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ABSTRACT 

 

Computational thinking is increasingly acknowledged as important in ed-

ucation to support the development of problem-solving skills in mathe-

matics. Pattern recognition plays a significant role in solving mathemati-

cal problems using computational thinking. This qualitative research ex-

plores how students recognize patterns when solving mathematical 

problems using computational thinking. The study adopts a case study 

approach, with 46 subjects then chooses two students from the Mathe-

matics Education Study Program selected through purposive sampling. 

Data collection methods involve tests and interviews in August. The data 

is qualitatively analyzed, involving reduction, data presentation, and con-

cluding the research findings. The results indicate that the subjects rec-

ognized a pattern related to determining the height of a triangle, which 

was one of the assigned questions. The pattern emerged as the subjects 

identified the problem, decomposed it, recognized known and unknown 

information, and identified the relationship between sub-problems and 

task information. The identified pattern is crucial in addressing the prob-

lem in the given task. 
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Introduction 
Computational thinking is increasingly rec-

ognized as important in the field of education. 
The 21st century demands that individuals 
master various skills to prepare students for 
success in different fields of life (Apriandi et al., 
2023). Computational thinking is not only stud-
ied and introduced in the field of computers, 
but also in mathematics education  (Rara, Yuli, 

Siswono, & Wiryanto, 2022). This supports the 
foundation of mathematical problem-solving 
skills. 

Computational thinking involves problem-
solving, system design, and understanding hu-
man behavior, drawing on computer science 
concepts (Wing, 2006). Wing also stated that 
computational thinking is a thought process 
needed for formulating problems and  
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solutions. Two important aspects of computa-
tional thinking by Wing are the thought process 
and problem-solving methods. Problem-solv-
ing in computational thinking can be achieved 
by breaking down complex problems into sim-
pler ones, recognizing emerging patterns, ab-
stracting to find general concepts, and develop-
ing step-by-step solutions (Bocconi et al., 
2016).  

Problem-solving in mathematics education 
is a leading area of research aiming to under-
stand the processes involved and link it to stu-
dents' mathematical knowledge and competen-
cies (Liljedahl; et al., 2014). While there are nu-
merous teaching methods for mathematics, it is 
challenging to determine the superior ap-
proach, given factors like the academic level of 
our students (Lacea & Buscano, 2023). Prob-
lem-solving allows students to apply their un-
derstanding of mathematical concepts, inte-
grate and connect their knowledge, and achieve 
a more conceptual understanding of mathe-
matics (Lester, 2013). Therefore, problem-
solving is crucial in learning mathematics as it 
increases students' willingness to try and per-
sist in solving problems, helps them develop 
problem-solving strategies, and makes them 
aware of multiple solution approaches. 

Statistical data from the report shows that 
in different regions worldwide, there is a corre-
lation between teacher performance and stu-
dent achievement (Cadag, 2024). The 2018 
PISA results stated by Hewi & Shaleh (2020) 
show that the mathematics abilities of students 
in Indonesia are still not encouraging, with an 
average reading score of 371, mathematics 
score of 379, and science score of 396. These 
averages are below those of other participating 
countries. This has triggered various reactions, 
including those from the Minister of Education 
and Culture. PISA is used to evaluate the quality 
of education in Indonesia, particularly in the 
problem-solving process.  

Research conducted by Maharani, Kholid, 
Pradana, & Nusantara (2019) suggests that 
computational thinking supports students in 
solving mathematical problems. Similarly, 
Susanti & Taufik (2021) state that introducing 
computational thinking to students helps im-
prove their problem-solving skills by providing 
structure and focus. To effectively apply  

problem-solving strategies to similar cases, 
students must recognize and understand the 
patterns within the problems they are solving. 
The ability to recognize these patterns is cru-
cial as it enables students to solve problems un-
der varying conditions.  

Selby (2018) explains that computational 
thinking encompasses aspects such as abstrac-
tion, decomposition, pattern recognition, gen-
eralization, and automation. In fact, Dong et al. 
(2019) refer to these aspects as PRADA (Pat-
tern Recognition, Abstraction, Decomposition, 
Algorithm Thinking). PRADA represents a 
mindset that transcends specific content areas 
or tools, assisting individuals in solving prob-
lems systematically and in a way that can be 
generalized. 

Pattern recognition, as a crucial aspect of 
computational thinking, significantly influ-
ences the process of solving mathematical 
problems among students. Choosing the most 
suitable method can significantly impact stu-
dents' comprehension, retention, and assimila-
tion of the knowledge imparted by teachers 
(Roblon et al., 2022). The characteristics of pat-
tern recognition in computational thinking 
Yasin & Nusantara (2023) can be identified as 
follows: understanding the problem by gather-
ing relevant information, connecting the ques-
tions in the problem with previously acquired 
knowledge, breaking down problem compo-
nents, identifying relationships between these 
components, exploring all possible relation-
ships to identify regularities or repetitions, and 
estimating the patterns discovered. 

