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Abstract

Mathematical problem-solving ability is essential in mathematics learning. This study aims to describe the
mathematical problem-solving ability of ninth-grade students in class IX.E at SMP Negeri | Indralaya on the topic
of probability through the implementation of differentiated learning tailored to kinesthetic learning styles. This
research is a descriptive study involving 20 students who tend to have a kinesthetic learning style, identified through
a learning style questionnaire. The learning process was designed to include physical activities, hands-on
experiments, and group work to match the characteristics of kinesthetic learners. Data were collected through a
mathematical problem-solving test developed from problem-solving indicators, supplemented by observations and
interviews. The results showed that students' mathematical problem-solving abilities learning were categorized as
high (25%), medium (30%), and low (45%) where kinesthetic learners were categorized as low. Students experienced
difficulties in several indicators of problem-solving, particularly in understanding problems, planning solution
strategies, implementing problem-solving steps, and rechecking the results. Most errors occurred because students
were not accustomed to identifying important information, connecting information to formulate solution plans, and
evaluating the correctness of their answers. These findings indicate that kinesthetic learners still need more support
and practice to develop systematic and reflective problem-solving skills in learning probability.
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I. Introduction

Mathematics is a universal science and
plays an important role in education (Hanggara,
Aisyah, & Amelia, 2022). Mathematics learning
in schools is not only aimed at understanding the
material but also at developing reasoning,
communication, representation, and problem-
solving skills (Meika, Ramadina, Sujana, &
Mauladaniyati, 2021). According to the National
Council of Teachers of Mathematics (NCTM),

there are five mathematical competency standards
for achieving the objectives of mathematics
learning, namely problem solving, reasoning and
proof,  communication, connection, and
representation. Mathematical problem-solving
skills are one of the mathematical skills that exist
and are important skills that must be mastered
(Rahmawati, Lukman, & Setiani, 2021).

Problem solving is defined as an effort to

find a way out of a difficulty (Arifin, Zulkardi,
69
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Putri, & Hartono, 2021). Problem solving is a
process or method for solving mathematical
problems using known data and information,
drawing on previously acquired mathematical
concepts (Lusiana, Armiati, & Yerizon, 2022).
According to Putri & Juandi (2022), mathematical
problem-solving skills are the achievement of
individuals or groups in solving mathematical
problems using the discovery method through the
stages of problem solving. Problem-solving skills
encompass students' efforts to find the right
solution, as well as readiness, creativity,
knowledge, and the ability to apply them in
everyday life (Latifah & Afriansyah, 2021).
According to Polya, mathematical problem-
solving consists of four stages: understanding the
problem, devising a plan, carrying out the plan,
and looking back (Izzatunnisa & Rafianti, 2023).

Mathematical problem-solving skills are
essential in mathematics education because they
enable students to apply mathematical knowledge
and problem-solving strategies to real-world
problems  (Sugiharti, Rahmawati, & Anwar,
2026; Syaputra, Mulyono, & Hasratuddin, 2022).
Problem-solving is the first step for students in
developing ideas, building new knowledge, and
developing mathematical skills (Yunaeti, Arhasy,
& Ratnaningsih, 2021). Students are considered
able to solve mathematical problems if they can
understand the problem, choose the right strategy,
and apply it to problem solving (Sriwahyuni &
Maryati, 2022).

However, many students still find it
difficult to solve mathematical problems during
the learning process (Cahyadi, Suryani, & Dewi,
2021; Rismen, Juwita, & Devinda, 2020).
Students' difficulties in problem-solving stem
from weaknesses in analyzing problems and
reviewing previously discussed questions (Sagita,
Ermawati, & Riswari, 2023),
difficulties in understanding the problems and

including

solving the given questions (Bruno, Qohar,
Susanto, & Permadi, 2021).

Students' low problem-solving ability is
caused by their lack of understanding of the
problem and how to approach its solution
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(Rahma, Tanjung, & Siregar, 2024). This is in line
with research conducted by Sriwahyuni &
Maryati (2022), which states that students'
mathematical problem-solving abilities are still
low, especially in terms of selecting and applying
strategies to solve mathematical or non-
mathematical problems; explaining or
interpreting results according to the original
problem and checking the correctness of the
results or answers; and applying mathematics
meaningfully.

Research conducted by Rahmadania,
Novianti, Michael, Meldi, & Yani (2024) shows
that students still frequently make mistakes—
ranging from what they know, what is asked, the
given elements, problem-solving strategies, and
the steps they take—all the way to concluding—
due to a lack of attention to detail and insufficient
understanding of probability concepts. Students'
learning outcomes and mastery of probability
material are still low, as they are unable to
determine the sample space and have difficulty
determining the empirical probability of an
experiment and solving problems related to the
possibility/probability of an event (Maharani,
Dasari, & Nurlaelah, 2022). Based on the results
of the study (Sasiang, Tumalun, & Domu, 2024),
the majority of students still experience
difficulties in solving mathematical problems on
probability material, as shown by 55% of students
who have difficulty understanding the questions,
70% who have difficulty planning the solution,
60% who have difficulty solving the questions,
and 75% who have difficulty checking their
solutions.

