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Abstract

Literacy skills are important in learning mathematics. Mathematical literacy skills are able to provide
opportunities for students to understand the benefits and practicalities of mathematics in real life, solve
real-life problems using mathematics and can also be applied in decision making. This study aims to
describe students' mathematical literacy abilities in terms of PISA problems. This research is descriptive
qualitative. Selection of research subjects using purposive sampling. The research subjects in this study
were students of Al Azhar Takengon Integrated High School, class XII Science, consisting of two
students with high abilities. The data collection technique used the PISA problems and interviews. Data
were analyzed using data analysis techniques proposed by Miles and Huberman. This study uses time
triangulation to check the validity of the data. The research results showed that the profile of the
mathematical literacy ability of students with high mathematical ability in solving PISA problems is
classified as good. Subjects are able to think at an advanced level and students are able to complete the
six levels of PISA problems given by fulfilling each mathematical process in mathematical literacy;
formulate, employ, and interpret.

Keywords: Analysis; mathematical literacy; PISA problems.

Abstrak

Kemampuan literasi menjadi hal yang penting dalam pembelajaran matematika. Kemampuan literasi
matematika mampu memberikan kesempatan pada siswa untuk memahami manfaat dan kepraktisan
matematika dalam kehidupan nyata, memecahkan masalah pada kehidupan nyata dengan menggunakan
matematika serta dapat juga diaplikasikan dalam pengambilan keputusan. Penelitian ini bertujuan untuk
mendeskripsikan kemampuan literasi matematika siswa ditinjau dari soal PISA. Penelitian ini merupakan
penelitian kualitatif deskriptif. Pemilihan subjek penelitian menggunakan purposive sampling. Subjek
penelitian pada penelitian ini adalah siswa SMA Terpadu Al Azhar Takengon kelas XII IPA yang terdiri
dari dua orang siswa yang berkemampuan tinggi. Pengumpulan data menggunakan tes PISA dan
wawancara. Data dianalisis dengan menggunakan teknik analisis data yang dikemukakan oleh Miles dan
Huberman. Penelitian ini menggunakan triangulasi waktu untuk pemeriksaan keabsahan data. Hasil
penelitian menunjukkan bahwa profil kemampuan literasi matematis siswa berkemampuan matematika
tinggi dalam menyelesaikan soal PISA tergolong baik. Subjek sudah mampu berpikir pada tingkat lanjut
dan mampu menyelesaikan enam level soal PISA yang diberikan dengan memenuhi setiap proses
matematika pada literasi matematis, yaitu memformulasi, menerapkan, dan menginterpretasikan.

Kata kunci: Analisis; literasi matematika; PISA.
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INTRODUCTION

Studying mathematics  should
provide students the ability to reason,
solve problems, and apply concepts in
real-world situations. This leads to
mathematical literacy skills. The
capacity for mathematical literacy
enables people to comprehend the
function and practicality of mathematics
in life and can be utilized to guide
informed decision-making. People that
acquire mathematical literacy are able to
apply mathematics to solve problems in
various Kkinds of real-life situations
(Hayati & Kamid, 2019). Therefore,
literacy skills are needed in
mathematics education.

The ability to use and perform
mathematics in a range of contexts is a
crucial component of mathematical
literacy. Students were given written
materials to read about a variety of
problems they could encounter in the
real world. These materials required
them to use their mathematical
knowledge, comprehension, or abilities
to assess and resolve the situations
(Lailiyah, 2017). To answer a problem,
mathematical literacy required the use
of four prior skills; exploring,
connecting, and reasoning also using
variety methods (Stacey, 2015).

