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Abstract. Industry 4.0 era is characterized by the development of technology and the existence of flexible and ef-
fective data exchange. This has an impact on the emergence of new jobs that require the ability to solve problems
effectively and efficiently, especially computational thinking. This Classroom Action Research aims to improve stu-
dents’ computational thinking (abstraction, data collection, data analysis and algorithms) in solving problems about
probability through problem-based learning integrated with differentiation learning. This research was conducted in
four stages: planning, implementation, observation, and reflection. Thirty-four students of class X-E7 SMA Negeri
5 Surakarta in Indonesia were the subjects of this research. It was concluded that the application of problem-based
learning model integrated with differentiated learning (content and process) significantly improves students’ compu-
tational thinking skills and promotes cognitive development through problem-solving activities. The improvement
of computational thinking ability is caused by: data collection activities in the form of dice/coin simulations, abstrac-
tion activities of sample points and important information in the problem, activities to formulate solution steps (al-
gorithms) and data analysis activities in the form of interpretation of results and calculations. Differentiated learning
(content and process) plays a role in improving students’ computational thinking through ability-based scaffolding
and content based on their interests and learning modalities.

Keywords: problem-based learning, differentiated learning, computational thinking.

Informatinio mastymo be kompiuterio jgudziy tobulinimas pasitelkiant
probleminio ir diferencijuoto mokymosi integravimg Indonezijoje

Santrauka. Pramonés 4.0 erai budinga technologijy plétra bei lankstts ir veiksmingi duomeny mainai. Tai leidzia
kurti naujas darbo vietas, kurioms reikia gebéjimo efektyviai ir veiksmingai spresti problemas, o ypa¢ — informatinio
mastymo gebéjimo. Siuo klasés veiklos tyrimu siekiama pagerinti mokiniy informatinj mastyma (abstrahavima,
duomeny rinkima, duomeny analiz¢ ir algoritmy sprendima) sprendziant tikimybiy uzdavinius taikant probleminj
ir diferencijuota mokymasi. Tyrimas buvo vykdomas keturiais etapais: planavimo, jgyvendinimo, steb&jimo ir ref-
leksijos. Tyrimo dalyviai — trisdeSimt keturi Surakartos miesto (Indonezija) valstybinés vidurinés mokyklos X-E7
klasés mokiniai. Tyrimo i$vada tokia — probleminio ir diferencijuoto mokymosi (turinio ir proceso) taikymas reiks-
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mingai pagerina mokiniy informatinio mastymo jgiidzius ir skatina kognityvinj vystymasi sprendziant jvairias uz-
duotis. Geresnius informatinio mastymo gebéjimus lemia tokia veikla: duomeny rinkimas, pasitelkiant zaidimus
su kauliukais / monetomis, pateikiamy pavyzdziy ir uzdaviniams svarbios informacijos abstrahavimas, sprendimo
zingsniy (algoritmy) formulavimas bei rezultaty interpretavimas ir skai¢iavimas ( duomeny analiz¢). Diferencijuo-
tas mokymasis (turinys ir procesas) labai svarbus gerinant mokiniy informatinj mastyma, nes jame integruojami
individualiis mokiniy gebéjimai ir mokymo turinys, kuriuo atsizvelgiama j mokiniy interesus ir mokymosi baidus.
Pagrindiniai ZodZiai: probleminis mokymasis, diferencijuotas mokymasis, informatinis mastymas.