Another factor contributing to the low
level of students’ mathematical ability is
ineffective teaching methods used by teachers
(Sutrisno, Muhtarom, & Subandijah, 2023). The
key to student success in learning is the use of
appropriate learning styles (Araiku, 2022).
Teachers need to consider the individual
differences between students because not all
students are the same. Each person has their own
learning style, which is influenced by their
personality and the environment in which they
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live. A person's learning style determines how
they absorb information through their senses and
indicates which senses are more developed during
the learning process (Syahril, Maimunah, & Roza,
2022). In the process of successfully solving
problems, a student also depends on factors
related to themselves, such as their learning style,
which influences how they obtain and absorb
information (Amalia & Hadi, 2021).

Students with a kinesthetic learning style
only meet one or two indicators; they can only
understand the question and formulate the
problem at hand. Thus, it can be concluded that
students with a visual learning style and those
with an auditory learning style have better
mathematical problem-solving abilities than
students with a kinesthetic learning style (Yani,
Sofnidar, & Theis, 2024). Students with a visual
learning style can understand problems and plan
problem-solving strategies, but they are less
capable of implementing those strategies and
carefully reviewing the results (Abdullah,
Satriani, & Emawati, 2022). Students with
auditory learning styles are good at understanding
problems and adequate at the planning and
implementation stages, but very poor at reviewing
(Nurhikmah, Hikmah, Wulandari, & Subarinah,
2025). Meanwhile, students with a kinesthetic
learning style are very good at understanding
problems and are adequate at the implementation
stage, but very poor at the planning and review
stages (Halilianti, Sripatmi, Azmi, & Sridana,
2022).

One way for students to solve
mathematical problems well is for educators to
give students the freedom to explore their own
learning styles (Rahmatika, Krairiani, & Akmal,
2022). Each child's learning style cannot be
generalized, so in the learning process, teachers
need to take varied actions using differentiated
learning strategies (Himmah & Nugraheni, 2023).

To overcome this problem, a learning
strategy is needed that can improve students'
mathematical problem-solving skills. One
approach that can be applied is learning
differentiated based on learning styles.

Differentiated learning is a way for teachers to
meet the needs of each student because
differentiated learning is a teaching and learning
process in which students can learn subject matter
according to their abilities, preferences, and needs
so that they do not become frustrated and feel that
they have failed in their learning experience
(Purba, Purnamasari, Soetantyo, Suwarma, &
Susanti, 2021). Based on the results and
discussion in the study conducted by Sutrisno et
al. 2023), there was an increase in the average test
results of students' mathematical problem-solving
abilities for each cycle, so it can be concluded that
the application of differentiated learning can
improve students' mathematical problem-solving
abilities.

The application of differentiated learning
has been proven to significantly improve students'
abilities. This shows that adaptive learning
strategies that account for individual differences
in the classroom can yield better results than
conventional approaches that are uniform for all
students (Khoiriyah, Yustitia, & Supratiwi, 2024).
According to research by Putri (2024),
differentiated learning helps students learn more
comfortably and enjoyably, and yields better
results.

However, most previous studies have
addressed differentiated instruction in general
without focusing on any specific learning style,
particularly the kinaesthetic learning style.
Furthermore, research on problem-solving skills
in probability generally focuses on students’
difficulties; few studies have examined the
relationship between these skills and the
implementation  of  learning  style-based
differentiated instruction. Based on the above
description, the researcher was interested in
conducting research to describe the mathematical
problem-solving abilities of students in class IX.E
of SMP Negeri 1 Indralaya on the subject of
through  the
differentiated learning tailored to the kinesthetic
learning style.

probability application  of
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I1. Research Method

This study uses a descriptive research
method to describe students' mathematical
problem-solving abilities through differentiated
learning on probability in junior high school. A
descriptive study is one designed to describe the
distribution of one or more variables, without
regard to any causal or other hypotheses
(Aggarwal & Ranganathan, 2019).

The subjects of this study were 20 ninth-
grade students at SMP Negeri 1 Indralaya in the
odd semester of the 2025/2026 academic year
who, based on the results of a learning style
questionnaire, tended toward a kinesthetic
learning style. Initially, all 34 students in Class
IX.E completed a learning style questionnaire
(visual, auditory, and kinesthetic) administered
through Google Forms. The questionnaire had
been validated by experts prior to its use in the
study.

