perimeter of a rectangle was
determined by adding the sides of the rectangle or by adding twice the length plus twice the
width of the rectangle.

Activity 4. Determining the Area of the Square and Rectangle

Activity 4 aims to help students understand the area of squares and rectangles. This activity
began with the teacher providing a picture of the Macanan game field and student worksheet.
Then students solved several problems on the student worksheet associated with the Macanan
game field on the student worksheet. These problems are as follows.

Problem 4.1. Determining Area of the Square

Jeni and Selfi were playing the game with the position of the rock as follows (Figure 17).
Jeni was as the tiger and Selfi was as the people. The stones in the figure were illustrated with
dots. The tiger and the people were illustrated with black dot and red dots respectively. They
connected the dots on the drawing of the Macanan game area to obtain a plane shape and color
the shape. From this plane shape, they were demanded to answer whether they could determine
how many tiles there were in the Macanan game field, given the side length was 6 cm, what
the area of the plane shape was, and if it was identified that the side length was 7 cm, what the

area of the plane shape was.
DX A

Figure 17. The Macanan game field on Problem 4.1.

After connecting the points, a square shape is obtained, and then students colored the
rectangle. Then, students solved the problem and wrote the answers to the students’ worksheet
which can be observed in Figure 18.
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Figure 18. Students’ answers of Problem 4.1 question 1 and 2 for square sides 6 cm.

In Figure 18, the student answered that there were 4 squares following the boundaries of the
stone arrangement. The four tiles on the square represented the area of the square. Students
were able to identify the area of a square if they understood the length of the side was 6 cm. As
seen in Figure 18, students determined this by making 6 columns and 6 rows on a square so
that several tiles were obtained in the square. Then, they assigned numbers to each of these 1
cm squares and counted the number, which was 36 tiles.

Students were also able to determine the area of a 7 cm square, that was 49 square cm (Figure
19). In this answer, the students determined the area of a square and wrote it in a formal form
guided by the teacher. It can be identified in Dialogue 3.

Dialogue 3

Teacher : Now, now that you know that the length of the side of a square is 4 cm, the

area of a square is 16 cm, the question is where can you obtain 16 cm from?

Student : (Students answered by repeating what was identified)

Teacher : The length of the side of a square is 4 cm so the area of a square is sixteen, to

obtain sixteen, what operation do we have to use?

Student : Multiplication.

Teacher : So that the area of a square is four times four, then, what length is 4 cm?

Student : Side length.

Teacher : What is the side represented by?

Student : Denoted by s.

Teacher : Thus, it can be written that the area of a square is equal to s times s.

Ba dicenahui panjeng sisi persegl adalah 7 em, maka teliskankd rumus untuk menentskan ks
persegi !

Bagaimana cara kalian menentukan? jelaskan
TP VS g
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Figure 19. Students’ answers of Problem 4.1 question 3.
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Problem 4.2. Determining Area of the Rectangle

Jeni and Selfi were playing the game with the position of the rocks shown (Figure 20). They
connected the dots on the drawing of the Macanan game area to obtain a plane shape and color
the shape. From the plane shape discovered, they were demanded to answer whether they could
determine how many tiles there were in the Macanan game field, given the side length is 6 cm,
what the area of the plane shape was, if they identified that the long side was 8 cm and wide
side was 4 cm, what the area of the plane shape was.

N

//

Figure 20. The Macanan game field on Problem 4.2.

After the students obtained an image of the Macanan game field, the students connected the
dots on the plane. The result of connecting these points was a square, then students colored the
rectangle. After that, students solved the problem and wrote the answers to the students’
worksheet which can be observed in Figure 21.
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Figure 21. Students’ answers of Problem 4.1 questions 1 and 2 for rectangle 8x4 cm.

Figure 21 illustrates that students could determine the number of tiles in a rectangle, that
was 8 tiles. Students could also calculate the area of a rectangle by drawing a rectangle then
making 8 columns and 4 rows. After that, they counted the number of tiles, 32, so that the
rectangle area was 32 square cm.

134




Padhila Angraini, Rully Charitas Indra Prahmana & Masitah Shabhrill
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Figure 22. Students’ answers of Problem 4.1 question 3 rectangle 14x7 cm.

In Figure 22, students were able to shift their strategy to determine the area of the rectangle
by utilizing multiplication between the long side and the wide side. Therefore, based on the
students' answers to Figures 21 and 22, it can be explained that students understood the
perimeter and area of the rectangle and its formula.

The implementation results of the learning trajectory revealed that the Macanan game
possesses a role as a starting point in learning squares and rectangles. In activities 1 and 2, the
Macanan game area can be employed for starting points in identifying elements and properties
of squares and rectangles, by identifying flat shapes in the Macanan game area, then cutting
them out and sticking to the SAS which has been provided then identifying the elements and
properties. In activities 3 and 4, the Macanan game area is utilized as a starting point to discover
the formula for the perimeter and area of squares and rectangles. The formulas can be generated
from informal to formal forms by applying the squares in the Macanan game area. As the
principle in Realistic Mathematics Education (RME) is to use a context that can formulate
concepts from informal to formal forms and thinking strategies for students (Sembiring et al.,
2008; Hadi, 2017; Prahmana, 2017; Nasution et al., 2018, Sembiring, 2010). It is also supported
by Passarella (2021), who argued that the other RME’s principles, which are the heuristics of
didactical phenomenology, guided reinvention, and emergent modelling, might keep student
understanding to reinvent the mathematics concept in solving an experientially significant
problem.

Furthermore, the results of the learning evaluation and also the answers in the SAS show
that students can understand geometric concepts regarding elements, properties, perimeter, and
areas of squares and rectangles. Students are also able to visualize an object with or without
the help of the Macanan game context. Success in learning geometry depends on students who
can understand formulas, visualize objects, observe mathematical structures, and implement
problems in everyday life problems in learning geometry (Laborde, 2015; Jones & Tzekaki,
2016; Gunhan 2014). In this study, students can visualize objects, identify and use formulas,
and perform mathematical reasoning.

The result of a design research displays that with the local context and the RME approach,
mathematics learning in remote area schools with limited facilities and infrastructure can still
be conducted optimally. In fact, in remote areas, there are still many unique cultures and things
in daily life which can be utilized as a context for learning mathematics.
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Conclusion

This study has implications for rural areas that are clearly different from students' and
schools' conditions in urban areas. Recently, not many researchers have designed learning with
the PMRI approach implemented in remote areas. This research provides a contribution to a
new knowledge of how PMRI is applied in Indonesian remote areas, although the sample size
prevents generalization of the findings. Furthermore, it contributes a small direction for
mathematics knowledge and research in Indonesia.

For further research, the learning activities could be designed and compared with different
approaches. It may examine the advantages and disadvantages of the learning design on other
students' mathematical abilities.
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