Introduction

Nowadays, the world is entering the industry 4.0 era, which is characterized by tech-
nological developments and flexible and effective data exchange (Oztemel & Gursev,
2020). In the environment of industry 4.0, industrial robots, automated vehicles, and
digital applications can replace humans in some activities such as e-commerce (Gho-
bakhloo, 2020). New job opportunities will be created because of the need to implement
industry 4.0, which requires new skills, especially digital capabilities (Grenc¢ikova et al.,
2021). Digital capabilities help humans manage, store, analyze and even predict how
things will be. There is a strong relationship between digital capabilities and the develop-
ment of computational thinking skills. Computational thinking skills are the way humans
think about solving problems (Wing, 2010). It enables humans to approach problems
logically and systematically, analyze data effectively and work with advanced technol-
ogies such as artificial intelligence and machine learning (Udvaros et al., 2023). Thus,
computational thinking skills are needed for millennials to adjust to the industry 4.0 era.
PISA 2022 recognizes the need for students to understand computational thinking
concepts through learning mathematics (OECD, 2020). Not only reading, writing and
arithmetic become basic skills, but computational thinking is also necessary (Roman-
Gonzalez et al., 2017). In Indonesia, computational thinking has been explicitly integrat-
ed in elementary school mathematics learning through the prototype curriculum and is
implicitly expected to be integrated in the middle and high school mathematics learning
(Liem, 2021). The reason is that computational thinking can help students to solve math-
ematical problems, one of them is related to probability (Maharani et al., 2019). The
application of computational thinking in teaching probability according to Benakli et al.
(2017) is to simulate a sample from the distribution of random variables and calculate
the probability based on the sample obtained. Through problems of probability, several
concepts of computational thinking can be implemented, including data collection, data
analysis, data abstraction, and algorithms and procedures (Barr & Stephenson, 2011).
Based on the importance of computational thinking in problem solving, the students
of class X-E7 SMA Negeri 5 Surakarta do not yet have good computational thinking
skills so there is a need for effort to improve it. According to the results of the question-
naire identification of learning difficulty problems, students have difficulty in solving
contextual problems (44.4%). Similar to the questionnaire, the researcher took a pre-test
of the probability material to see the students’ difficulties. Based on the pre-test results,
students have difficulty in collecting data related to sample points and sample spaces.
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This difficulty is reinforced by the questionnaire results that 40.7% of students have
difficulty in reading data, symbols and others. This difficulty then affects their ability to
abstract the information related to sample point data and sample space. In addition, the
questionnaire results also show that 33% of students have difficulty in calculations, thus
identifying problems in data analysis. Difficulties in data analysis are reinforced by the
questionnaire results that 48.1% of students have difficulty in understanding concepts. In
addition to the problem of students’ computational thinking skills, there is a very visible
gap in the mathematical abilities of female and male students. Female students in class
X-E7 have low to high mathematical abilities, where the majority are at medium lev-
el. Meanwhile, male students in class X-E7 have medium to low mathematics abilities
where the majority are at low level.

Several scholarly works emphasize the significance of CT skills in education. Pap-
ert’s constructivist theory laid the groundwork by advocating for hands-on, experiential
learning to enhance CT skills through tools like Logo programming (Lodi & Marti-
ni, 2021). Resnick’s work expanded on this, highlighting the importance of developing
computational fluency through creative problem-solving and collaboration (Resnick et
al., 2009). Studies by Grover & Pea (2023) accentuate the value of unplugged activities
in CT education, emphasizing their role in cultivating foundational CT skills without
technology. Additionally, the integration of problem-based learning in teaching CT has
been discussed by Jonassen and Hung, emphasizing its effectiveness in fostering critical
thinking, collaboration, and problem-solving abilities.

However, the synthesis of these strands of research with a focus on the integration
of mathematics, particularly in solving probability-related tasks within CT education, is
notably scarce. The dearth of comprehensive studies exploring this specific intersection
indicates a gap in the existing literature, emphasizing the novelty and significance of the
current research.

Moreover, the evolving landscape of technology and its pervasive influence on ed-
ucation underscores the urgency to equip students with robust CT skills. As technology
continues to advance, the ability to think computationally becomes increasingly indis-
pensable, making it imperative to explore innovative pedagogical approaches that effec-
tively nurture these skills.

In summary, while existing literature provides foundational insights into CT educa-
tion, the integration of unplugged activities, problem-based learning, and mathematics,
specifically in probability problem-solving, remains an underexplored territory. Differ-
entiated learning is also integrated to facilitate students’ different cognitive abilities. This
underlines the relevance and timeliness of conducting in-depth research in this area,
highlighting the necessity for an extended literature review to firmly substantiate the
significance of the current study. Based on the results of questionnaires, observations
and research studies, the researcher conducts a Classroom Action Research (PTK) that
aims to improve computational thinking skills through problem-based learning com-
bined with differentiated learning in class X-E7 SMA Negeri 5 Surakarta. This research
will answer the research questions:
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1. How does problem-based learning in probability material, without technology,
affect student’s computational thinking skills?