Table 1. Results of the learning style questionnaire

Learning Style
Class Visual Auditory  Kinesthetic
IXE 8 4 20

Based on these results, the 20 students
with a kinesthetic learning style were selected as
the research subjects.

This selection was made because the
study focuses on implementing differentiated
learning designed specifically for kinesthetic
learners to investigate their mathematical
problem-solving abilities. The main focus of this
study was students’ mathematical problem-
through
differentiated learning for kinaesthetic learners.

Data were collected through

solving abilities in  probability

questionnaires, tests, and interviews. The
instruments used had previously been validated
by experts, namely mathematics teachers and
mathematics education lecturers. Questionnaires
were given to students to identify their learning
styles. Tests were used to measure problem-
solving abilities using two essay questions on
probability. Initially, the researchers developed
five test questions. However, following an expert
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validation process, it was recommended that two
of the questions be deemed most appropriate for
measuring students' mathematical problem-
solving skills. These two questions were
considered representative of problem-solving
indicators and were selected to account for the
time required to complete them, thereby making
the test more effective for students.

1. There are 36 marbles in a box, each of which 1= red, blue, or green. To estimate how
many of each color there are m the box, the following experiment was conductad 60
times: Andi randomly selected one marble from the box, recorded its color, then
returned the marble to the box and reshuffled it (with replacement, zo that each trial i=
independent). The results of the 60 trials are:

FREQUENCY OF OCCURRENCE OF MARBLES

{ARBL

HE EMERGENCE

Baszed on this data, estimate the actual number of red, blue, and green marbles in the
box.

Figure 1. Test question number 1

In question 1, information is provided
about red, blue, and green marbles in a box, and
students are asked to estimate the actual numbers
of red, blue, and green marbles. The process of
solving this problem uses four indicators of
mathematical problem-solving skills. The test
questions were developed based on a test
blueprint that refers to indicators of mathematical
problem-solving skills. Students' mathematical
problem-solving abilities in probability were
evaluated using Polya's four problem-solving
indicators: understanding the problem, devising a
plan, carrying out the plan, and looking back. The
following presents Question 2 from the test.

2. To celebratz National Sports Day, the school held an archery target-shooting game. The
rules of the game are as follows:
® Each participant is given 2 arrows.
® Each arrow is shot at a target board with scores ranging from 1 to 3 points.
® A participant’s score iz calculated by adding up the scores from all three shots.
® If the total score iz exactly 6 points, the participant 1= entitled to a shopping
voucher.
A total of 36 students participated in this gzame. The organizing committee prepared
only 3 shopping vouchers. In your opinion, ars the shopping vouchers provided
sufficient?

Figure 2. Test question number 2



Pertiwi and Susanti: Differentiated instruction for ... (6)

In question number 2, information is
provided about an archery game with several
rules; students will then analyze whether the
provided shopping vouchers are appropriate. The
process of solving this problem uses four
indicators of mathematical problem-solving
skills.

The students' test scores will be analyzed
based on assessment guidelines adapted from
Asih, Mahayukti, & Ariawan (2025), and the test
scores will then be calculated using the following
formula:

Score Obtained

Test S = x 100
estocore Maximum Score

After obtaining the students' test scores,
the researcher will categorize each student's score
into three categories. The problem-solving ability
categories adopted from the scoring guidelines of
Mawardi et al. (2022) are presented in Table 2.

Table 2. Problem solving skills category

Value Range Category
80 < Value <100 High
60 < Value < 80 Medium

Value < 60 Low

Next, interviews were conducted to
obtain more in-depth information about the results
of the students' problem-solving ability tests. The
research began with the distribution of learning
style questionnaires, followed by written tests for
students and interviews. Three subjects were
selected for interviews, with each student
representing a different ability category: high,
moderate, and low. This selection was based on
the results of a problem-solving ability test, in
which the students were first grouped according
to predetermined assessment criteria. Afterward,
one student from each category was selected using
purposive sampling.

II1. Results and Discussion
Results

The study was conducted over two
sessions using differentiated learning for
kinesthetic students. In the first meeting, the

learning process discussed the material on the
probability of an event and relative frequency.
The activity began with an introduction that
included greetings, a prayer, a check of student
attendance, thought-provoking questions, and the
learning objectives. Next, the researcher divided
the students into five groups according to their
kinesthetic learning styles, then distributed
Worksheet 1 and experimental materials in the
form of a set of Snakes and Ladders games to each
group. The researcher guided the students in
understanding the problems related to the Snakes
and Ladders game in Worksheet 1.

