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Abstrak

Kemampuan representasi matematis sangat penting untuk dimiliki dan dikembangkan.
Penelitian ini bertujuan untuk menganalisis kemampuan representasi matematis siswa, serta
bentuk representasi matematis yang muncul. Penelitian ini menggunakan studi kasus
terhadap empat siswa SMP Kelas VIl dengan kemampuan sedang, yang dilaksanakan dalam
pembelajaran Mengenal Bentuk Aljabar. Penelitian dilaksanakan pada semester ganjil pada
tahun ajaran 2022/2023 sebanyak tiga kali pertemuan. Adapun teknik pengumpulan data yang
dilakukan yaitu angket, wawancara, dan lembar analisis pemecahan masalah. Hasil penelitian
menunjukkan bahwa siswa kelas VII merupakan siswa tahap abstraksi awal sehingga
kemampuan representasi matematis belum banyak muncul dan berkembang dengan baik.
Adapun bentuk representasi yang muncul yaitu representasi simbolik dengan tipe rendah
dimana masih terdapat Gap antara berpikir konkrit dengan kemampuan abstraksi awal.
Beberapa hal yang mempengaruhi munculnya kemampuan representasi adalah motivasi yang
tinggi dalam memecahkan masalah, metode belajar yang disajikan, dan kemampuan siswa
dalam belajar matematika.

Kata Kunci: Bentuk Aljabar; Kemampuan; Metode Belajar; Motivasi; Representasi Matematis.

Abstract

Mathematical representation ability is very important to develop. This study aimed to analyze
students' mathematical representation abilities, as well as the forms of mathematical
representations that appear. This study used case studies of four Grade VII junior high school
students with moderate abilities, which were carried out in Recognizing Algebraic Shapes. The
research was carried out in the odd semester of the 2022/2023 academic year in three
meetings. The data collection techniques utilized questionnaires, interviews, and problem-
solving analysis sheets. The results showed that class VII students were students at the early
abstraction stage, so their mathematical representation abilities had not emerged and
developed well. The form of representation that appears was symbolic representation with a
low type where there was still a gap between concrete thinking and initial abstraction
abilities. Some of the things that influenced the emergence of representational abilities were
high motivation in solving problems, the learning methods presented, and students' abilities
in learning mathematics.

Keywords: Algebraic Forms; Ability; Learning Methods; Motivation; Mathematical
Representation.
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I. INTRODUCTION

Mathematical representation is defined
as one of the processes established in
learning mathematics with the purposes
to understand concepts, principles, facts,
and metacognition (Murni, 2014; Hidayat,
& Lestari, 2022).
characterized as a link between everyday

Representation s

experiences and abstract mathematical
concepts, which are typically difficult for
students to grasp in a direct manner
(Samsuddin & Retnawati, 2018). There are
three types of representation (Schifter &
Russell, 2022), namely the representation
of numbers in the form of sentences,
representations portrayed in visuals, and
that
grasp based on

allow
their
interpretations. In this case, mathematical

general  representations

students to

representation interprets that students
begin to have visual thoughts of real-world
objects, concrete objects, or arithmetic
symbols, and can also take the form of
spoken or verbal language, as well as
images or graphs to express mathematical
concepts. The appearance of these objects
becomes the embodiment of ideas or
correlations in mathematical concepts
based on experience and understanding,
which are recognized, to be a meaning
that is considered to exist (Goldin, 2014;
Pebrianti & Puspitasari, 2023). The goal of
(NCTM,  2000)

importance of this

learning  mathematics
emphasizes the
principle because it can help students
understand a concept by actively building
information from their experiences. As a

result, NCTM identifies representation as
one of the five standards in the process of
learning  mathematics as part of
connection, communication, and problem
solving. The indicators of mathematical
representation ability according to the
National Council of Teacher Mathematics
(NCTM, 2010) are as follows; (1) create
and utilize representations to organize,
record, and convey mathematical ideas,
(2) select, apply, and translate across
representations to solve problems, and (3)
use representations to model and

interpret physical, social, and
mathematical phenomena.