2. What is the role of differentiated learning in improving students’ computational
thinking skills?

Methods

This research is a type of Collaborative Classroom Action Research. In implementation,
the researcher worked together with mathematics teacher of class X-E7 at SMA Negeri 5
Surakarta. The research approach used is qualitative research because the purpose of this
study is to describe the learning process of differentiation combined with problem-based
learning strategies as an effort to improve students’ computational skills, especially in
probability material. Problem-based learning (PBL) is an educational method that directs
students to face real-world problems as a starting point for their learning, by providing
stimulation of the learning process (Boud & Feletti, 1997). While differentiated learning
is an approach to adjust the learning process in the classroom to meet the learning needs
of learners as individuals (Tomlinson, 1999). This Classroom Action Research was con-
ducted in four stages according to Kemmis & McTaggart (1992), namely: Planning,
Action, Observation and Reflection. The four stages are then called cycles and will be
repeated until a better understanding is achieved.

Research Subject

The research was conducted at SMA Negeri 5 Surakarta with the research subject of
class X-E7 consisting of 34 students with average age of 15-16 years old. Class X-E7 is
dominated by female students with the ratio of female and male students 21:13. Based on
the learning modalities, the students of class X-E7 have various learning modalities in-
cluding visual, auditory and kinesthetics. Based on the preliminary ability (pre-research
results), the computational thinking ability (abstraction, data collection, algorithm, data
analysis) of female students is mostly at the medium level while male students are most-
ly at the low level.

Data Collection Techniques and Instruments

Data collection was carried out with two types of instruments, the computational think-
ing ability test on probability material and the observation sheet of learning implemen-
tation. Computational thinking ability test was divided into two, pre-test and post-test
(see Appendix 1). The pre-test was given before the class action was carried out (pre-re-
search) to measure the initial computational thinking ability on probability material.
The post-test was conducted at the end of cycle to determine the final computational
thinking ability on probability material. Essay test instrument is used to see how stu-
dents can abstract the problem, collect data, perform problem solving algorithms and
analyze the problem. This aspect is taken from an example of the application of com-
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putational thinking in mathematics (especially probability material) expressed by Barr

& Stephenson (2011).

Table 1. Computational thinking ability test lattice on probability material

Aspects of Computational Indicators of Computational Question Question
Thinking in Probability Thinking in Probability items in the | items in the
Material Material pre-test post-test
Collecting data to determine the | Students can determine the la 1,3,4
odds for example by flipping a | sample space of an event.
coin or throwing a dice.
Data analysis to calculate the Students can solve probability |lc, 2, 3a,3b |1, 2a, 2b, 2c,
number of occurrences of a problems with the right 3,4
particular sample of a dice roll | concepts and calculations.
and analyzing the results.
Abstraction by identifying the | Students can determine the 1b, 2, 3a 1, 2a, 2b, 2c,
required sample. information needed, for 3,4
example, sample points and
many sample points of an event.
Algorithms and procedures by | Students solve problems 3a 3,4
performing the problem-solving | coherently and systematically
procedure in order.

The final score of computational thinking ability in each aspect (data collection, data

analysis, abstraction and algorithm) both in the pre-test and post-test, was obtained by
the equation (1). By using this formula, the score of each aspect of computational think-
ing ability (data collection, data analysis, abstraction and algorithm in problem solving)
will be obtained.

number of correct items in one aspect

Final score each aspect = total number of items in one aspect (1)

Students’ final score in integrating computational thinking skills in problem solving is
obtained by dividing the sum of the final scores of each aspect (data collection, data analy-
sis, abstraction and algorithm) by the number of aspects measured, which is 4. The formula

for determining the final score of computational thinking can be seen in equation (2).

sum of each aspect’sfinal score

2 2

Computational thinking final score =

After the final score of computational thinking is obtained, it is then described. Re-
searchers used KKM (75) as a criterion for describing students’ computational thinking
ability. If the final score of students is more than or equal to 75, then it is considered that
students are able to use computational thinking skills and if the final score of students is
less than 75, then it is considered that students are not able to use computational thinking
skills when solving math problems.
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Table 2. Interpretation of students’ computational thinking ability scores

Computational
thinking final Interpretation Completeness
score (x)
Students are not able to use computational thinking .
X <75 skills to solve problems related to probability. Not yet achieved
Students are able to use computational thinking skills .
>
x275 to solve problems related to probability. Achieved

Criteria for Successful Action

Classroom action research will be carried out with several cycles, and the cycle will stop
if it has achieved the success criteria. The success criteria pay attention to two aspects,
final score of computational thinking skills in solving problems and the learning process
carried out. The success criteria for action in this study can be seen in the following
Table 3.