The importance of mathematical
literacy was also acknowledged by the
Education and Culture  Ministry
(Kemdikbud) report, as evidenced by
Indonesia's PISA participation (Sari &
Wijaya, 2017). According to the
Organization for Economic Cooperation
and Development (OECD, 2013), the
emphasis of PISA is on students'
school-acquired abilities and
competencies that may be applied in
real-life. The PISA report showed in the
category of mathematical literacy,
Indonesia was ranked 68th out of 74
PISA participants in 2009, 64th out of
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65 PISA participants in 2012, 65th out
of 72 PISA participants in 2015, and
74th out of 79 PISA participants in
2018 (Hayati & Kamid, 2019;
Schleicher, 2019). The results of
Indonesia’s ranking, which is currently
below, show that the country still has
low levels of mathematical literacy.
This is also stated by several studies
(Aisyah & Juandi, 2022; Fery et al.,
2017; Fointuna et al., 2020; Mansah &
Safitri, 2022; Maslihah et al., 2020;
Utami & Nirawati, 2018; Yustitia et al.,
2020).

Students fail the PISA survey for
a number of reasons, including
formalizing their mathematics problems
and stopping short of the following step
after determining the answers (Jupri et
al., 2014). Other studies which state that
the majority of students have no trouble
using accurate calculations and logical
reasoning to solve the PISA problems
that have been given, but they struggle
to express their thoughts clearly in
writing (Rum & Juandi, 2023). Students
with low and medium abilities are only
able to fulfill 2 indicators of
mathematical literacy correctly, namely
communication ability and ability to use
mathematical tools, so the researcher
concludes that these 2 subjects do not
have good literacy skills (Setyaningsih
& Munawaroh, 2022).

The ability ~ of  students'
mathematical literacy is still lacking due
to the learning process in problem
solving that emphasizes more on the
results to be obtained not on the
problem-solving strategy used (Prasasti
& Sumardi, 2022). Some of these
studies emphasize the significance of
thoroughly  assessing a  student's
challenges with completing
mathematical literacy problems. Based
on the results of interviews with
mathematics teachers at Al-Azhar High
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School, teachers often start learning
activities by directly  conveying
mathematical ideas in the form of
formulas, theorems, definitions,
algorithms and principles, so that with
this kind of learning process the
students' literacy is not good. Therefore,
the solution that is expected so that
students' literacy skills are good is
starting from the mathematics learning
process taught by the teacher which
must be based on indicators of
mathematical literacy and problem
solving.

The purpose of this study is to
describe students’ proficiency with
PISA issues in terms of mathematical
literacy. This is intended based on the
studies previously mentioned, that the
mathematical literacy abilities of
students in Indonesia are still a cause
for concern. Therefore, the ability of
mathematical literacy is a cognitive
aspect that needs to be considered by
mathematics educators. In particular,
the research is supposed to improve
students' mathematical literacy in
completing PISA tasks, which will
enhance the quality of mathematics
education. Based on Figure 3, it is
known that the subject also has good
mathematical literacy skills. The subject
was able to describe the shape of the
dice net according to the rules given in
the question, namely the number of dots
on opposite sides was 7. This can be
seen from the results of observations
and the reasons given by the subject for
the dice. net which is the answer to the
fetch problem.

On level 4 problems with change
and relationship content, it can be seen
that the subject has good mathematical
literacy skills. The subject can relate the
problem to the material he has studied
and choose the right formula to solve
the given problem. Subjects used two
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variables to help determine the shortest
tower height. In level 5 problems with
the same content, the subject also
appears to have good mathematical
literacy skills. The subject was able to
describe what the calculation of the
addition of pine trees and apple trees in
the problem looked like, by making a
pattern so that a pattern appeared that
would be used to solve the problem.
This can also be seen in the level 6
problems with change and relationship
content. The subject was able to
describe how the calculation of the
addition of pine trees and apple trees in
the problem looked like. Subjects are
also able to determine which trees will
grow faster and which trees will grow
less quickly by giving the right reasons
for the answers given.

Based on the results of the data
triangulation that was carried out, it was
seen that the subject could answer the
same way in giving the first and second
problems. The subject still remembers
the steps that must be taken in order to
solve the given problem. This shows the
consistency of responses to the subject's
answers in  answering  students'
mathematical  literacy = worksheets
(LKLMS 1 and LKLMS 2). Therefore,
it can be concluded that the KS subject
data is valid so that the data can be used
for analysis.

