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Abstract:

Mathematics is one of the most important branches of science because mathematics is
indispensable for everyday life and is the basis for other branches of science. Therefore,
students' abstraction ability is very important. Each student has abstraction ability in
solving problems in mathematics lessons in solving different problems according to the
students' level of thinking ability and intelligence. Therefore, the purpose of this
research is to describe the mathematical abstraction ability of grade VIII students in
cartesian coordinate material at SMPN 1 Cikedal. The type of research is a qualitative
descriptive approach. The research subjects are 6 students of grade VIII A. The research
instruments used are test sheets and interview guidelines containing 14 questions. The
results showed that all the research subjects had low mathematical abstraction skills, as
none of the students met all the levels and indicators used in this study, namely the
level of recognition, representation, and structural abstraction.

Keywords: Analysis, Mathematical Abstraction Ability, Recognition, Representation,
Structural Abstraction

ANALISIS KEMAMPUAN ABSTRAKSI MATEMATIS SISWA KELAS VIII
PADA MATERI KOORDINAT CARTESIUS

Abstrak:
Matematika merupakan salah satu cabang ilmu yang sangat penting karena
matematika sangat diperlukan untuk kehidupan sehari-hari dan menjadi dasar bagi
cabang ilmu yang lain, sehingga kemampuan abstraksi siswa juga merupakan hal yang
sangat penting. Setiap siswa memiliki kemampuan abstraksi dalam menyelesaikan
permasalahan pada pelajaran matematika dalam menyelesaikan soal yang berbeda-
beda sesuai dengan tingkat kemampuan berpikir dan intelegensi siswa sendiri. Tujuan
penelitian ini, yaitu untuk mendeskripsikan kemampuan abstraksi matematis siswa
kelas VIII pada materi koordinat cartesius di SMPN 1 Cikedal. Adapun jenis penelitian
yang digunakan dalam penelitian ini adalah pendekatan kualitatif yang bersifat
deskriptif. Subjek penelitian ini adalah 6 siswa kelas VIII A. Instrumen penelitian yang
digunakan berupa lembar tes dan pedoman wawancara yang berisi 14 pertanyaan.
Hasilnya menunjukan bahwa seluruh siswa yang menjadi subjek penelitian memiliki
kemampuan abstraksi matematis yang rendah, karena tidak satupun siswa yang
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mampu memenuhi semua level dan indikator yang digunakan dalam penelitian ini,
yaitu level pengenalan, representasi dan abstraksi struktural.

Kata Kunci: Analisis, Kemampuan Abstraksi Matematis, Recognitif, Representasi,
Abstraksi Struktural

How to Cite: Pratidiana, D., Rifa’i, R.,, & Priyani, D. (2021). Analysis of
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INTRODUCTION

athematics is one of the most important branches of science because

mathematics is essential for daily life and becomes the basis for other

branches of science. Sholihah & Afriansyah (2017) state that
"Everyone in his life activities will be involved with mathematics, ranging from
simple and routine forms to very complex forms."

Mathematics is taught at all levels of education and is one of the
determinants of students' graduation. By learning mathematics, students can
practice using their minds logically, analytically, systematically, critically, and
creatively and can work together in dealing with various problems and utilize
the information they receive (Afrilianto, 2012). According to the Regulation of
the Minister of Education and Culture No. 22 of 2016 concerning the purpose of
mathematics learning, namely: (a) understanding mathematical concepts,
describing how the interrelationship between mathematical concepts and
applying concepts or logarithms efficiently, flexibly accurately, and precisely in
solving problems; (b) establish patterns of nature of mathematics, develop or
manipulate mathematics in composing arguments, formulate evidence or
describe mathematical arguments and statements; (c) solve mathematical
problems that include the ability to wunderstand problems, develop
mathematical solving models, solve mathematical models and provide
appropriate solutions; (d) communicate arguments or ideas with diagrams,
tables, symbols, or other media to clarify a problem or situation. However, it
very concerns to see that mathematics is a subject that many students consider
difficult. Li & Schoenfeld (2019) revealed that mathematics is a subject that is
usually considered challenging. According to Yuliati (2013), one of the things
that causes a negative view of mathematics is because mathematics is an abstract
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science. Nurhasanah (2010) expressed that mathematics is a science with an
abstract object of study.