Table 3. Success criteria for classroom action research

Variable Criteria Completeness
Computational Number of students with achieved Computational thinking skills
thinking ability category >75% of total students achieved
Learning process Implemented learning process >80% | Learning was successful

Results

This study required two cycles to achieve the expected success criteria. Each cycle was
conducted 2 times a meeting. Before the action began, the researcher conducted a pre-
test using questions that were prepared in a form that was easy for students to under-
stand. So, even though students have not yet received learning material, they can still
work with their own logic. Based on the data analysis of the pre-test results for cycle 1
(chance and probability distribution) 26% of all students were able to reach the achieved
category. In cycle 2 (compound even probability), 15% of all students were able to reach
the achieved category.

Description of Cycle 1 Action Implementation

Planning

The things that researchers do during planning are: developing learning tools, observa-
tion sheet, test for students’ learning modalities and reviewing content in learning sample
point, sample space, probability and probability distribution. Data collection for learning
modalities is done through Google form, students have already taken the learning mo-
dalities test at school.
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Figure 1. Learning media for cycle [

The type of differentiation used is content. The researcher provides learning references
in the form of Websites for students with visual learning modality and YouTube for stu-
dents with auditory+visual learning modality. In the process, students can determine using
the context of dice or coins. Both media are used for the same lesson which is to determine
opportunities for simulation activities. This activity can facilitate student interest.

Action

In its application, problem-based learning is carried out with the stages: orienting stu-
dents, organizing students, guiding investigations and presenting work. The problem
raised is related to whether the dice and coins are fair or not in a draw.

Figure 2. Rock paper scissors experiment

Figure 2 shows students doing a simple simulation to understand the problem. Rock
paper scissors can be used as an alternative game to introduce the concept of chance.
After introducing the problem, the teacher then asks each group to choose dice or coins.
This activity supports content differentiation learning by offering students to explore
several contexts related to the material they learn. It was found that 3 groups chose to
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use dice and 4 groups used coins. The teacher provided references through YouTube and
Website to help students in problem solving discussion activities.

Figure 3. Student discussion process

Figure 3 is the condition where students conduct the investigation. The activity that
students do during the investigation is to simulate rolling a dice or coin to get a sample
point. They also learn to make decisions regarding how to write sample points. Suppose
(A, B) represents the number that A got, and B is the number that B got.

Koin Ahmad
A G
Koin Lawan A A2M) (G, A) (
G | (MG) (6.6

*
~E_.-. A, G

* A: Kejadian Ahmad menjadi pemenang

Mari tuliskan kembali ketentuan menang; ¢

Berapa banyaknya n(A)? .
Himpunan  kejadion  yang  memungkinkan ~Ahmad  menang  adalah

Ao B it sl 5 y 4

» B: Kejadian Ahmad kalah

Mari tuliskan kembali ketentuan kalah:

Ahmad kalah jika muncul koin ... dan koin lawannya adalah A 4
Dari table, kejadian yang gkinkan Abmad kalah (B) adalah ... ..EA...... /
Berapa banyaknya n(B)? 0 ——— Vi
Himpunan  kejadian  yang  memungkinkan ~ Ahmad  kalah  adalah
- T GA ..ot y £

Figure 4. Student discussion results
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After that, they decide how many times A wins with the applicable conditions and
determine the probability. The same thing is done to determine the probability of B win-
ning. At the end of the investigation, they will get the concept that a fair draw is when
each person has an equal chance of winning.

The teacher asked the students to display the results of the discussion which was
divided into two sessions, namely representatives of the dice group and representatives
of the coin group. The teacher then gave reinforcement for the correct answers to the
student worksheet, but did not review the material presented.

Observation

Based on observation, the lesson plan was 90% well implemented. Based on the post-
test results of students’ computational thinking skills, some students have increased their
scores. However, many students who have achieved computational thinking score have
not yet reached the success criteria.

Table 4. Summary of computational thinking scores in cycle 1

Computational Pre-test Post-test
. Completeness
thinking final score (x) Frequency % Frequency %
x=75 Achieved 9 26% 18 53%
x <75 Not yet achieved |25 74% 16 47%
Reflection

After doing reflection towards learning implementation, some evaluations were found
related to discipline in discussion activities. During the group discussion, there were
some students who were not fully involved in the problem-solving process. The discus-
sion sessions were dominated by students with good computational thinking skills. Thus,
other students who have lower abilities were less involved in problem solving.
Evaluation will be taken to improve the next lesson. That improvements made in-
clude: bringing process differentiation, where students are grouped based on pre-test
results. This grouping is expected to maximize the involvement of each learner in groups
with the same ability; the need for time confirmation in discussions and presentations so
that not much time is wasted; provide scaffolding according to their individual needs, so
that they can build confidence in their ability to solve problems; strengthen the knowl-
edge gained by learners through feedback and provide them with material for notes.