In this activity, the researcher applied
differentiated learning in terms of content by
presenting material on probability and relative
frequency through concrete activities, specifically
a Snakes and Ladders game. The learning process
uses instructional modules aligned with the
learning outcomes and objectives for the
probability unit, as well as differentiated
instruction principles tailored to students'
kinesthetic learning styles. Before use, the
instructional modules were validated by experts-
namely, university professors and high school
mathematics teachers-to assess the
appropriateness of the content and learning steps
and their alignment with the desired learning
indicators.

Through this activity, kinesthetic
learners could understand probability not only
theoretically but also through direct experience
while playing and recording the results of dice
rolls. This content presentation was tailored to the
characteristics of kinesthetic learners, who find it
easier to understand material through movement,
physical activity, and direct practice.

LET'S UNDERSTAND!

P ~ - - SNAKES AND LADDERS COMPETITION

| = M Raka and his group of friends are playing a snakes and ladders game.
The teacher has prepared a special prize for the group with the

2 . ‘\ highest score. The rule is simple: if the number S appears, the player

| ‘ et .\' gets 1 point. If any other number appears, no point is given.

The teacher allows each group to roll the dice only 30 times. Determine the points your
group earns if your group wants to win!

LET'S PLAY SNAKES AND LADDERS!

To find out how often the number 5 appears, you and your group will conduct an
experiment.

Let's do the following simple experiment:

e Prepare 1 set of snakes and ladders.

« Roll the dice 30 times alternately with your group members.

« Record all the numbers that appear in each roll by putting a check mark (v) in the table

below.
« Discuss the results with your group members.

Figure 3. Snakes and ladders game
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Next, students and their groups were
asked to play Snakes and Ladders according to the
steps outlined in the worksheet. The researcher
guided the students to play the game in turns with
their groupmates and instructed them to record the
numbers that appeared each time they rolled the
dice on the table provided in Worksheet 1.

This activity is an application of
differentiated learning in the process aspect,
where the researcher adjusted the learning
strategy to the students' kinesthetic learning style
through the game of Snakes and Ladders.
Through this activity, students are expected to
understand the concepts of probability and
relative frequency in a fun and contextual way.

Figure 4. Record of the numbers that appear on the
dice

Based on the Snakes and Ladders game,
the two groups obtained different outcomes.

6 By
1.Apa yang kamu ketahui dari di atas? .
2ava  dan Aeman ~cemann Yo SerelompoNYa  cedand

Pertaneling pecmainan wac tangge, ralau muncat

anqea £, pemata mendaparan 4 Eofn

2. Apayang pada ps
tenwuvan pofa neyciperole  celompormu dan yeal
‘elompowmu ngn meaangt

1.Apa yang kamu ketahui dari di atas?

War Yoo wendord angha & rola endopaion | poin yiba W orny o
Ongga  yoooy N0 wab Videl duph P

2. Apa yang di pada

Tleddan g gy digerdan \elampdns . danfis \ardione egn snanang b

Figure 5. Group responses in understanding
problems
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Students are asked to identify the problem
by writing down what they know and what the
question asks. In the picture, students write that
they know from the problem that Raka and her
friends are playing Snakes and Ladders. If the
number 5 appears, the group gets 1 point. This
information shows that students can identify
important facts from the question, namely the
rules of the game, which form the basis for
solving the problem. In the section on what is
being asked, students write that they are asked to
determine the points earned by the group and what
happens if the group wants to win. From this
answer, it can be seen that students understand the
purpose of the problem: to find the number of
points and relate it to the conditions for winning.

Meanwhile, students in the other group
correctly stated the known information, namely
that they would receive 1 point if the number 5
appeared and no points if it did not. As shown in
Figure 1, the students were able to identify the
main information in the question that was directly
related to the probability of a specific number
appearing. Regarding what was asked, the
answers in the image show that the students
grasped the essence of the question and
understood that the problem was not just the rules
of the game, but how points were calculated to
achieve the winning condition.

3. Dari hasil percobaanmu, tuliskan semua angka yang MUNCUI! ==mm=mmmmmmmmmmmmmemnmmnannn
{ 9

L 1.2 TR SRS '
2. Y 8. S W, 3 201 26 L
3.1 a6 w. 4 ant 2. S
4, 1 ©. \ (ORI A S 28 2
b3 oal g omt ome
€0 adz S0
4. Dari 30 kali lemparan dadu yang kamu lakukan, berapa kali Muncul angKa 5? =---«----c=-~
Rz

3. Dari hasil percobaanmu, tuliskan Semua aNgKa Yang MUNCUI! -—-xmmmmxmmmmemmmmeemmmmeennn
[UE MWy
12 Ny
23N\
B AV
(A
TR\

P

4. Dari 30 kali lemparan dadu yang kamu lakukan, berapa kali muncul angka 57 ------sxn-x---
Bl oy deet werdaglan Bsn

Figure 6. Write down the numbers that appear on
the dice

Based on data from the Snakes and
Ladders game, students calculated how often each
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number appeared on the dice, especially 5, and
then determined the relative frequency by
comparing the number of times 5 appeared to the
total number of trials. From the groups' answers,
it is clear that there are differences in how the data
is presented across groups. One group recorded
the numbers that appeared on each roll of the dice
and found that 5 appeared 4 times in 30 rolls.
Meanwhile, another group recorded the total
number of appearances of each number over 30
rolls and observed that the number 5 appeared 6
times.