It is, however, difficult to generate
representations as part of students' ideas
to solve math problems. Students struggle
with incorporating mathematical symbols
or images to interpret problem ideas into
mathematical concepts (Sari, Darhim, &
Rosjanuardi, 2018). Students also find it
difficult to generate visual ideas to portray
mathematical problems because they are
unfamiliar with their learning sources (Loc
& Phuong, 2019). There are also several
errors in representing symbols, namely;
illogical  representation of problem
situations, problem representations that
are not in accordance with mathematical
sentences and equations, and
representations that do not explain the
concepts given in the problem into
mathematical sentences (Nurrahmawati,
Sa'dijah, Sudirman, & Muksar, 2021). The
lack of

students' mathematical

representation ability is due to the use of
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conventional learning methods that do not
involve students in the learning process
resulting in a limited space for
independence learning (Minarni,
Napitupulu, & Husein, 2016). In addition,
the complexity of the problem also causes
students to find it difficult to envisage
what types of visualizations and forms of
representation might emerge as a result of
the challenges and students' propensity of
addressing non-routine problems (Johar &
Lubis, 2018). Thus,

and approaches are

unique preparation
in the
teaching and learning process to enable

required

students to generate ideas and interpret
problems based on their understanding of
the problems they have encountered.
Students also should also be given unusual
and challenging problems to represent
them in the best way they can.

Realistic mathematics learning (RME) is
that
students in transitioning from casual to

a learning approach facilitates
formal
didactical

concern In realistic mathematics (Larsen,

concepts. The principle of

phenomenology is the main

2018) where learning is directed to create
a context to bring up mathematical ideas
for students' informal activity models.

Bridging between informal to formal
concepts is not intended to replace the
framework of the mathematics learning
process itself but rather to complete and
connect the mathematical notions for the
future (Putra, 2018). In this case, it means
that students can acquire new concepts

that may apply in their daily lives through

their learning experiences. The informal

mathematization method involves

translating contextual difficulties into

mathematical problems (horizontal
mathematization) and then formulating
problems into problem solving (vertical
mathematization) (Treffers, 1987;
Gravemeijer, 1994; De Lange, 1987).
(Treffers, 1987; Gravemeijer, 1994; De
1987).

learning is recommended for improving

Lange, Realistic  mathematics
critical and creative thinking skills as well
as communicative and

through the

reasoning skills

development of well-

prepared instructional materials by
teachers (Palinussa, Molle, & Gaspersz,
2021).

Realistic mathematics learning

approaches based on collaboration and
cooperation models in line with current
learning developments are considered to
have the most impact (Afriansyah, &
2022). For
discussion-based learning, students will

Turmudi, example, in

become social agents of learning by
teacher-designed learning plans to attain
learning goals (Haataja, Chan, Salonen, &
Clarke, 2022). On the other hand, the use
of interactive and adaptive technology in
the learning process can improve and
develop concept understanding better
than traditional learning (Reinhold, Hoch,
Werner, Richter-Gebert, & Reiss, 2020).
This
mathematics learning design could help

study assessed how a realistic

students create representations of a

mathematical problem using a learning
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design that was valid and reliable against

indicators of students’” mathematical
representation skills, as well as a learning
video that can construct students' ability
to create representation models,
According to Piaget’s stage of cognitive
development, the cognitive growth of
students aged 11-15 years is the stage of
formal operational development (Mu'min,
2013). Based on this stage, students are
just starting to understand concepts
originating from semi-concrete objects as
they progress towards the abstract
thinking stage (Juwantara, 2019). Thus, at
this stage students should still be given
concrete object stimuli or what students
are able to envisage during this phase of
their lives to be an introduction to learning
mathematics. For example, students will
be exposed to abstract symbols for the
first time when learning the introduction
of algebraic forms, with abilities requiring
students to explain algebraic forms and
perform operations on algebraic forms
(Nasriadi & Sari, 2017). Many students
eventually struggle with algebra (Cahyani
& Sutriyono, 2018) and even become
reluctant to learn math henceforth as a
result of their initial impression that is too
tough for them (Sari, et al, 2020). Vertical
and horizontal mathematization are
required to recognize formal concepts
through informal models that students
recognize. RME is a learning approach that
embraces the process of vertical and
The RME

long-term

horizontal mathematization.

