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Abstrak

Melatih kemampuan berpikir komputasional mahasiswa membuka peluang untuk lebih
menguasi konsep, menganalisis permasalahan, dan membangun solusi dunia nyata. Tujuan
penelitian adalah menganalisis kemampuan berpikir komputational mahasiswa Pendidikan
llmu Komputer berupa kemampuan abstraksi, dekomposisi, berpikir algoritmik, dan
generalisasi. Metode penelitian yaitu studi kasus dengan pendekatan kualitatif deskriptif.
Pembelajaran dilakukan kepada 40 mahasiswa semester 1 (satu) secara kolaboratif dalam
penyelesaian masalah luas daerah dengan pendekatan limit. Pada akhir pembelajaran
mahasiswa diberikan soal tes kemampuan berpikir komputasional mahasiswa. Jawaban tes
setiap mahasiswa dianalisis dari segi sisi fungsi mental yang muncul untuk mengetahui
karakteristik akusisi kemampuan penyelesaian masalah. Pada penelitian yang telah
dilakukan mahasiswa dikategorikan dalam kelompok novice, advanced beginner,
competent, proficient, dan expert berdasarkan karakter penyelesaian masalahnya. Pada
umumnya setiap mahasiswa telah memiliki kemampuan berpikir algoritmik. Sebagian besar
mahasiswa (kecuali kategori novice) juga telah mampu mengabstraksi dan
mendekomposisi permasalahan. Sedangkan kemampuan pengenalan pola baru terlihat
pada mahasiswa dengan kategori competent, proficient, dan expert.

Kata Kunci: Berpikir komputasional; Jumlah Riemann; Luas daerah; Problem solving.

Abstract

Training students' computational thinking ability provides opportunities to comprehend
concepts, analyse problems, and build solutions in real-life contexts. The purpose of the
study was to analyse the computational thinking abilities of Computer Science Education
students, i.e., abstraction, decomposition, algorithmic thinking, and generalization abilities.
The research method used was a case study with a descriptive qualitative approach. The
learning process was conducted by 40 students for semester 1 (one) semester
collaboratively in solving area problems using the limit approach. At the end of the lesson,
the students were tested through students' computational thinking abilities. Each student's
answers were analyzed in terms of the mental functions that emerged to determine the
characteristics of the acquisition of problem-solving ability. In this study, the students were
categorized into groups of novices, advanced beginner, competent, professional, and
expert based on the natures of their problem solving. In general, every student had the
ability to think algorithmically. Most students (except the novice category) were able to
abstract and unravel the problems. Meanwhile, the ability to recognize new patterns were
demonstrated by the students in the competent, professional, and expert categories.
Keywords: Area; Computational thinking; Problem solving; Riemann Sum.
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I.  INTRODUCTION

Computational thinking (CT) is a thought
process that involves problem formulation
and its solution interpretation as a
transformation of the information that can
be effectively performed by the agents
(Wing, 2006; Rahayu, Liddini, & Maarif,
2022). Wing also revealed that CT is an
analytical ability that every child should
have in addition to reading, writing, and
arithmetic. Educational researchers and
practitioners advocate the introduction of
CT in education to foster problem solving
and creativity among learners (Huang et al,
2022; Israel-Fishelson et al, 2020). The goal
of developing CT is to assist students to
understand the basic principles of how
computers process information and use this
knowledge to solve problems in everyday
life (Wing, 2011; Gustiani & Puspitasari,
2021). Training students' CT skills provides
opportunities  for students to fully
understand the concepts, analyze problems,
and build solutions in the real world
(Seehorn et al., 2011). Through CT, the
students are encouraged to develop
important skills such as logical reasoning,
analysis, and creativity, which benefits
various fields and situations.

The definition of CT in the learning
along with its

process is evolving

implementation in  the educational
research. Various definitions as well as
frameworks for operational definitions of CT
have been proposed in several related
literatures (Barr & Stephenson, 2011;
Csizmadia et al, 2015; Marques et al, 2018;
C. C. Selby, 2015). However, the most
common description and definition of CT
are associated with abstraction, algorithmic
and pattern

thinking, decomposition,

recognition (Boom et al.,, 2018). (Boom et
al., 2018). An illustration of CT capabilities is
represented in Figure 1.