Description of Cycle 2 Action Implementation

Planning

The things that researchers do during planning are: developing learning tools, obser-
vation sheet, and grouping students’ computational thinking ability. To determine the
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group members, researchers used post-test results in cycle 1. Cycle 2 discusses about
compound even probability, especially the probability of event A or B happening. In
this cycle, researchers applied process differentiation learning. It refers to the division
of groups into three categories of computational thinking ability: high, medium, and
low. The student worksheets were differentiated for each category. Low category student
worksheets provided some working examples. The medium category students’ work-
sheets have some clues. While in the high category student worksheets, only the working
column is given to explore based on their ideas.

Action

In its application, problem-based learning is carried out with the stages: orienting stu-
dents, organizing students, guiding investigations and presenting work. The given prob-
lem is about the probability of two people taking an item from pencil case.

After given the problem, students were grouped based on the categories that had
been prepared. There were 3 groups in high category, 1 group in medium category and
3 groups in low category. In the process, the researcher as a teacher provided different
scaffolding based on the ability. The group with low category given more scaffolding
than medium group. And in the high category group, the researcher acted as a facilitator
and provided help if needed. All groups were able to solve the problem in the given time.

Figure 5. High-ability group discussion

Figure 5 is the situation when the high group is discussing. They asked the teacher
more questions to confirm whether the results of their discussion were correct or not.
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In Figure 6, the medium group needed the teacher’s help to find the concept to be
used. Most of them struggled with data analysis.

Figure 7. Low-ability group discussion

In Figure 7, the teacher must mingle with students to provide understanding related
to the problem, guide students to create problem-solving strategies, and analyze data
with triggering questions.
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Figure 8. Representation of data in Venn diagrams
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When working on the worksheet, students identified the items from two pencil cases.
They recorded the results and represented them in a Venn diagram (Figure 8). Some stu-
dents drew two intersecting sets and some disjoint sets. The difference in their findings
became a topic of class discussion. This led to the concept, through a simple flowchart
(Figure 9), that when two events do not have intersection, they are two events that cannot
occur at the same time, and conversely, when two events have an intersection, they are
two events that can occur at the same time.

T EG |
.\(-%\_\Mlu,n Bdak mﬁns leyas o \
Yo = SR
dud
kejadian .\ Hidak -
g ol
7 mt’ s YeyadiGn saking P — ‘ 65‘

Figure 9. Flowchart by students

At the end of problem investigation, they were able to find the concept that in random
item picking, the existence of intersection decides the probability of item A or item B
being picked. They can use the concept to solve the problem of the probability that an
item will be taken (Figure 10).

Pada percobaan membandingkan isi tempat pensil kedua temanmu, berapakah peluang
kejadian terambilnya barang dari tempat pensil A atau dari tempat pensil B?

FENYELESATAN:
Banyak tilik sampel= banyak scmua barang A atau B=n(§) = ‘1

« Misal: A= Barang yang ada di tempat pensil A.“-\‘\ {(nama temaninu)
. 2
n(A) = ‘L, sehingga P(A) = -:—cg =

= Misal: B= Barang yang ada di tempat pensil G\\Q (nama temanmu)
i e _ 2
n(B) = -2, schingga P(B) = "E - 4
= Misal: A n B = kejadian terambil barang A yang juga merupakan barang B
ngang) _ A

n(4 n B) = 1., sehingga P(a n 5) = 22 = 3
Misal: A U B = kejadinn terambil barang A atau barang B, makn pcluangnya adalah:

P(AU B) = P(A) + P(B) = P(ANB)

.

P(AUE) =%~:+%—;{_

PAUB) = %
Jadi, peluang muncul kejadian terambilnya barang A atau barang B adalah..%

4
Figure 10. Determine the probability
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In the presentation activity, the teacher provides equal opportunities for presentation.
The teacher then reinforces the results of student discussions and provides material on
the blackboard for student notes.