METHOD

This study used a descriptive
qualitative research design. This study
was carried out in class XII IPA at SMA
Terpadu Al Azhar Takengon. The
selection of subjects in this study used
purposive sampling. The subjects in this
study were two students with high
mathematical abilities. Research
subjects were obtained based on
learning reports  discussed by
researchers with class teachers who
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recommended that the two students had
high abilities. Data collection in this
study used a mathematical literacy
ability test which was given twice using
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conducted content validation with two
validators who work as lecturers in the
field of mathematics education. The test
problems are adopted from PISA

the PISA test as well as interviews
conducted when students had completed

problems which consist of 6 levels of
problems. The problems are shown in

the test problems given. For the Table 1.
interview instrument, the researcher
Table 1. PISA Problems
Level Problems
1 Chris just got a car driver's license and wants to buy a car, here is a detailed list
(Uncertainty  of the cars he saw at the nearest dealer.
and Data) Model Nissan | Honda | Toyota Avanza | Nissan Serena
March Freed Veloz
Year 2011 2012 2013 2014
Price (in Rupiah) .91. 182 159 million 270 million
million | million
Kilometers 44.000 | 50.000 50.000 22.000
Machine Capacity | 1200 | 1500 cc 1500 cc 2000 cc
Chris wants a car that meets all of these requirements:
e The distance covered is not higher than 50.000 kilometers
e The advertised price is not higher than 162 million
The car that meets Chris' requirements is....
A. Nissan March
B. Honda Freed
C. Toyota Avanza Veloz
D. Nissan Serena
Explain your reasons why you chose that answer!
2 A giant Ferris wheel spins by the river. Look at the following pictures and
(Spaceand  diagrams L B
Shape) =
R
r/
150 m o <
] Boarding platfoi
\7 10m

Bed of the river

The pinwheel rotates at a constant speed counterclockwise. The wheel rotates
one full revolution in 40 minutes. Joni rides the wheel at point P. Where is Joni
after half an hour?

A. AtpointR

B. Between points R and S

C. AtpointS

D. Between points S and P
Explain your reasons why you chose that answer!
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Level Problems
3 On the right, there is a picture of two dice.
(Space and
Shape) Dice are special number cubes where the following rules apply:
The sum of the dots on two opposite sides is always seven
You can make a simple number cube by cutting, folding, and pasting
cardboard. This work can be done in many ways. In the image below you can
see a piece of cardboard that can be used to make a number cube with dotted
sides.
Which of the following shapes can be folded to form a cube that obeys the rule
that the number of dots on opposite sides is 7?
| — | L ol .
¢ ‘e '
LU N ] 1L LI L [ XILE. 'XIL L.
L -Hl“. ”'!. Y l..“:: lnn‘::
X " . 0
" " '
Xl Xl i X
For each form, answer "Yes" or "No" in the table below!
Shape Satisfies the rule that the number of dots on
opposite sides is 7
I Yes/No
] Yes/No
Il Yes/No
v Yes/No
4 The picture below shows 3 towers that have different heights and are
(Change and composed of two shapes, namely a hexagon and a rectangle

Relationship)

-x" -
21 19
2
Y. - k.

What is the height of the shortest tower? Please explain your answer. Explain
your reasons why you chose that answer!
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Level Problems
5 A farmer planted apple trees in a square pattern. To protect the apple tree from
(Change and the wind he planted pine trees around the orchard. Below is an image of the

Relationship)

6
(Change and
Relationship)

situation showing the pattern of apple trees and pine trees for any number of
columns.

n=1 n=2 n=3 n=4
XXX XX XXX XXXXXXX XXXXXXXXX
XoX Xe 0X Xe o 00X Xe o o0 0X
XXX X X X X X X
Xe oX Xe o o0X Xe ¢ ¢ 00X
XX XXX X X X X
Xe o 00X Xe o o0 00X
) XXXXXXX X X
X = conifer tree X0 0 o oX

0 = apple tree

XXXXXXXXX

There are two formulas you can use to calculate the number of apple trees and
the number of pine trees in the pattern described above:

Lots of apple trees

Lots of pine trees

By stating the number of rows of apple trees. There is a value where the
number of apple trees equals the number of pine trees. Determine the value
and show how you got the answer.