Decomposition Pattern Recognition
CcT
. [g‘:l
(S

Abstraction

Algorithm

Figure 1. CT Ability Illustration.
Cetin and Dubinsky (2017)
abstraction in CT with the terms extraction,

define

decontextualization, and essence. In the
implementation of Boom et al. (2018) and
Csizmadia et al. (2015) interpret the ability
to think in abstraction as an ability to choose
a good representation. Selby and Woollard
(2013) defined the ability to decompose
problems as the ability to break down
problems into simpler components.
(2015)  described

algorithmic thinking as the ability to define

Csizmadia et al.

steps clearly in order to get a problem
solution. Meanwhile, pattern recognition
consists of the ability to identify, generalize
and utilize patterns.

Computational thinking is considered to
be a valuable tool for students in
mathematics learning due to the fact that it
fosters important skills such as logical
reasoning, analysis, and problem solving
(Eisenberg, 2002; Hadjerrouit & Hansen,
2022; Lockwood et al, 2016; Lu et al, 2022;
Sung & Black, 2021). These skills can be
applied to a variety of mathematical
concepts and to a greater extent help
solve

students understand and

mathematical problems. By integrating
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computational thinking into mathematics
education, students can develop a deeper
understanding of mathematics and be
better equipped to apply these skills in real-
world contexts.

Meanwhile, mathematics can be a
meaningful tool to foster computational
thinking skills considering it trains students
to formulate problems and search for
solutions in a structured and meaningful
way (Benakli et al, 2017; Gadanidis, 2017;
Pei et al, 2018; Rambally, 2017; Rodriguez
del Rey et al, 2021; Pipitgool et al, 2021; Son
& Lee, 2016). By doing math problems,
students learn how to approach problems
logically and systematically, and apply these
skills to a variety of real-world situations
(Afriansyah & 2022). By
integrating computational thinking

students can

Turmudi,
into
mathematics education,

develop a deeper understanding of
mathematics and problem solving, and be
better equipped to apply these skills in
studies and careers in the future.

This mutual relationship between CT
(computational thinking) and mathematics
is the rationale of this study to investigate
the two variables. By introducing problem
solving as a teaching method, students are
encouraged to build CT skills while learning
Mathematics. This study aimed to integrate
CT and Mathematics learning explicitly to
show that students ar able to develop CT
and Mathematics concepts
comprehensively. The purpose of this study
was to analyze the potential CT skills of
Computer Science Education students
demonstrated through the ability to analyze
generalize

problems, recognize and

patterns, think algorithmically, and abstract

in problem solving based on the ability to

acquire a skill.
Il. METHODS

The study used a case study (Fraenkel,
Wallen, & Hyun, 2012), in which the

researcher analyzed the answers regarding
the area calculation using the Rieman sum
approach formulated by students in depth
and detail. The researchers then analyzed
the data with a qualitative approach to
identify the level of problem-solving ability
and the
demonstrated in the solution of the given

construction of CT ability
problem. The participants consisted of 42
Computer Science Education students in
Bandung city who were taking Calculus in
semester 1 (one). The students consisted of
19 males and 23 females with an age range
of 17 to 19 years. One of the researchers
acted as a facilitator (lecturer) in classroom
during the lessons.

Learning activities began with group
assignments consisting of 4 (four) to 5 (five)
people. This assignment was designed to
present a sequential problem solving as a
stage of problem-solving construction with
the idea of scaffolding or Vygotsky's idea of
2008). The
assignment was given a week before the

mediation  (Verenikina,
learning activity. The flow of scaffolding to
find the area with the limit approach is
provided in Figure 2. Scaffolding stage 1 was
conducted to assist the students to
recognize the area to be calculated. Stage 2
was a strategy for solving area problems by
dividing the problem on a smaller scale,
while stage 3 was to obtain data that would

be used based on the strategy in stage 2.
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Scaffolding stage 4 was conducted to obtain
the solution.

Menggambar Daerah A

S1

Membagi Daerah menjadi n Partisi

A Ay A,

Mencari Atribut masing-masing partisi (lebar, tinggi)

52

Mencari Luas masing-masing partisi (lebar x tinggi)

S3

Menjumlahkan luas masing-masing partisi

S4 Luas Daerah A

Figure 2. Scaffolding Stage to Calculate an Area.

During the lessons, the students were
facilitated to have a discussion regarding the
solved problem and make  the
generalization of the necessary concepts,
including the formation of partitions, the
shape of the approach area, and the limit of
the total area of each partition when the
number of partitions approaches infinity.
There were no other researchers present
during the lessons, but the researchers
recorded the learning activities in the form
of a voice recording with the permission of
the participants.