Observation

Based on observation, the lesson plan was 94% well implemented. Based on the post-
test results of students’ computational thinking skills, some students have increased their
scores. The results showed an improvement in computational thinking skills at the end
of cycle 2 when compared to the final score in cycle 1. The percentage of students who
have reached the success criteria is more than equal to 75%. The action was completed
in cycle 2.

Table 5. Summary of computational thinking scores in cycle 2

Computational Post-test I Post-test 11
g Completeness
thinking final score (x) Frequency | % Frequency %
x=75 Achieved 18 53% 28 82%
x <75 Not yet achieved |16 47% 6 18%
Reflection

Reflection from cycle 2 includes class and time management, discussion process and
problem-solving pattern. Researchers as teachers have provided clarity regarding time
and how activities are carried out. That makes the lesson more effective. In discussion
process, homogeneous grouping encouraged them to collaborate with peers of similar
ability. Realizing that each group member has the same ability, students worked to com-
plete the worksheet without relying on partner. This grouping is effective enough to
make each student feel that they have an equal role and opportunity in learning. The suc-
cess of cycle 2 is also affected by the students’ familiarity with problem-based learning
(because cycle 1 also applied problem-based learning).

Discussion

Differentiated learning and problem-based learning are two approaches with different
goals. Integrating of these approaches can complement and reinforce each other in im-
proving computational thinking skills (unplugged) while reducing the gap in students’
abilities. This is consistent with the results from Dalila et al. (2022), which shows that
the differentiated approach (based on learning modalities) in problem-based learning is
effective to improve students’ cognitive learning outcomes.

Problem-based learning is an instructional approach that introduces mathematical
concepts to students through problem-solving. The use of problem-based learning can
improve computational thinking skills, including those commonly used in high school
mathematics (Hsu et al., 2018). All aspects of computational thinking are involved in
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problem solving, namely: abstraction, algorithm, data collection, and data analysis.
Probability problems are closely related to sampling points and sampling space. Data
collection is often done with dice or coins. Modelling or simulating the problem is ba-
sic idea behind computational thinking (Moursund, 2009). These activities enable stu-
dents to reflect on the results by abstracting and comparing data (Lee et al., 2011). Data
analysis in this study involves the processing of data which includes calculations and
result interpretations. Various strategies can be applied to analyze data, including pat-
tern recognition, rule-based data classification, and identification (Weintrop et al., 2016).
Throughout the project, a well-designed algorithm is used to solve problems. For exam-
ple, when students are asked to determine the sample point for the sum of two dice of
5, they begin by estimating two numbers that add up to 5. Next, they explore possible
arrangements that yield a sum of 5, and so on. In this project, the algorithm is reinforced
by a flowchart, which makes it easier for students to understand the concept. Learning
using flowcharts can improve both computational thinking skills and self-efficacy, which
can lead to an improvement in academic performance (Zhang et al., 2021).

Differentiated learning has a role in improving unplugged computational thinking
(Noviyanti et al., 2023; Saxena et al., 2020). It recognizes differences (interests, learn-
ing modalities, abilities) and the need for teachers to provide learning opportunities as
needed. The application of content differentiation in this study allowed to increase the
percentage of students who achieved computational thinking skills exceeding the KKM.
When students choose the content (dice/coins), there is an assumption that they are ready
to solve the problem. With choice, students encourage themselves to take responsibility
for their own learning (Betts, 2004). The improvement in cycle 1 was also influenced by
students’ different learning modalities, and it applied in the form of learning references
(Web, YouTube, PPT display). Providing personalized learning (learning modality) can
improve students’ problem-solving ability, help them to achieve better computational
thinking ability and bridging the gap of different students’ skills (Kopeyev et al., 2020;
Liuetal., 2021).

In cycle 2, the differentiation of the process by dividing students based on ability also
had a good impact on the discussion process and the experience of each student. Based
on the observation, when there is a grouping with the same ability, each student has a
role in practicing computational thinking skills, without burdening the discussion on the
smartest students. This grouping is designed to make it easier for teachers to provide
appropriate scaffolding. If in a lesson learning students are given freedom of exploration
without scaffolding, then heterogeneous ability grouping is more effective (Linchevski
& Kutscher, 1998). Scaffolding is proven to have a positive effect on students’ self-ef-
ficacy and learning outcomes (Valencia-Vallejo et al., 2019). In the discussion process,
students feel successful when they can solve problems with the help of worksheets and
scaffolding from the teacher. This successful feeling makes the discussion atmosphere
more comfortable and encourage students to solve problems again and again. In addi-
tion, the use of scaffolding can assist students in developing their computational thinking
skills during the learning process (Angeli & Valanides, 2020; Lye & Koh, 2014). It’s
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because the teacher acts as a support system for students to solve their own problems
by giving direction so that learning becomes directed and learning goals are achieved
(Marchelin et al., 2022). In addition, scaffolding can help and improve the computational
thinking process through questions, hints, reminders, directions, or encouragement given
until students are able to think computationally optimally when solving math problems
(Supiarmo et al., 2021).