5. hitung frekuensi relatif munculnya angka 5

banyamya emuncutan
bangavnya perfobaan

i frecuenst Qewaie *

| precuensi Qeavie - _4 - L€

—_— = U

30 30

[ H

5. hitung frekuensi relatif munculnya angka 5

| et e = Sorl e danlgudon
% Sang, teredonan vy Sddan

=& L
RS 2= )

A )

Figure 7. Calculating relative frequency

Then the researcher instructed the
students to calculate the relative frequency of the
number 5 appearing. Based on the students'
answers, there was a group that wrote that the
relative frequency was 4/30 because the number 5
appeared 4 times in 30 dice throws. However, this
group was still mistaken in simplifying the
fraction. Meanwhile, another group reported a
relative frequency of 6/30 from the Snakes and
Ladders game, in which the number 5 appeared 6
times in 30 dice rolls. This group correctly
simplified the fraction 6/30 to 1/5.

6. hitung peluang munculnya angka 5 dalam sekali lempar dadu mmmmmmmemmmmmm—————————
i

EPLA):(\(A) =—l—=O,\b
ne) 6

Figure 8. Determining the probability of the
number 5 appearing

In the next stage, students are asked to
calculate the theoretical probability that the
number 5 appears on a single roll of a die. After

that, the results of the theoretical probability
calculation are compared with the relative
frequency obtained from the previous experiment.
Through this activity, students can observe the
differences and similarities between theoretical
and practical results, so that they understand that
probability can be calculated mathematically as
well as demonstrated through real experiments.

7. Apakah peluang munculnya angka 5 dari satu kali lemparan dadu sama dengan frekuensi .,
relatif munculnya angka 5, jelaskan! (ah

Tidow , £acena hasil Frekuensi Celati€ ada
0,2 Su(\n(&\‘u.\ hasil peluang adalah = 016

7. Apakah peluang munculnya angka 5 dari satu kali lemparan dadu sama dengan frekGensi ..,
relatif munculnya angka 5, jelaskan! i

beoa
= Peiuang

1
0
L . paaty
G = e\a¥f .

Figure 9. Comparing probabilities with relative
frequencies

The researcher then directed the students
to compare the theoretical probability and relative
frequency of the number 5 appearing. Both groups
wrote that the theoretical probability differed
from the relative frequency. One group compared
the results in decimal form, while the other group
compared them in fractional form. However, both
groups still had difficulty explaining the
discrepancy between the theoretical and
experimental results.

After that, students were asked to reflect
on the learning outcomes by answering follow-up
questions, such as determining the group's total
score and analyzing the likelihood of achieving a
minimum score of 10 points. Based on the activity
results, one group scored 4 points and the other 6.
These scores corresponded to the number of times
the number 5 appeared during the game of Snakes
and Ladders. In response to the follow-up
questions, both groups answered that it was still
possible to achieve 10 points, but one group gave
a logical reason that this could happen if the
number of dice throws was increased, for
example, to more than 30 attempts.
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8. Berapa skor yang diperoleh

%\4 Poin ’

9. Kalau ingin dapat minimal 10 poin, apakah mungkin? ---.

:E(VIU/\S'IAfn §o0a

|
8. Berapa skor yang diperoleh
;

i Goen

H

9. Kalau ingin dapat minimal 10 poin, apakah MUNGKIN --mxxemsxmcmmmmmmm oo

b oondin Mon Loy Yo \ongoran dedenga B ders 30\t Vempdon,

Figure 10. Group score

After completing the Snakes and Ladders
game experiment, the researchers continued the
learning activity by asking questions about
relative frequency. The researchers guided the
students in understanding and solving the
problems. The students also responded to each of
the researchers' questions, including known
information, questions asked, and other
information, which led to the final results. The
researchers also allowed the students to ask
questions about things they did not understand.

LET'S UNDERSTAND!

A deck of cards contains 25 cards; each card bears one of three symbols: a sword, a magic
wand, or a shield. To estimate how many of each symbol are in the deck, the following
experiment was conducted 40 times: a player randomly draws one card from the deck,
records its symbol, then returns the card to the deck and shuffles it again (with
replacement, so that each trial is independent). The results of the 40 trials are:

swords
6
Based on this data, estimate the actual
number of sword, shield, and magic staff
| chields cards in the game.
magic wands 10

24

Figure 9. Relative frequency issues

Researchers guide students to understand
the problems in the questions and to discuss how
to identify them.