After the learning activities, students
were given a test to do in 30 minutes. The
test was conducted to identify the ability to
solve problems of the area provided by
using the limit sum approach. The test

guestions given are presented in Figure 3.

Hitunglah luas daerah yang dibatasi
oleh kurva flx) = ¥*—4, sumbu-x, dan
sumbu-y, pada interval [0,2] dengan
membagi daerah tersebut menjadi:

a. 4 partisi

b. 100 partisi

Figure 3. Test Items
Based on the test, the
categorized the answers based on the level

researchers

of problem solving ability adjusted to the
ability acquisition model developed by
Dreyfus and Dreyfus (2004; 1980). This

model concerned with four mental
functions, namely Novice, Advanced
Beginner; Competent, Proficient, and

Expert. This model focused on four mental

functions, namely:

1. recollection (the process of retrieving
previously learned information from
memory)

2. recognition (the ability to

information or stimuli that have been

identify

encountered before),
3. decision (involves choosing between
different options or actions) and
4. awareness (refers to the state of being
aware or paying attention to one's
surroundings, thoughts, and emotions
and how they vary at each skill level)
(Honken, 2013).
With each increase of the skill level, one
of the mental functions matures. Table 1
illustrates the changes in expertise of the

mental functions at each stage.

Table 1.
The characteristics of problem-solving ability

Fungsi Mental

Kategori
Recl Recg Dec Aw
Novice NS Dc An Mt
Advqnced S De An Mt
Beginner
Competent S HI An Mt
| Proficient S HI In Mt
Expert S HI In Ab

Recl: Recollection; Recg: Recognition;

Dec: Decision; Aw: Awareness

NS: Non-Situational; S: Situational,

Dc: Decomposed; HI: Holistic; An: Analytical,
In: Intuitive; Mt: Monitoring; Ab: Absorbed

Suppose in someone who is in the Novice
then
recollection function is in a non-situational

category, someone's mental
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condition, while the mental recognition
function is in a decomposed condition. In
the mental decision function, someone who
is in the novice category solves problems
analytically and his awareness is still in the
monitoring condition. As a guide in
categorizing the answers (problem solving),
the characteristics of each category of
solving the problem of area with the limit
number approach are defined in Table 2.
The definition of characteristics referred to
a combination of assessment rubrics from

the ability acquisition model that had been

developed (Dreyfus & Dreyfus, 2005;
Honken, 2013; Rousse & Dreyfus, 2021).
Table 2.

Characteristics of Area Problem Solving Ability
Kategori Karakteristik

Novice Deciphered the area problem
solving on context-free features,
without looking at the area to be
found, and only based on the
known formula.

Recognize the area to be found
(not context-free), but not yet be
able to connect the partition area
with sigma notation.

Identify the area to be found, b be
able to connect the partition area
with sigma notation (holistic), but
the strategy is still procedural.
Recognize the area to be found
and be able to relate the partition
area to sigma notation (holistic).
His repertoire of situations is so
extensive that usually any given
situation immediately determines
the appropriate action intuitively
No longer needing principles, stop
paying conscious attention to his
performance and let all the mental
energy previously used to monitor
the performance result almost
instantaneously in the right
perspective and its associated
actions.

Advanced
Beginner

Competent

Proficient

Expert

In the final stage, an analysis was
conducted to explore the construction of
students' CT

computational thinking ability adapted from

abilities.  Indicators  of
Csizmadia, et al. (2015) in solving extensive
problems are presented in Table 3 which is
an adaptation and description of CT abilities.

Table 3.
The Indicators of Computational Thinking Ability
Sc Indicators CcT
1 (1) describing the boundary of A
area, A

(2) Marking area, A

Dividing the area into k (k=4 or
k=100) partitions

(2) Dividing the area into n partitions
(3) Finding the width of the D,P
partitions (k=4, 100)

D, At

(4) Appling the partitions width At
formula (k=n) P

(5) Finding the partition boundary
points At

(6) Obtaining the formula of partition
boundary points P

(7) Finding the function values of the At
partition’s boundary points

(8) Acquiring function value patterns P
from partition boundary points

3 (1) Calculating the area of each At
partition

(2) Acquiring the area pattern of a P
partition

4 (1) Sum the area of each partitionto At
attain the area
(2) Use sigma notation and its A, D,
properties to sum the area of
each partition