From No. 5 above, suppose the farmer wants to create a larger garden with
many rows of trees. As the farmer made the orchard bigger, which would
increase faster, the many apple trees or the many pine trees? Explain your
answer! Explain your reasons why you chose that answer!

The indicato
adopted
mathematical

from

rs used in Table 2. are
the  notion of
literacy put forward by

the OECD and Ayuningtyas' research
(Ayuningtyas, 2017; OECD, 2013).

Table 2. Mathematical process in mathematical literacy

Mathematical

Process Indicators
Formulate o Identify the mathematical aspects of the problems found in real context
situations and identify important variables
e Converting problems into mathematical language or models
corresponding mathematics into the form of a variable, image or
appropriate diagrams
Employ Applying a mathematical model design to find a mathematical solution
Interpret Interpret the mathematical results obtained and evaluate the reasonableness
of mathematical solutions in the context of real-world problems
Data reduction, data presentation, were employed (Miles & Huberman,

and verification/conclusion were the
stages of qualitative data analysis that

1994). In data reduction, students'
answers are transcribed. Answers are
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coded based on the components of the
mathematical process on mathematical

literacy skills. Coding schemes for
mathematical processes on
mathematical  literacy  skills are

formulate (FO), employ (EM), and
interpret (IN). Data is presented by
explaining  students'  mathematical
literacy levels on PISA problems for
each level as determined by their
responses and interviews. In order to
reach conclusions, the researcher
examined patterns in student responses
and analyzed them with related
interviews and studies. Researchers
employed time triangulation, a data
source technique, to verify the accuracy
of the data. Time triangulation refers to
a researcher being able to make
observations or conduct interviews at
different time periods (Natow, 2020).

RESULT AND DISCUSSION

Student answer sheets were
analyzed to see students' mathematical
literacy skills supported by interview
results. Based on the results of the
analysis it is known that students'
mathematical  literacy  skills are
classified as high and have been able to
solve PISA problems for all levels. This
can be seen from the results of the
analysis of student worksheets and their
interviews as follows:

1. Subject WS

Jawaban serta alasan:

ISSN 2089-8703 (Print)
ISSN 2442-5419 (Online)

On level 1 problems with
uncertainty and data content, it can be
seen that the subject has good

mathematical literacy skills. This is
shown from the subject's observation of
the problems given, the subject can
observe and formulate the problems that
exist in these problems, starting from
categorizing, reading tables, and
determining the results of the problems
that exist in these problems. In the level
2 problems with space and shape
content, the subject appears to have
good mathematical literacy skills. The
subject can easily divide the time
allotted for the problem by how many
dots there are on the wheel so that the
time taken to reach each point Joni will
pass is obtained. Level 3 problems also
use space and shape content. In this
question, the subject also appears to
have good mathematical literacy skills.
Subjects were able to describe what the
dice nets in the problem looked like,
and were able to rearrange the dice nets
to their original shape again. This is
shown from the results of the subject's
observations of the two dice nets which
are the answers to these problems.

On level 4 problems with change
and relationship content, it can be seen
that the subject has good mathematical
literacy skills. This can be seen in
Figure 1.

| Kesmpulan -
Misalkan B = X
O Tingg towec ke-3
— = U adalal 3

Maka
S ]

Ditanya

| 3% + 3y > 2\

1J X 4+ 2y = 19

|

| Yy =2

| Subshtwii y = 2 e pes

|

|
"_]vf,aﬁ = 21
| 3> + 3(2) =
[2x « & = 2

L A x f‘_gjfl‘r.-
=19 ...

x 4+ 2y = -

2

pert 1

Pea 2

Jadi

‘acena wrdin  dan
sata D dan dua I

Zx = 21 -G
3x =18

<3

Xz 5

x4+ 29 = 4200
= ¢+ Y

= 9

Figure 1. Level 4 problems with Change and Relationship content
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Based on Figure 1, it can be seen
the subject can relate the problem to the
material he is studying, and the subject
can even easily determine the method
he should use to solve the given
problem so as to obtain the expected
results. Subjects are also able to
categorize the variables contained in the
image. Meanwhile, on level 5 problems
with the same content, the subject
appears to have good mathematical
literacy skills. Subjects were able to
describe what the calculations for
adding pine trees and apple trees to the
problem looked like. This is shown by
the subject making a pattern so that a
pattern appears that will be used in
calculations using a formula. Subjects
are also able to provide information
regarding what material is used in the
questions. This can also be seen in level
6 problems with change and
relationship content, the subject also
appears to have good mathematical
literacy skills. This is shown by the
subject making a pattern so that a
pattern appears that will be used in
calculations using a formula. Subjects
can also determine which trees will
grow quickly and which will grow
slowly.