Conclusion

Problem-based learning is learning that introduces students to mathematical concepts
through problems that exist around them. In problem-based learning, students are faced
with a problem that stimulates students’ thinking to analyze the problem, understand it,
then solve the problem so that in the end they gain new knowledge. When students analyze
the problem, abstraction ability plays a role in it. Where in recognizing the problem, the
activity carried out by students is to recognize information which is then taken as an impor-
tant point to solve the problem. The activity of analyzing problems also allows students to
perform algorithms related to the steps or stages that will be used when solving problems.
When solving problems, all aspects of computational thinking are involved: abstraction, al-
gorithm, data collection and data analysis. In learning probability, problem-based learning
can improve students’ computational thinking skills because of data collection activities
in the form of dice/coin simulations, abstraction activities of sample points and important
information in the problem, activities to formulate solution steps (algorithms) and data
analysis activities in the form of interpretation of results and calculations.

Differentiated learning (content and process) plays a role in improving students’ com-
putational thinking through ability-based scaffolding and content based on their interests
and learning modalities. Differentiated learning assumes that each student has differ-
ent abilities and ways of thinking. For example, not all students interest in coins as a
simulation tool, some of them like dice. The teacher can prepare coins and dice so that
students can choose the tools that make students interested. Another example is that not
all students have good analytical skills. The teacher can make groups based on ability
so that assistance is given with the right portion. Through the differentiation approach,
students not only develop their computational skills, but also feel valued and supported
in their learning process.

The results of this study cannot be generalized to all mathematics classes because it
is based on the problems and characteristics of the class that studied. However, prob-
lem-based learning can be adapted to improve students’ computational thinking skills
by presenting a familiar context and conducting simulations. It is expected that in future
research, researchers or teachers as practitioners can adapt or combine the implementa-
tion in this study (documentation and explanations in the implementation of this class
action can be used as references) with other strategies to improve students’ computation-
al thinking skills. In addition, long-term research is also expected to be able to see the
impact.
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Appendix 1. Computational Thinking Test

Pre-test
1. | Ahmad threw two metal coins simultaneously once. Fill in the possible events in the
following table.
Currency 2
A
G

Currency 1 A

a. Write down the set of ordered pairs of these events

b. Listsample point of the eventthen determine how many!

2. | From problem number 1, is the probability of the number appearing on the first coin and the
image on the second coin the same as the probability of the image appearing on the first coin
and the number appearing on the second coin? Explain your reasons!

3. | Table number 1 shows the possible events of tossing two coins.
a. Fill in the following table to determine the probability of the occurrence of side Number (X)

Many Sides Many Many Probability
of Numbers | Sample | Samples Sample P(X)= nX)
Appear n(X) Spaces n(S) n(s)

0 (G, G) 1 4

1 4

2 4

b. What is the sum of all possible event probabilities?

Post-test

1 | Mr Raffi is a rabbit breeder. In a cage he owns there are 5 brown rabbits, 3 white rabbits,
and 4 black rabbits. If Mr. Raffi wants to sell black or brown rabbits, then how many rabbits
can Mr. Raffi sell?

2. | Pay attention to the following statement. Determine which two events are mutually exclusive
and which are not mutually exclusive and explain why.

a. There are cards with numbers 1 to 10
Event A: a card with a multiple of 2 is drawn
Event B: a card with a multiple of 3 is drawn

b. In a rubbish dump
Event A: organic waste was collected
Event B: inorganic waste was picked up

c. In one set of shoes with sizes 32 to 40.
Event A: Even numbered shoes are selected
Event B: shoes numbered multiples of 5 are selected

3. |Thereis 1 set of bridge cards. What is the probability of getting a spade card or a heart card?

There is 1 set of bridge cards. What is the probability of getting a Queen card or a red card?
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