According to Ge & Land (Nisa, 2019), unstructured problems make
students associate abstract mathematical knowledge with everyday life. Thus,
students can think abstractly, generalize, and compose problems in daily life.
Therefore, students' abstraction skills are essential. Each student has the
abstraction ability to solve problems in mathematics lessons and solve different
problems according to the students' level of thinking ability and intelligence.
However, some people have not widely realized this. Therefore, researchers are
interested in researching the ability of abstraction at the junior high school level.
The abstraction ability of students at the junior high school level is an important
level in the foundation of further abstract thinking. Because at this level, the
materials presented are more complex basic materials and many new materials
used in advanced levels.

According to Hidayah (2018), geometry is one of the systems in
mathematics that is preceded by a concept of the base, namely point. The point
is then used to form a line, and the line will compose a plane. In the planes, we
will be able to construct various kinds of flats and many facets. Many facets can
then be used to build up space. According to Kartono (2010), from a
psychological point of view, geometry is in the form of visual and spatial
experiences, for example, fields, patterns, measurements, and mapping, while
from a mathematical point of view, geometry provides approaches to problem-
solving, such as pictures, diagrams, coordinate systems, vectors, and
transformations. Budiarto in Sholihah & Afriansyah (2017) stated that the
purpose of learning geometry is to develop logical thinking skills, develop
spatial intuition, instill knowledge to support other materials, and be able to
read and interpret mathematical arguments. In this study, researchers focused
on cartesian coordinate material.

Cartesian coordinates are taught explicitly in grade VIII junior high
school. Cartesian coordinate material is material that belongs to the realm of
geometry. The results in the field show that cartesian coordinate material is still
low. In fact, in mathematics learning especially related to geometry, it turns out
that many students still find it difficult. It was shown when researchers made
observations to the school and interviewed teachers, especially mathematics.
Students at SMP Negeri 1 Cikedal still have not developed their mathematical
abstraction skills optimally. It is indicated by some examples, such as students
when asked to determine the point on the cartesian coordinate system, and there
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are still many students who still have difficulty identifying or connecting the
material being studied with the previous material.

According to Yuliati in Rizka & Hakim (2017), research on the ability of
mathematical abstraction is still lacking. While the abstraction ability is an
ability to describe mathematical concepts in a mathematical problem or other
words, abstraction can build a model of problem situations. Building
mathematical concepts independently by students is fundamental in
mathematics learning. Thus, students are given the broadest possible
opportunity to build and construct their knowledge. According to Ge & Land in
Yusepa (2017), unstructured problems make students associate abstract
mathematical knowledge with everyday life. Thus, they can think abstractly,
generalize, and compose problems in everyday life.

Nuswantari (2015) suggests that abstract thinking indicators are one of
the students’ abilities in concluding according to the basis of general thinking to
explain specific things. Generalizing and compiling problems in everyday life is
a process of mathematical abstraction. According to Kirkland & Lewis in Yusepa
(2017) of constructivist frameworks, abstraction is seen as a process from
concrete to abstract with a level of development. The result or product of a
mathematical abstraction process is the ability of mathematical abstraction.
However, the fact is that students” mathematical ability in Indonesia tends still
not to be as expected. The Program for International Student Assessment (PISA)
and the Trends in International Mathematics and Science Study (TIMSS) show
that the achievements of Indonesian students are still not as expected.
According to Hewi and Shaleh (2020), it can be concluded that Indonesia's PISA
results in 2018 were ranked 74th out of 79 participating countries. This result is
not much different from the PISA assessment results in previous years.
Indonesia's rating is always in the bottom 10. These results are pretty surprising,
although not necessarily the test results represent the overall mathematical
ability of Indonesian students.