Sc:Scaffolding; A: Abstraksi; D: Dekomposisi;
At: Algorithmic thinking; P: pattern recognition;

Ill.  RESULT AND DISCUSSION

Based on the test conducted at the end
of the lessons, the researcher categorized
the answers based on the level of problem-
solving ability adopted from ability
acquisition model. Furthermore, from each

category of answers, the potential of

Mosharafa: Jurnal Pendidikan MatematiRa

Volume 12, Number 2, April 2023

219

Copyright © 2023 Mosharafa: Jurnal Pendidikan Matematika



http://journal.institutpendidikan.ac.id/index.php/mosharafa

thinking ability
demonstrated was identified. The results of

computational

the problem solution identification as well
as the potential of students' computational
thinking skills (abstraction, decomposition,
algorithmic  thinking, and pattern
recognition) are as follows.
A. Problem-solving ability

Based on the answers given by the
students, the researchers categorized the
level of problem solving ability as follows.
1. Novice

The novice category was given to the
students with the achievement of being able
to find the data (width and height of the
partition) required by using the rules but not
understanding the problem based on the
context of the given area (free context
fiture). In this category there were 7 (seven)
students. One of the answers of novice

students is presented in Figure 4.

\

D Ax-2-0.2 - Saos | S20-1° . =06
Axvzq——-‘(,'; ]L-AX'_%&'\’OO'M)
X:=XotiOx X; =¥ot 14X

‘0*;-[ \ ;o'\to
5 g $0)=x; -4
2 el
&)=k -u ~, =(ot §) -S
Lt3)-v | U

Figure 4. R1’s Answer Sheet in The Novice Category.

On the answer sheet, the students were
able to find the partition boundaries and
function values. However, they did not
carefully analyze the area to be solved, they
were unable to find the area to be, either by
partition or as a whole. This was in line with
the idea of (Honken, 2013) that at the novice
level, an individual could only solve a small
part of the problem without looking at the
problem as a whole.
2. Advanced Beginner

The advanced beginner category was
given to nine (9) students with the following

characteristics: understanding the context
of the area (not context free) to be found;
recognizing the patterns of the procedures
performed, but still limited to specific
things. Examples of the answer sheets for
advanced beginner students is presented in
Figures 5 and 6.

The advanced beginner student group
was able to find the area which the number
of partitions was still small (easily summed
without using the basic concept of sigma
notation). The reason behind this might lead
to the condition in which even though the
students had been able to recognize the
area pattern of each partition, they were
unable to associate the summation of the
partition areas with the sigma notation.

a or

o

0.2,2,1 b 4cag0 21

0.2
CECI S w "%’ o
Xi=Yotiax Xi =i ki o
=0+i | <04 !
3 0%l
2
F6a) bl ‘x' -4 F6) = %4
.(oni_:) -4 =(OI~‘%')"-‘]
) -
=(4T-q: s Ciy-q
Le s P.L s it
S1.0x () -4 o
= FOa4).0x Lustied Or s <5, < i
’(:_‘.q 1).0x :(7:0";');5
=[5
'(""'4”}",-1 oo Lo

Figure 5. R2’s Answer Sheets in The Advanced
Beginner Category.
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Figure 6. R2’s Answer Sheets in The Advanced
Beginner (Continued).

According to Rousse and Dreyfus (2021),
during the lessons, the lecturers should act
as instructors assisting students to select
and recognize relevant aspects as the
organizer and the first source of the
material, and a facilitator who provided
many case examples for this level.
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3. Competent

The students in the competent category
with a total of 6 (six) people demonstrated
these characteristics: understand the
context of the area to be sought; recognize
the patterns of the procedures performed
and are able to connect the sum of the area
of each partition with sigma notation. The
of the

students

examples answer sheets for

competent are presented in

Figures 7 and 8.

T
ja. Ax+2-0 + 2 . \
e . fAxr 2-0 ~ \
AREA R LT R
| (3 W ¢p
Xi* Xo v 3 AX Xie XottAx
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(ch-\ -4 €y x 4
.-art s (0vi )'-q
a (.v“
Lws vl ~qv
b 0% 1500
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¢ ¥ Lx
[SCTR Y
.l\..n‘.\‘) \ w8 (€0 § (riva). AX
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T = 1 °0
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Figure 7. R3’s Answer Sheet in The Competent
Category.
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Figure 8. R3’s Answer Sheet in The Competent
Category (Continued).