By further exploring how students employ 
pattern recognition in the mathematical prob-
lem-solving process, this research will contrib-
ute to the understanding of computational 
thinking's role in mathematics education. Its 
primary aim is to investigate how students rec-
ognize patterns when solving mathematical 
problems within the framework of computa-
tional thinking. 

 
Methods  
Research Design  

This research employs qualitative methods 
and purposive sampling to examine how stu-
dents identify patterns in solving mathematical 
problems through computational thinking. The 
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research follows a case study approach, focus-
ing on students' pattern recognition in  
computational thinking while solving Planar 
Geometry problems.  

 
Sample and Data Collection 

The research includes 46 sixth-semester 
students enrolled in the Mathematics Educa-
tion Study Program at the University of Mu-
hammadiyah Malang. The selection of these 
students is based on their knowledge and un-
derstanding of the mathematical concepts rele-
vant to this study. Two students with high 
mathematical abilities are chosen as subjects 
through purposive sampling, taking into con-
sideration their proficiency in problem-solving 
and communication skills. 

 Data is collected through tests and inter-
views. The test consists of problem-solving 
tasks, which yield students' work results in 
solving mathematical problems. These results 
are analyzed to identify students' pattern 
recognition in computational thinking. Addi-
tionally, the research subjects participate in in-
terviews to gain further insights into their ap-
proach to pattern recognition in completing the 
given tasks. 

 
Data Analyzed 

Qualitative data analysis is conducted 
throughout the data collection process and af-
ter its completion. The researchers follow the 
data analysis stages proposed by Miles & 
Huberman (2018), which involve data reduc-
tion to obtain a clear understanding and facili-
tate the identification of patterns. The data is 
presented in narrative form, providing descrip-
tive accounts. Conclusions are drawn by recon-
ciling the test and interview results, enabling a 
comprehensive understanding of pattern 
recognition in solving mathematical problems 
through computational thinking. 

 

Result and Discussion  
This study involved two highly skilled stu-

dents in solving mathematical problems. A 
group of 46 participants were given mathemat-
ical problem-solving tasks, and from this group, 
two subjects with exceptional mathematical 
abilities were selected for interviews. The pur-
pose of these interviews was to understand 
how these subjects used pattern recognition in 
computational thinking to solve mathematical 
problems. The interviews were conducted in 
person, face to face. The following section will 
outline the process of pattern recognition in 
mathematical problem-solving tasks, based on 
the subjects' work results and excerpts from 
the interview transcripts. 

Pattern recognition involves identifying 
patterns or similarities within the sub-prob-
lems of a given mathematical problem. When a 
problem is broken down, patterns often 
emerge, which can help in solving complex 
problems more efficiently. 

Based on the subjects' work results and the 
interviews conducted, it was found that they 
recognized patterns by determining the height 
of the triangle in the given task. Through their 
observations, both subjects first identified the 
problem to be solved in the task. They correctly 
identified that the problem involved finding the 
sum of the areas of two triangles that formed a 
trapezoid. From this problem, the subjects then 
determined the missing information in the task 
and used it to find the sum of the areas of the 
two triangles. One crucial piece of information 
needed was the area of each triangle, specifi-
cally the PTS triangle and the STR triangle. In 
the context of computational thinking, these 
two areas represented the decomposition of 
the problem. Thus, it can be concluded that the 
subjects performed decomposition after re-
solving the problem identification process. The 
following are excerpts from the interview tran-
scripts of both subjects.

 
Excerpts interview transcripts of Subject 1 

Researcher : What patterns do you identify from this assignment? 
Subject 1 : You are already familiar with multiple triangles. The sum of the areas of the 

PUT triangle and the STR triangle equals 55. Find the height. Determine the 
height by employing the area formula. Currently, the height is unknown. For 
instance, if TP represents the x-height, then TC equals PS minus x-height, re-
sulting in 15-x. 
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Researcher : What's next? 
Subject 1 : Look for the area.  
Researcher : How? 
Subject 1 : The height of the triangle is uncertain, yet the area is known. This knowledge 

is utilized to ascertain its height. 
 
Excerpts interview transcripts of Subject 2 

Researcher : What patterns do you observe in this task? 
Subject 2 : Perhaps the discrepancy determines the altitude. For altitude, I employed 2 

equations. Therefore, if I utilize what is given, the area of the triangle is 45. By 
dividing the triangle into 2 right triangles, I can determine the altitude. Conse-
quently, if you are seeking the altitude, the formula for a right-angled triangle, 
known as Pythagorean's theorem, can be used by subtracting the base squared 
from the hypotenuse squared and taking the square root, yielding 15 altitudes.  

Researcher : What is the next step? 
Subject 2 : After discovering the altitude, we ascertained that the triangle had an area 

equivalent to 55 at that point. To proceed, I applied the same method as in num-
ber one: expanding the triangle firstly by half of the base multiplied by the 
height. The first triangle is the PUT triangle, denoted as 

𝑇1∙𝑡1

2
, and the second 

one is the STR triangle, 
𝑎∙𝑡2

2
. Subsequently, I substituted the given values and 

obtained 55, matching the question. It is known that the base is a 𝑇1  and a, but 
the altitude is still unknown, hence obtaining the equation 3𝑡1 + 4𝑡2 = 55 . 
There is another aspect to consider: the height of the trapezoid is known to be 
15, resulting in 2 equations 𝑡1 + 𝑡2 = 15. By utilizing these two equations, the 
altitude of the STR triangle can be determined to be 10 cm. I obtained this result 
through the method of elimination. 