By paying attention to the background of the problem, the purpose of this
study is to describe the mathematical abstraction ability of grade VIII students
in cartesian coordinate material at SMP Negeri 1 Cikedal. The usefulness of this
research is theoretically expected to be used as a new finding related to the
ability of mathematical abstraction in geometry material and become a reference
material to conduct analysis research of mathematical abstraction capabilities.
Practically, it can provide information about students” abilities to guide students
in improving their learning understanding. In addition, it can provide
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information to teachers about students’ abilities so that it can be used as a
consideration in the learning process so that learning is effective, and it can
provide information to school so that it can be used as a consideration to
improve the quality and achievement of the school.

METHODS

This research lasted for eight months, starting from March to October
2020, at SMP Negeri 1 Cikedal grade VIII. The selection of subjects in this study
is purposive sampling which is a sampling technique that is determined by
adjusting to a specific research purpose or consideration (Satori, 2017).
Sampling referred to in qualitative research is to filter as much information as
possible from various sources and buildings (construction). Therefore,
qualitative research does not have a randomized sample but a purposive
sample. The sample aims to be marked with a sample that cannot be determined
or withdrawn in advance, and the number of samples is determined by the
necessary considerations, information (Noviyana, 2017). The subjects of this
study were 6 students of grade VIII A SMP Negeri 1 Cikedal. The reason
researchers chose grade VIII A SMP Negeri 1 Cikedal to be the subject of
research is the motivation of students and student learning outcomes that have
not been satisfactory so that use is required and needs special attention.

The research instruments in this study were taken from several data,
among others: Mathematical abstraction ability tests and interview guidelines.
The test of mathematical abstraction ability is taken from cartesian coordinate
material because the discussion of the cartesian coordinate system does not stop
at the junior high school level only. This material will develop at a later level.
The test is divided into three questions. Each question contains indicators of
achievement that students must take. After the test is given to students, then the
test is corrected, all answers are analyzed and grouped into several levels of
grades obtained. Interview guidelines are conducted to find out more
explanations to the subject of the study. Interviews are conducted formally as
well as informally. In this study, the interviews used were unstructured.
Unstructured interviews are flexible and open. The questions asked are flexible
but do not deviate from the purpose of the interview. Interview speed is flexible,
and interview guidelines are very loose, both the order of questions, the use of
words, and the flow of speech. Researchers also use free interviews so that
researchers and respondents do not experience or feel awkward so that the data
obtained is no other factor that affects the respondent. The interview guidelines
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in this study are used to obtain information directly from the subject. Interview

guidelines contain questions about the thought process of working on the

problem by the students. Abstraction criteria include searching for meaning

collected from test results and interviews and providing narrative briefs.

Abstraction criteria are divided into three levels, three indicators, eight

descriptors, and classifications (Sari, 2018).

Table 1. Abstraction Criteria Based on Indicators and Descriptors

Abstraction

Level Indicators

Descriptors

Classification

Recognition  Introduce new Recall previous

mathematical
structures by
identifying
previous
structures.

Representation Declare the
problem into
mathematical
form

activities related to
the problem at hand

Identify previous
activities related to a
problem you are
facing

State the results of
previous thoughts
in the form of
mathematical
symbols, graphic
words

Able to remember and
associate previous
activities with the
problems that are being
faced correctly

Able to remember and
associate previous
activities with the
problem at hand but
wrong

Unable to remember and
associate previous
activities with the
problems at hand

Able to correctly identify
previous activities related
to the problem at hand

Able to identify previous
activities related to the
problem at hand but
incorrectly

Unable to identify
previous activities related
to the problem at hand
Able to express the
results of previous
thinking in the form of
mathematical symbols,
graph words correctly
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Able to express the
results of previous
thinking in the form of
mathematical symbols,
aphic words but wron

Reform structures Able to transform
into mathematical structures into
models mathematical models

correctl

Unable to reform
structures into
mathematical models

Able to run alternative
methods that may but are
wron

Structural Create Reflect previous Able to properly reflect
abstraction  abstractions activity to a new previous activities on
and situation new situations

representation
s of
mathematical

problem
solving
activities
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Unable to reflect previous
activity on a new
situation