approach not only instills

that students will

also

learning concepts

remember but improves
mathematical abilities such as problem
communication  skills,

solving  skills,

connection skills, reasoning skills and
mathematical representation skills.
Therefore, this study aimed to
investigate how students' mathematical
representation skills were and what types
of representation appeared. This study
was conducted in face-to-face learning
utilizing the RME technique to develop the
observation element of representation in
learning. The results of this study were
reveal the

expected to types of

representation that appeared allowing
learning designers to create an equivalent
in order to meet

instructional model

mathematics learning goals.

Il. MEeTHOD

This qualitative study investigated how
the RME affected the
development of students' mathematical

technique

representation skills in learning algebraic
forms. Based on the foregoing, this study
tried to
mathematical representation ability that

discover the types of

students  demonstrated during the
teaching and learning process. According
to the age of the students, the
development of representation ability was
noticed from the stage of modeling with
type

abstraction. This study focused on four

concrete operational to formal

seventh grade junior high school students
in Aceh who were learning the curriculum
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of Introduction to Algebraic Forms. The
study involved three meetings to conduct
during the odd semester of the 2022/2023
academic year.

Data collection technigues in this study
were carried out through a questionnaire
of students' perceptions of representation
skills before learning the material of

Introduction to Algebraic Forms, a
description question test to find out the
form of mathematical representation that
emerged, and unstructured interviews
with the four participants. Based on the
indicators of mathematical representation,
a learning design and learning tools
consisting of Lesson Plans (RPP), Students’
Worksheets (LKPD), and test questions
were made and validated by the experts.
The purpose was to allow the process of
emergence of  the mathematical
representation model to appear in the
natural design of learning. The data
analysis technique, on the other hand,
referred to the objectives of the study and
was analyzed using a qualitative approach.

Qualitative analysis of this study was
carried out through questionnaire results
using a Likert scale. This scale was used to
measure individual traits using a total
score based on categories (Budiaji, 2013).
The following are the scores and

representation statements used.

Table 1.
Likert Scale Mathematical Ability Questionnaire
Score
Score Categories
5 Very Good
4 Good |

Fair

Bad |

Very Bad

— R[N |w

Source: (Budiaji, 2013)

The questionnaire results were used to
find out whether students had habits and
interests in solving problems, as well as
plans that were usually made before
solving math problems. Furthermore, the
results were analyzed to investigate the
students' abilities to solve problems, make
make
These
three instruments were analyzed using

mathematical models and

mathematical  representations.

gualitative descriptive techniques.

lll.  RESULTS AND DISCUSSION
This
graders of junior high school in Aceh. Four

study involved four seventh
students were selected based on the
results of a perception questionnaire
which showed that the students tended to
illustrate problem solving. Data collection
was conducted for three face-to-face
teaching and learning processes in the
classroom for each stage of development;
concrete, semi-abstract, and abstract.
There were three stages of data collection,
namely giving perception questionnaires
before the learning series in three face-to-
face sessions, giving questions at the end
of the learning series, and open interviews
after the

teaching and

intervention stage of the

learning process was
completed. The following describes each

data collection result for each instrument.
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A. Questionnaire and Structured
Interview Results

The student perception questionnaire
was provided to find out the students'
tendencies in learning mathematics skills,
especially in mathematical representation
The
20

statement items to find out how students

skills based on three indicators.

guestionnaire was developed in

understand, implement, and review
mathematical problems in mathematical
representation. Furthermore,
unstructured interviews were conducted
to triangulate the data. Based on the
results of questionnaires and interviews
with four students as the participants, the

students’ abilities were presented based

on indicators of mathematical
representation  abilities. The four
participants have the following

guestionnaire results:

Table 2.
Average Results of Mathematical Representation
Ability Questionnaire

Indica s1 S2 S3 S4 Aver Categ
tors age ories
1 475 425 375 3,59 4.06 Very
good
2 475 450 4.25 425 443 Very
good
3 3.75 425 375 450 4.06 Very
good

Description:

Indicator 1: Create and use representations to

organize, understand and communicate
mathematical ideas.
Indicator 2: Select, apply and interpret across

the representations to solve problems.