 
Figures 1 and 2 depict the outcomes of pattern recognition work conducted on subject 1 and 

subject 2. 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Work Result: Subject 1 
 
 
 
 
 
 
 
 

Figure 2. Work Result: Subject 2 
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Based on the interview excerpt and exam-
ining Figure 1 and Figure 2, it is evident that 
both subjects, after decomposing the task, were 
focused on determining the area of each trian-
gle, which was the main question. In order to 
find the area of the triangle, both subjects real-
ized that there was an unknown quantity, 
namely the height of the STR triangle. 

Subsequently, the two subjects proceeded 
to determine the height of the STR triangle. 
They employed different methods to do so. 
Subject 1 represented the height as a variable 
using x, while subject 2 used a different varia-
ble 𝑡2.  

Subject 1 utilized the formula for the area of 
a triangle and substituted the base and height 
of each triangle. They then proceeded to use the 
equation L∆PUT + L∆STR = 55  substituting 
the values of the triangle area until the x value 
equaled 10. Meanwhile, subject 2 used the 
equation L∆PUT + L∆STR = 55 and the sum of 
the height of the PUT triangle and the height of 
the STR triangle. Subject 2 derived equation 1 
3𝑡1 + 4𝑡2 = 55 and equation 2 𝑡1 + 𝑡2 = 15 
from this example. Subsequently, they em-
ployed the elimination method and determined 
that x was equal to 10. Despite the different 
methods used by the two subjects, they ulti-
mately arrived at the same conclusion - the pat-
tern in the task involved determining the 
height of the triangle. 

The height of the STR triangle can be con-
sidered a pattern in the given task because 
height is a recurring element or similarity that 
is frequently utilized in determining the area of 
the STR triangle. In accordance with the defini-
tion of pattern recognition presented by (Selby, 
2018), it emphasizes the process of generaliza-
tion. Generalization is a powerful component of 
problem-solving that helps define computa-
tional thinking. (Dong et al., 2019) state that 
Pattern Recognition refers to the observation 
and identification of patterns, trends, and regu-
larities in data, processes, or problems. 

Therefore, it can be concluded that pattern 
recognition in computational thinking, while 
solving mathematical problems, involves the 
following steps: 
a. Identifying the problem to be resolved  
b. Decomposing the problem to be solved  

c. Identifying the known information about 
the problem  

d. Identifying the unknown information in the 
problem  

e. Determining the unknown information us-
ing known information  

f. Identifying similarities or patterns during 
the problem decomposition process  

g. Searching for relationships in the identified 
patterns or similarities by utilizing the 
known information  

h. Utilizing the patterns or similarities that 
have been identified while solving the 
problem 
 
Various strategies can be employed to rec-

ognize patterns in computational thinking for 
solving mathematical problems. These strate-
gies can be sequentially executed from point 
(a) to point (h). By following this sequence, it 
becomes easier to recognize patterns and solve 
problems. As mentioned by Labusch et al. 
(2019). Computational thinking should com-
mence with identifying the problem to be 
solved. Subsequently, the problem decomposi-
tion stage can be carried out as mentioned by 
(Susanti et al., 2023). Analyzing the problem to 
be solved enables the identification of patterns 
or similarities in the sub-problems, which aids 
in determining the problem in the given task. 

This study illustrates how recognizing pat-
terns in mathematical problems can facilitate 
problem solving. Further experimentation on 
diverse complex problems with different mate-
rials is necessary to demonstrate the applica-
bility of pattern recognition steps to various 
types of mathematical tasks. 

 
Conclusion  

Based on the description of the results and 
discussion, it can be concluded that both sub-
jects successfully recognized patterns in the 
given mathematical problems. The common 
pattern identified by both subjects involved de-
termining the height of the triangle. To find the 
height, information about the sum of the two 
triangle areas provided in the task and the area 
of the triangle given in the task were utilized. 
Both subjects recognized this pattern by first 
identifying the problem in the task, followed by 
decomposing it into several sub-problems. 
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From these sub-problems, they discovered pat-
terns and similarities. Finally, they sought rela-
tionships by utilizing the known information 
from the assignment and the problems pre-
sented in the assignment. 

This study only used one task instrument, 
so we could not observe the consistency in the 
subjects' actions when recognizing patterns in 
similar problems. For future research, it is 
hoped that we can develop instruments specif-
ically designed to identify how a person thinks 
computationally when solving mathematical 
problems, as computational thinking must in-
volve complex problems. Furthermore, this 
study only used one problem-solving task. In 
future research, it is hoped that more than one 
task instrument will be used to understand 
how patterns are recognized in similar or other 
problems. 
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