Able to develop a new
strategy for a problem,
which has not been used
before but is wron

Reorganize the Able to reorganize the
structure of structure of mathematical
mathematical problems in the form of
problems in the composing, organizing,

form of arranging, =~ and developing correctly
organizing, and
developin

Unable to reorganize the
structure of mathematical

problems in the form of
composing, organizing,
and developing

RESULTS AND DISCUSSION

Description and Analysis of Recognition Level Data

Question 1: In a Cartesian coordinate plane, there are two points, namely points
A (2,1) and B (5, 5). What is the distance between the two points?
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Figure 1. Subjects” Answers to Question Number 1
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Based on figure 1, in the recognition level (introduction to new
mathematical structures by identifying previous structures), S1 is able to
remember and relate previous activities to the problem at hand but wrong. S2 is
unable to remember and relate previous activities to the problem at hand. S3 is
able to identify previous activities related to the problem at hand but was
wrong. S4 is unable to identify previous activities related to the problem at hand
but wrong. S5 is able to remember and relate previous activities to the problem
at hand but wrong, and S6 is unable to remember and relate previous activities

to the problem at hand.

Description and Analysis of Representation Level Data

Question 2: Desi, Santi, Ana, and Nizma are friends from childhood. When you
look at the map, their house is rectangular. Desi's house is at
coordinates (5, 2), Ana's house is at coordinates (11, 2), and Nizma's
house is at coordinates (5, 8). At what coordinates is Santi's house?

"
n) 0 (2} ||n>
a - sLil
q N’(_;_,e)‘ m,t e) 2] ;&?f’.‘._.. : _»_'_.“S(_.-.ex
7 . : 2 H H
(7 v
s ]
. . : 4 : :
3 D (5:2) Ailn2) ] pigsiz) ALY
2 I LR, 2 Y,
1 H » ¥
¥l ——r— Tt T —n
2 -2}
-3 Ld A
i 5
Le e
Ik i
1g Lgl
@ -5
'9 - I,
i - “ T
i %O Roman sant bercao di koor dinat Ciree) /(SC)
Ruman Saniy berada di koordinat (vQ) /
7 7
S1’s Answer S2’s Answer
0 A G
2) \o @ "
' 2 PATCE > EY CUW & 10
+ . ; 91 jsva (68) o (o
< a . Lsg s 00,«”
s 3 2 &
; i 6
2 nte ol -\’;L“'Qv s
T "
o-9-€-71 ¢ -5-a-3-2-1 it 3G ccifsenr ; Y (8.2). na (11, 2)
-1 1
= 7S O G S I S N I W — a1, 5 X
—i A -10-0 B-3-b -5 -y N ‘23 M8 w3 89w
- " o
_c 1 =
=l i
-8 2 P
3 I p
- o s-
-t & |
. ‘8
awaban / ‘g
Qumat. Santi berada As vootdinat (1.&) )
—)
R3Y VA
V4 Va
S3’s Answer S4’s Answer

Volume 9, No 1, June 2021 |187



Deni Pratidiana?), Rusdian Rifa’i2), Dewi Priyanid

£

S — = -7
S Y RS PRFMERET (UL y
0 v i 1 "L
2| : ,- :
! H al:
1 ] \/ y", as, 8 SCNE)
bl _3Cs LX,--» —‘rk 5\ )
S ] 3
fl r; |
A : & !
2 : i A f |
; 3 S s ——f—1"£-—¥—'§——" S 2T ér(s,‘z‘)“——» —acn2)
Wwg B b 15 1TIirL 134 sk T eEqiou { L L
- B o S S e s S _‘_‘__.', S TR ——— “${—
5 B Y e = SR «ME: ) é; A R
4 i e
s P _‘
e 6:3 —; T
t ( / b / /) (»/,'/
8 \ /' i
) T 4 kA 2t
) g o &
v +lo.
iy
7 7
S5’s Answer S6’s Answer

Figure 2. Subjects” Answers to Question Number 2

Based on figure 2, in the representation level (declares the problem into
a mathematical form), S1 is able to state the results of previous thoughts in the
form of mathematical symbols, graphic words correctly. S2 is able to express the
results of previous thinking in the form of mathematical symbols, graph words
correctly. S3 is able to express the results of previous thinking in the form of
mathematical symbols, graph words correctly. S4 is unable to state the results
of previous thinking in the form of mathematical symbols and graphs. S5 is
unable to transform structures into mathematical models, and S6 is unable to

state the results of previous thinking in the form of mathematical symbols and
graphs.