When triangulated, the subjects
answered in the same way. The subject
still remembers the steps that must be
taken in order to be able to solve a
problem in the problem, so that the
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subject can easily get the answers and
information needed in solving them.
This shows the consistency of the
responses to the high-category subject
answers in  answering  students'
mathematical  literacy = worksheets
(LKLMS 1 and LKLMS 2). Therefore,
it can be concluded that the WS subject
data is valid so that the data can be used
for analysis.

2. Subject KS

On level 1 problems with
uncertainty and data content, the subject
appears to have good mathematical
literacy skills. This is shown from the
subject's observation of the problems
given, the subject can observe and
formulate the problems that exist in
these  problems,  starting  from
categorizing, reading tables, and
determining the results of the problems
that exist in these problems. In the level
2 problems with space and shape
content, the subject also appears to have
good mathematical literacy skills.
Subjects were able to determine Joni's
whereabouts after spinning for half an
hour and provide reasons for the
answers given.

In level 3 questions, students are
asked to solve problems using space
content and shapes. Student answers can
be seen in Figure 2.

‘ \J{:am- meren h; cihiron AO}‘WJUW/O/) /’%/‘ ,Dada -{‘.fl'

|

PC"C/a nomaey

I@c/w/‘on Pq(/el Aop or

aty

2 clop 3

Jeng Aﬁ’AQC/qfan aclalah 7 oc/o/ol., -/a—deyof

1 el !
(O TN Crty

Figure 2. Level 3 problems with Space and Shape content
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Based on Figure 2, it is known
that the subject also has good
mathematical literacy skills. The subject
was able to describe the shape of the
dice net according to the rules given in
the question, namely the number of dots
on opposite sides was 7. This can be
seen from the results of observations
and the reasons given by the subject for
the dice. net which is the answer to the
fetch problem.

On level 4 problems with change
and relationship content, it can be seen
that the subject has good mathematical
literacy skills. The subject can relate the
problem to the material he has studied
and choose the right formula to solve
the given problem. Subjects used two
variables to help determine the shortest
tower height. In level 5 problems with
the same content, the subject also
appears to have good mathematical
literacy skills. The subject was able to
describe what the calculation of the
addition of pine trees and apple trees in
the problem looked like, by making a
pattern so that a pattern appeared that
would be used to solve the problem.
This can also be seen in the level 6
problems with change and relationship
content. The subject was able to
describe how the calculation of the
addition of pine trees and apple trees in
the problem looked like. Subjects are
also able to determine which trees will
grow faster and which trees will grow
less quickly by giving the right reasons
for the answers given.

Based on the results of the data
triangulation that was carried out, it was
seen that the subject could answer the
same way in giving the first and second
problems. The subject still remembers
the steps that must be taken in order to
solve the given problem. This shows the
consistency of responses to the subject's
answers in answering students' mathe-
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matical literacy worksheets (LKLMS 1
and 2). Therefore, it can be concluded
that the KS subject data is valid so that
the data can be used for analysis.

Mathematical literacy ability is a
person's ability to solve mathematical
problems in daily life in various
contexts. Based on the analysis that was
carried out on the WS and KS subjects,
it was found that the subjects had good
mathematical literacy skills in solving
the six levels of the given PISA
problems which consisted of 3 contents,
namely uncertainty and data, space and
shape, and change and relationship. In
mathematical literacy skills, there are
three supporting process components,
namely formulate, employ, and interpret
(Ayuningtyas, 2017; Novalia &
Rochmad, 2017).