1.Apa yang kamu pahami dari di atas?

Tedag 16 g Vgl wioprnar ol o dan > il gedargy
Yorgbad SN, ohuy prsat . Ui e heiog® Sy O grague?
Vot Born dacn (s bk , Al Vot Qurahonn e+ el
ferdin wenggrud by 1k ogever dore verparon. Vb, Lanigly
rasocd

2.Ap3 dari diatas?

Budo cuton dao taskd, | peliroan bongdnga oty edare, Puiss Aoy
Yol S Ny sdmarya 4o B 9dm  permainen

Figure 12. Understanding of problem

76

At this stage, students are asked to write
down what they know and what the question asks.
This stage aligns with the first problem-solving
skill indicator, namely understanding the
problem, in which students seek to understand the
question's meaning by gathering the information
it contains and writing it down systematically.
Based on the students' answers, it can be seen that
they can accurately write down what is known and

what is asked from the problems presented.

4, Bagaimana strategi kamu untuk jumlah masing-masing kartu

i Dengan mengaiikan hasit Frekuensi Felotif dengan +ote (
i

feako yakn <€ 25

H

H

i

4. Bagaimana strategi kamu untuk jumiah masi Kartu
Menghitung  Menggunakan  rumus
BR % 2¢

Figure 13. Planning problem-solving strategies

This stage guides students in developing
indicators for planning problem-solving strategies
as they begin determining the steps to solve the
problem by calculating the relative frequency of
each card type. Students write down these steps in
sequence on their answer sheets. In the first
column, students write down the Sword card type
with a frequency of 6 out of 40 trials, then write it
as a fraction, 6/40, and simplify it to 3/2. A similar
step is taken for the Wand card type, with a
relative frequency of 24/40, simplified to 3/5, and
for the Shield card type, with a relative frequency
of 10/40, simplified to 1/4.

From the answers, students can write
down the obtained fractions and simplify them to
their simplest form.
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Figure 14. Calculating relative frequency
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Next, students were asked to determine a
strategy for estimating the number of cards. Based
on the students' answers, the strategy used is to
multiply the relative frequency by the total
number of cards, which is 25 cards. This strategy
shows that students understand the relationship
between relative frequency and the total number
of cards. In this way, students can estimate the
number of specific cards based on the results of
the experiment conducted. This shows that
students have the right strategy to obtain the
correct calculation results.
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Figure 15. Implementing problem solving

At this stage, the researcher directed the
students to estimate the number of each card using
a previously planned strategy. Based on the
group's answers, the students calculated the
estimated number of each card type by
multiplying each card type's relative frequency by
the total number of cards. From the calculation
results, it was found that the estimated number of
Sword cards was 3.75, Shield cards was 6.25, and
Magic Wand cards was 15. Some groups rounded
their calculations because the values were
decimals, resulting in a final total of 4 Sword
cards, 6 Shield cards, and 15 Magic Wand cards.
These results show that students were able to
implement the planned problem-solving strategy
correctly.
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Figure 16. Rechecking the results

In the next stage, in line with the
indicators, the students checked the results of their
problem-solving. Based on the calculations, the
students checked by adding up the estimated
counts of the three types of cards: 4 Sword cards
+ 6 Shield cards + 15 Magic Wand cards = 25
cards. This result matches the total number of
cards available, which is 25 cards. In addition,
students also write down the correct conclusion.
Thus, it can be concluded that students have met
the problem-solving competency indicator during
the rechecking of results.

In the next meeting, learning will
continue to be delivered using differentiated
mstruction for kinaesthetic students, with the
material presented at the expected frequency. In
this activity, students play a ring-toss game
presented in the LKPD to understand the concept
of expected frequency in a concrete and fun way.
Written Test Result

In the third meeting, a mathematical
problem-solving test consisting of three
descriptive questions was conducted to assess
students' mathematical problem-solving abilities.
This test covered material on the probability of an
event, relative expected
frequency, with questions compiled from
validated indicators of mathematical problem-

frequency, and

solving abilities. Students' mathematical problem-
solving abilities were as follows:

Table 3. Average mathematical problem-solving
ability of students
Value Range F  Percent  Category
80 <wvalue <100 5 25% High
60 <value<80 6 30% Medium
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value < 60 9 45% Low
Total 20
Avarage 60,597
Category Medium

Based on the table above, the average
score for students' mathematical problem-solving
skills  through differentiated learning for
kinaesthetic learners is 60.597, which is
categorized as Medium ability.