Description and Analysis of Structural Abstraction Level Data
Question 3: Known point A is (1, 2), point B (4, 9), and point C (7, 2). From a
known point.
a. Draw those coordinates!
b. What flat builds are formed?
c. Calculate the circumference of the flat wake!
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Figure 3. Subjects’” Answers to Question Number 3

Based on figure 3, in the structural abstraction level (create abstractions
and representations of mathematical problem-solving activities), S1 is able to
reflect previous activities to new situations properly. S2 is able to reflect
previous activities to new situations properly. S3 is able to reflect previous
activities to new situations properly. 54 is able to reorganize the structure of
mathematical problems in the form of arranging, organizing, and developing
but wrong. S5 is unable to reflect previous activities to new situations, and S6 is
unable to reflect previous activities to new situations.

Table 3 shows the test and interview results of subjects in each level.

Table 3. Triangulation of Data Analysis Results
No Subjects Test Results Interview Results
1 S1 Able to remember and Students do not fully

associate previous activities = mention what is known
with problems that are being

encountered but wrong

about the question, but

students can mention what is
asked.
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S2

S3

S4

S5

S6

S1

Unable to remember and
relate previous activities
with the problems at hand

Able to identify previous
activities related to the
problem at hand but
incorrectly

Unable to identify previous
activities related to the
problem at hand but
incorrectly

Able to remember and
associate previous activities
with problems that are being
encountered but wrong
Unable to remember and
relate previous activities
with the problems at hand

Able to express the results of
previous thinking in the
form of mathematical
symbols, graph words
correctly

Students do not know what
is known about the problem.
Other than that, the student
is not able to explain in
detail the relationship of the
material being studied with
the previous material
Students know what is
known about the question
and can mention what is
asked of the question. The
student is also able to
explain in detail the
relationship of the material
being studied with the
previous material.

Students know what is
known about it and can
mention what is asked of the
question. However, students
are unable to explain the
relationship of the material
being studied with the
previous material.

Students do not know what
is known and asked the
question

Students are unable to
explain the relationship of
the material being studied
with the previous material
Students are fully able to
mention what is known and
asked of the question. In
addition, students can
explain how to work on the
problem.
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10

11

12

13

14

S2

S3

S4

S5

S6

S1

S2

Able to express the results of
previous thinking in the
form of mathematical
symbols, graph words
correctly

Able to express the results of
previous thinking in the
form of mathematical
symbols, graph words
correctly

Unable to state the results of
previous thinking in the
form of mathematical
symbols and graphs

Unable to transform
structures into mathematical
models.

Unable to state the results of
previous thinking in the
form of mathematical
symbols and graphs

Able to properly reflect
previous activities to new
situations

Able to properly reflect
previous activities to new
situations

Students can explain and
solve problems correctly

Students are fully able to
mention what is known and
asked of the question

Students cannot say in full
what is known about the
matter. However, students
can mention what is asked in
the question students can
explain how to answer the
question.

Students cannot say what is
known about it. But students
can explain how to answer
questions

Students cannot fully
mention what is known
about the problem. In
addition, students cannot
explain how to solve the
problem.

Students can mention what
is asked in the question.
Students can explain the
steps to solve it in answering
the question but cannot
mention the conclusion of
the answer

Students can mention in full
what is known and asked in
the question. The student is
wrong in mentioning the
formula he used in
answering the question.
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15 S3 Able to properly reflect Students can fully mention
previous activities to new what is known and what is
situations asked in the question.