Indicator 3: Use the representations to model

and interpret physical, social and

mathematical phenomena.

Based on Table 2, it was revealed that
students' representation skills were very
applying,
assessing the use of skills in solving

good in understanding, and
mathematical problems. This showed that
seventh grade junior high school students
already had an overview of the ability to
create and represent problems in the form
of mathematical models based on the
qguestionnaire results. This depicted the
early picture that students began to have
the ability of initial abstraction from semi-
models their

concrete through

mathematical representation models.

B. Cognitive Test Results

The development of students' cognitive
stages was discovered during the teaching
and learning process where the teacher
provided learning activities and proposed
problems that must be solved through the
Students’ Worksheet (LKPD). The results of
the LKPD were documented and analyzed
to find out the strategies used by students
in solving problems and the learning
trajectory formed during the teaching and
learning process. The following is an
analysis of the results of student answers
on LKPD for each stage of development.
Stage 1. Concrete Operational

At this stage, students were given a
very simple illustration of two different

groups of objects. The illustration was in
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an animal context. Students were
instructed to answer questions about
simple operations of the same and

different objects. Students added the
same group of objects and different
groups of objects.

Figure 1. Students’ answers from concrete
examples of two objects in four concrete models.

From the students’ answers, all four
students wrote that group 1 and group 2
were the same object, so the number of
group
mentioned. Whereas two groups with
different objects, the number of group

members could be directly

members were mentioned respectively.
Furthermore, the students were asked
about the reason for this phenomenon,
and the answer was that the students
could not mention both types of objects in
one unified universe of speech so they had
to be mentioned one by one for each type

of group.
The students’ answers above
demonstrated explicit reasoning that

when the addition operation of two
different objects was performed, the

result would be each of the objects
themselves, whereas when the addition
operation of the same objects was
performed, the result would be the sum of
the two same objects. Based on these
results, it was implied that students made
a representation of a stimulus in a simple
what  they

language according to

understand. For instructional purposes,
students had been able to explain which
groups had explicit results in addition and
which did not. This stage was a basis for
students to form representation skills at
the semi-abstract operational stage.
Stage 2. Semi-Abstract Operational

In the next stage, the students were
instructed to create a simple model
through the same context in the previous
problem. They were given two conditions
where students could fill in the numbers
that became the sum of the objects with
The first

consisted of the same objects while the

the sum result. condition
second condition consisted of objects

from a concrete model as shown below.

Figure 2. Students are asked to create a

mathematical model of a concrete condition.
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The students
desired number arrangement for two

began to place the

different problems. In the first condition
where there were the same objects to be
modeled, the students gave a
multiplication sign with the meaning "one
multiplied duck plus one multiplied duck
equals to two multiplied duck" by placing
the multiplication sign as a mark that there
were several repetitions of the number of
objects in question for further counting
the number. The students did not place
the multiplication sign as a substitute for
the variable x but rather interpret that
there was one duck plus one duck. This
model began to be difficult for students to
understand because they had to deal with
writing multiplication in a sum operation
simultaneously.

The absence of a variable element
coded in letter form as the goal of this
activity was not achieved. This was also
discovered in the second condition in the
form of addition of two different objects.
The students only wrote "one duck plus
one goat equals one duck plus one goat"
without any symbols that simplified the
form. From the result of the addition, the
students realized that they did not write
the total number as they did in the
previous condition because the objects
being added were different, so it was not
correct to only mention one of the forms.