The competent student group was able
to find the area which the number of
partitions was small or large by using the
concept of sigma notation. However, in
solving the problem, the students in this
category were not yet able to use problem
generalization strategies. So that problem
solving is only done procedurally.

This ability
acquisition model in Table 2 adapted from
Honken (2013). The model illustrated that
the students in the competent category

was in line with the

could determine the right action to deal

with different situations, meaning that they
were able to solve problems in accordance
with the context of the problem. Referring
to Table 1 regarding mental functions,
Dreyfus (2004) stated that students who
were in the competent category had not
been able to make intuitive decisions, so
that in solving the problem, it was solved
procedurally without using generalizations
from the patterns they had found.
4. Proficient

In the proficient category, there were 9
with
understand the context of the area to be

(nine)  students characteristics:

sought; recognize patterns from the
procedures performed; able to connect the
sum of the area of each partition with sigma
notation and able to use generalization
strategies for cases with many partitions.
The examples of the answer sheets for
proficient students are presented in Figures

9 and 10.

bogi [0,2] wenpdt 4 toresi |

DDA (8 A Ge
4 13 s AL
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X Yot 1. Ax ::l & .1‘ > |
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(0 . / fxa) 4.
e s 5
=1 @ |

o) (on -4 La.pe 3.) taay ApemA
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(5 W (-4 Las=3 053 =S '-\.u‘/
.{RJ\ -\m&m -4

,Lla s\k0s4-0,876
‘L. 00800
flay u-\ ==

Figure 9. R4’s Answer Sheets in Proficient Category.

The students in the proficient category
were able to use generalization strategies
intuitively from problems with a large

number of partitions. However, this
intuition had not yet become a spontaneous
action in problem solving, so that for
problems with a small number of partitions
it was still proceeded procedurally (Rousse

& Dreyfus, 2021).
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Figure 10. R4’s Answer Sheets in Proficient Category
(Continued).

5. Expert

The expert category was given to
students with characteristics: understand
the context of the area to be sought;
recognize the patterns of the procedures
performed; able to connect the sum of the
area of each partition with sigma notation
and able to use the instinct of generalization
strategies for both small and large number
of partitions. So that in solving the problem,
students first solved the problem in general
(n partitions) and then calculated the
specific partition (absorbed). The examples
of answer sheets for expert group students
are presented in Figures 11 and 12.
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Figure 11. R5’s Answer Sheets in Expert Category.
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Figure 12. R5’s Answer Sheets in Expert Category
(Continued).

Of the 41 students, there were 2 (two)
students whom the researchers could not
identify their problem solving abilities. This
occurred because the students returned the
test answer sheet without a solution. The
researchers were unable to confirm to the
students for some reasons. This was
supported by the testimony given by fellow
students in his class that other lecturers also
had difficulty communicating with these
students.

B. Computational thinking ability

For each category of problem solving, the
researchers constructed the CT flow of the
procedure performed. Based on the
construction of these flows, then analyzed
the potential CT abilities owned by each
category.

1. Novice
The construction of the flow of thinking

in novice category is presented in Figure 13.

f(x)=x2—4; Ax; xi; f (x7)
sumbu-x; /, |
sumbu-y; !ﬁl‘él
[0,2]

At

Figure 13. The Construction Flow of The Student’s’
Thinking in The Novice Category.

The students in the novice category
demonstrated the potential ability to think
(At). The
decompose problems was not present,

algorithmically ability  to

because the stages of problem solving were
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only conducted procedurally without
analyzing the context of the problem (the
broad search area). Likewise, the ability of
abstraction and pattern recognition were
not demonstrated by the students in this
category. Thus, the students were only able
to think algorithmically based on the
problem solving process but did not analyze
the context of the problem. (Rousse &
Dreyfus, 2021).
2. Advanced Beginner

In the advanced beginner category, the
students were able to recognize the context
of the problem (Dreyfus & Dreyfus, 2005;
2013). This implied that the

students were able to abstract (A) the

Honken,

problem to be solved. In addition, referring
to Table 3 and the problem solution,
students demonstrated the potential ability
to think algorithmically (At) by solving the
problem  procedurally.  Decomposition
ability (D) was present when the students
were observing the attribute value of each
partition. However, there was no pattern
recognition in the answers given. The
construction of the flow of thinking in
advanced beginner category students is

illustrated in Figure 14.

fx)=X~4; | | Gambar Daerah A
sumbu-x; B ——

sumbu-y; ¥ e

[0,2] Bagi A menjadi 4 Partisi

—Y y Y L 4
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| Ay Ay

—E— %03 [ (%o)s xu; F(20); %05 f (2

o 3 fs); 24 F(x)

I S
8 LyLay;LagiLa,

—At L= Ly +La, +La, +1g,

Figure 14. The Students’ Construction Flow in The
Advanced Beginner Category.