Students are incomplete in
explaining the steps to solve
it in answering the question.

16 S4 Able to reorganize the Students can mention what
structure of mathematical is asked in the question.
problems in the form of Students are not precise in
arranging, organizing, and giving conclusions from the
developing but wrong results of the answer.

17 S5 Unable to reflect previous The student is wrong in
activities to new situations mentioning the formula he

used in answering the
question. The student does
not fully explain the steps of
completion and does not
know the conclusion of the
answer.

18 S6 Unable to reflect previous Students are incomplete in

activities to new situations mentioning what is known
and asked of the question.
Students are less complete
explaining the steps of
completion and wrong in the

conclusion of the answer.

To analyze the students” abstraction at the level of recognition, namely
on the indicators of the introduction of new mathematical structures by
identifying the previous structure, out of the 6 subjects selected by the
researcher, none of the subjects has good skills in the level of recognition. This
is because in the test results in students do not write down completely what are
the elements known and asked in the question. All subjects can describe the
cartesian diagram correctly, but students do not write down the steps for
completion in the answers. Also, in interviews, almost all students could not
explain the relationship between the question and the material discussed earlier.
However, one student, S3 subject, can relate to the connection but is wrong in
answering the question.

To analyze the students” abstraction at the representation level, namely,
indicators that state the problem in mathematical form, from the 6 subjects
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chosen by the researcher, several subjects have good abilities at that level,
namely S1, 52, and S3 subjects. It is because students can give the correct answer
from the test results done by students. Based on the interview results, students
can entirely mention what elements are known and asked in the question. In
addition, students can also explain how they work on the questions. In addition,
some of the other students have low representation level skills, namely S4, S5,
and S6 subjects. This is because the student is unable to mention what elements
are known and asked in the question, the student also does not answer the
question completely, but the student can draw cartesian diagrams correctly, in
addition to the interview results, the student is also unable to explain how to do
the questions.

To analyze the structural abstraction level, namely on indicators of
abstraction and representation of mathematical problem-solving activities, out
of the 6 subjects selected by researchers, none of the subjects has good skills in
the level of structural abstraction. This is because in working on the problem,
students do not write down what elements are known and asked in the
question, some students are wrong in describing cartesian diagrams, the student
does not write the formula he uses in answering the question, and the student
does not write down the final result of the answer. Thus, while from the
interview results, students cannot mention the complete elements known and
asked, the student is wrong in mentioning the formula used. As a result,
students cannot explain the steps in solving the question. Other than that,
students are also unable to give conclusions from the answers they have written.
The relevant research done by Nisa (2019) entitled "Analysis of Students'
Mathematical Abstraction Ability in Solving Problems on Quadrilateral
Material for Class VII SMP found that students with high mathematical abilities
can use abstract thinking skills very well. Students with moderate mathematical
abilities are not necessarily able to use abstraction thinking skills well, and
students with low mathematical ability in using abstraction thinking skills are
still not good.

CONCLUSION

Based on the analysis of data, researchers' findings, and discussions, it
can be concluded that the level of recognition of students who have good
abilities has not been able to properly remember, identify and associate the
previous structure with the problems faced correctly from these three problems,
likewise, for students who have moderate and low abilities. Thus, it is proven
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that out of the 6 research subjects, no one has a good ability in the level of
recognition. At the representation level, some students with good and moderate
skills, namely students S1, S2, and S3 can express their thinking in mathematics,
words, cartesian diagrams correctly and run alternative methods to solve the
problem. However, some of the other students, namely S4, S5, and S6 students,
have not identified and correctly stated the results of their thinking in the form
of mathematics, words, and cartesian diagrams, so that the results are not
correct. At the structural abstraction level, all students with good, medium, and
low abilities have not been able to make abstractions and representations of
mathematical solutions. They also cannot identify problems and develop new
strategies for the problems and cannot organize them properly. All students
who were the subjects of this study had low mathematical abstraction abilities,
because none of the students met all the levels and indicators used in this study.
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