High Level Ability (MRA)

MRA subjects are subjects with a high
level of ability because they can solve both
questions. MRA subjects can demonstrate
understanding of the problem, plan a solution
strategy, implement the solution, and review the
results. The answers to question number 1 for
MRA subjects are shown in the image.
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Figure 17. MRA answer to question number 1

The picture is the result of the MRA
subject's work. The MRA subject has met the
indicator of understanding the problem. This can
be seen from their ability to understand the given
problem. The MRA subject wrote that, based on
the problem, red, blue, and green marbles were
taken from the experiment 60 times, as shown in
the graph in the question. The MRA subject wrote
that red marbles appeared 20 times, blue marbles
25 times, and green marbles 15 times. The MRA
subject also wrote that the question was to
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estimate the actual number of red, blue, and green
marbles in the box.

Furthermore, the MRA subject has
fulfilled the indicator of planning a problem-
solving strategy. This can be seen in their ability
to accurately calculate the relative frequency of
each marble colour. The MRA subject wrote that
the relative frequency of red marbles is 20/60,
which is simplified to 1/3. The relative frequency
of blue marbles is 25/60. Meanwhile, the relative
frequency of green marbles was 15/60, which was
simplified to 1/4.

Then, the MRA subject met the indicator
of implementing a problem-solving plan, as
evidenced by the subject's accurate calculation of
the estimated number of marbles of each colour.
To estimate the number of each type of marble,
the MRA subject multiplied the relative frequency
by the total number of marbles known from the
question. Furthermore, the MRA subject also met
the indicator of rechecking the problem-solving
results. This was demonstrated by the subject's
ability to write down the conclusion, namely, the
estimated number of each colour of marble that
was actually in the box. To prove the correctness
of the results, the MRA subject added up all the
estimated marbles and concluded that the number
matched the total number of marbles.
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Figure 18. MRA answer to question number 2

In question 2, the MRA subject met the
indicator for understanding the problem. This can
be seen in the MRA subject writing down what is
known and what is asked in the question. The
MRA subject also met the indicator for planning
a problem-solving strategy, namely, writing down
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the sample space for 2 arrows with scores of 1-3.
Next, for the planning indicator, the MRA subject
planned to find all possible outcomes of two shots
and determine how many would total 6. Since
each arrow is worth 1-3, the possible outcomes
are: (3,3) only. This means that there is only 1
possibility out of a total of 9 possibilities.

For the indicator of implementing
problem-solving plans, the MRA subject uses the
expected frequency, obtained by multiplying the
probability by the number of participants, to
estimate how many participants will receive
vouchers. Finally, on the indicator of rechecking
the results of problem solving, the subject writes
the conclusion correctly, namely that because the
expected frequency results show that there are
about 4 students who will receive vouchers, the 3
vouchers provided by the committee are not
enough.

Moderate Ability (A)

Subject A falls into the moderate ability
category because they completed one question
correctly but did not fully complete another. In
question 1, subject A met only two indicators of
problem-solving ability: understanding the
problem and planning a problem-solving strategy.
Based on the results of the work on question 1, as
shown in the picture, subject A met the
understanding-of-the-problem indicator. This can
be seen in their ability to correctly write down the
known and asked questions.

Subject A also met the indicator of
planning a problem-solving strategy, as shown by
their step of writing down the relative frequency
of each marble colour. However, Subject A was
not yet able to implement the problem-solving
plan correctly and did not write down the final
conclusion. This was because Subject A seemed
to be less thorough in relating the concept of
relative frequency to the total number of marbles
known from the question, so that the calculation
stopped in the middle of the process and did not
reach the stage of obtaining the final result. This
was confirmed by an interview with the subject.

Teacher : Is there more to the answer after

calculating the relative frequency?
Student : Yes, ma'am, but it's not finished yet.
Teacher : Why isn't it finished?
Student : I don't understand, ma'am.

Meanwhile, on question number 2,
subject A was able to fulfil all problem-solving
ability indicators well. Furthermore, for question
2, subject A met the understanding-of-the-
problem indicator. This can be seen in subject
AA, who wrote down what was known and what
was asked in the question.

oy & Mang e :
(NSO
(’L'D @:’i> C\,‘B\
G &0 @)

ns) = 3
w2 9 Q(“\:%

Figure 19. Answer 1 subject A

Next, on the indicator of planning a
problem-solving strategy. Subject A plans to find
all possible outcomes of two shots and determine
how many pairs of scores total 6. Subject A writes
down the complete sample space and also
calculates the number of members of the sample
space by squaring 3, which results in 9. Since each
arrow is worth 1-3, the possible outcome is (3,3).
This means that there is only 1 possibility out of a
total of 9 possibilities.
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Figure 20. Answer 2 subject A