3. Competent

The flow of the students’ thinking in the
competent category is illustrated in Figure
15. It involved the four potential CT abilities
(A, D, P, At). The ability to think
algorithmically was demonstrated from the
problem-solving procedure performed. The
problem context had been extracted well.
Decomposition and pattern recognition
skills were demonstrated while the students
were observing the attribute value of each
partition, as well as the stages in calculating
the total area of each partition (algorithmic)
and were able to associate it with the sigma
in the
problem solving, this abstraction was not

notation (abstraction). Despite

included in the problem-solving strategy.

f(x)=x*~4; | 5] Gambar Daerah A
sumbu-x; e m———

sumbu-y; [ —— S —
[0,2] | Bagi A menjadi 4 Partisi

— Y ¥ Y .

NNy

£ Xoi f(xo)s x1; f(22)i Xa; f (X2 );
b xi Fxs); % F )

& ul‘ql:.'.,,qz:L,‘erlA4

-At

I
7

L =ZL,;[
=1

Figure 15. The Students’ Construction Flow in The
Competent Category.

4. Proficient
Like the students in the competent

category, the four CT competencies (A, D, P,
At) were already owned by the students in
the proficient category, but they were still
fixated on procedures. Nevertheless, the
abstraction thinking process (A) that had
been carried out by the students in the
proficient category was implemented in the
problem solving startegy, although only in
the partition category with a large number
of partitions.
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Figure 16. The Students’ Construction Flow in The
Proficient Category.

5. Expert

Among the students of the expert
category, all four (A, D, P, At) CT abilities
were demonstrated and even used to solve
problems appropriately. The construction of
the flow of thinking in the expert category is
illustrated in Figure 17.

f)=x’=4; | 5| GambarDaerah A |

sumbu-x;

sumbu-y; | ————F————

[0,2] | "Bagi A menjadi n Partisi |
. 1 |
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Ay A . A,

= Xoi f(x0)s 205 F Q)i wees
& i )

v
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' At Iy2 i L,

=1

Figure 17. The Students’ Construction Flow in The
Expert Category.

According to the findings of the study,
there were 5 (five) variations of problem
solving with the categories of novice,
advanced beginner, competent, proficient,
and expert. For students in the novice and
advanced beginner categories, they were
unable to solve the problem completely.
While in the competent, proficient, and
expert categories, they solved completely,
even in the expert category, demonstrated

appropriate strategies on the problem-
solving process.

As stated in Gadanidis (2017) abstraction
ability is the main key in representing
knowledge, this was in line with the findings
found among the students in the novice
category being unable to recognize the
problems to be solved. The ability to
recognize new patterns was demonstrated
among the students in competent,
proficient, and expert categories due to the
fact that their mental recognition function
had been in a holistic situation (able to see
the problem as a whole) not just per part
2021).  The

characteristics of the computer students

(Rousse &  Dreyfus,
who had been accustomed to an organized
way of working and dividing problems into
smaller parts in programming (Caeli and
Yadav, 2020) were in line with the findings
that each category of students already
demonstrated the potential for
decomposition and algorithmic thinking

ability.

IV. CONCLUSION

The computational thinking ability
demonstrated among the participants were
algorithmic thinking ability. Most students
(except the novice category) performed the
decomposition ability. Likewise with the
in the

advanced beginner category students were

ability of abstraction, although
only able to abstract the problem. While the
ability of pattern recognition was observed
among the students in the competent,
proficient, and expert categories.

The limitation of this study lies in the
limited time of the test implementation and
conducted after direct learning. So, it is
possible that the understanding possessed
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by students was a temporary state not an
actual understanding even though there
was no influence on the construction of
thinking. Further research is recommended
to also measure understanding and analyze
student learning obstacles, especially the
obstacles to the thinking process that
cannot be achieved.
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