This stage implied that the students did
not  successfully  demonstrate  the
transitioning process from concrete to

semi-abstract operational abilities. They

were not yet able to imagine what the
replacement model of an object that could
define the intention was. This meant that
students required additional bridges to
introduce a "code" that could replace the
definition of the number of objects. As it
was assumed that the incompleteness at
the concrete operational stage would
certainly have an impact on the concrete
stage and the problem solving ability of
students, especially in algebraic form
problems.
Stage 3. Abstract Operational

The abstract operational stage was the
stage where the students were exposed to
the algebraic symbolic forms. The students
were no longer given examples of
concrete objects or images to make an
algebraic math sentence. At this stage the
students were instructed to write the form
of algebraic operations both those with

different variables and the same variables.

Berdasarkam masalah di atas tentang penjumlahan bentuk aljabar, isilah titik-titik pada tabel
di bawah inil

a b ath | b¥a [ a—b D o=a
4 5
—

4+5=0 | 5+4=9 4-5=-1 5-4=1

Rz 5_,5:4::];»'9\,‘ R e T e

DA | X ax [ Ax—fn)=x = x
T R e Tl ) e e T e

|l —gg+-qx‘_:.,x«}-»2x _2X = ~3X | _gx = -EX
lix & lx+6Y GY & Hx (1% —6Y  |6%—tix
= 2 |=7x483 [991-7x  |-7c =2y [aq_t=nx)

15¢ 4y

lox 4+-Y3 Hy+tsx  |lse-(-4y) [-HYy =15«
~Xt--2y [-3yaex |—x—E-39) | -39 o)

Kesimpulan apa yang dapat kamu ambil setelah kamu mr_lengka i tabel di atas?
'Mpyﬂ\xelanxLumCl'dﬂm\nlﬂcunplmenqgams‘m\wl

Lldoadn, X dn. M. Lidak biso, o éumb\r\\"a\;a"
et boctd. Grloal. i

Figure 3. Students were instructed to create an
Abstract Form of Algebra.
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From the students’ answers, the
students were able to write the algebraic
form model. However, the purpose of this
activity was to operate the algebraic form
in the form of an answer. Although they
did not provide the final result of an
algebraic operation, in conclusion students
had understood that the coefficients of
the equations with the same variables
could be summed. Students did not write
the final answer because they followed
the table instructions. This implied that
students understood the previous problem
in concrete form, but were not able to

solve math problems in abstract form.

IV. CONCLUSION

Mathematical representation ability
should be able to appear visually and
verbally when solving problems. Based on
the results of the study, it implied that the
ability

visually in the form of numbers and

representation might  appear
descriptions assisted by illustrations that
students recognize well. However, this
study also demonstrated that students
who understood the problem and had
concrete operational abilities were not
able to solve problems and apply them in
abstract operations. The mathematical

problems given in this lesson were
considered concretely uncomplicated, but
could not be able to guide students to a
more abstract stage. Challenging problems
would encourage stronger motivation so
that the students worked harder to find

various ways to represent. The results of

guestionnaires and unstructured
showed that the
understood and had very good motivation

interviews students
in solving math problems, but the
unchallenging problems did not encourage
with
mathematical notation and symbols. Real

them in  solving  problems

problem-based learning might help
students understand some situations and
develop students' mathematical
representation models because it dealt
with real problems and concrete objects
to students. However, real problems were
not enough to help bridge the gap in
solving problems that used variables. In
this study, the participants were seventh
grade junior high school students who had
just entered the early abstraction stage
where there was still a gap with concrete
operations. Thus, the students’ difficulties
experienced were due to the unfamiliarity
of building representation models in
solving problems. The learning that had
been conducted still dealt with students
on procedural concepts that focused on
the formula for solving problems. Rarely,
were students given open question
problems that allow the emergence of
several alternative answers to allow the
emergence of several possible forms of
Students’

ability might affect the development of

mathematical representation.

mathematical representation skills.

Representation in symbolic form appeared
more often than representation in the
form of images and verbal. In this study,
students with

the participants were
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moderate ability. Among 24 students, 4
students with moderate ability were
selected to find out whether mathematical
representation skills could emerge and
develop well enough for students with
moderate ability. Based on the results of
this study, it was discovered that the
students with moderate mathematical
representation ability through symbolic
had been

sufficient and well-developed according to

representation considered
their own level. To put it another way, the
students with higher ability would have
better
representation ability.

acquired mathematical
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