In the indicator for implementing the
problem-solving plan, the subject used the
concept of expected frequency, which is
multiplying the probability by the number of
participants to estimate how many would receive
vouchers. Finally, in the indicator for reviewing
the results of problem solving, the subject wrote
down the correct conclusion: because the
expected frequency indicated that about 4
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students would receive vouchers, the 3 vouchers
provided by the committee were insufficient.
Low Ability (AA)

Subject AA is a subject with a low level
of ability because subject AA cannot complete the
questions.
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Figure 21. Answer 1 subject AA

AA is only able to meet the indicators of
understanding the problem and developing a
problem-solving strategy. This can be seen in the
correctly written relative frequency. This is
explained through an interview with subject AA.

Teacher : What did you do to estimate the
number of red, blue, and green
marbles?

Student : Calculate the relative frequency of

each.
Teacher : What colors are there?
Student : There are 20 red marbles, 25 blue
marbles, and 15 green marbles.
Teacher : Well, where did you get that
information?
Student : From the graph in the question.
Teacher : What's the relative frequency?
Student : The frequency of red marbles is 20/60,
blue marbles 25/60, and green marbles
15/60.
Teacher : Where did you get 60 from?

Student : The total number of trials, ma'am.
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Figure 22. Answer 1 subject AA

Understand how to calculate card
estimates. This was because subject AA had
difficulty understanding the meaning of the
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question and ran out of time. Therefore, subject
AA was unable to answer question number 2.
Discussion

The results of the study show that
students' mathematical problem-solving abilities
in probability through differentiated learning are
in the high category (25%), medium category
(30%), and low category (45%). It can be
concluded that the mathematical problem-solving
abilities of kinaesthetic
differentiated learning in
categorized as low. The low mathematical
problem-solving ability of students was due to

learners  through
probability are

their difficulty in planning problem-solving
strategies, implementing problem-solving, and
rechecking the results. In line with the results of
Anggraeni & Kadarisma (2020), this indicates
that many students still make mistakes when
solving problems because they are unfamiliar
with the problems, have difficulty understanding
them, make calculation errors, and do not recheck
their answers.

In the problem comprehension indicator,
there are still some kinaesthetic learners who are
not yet fully able to identify important
information from the questions. This is evident in
students' incomplete answers when writing down
what is known and what is asked, as well as in
their inability to fully understand the questions. In
line with the research conducted by Safitri,
Prayitno, & Hayati (2021), kinaesthetic learners
are not yet able to write down all the information
they are asked to know.

In the planning phase of problem-solving,
there are still students who are unable to
determine the appropriate steps to solve the
problem. However, some students are already
able to correctly compile the steps for solving the
problem, such as determining the relative
frequency and relating it to the total number of
trials. In line with the research by Simatupang,
Napitupulu, & Asmin (2021) on the stage of
developing a solution plan, errors occur when
students are unable to connect one piece of
information to another. In the study by Cahyana,
Lestari, & Abadi (2024), many students skipped
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the problem-solving planning stage, particularly
those in the moderate and low performance
categories, who tended to rush through the
process—though not on every problem.

In the indicator for implementing the
solution plan, most kinaesthetic students are
already able to correctly apply the strategies they
have developed. They can calculate the results of
relative frequency and probability. According to
Simatupang et al. (2021), errors in formulating a
solution plan arise because students are not yet
able to process and connect information
comprehensively.

The final stage, which is checking the
results, shows that not all students are accustomed
to reflecting on their answers. Some students
immediately assume the final result is correct
without checking the calculations. According to
Inastuti, Subarinah, Kurniawan, & Amrullah
(2021), students' abilities in the indicator of
concluding or checking answers are still very low.
Students expressed uncertainty about their
answers when questioned by the researcher and
were not thorough in checking their answers (Ica,
Prihatin, & Hartono, 2022).

IV. Conclusion

Based on the results of research involving
20 ninth-grade students from SMP Negeri 1
Indralaya with a kinesthetic learning style, it was
found that the students' mathematical problem-
solving abilities in  probability through
differentiated learning were in the high category
at 25%, moderate at 30%, and low at 45%. Based
on data obtained through written test observations
and interviews, it can be generally concluded that
the students' mathematical problem-solving
abilities were in the moderate category because
they did not carry out problem-solving and
rechecking of results, and they also had difficulty
managing their time to solve problems.
Furthermore, mathematical problem-solving
skills in the low category were due to difficulties
in  planning  problem-solving  strategies,
implementing problem-solving, and rechecking
results. In addition, for mathematical problem-

solving skills in the high category, students were
able to meet the problem-solving ability
indicators, with only a few incorrect answers in
their work due to a lack of accuracy on the part of
the students.
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