In the ability to formulate, the
subject seems to have been able to
formulate a situation mathematically
and produce a mathematical rule or
pattern that represents the problem
given in the six PISA problems given.
According to Ismayanti et al. (2019), if
students focus and read the problems
repeatedly before determining the steps
for solving them, then they can solve
the problems given properly without
making mistakes. Because several
studies have shown that student errors
are usually found in the formula
components. This happens because
students are not focused and are lazy to
read the problems repeatedly so they
have  difficulties  continuing the
problem-solving process, such as in the
problem of change and relationship
content (Ayuningtyas, 2017; Wati &
Murtiyasa, 2016). In addition, students
usually have difficulty interpreting real
contexts in their mathematical models
or formulating problems (Jupri &
Drijvers, 2016; Syawahid, 2019; Tong
& Loc, 2017; Wijaya et al., 2014).
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The ability to employ is to use
concepts, facts, procedures, and
mathematical reasoning. In this case,
students must be able to complete the
mathematical patterns/rules obtained
into mathematical solutions. In this
indicator, it seems that the subject is
able to read the data and use the facts
contained in the PISA problems given
so that the subject can easily solve the
problems and solve the problems that
exist in these problems, although in
different ways. In accordance with the
opinion of Mena et al. (2016); Nilasari
& Anggreini (2019) and Nurhanurawati
et al. (2022) which say that the literacy
ability of each student is different.
There are several factors that affect
students’ mathematical literacy abilities,
including personal factors such as
student  intelligence, instructional
factors, and the environment around
students (Rahmawati et al., 2015;
Syawahid & Putrawangsa, 2017).

The ability to interpret is
interpreting, applying, and evaluating
the results obtained. In this case,
students must be able to check and
justify that the mathematical solution
obtained is correct (Syawahid, 2019).
Students must also be able to transfer
mathematical solutions into actual
solutions according to real problems. In
this indicator, the subject is able to
choose and evaluate the results that
have been obtained from what has been
done and the subject can prove the
method that has been used in working
on the problem, so that the solution
given in solving the problem is correct.
Subjects also include logical reasons
and present problems in real-world
contexts. This is in accordance with the
opinion of Mawardhiyah & Manoy
(2018) that the subject in the process of
formulating or interpreting will find out
what is known from the problem and
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then determine the solution to be used
in solving the given problem. However
Rellensmann & Schukajlow (2017)
reveals something different. They say
that students are more interested in
solving problems that are not related to
the real world.

Based on the results of data
analysis, it can be seen that the subject
has good mathematical literacy skills
because the subject is already able to
fulfill the procedures in each item
given, namely the ability to formulate,
the ability to employ and the ability to
interpret. This is in line with the opinion
of Murtiyasa & Perwita (2020) and
Oktiningrum et al. (2016) that high-
ability students are able to fulfill
indicators of mathematical literacy
ability on PISA problems level 1 to 6
such as mathematical communication
skills by formulating and
communicating what is contained in the
problem, then presents the problem in a
mathematical model and determines the
right strategy to solve the problem. At
this stage, the subject is capable of
advanced thinking. They have been able
to reflect, formulate and communicate
their findings in solving a problem.
Furthermore, other research which
states that students in the experimental
class created strategies for finding the
right solutions to mathematical issues,
correctly  articulated  mathematical
problems, and reinterpreted
mathematical results in contexts from
the real-world (Syafitri et al., 2021).

CONCLUSION AND SUGGESTION

Based on the results of the
analysis that has been carried out, it can
be concluded that the mathematical
literacy ability profile of two students
who have high ability in solving PISA
problems is classified as good. At this
stage, the subject is able to think at an
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advanced level. Because students are
able to complete the six levels of PISA
problems given by fulfilling each
mathematical literacy process, namely
formulate, employ, and interpret. This
research is only limited to students with
high  mathematical abilities, the
researcher hopes that there will be
further research conducted by other
researchers on students with moderate
and low abilities in researching
mathematical literacy. The researcher
also recommends that students'
mathematical literacy skills must be
honed by students with the help of
teachers, of course so that students
understand the benefits and
practicalities of mathematics.
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