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Abstract: Algorithmic thinking contributes significantly to education, particularly in problem-solving
within mathematics and information technology. This study aims to explore the characteristics of
algorithmic thinking among informatics education students when solving mathematical tasks. The focus
is on three main components of algorithmic thinking: decomposition, abstraction, and algorithmization.
Employing a qualitative case study approach, data were collected through tests and semi-structured
interviews. The findings indicate that students engage in algorithmic thinking activities across these
three aspects during mathematical problem-solving. Decomposition activities involve identifying
relevant information and dividing tasks into sub-tasks. Abstraction activities include recognition,
building with, and integrating prior knowledge. Algorithmization activities encompass planning,
composing, and applying systematic steps. These aspects are interconnected, forming a cognitive
process rather than functioning independently. The study's novelty lies in categorizing activities
associated with each aspect of algorithmic thinking. It contributes to the theoretical understanding that
algorithmic thinking is a relevant cognitive activity that facilitates mathematical problem-solving.

Keywords: Abstraction, Algorithmic thinking, Algorithmization, Decomposition, Linear algebra, Mathematical problem
solving.

1. Introduction

Algorithmic thinking is a systematic and logical way of thinking to solve problems in a gradual and
structured manner [17. This ability is one of the key elements in developing digital literacy and
information and communication technology literacy [2, 37. In the context of informatics education,
algorithmic thinking plays an important role in developing programming skills, data analysis, and the
design of efficient and scalable technology-based solutions. Many studies have emphasized the
importance of algorithmic thinking in supporting computational thinking skills, which are prerequisites
for learning computer science Kallia et al. [47], Selby and Woollard [57], and Smith and Angeli [67.
Futschek [77] emphasized that algorithmic thinking is a basic skill that students must have in learning
computer programming. In the context of ICT teacher candidate education, this ability is very relevant
because it underlies the pedagogical and technological competencies that they will apply. Dogan [8]
said that individuals with algorithmic thinking ability are able to model data, think systematically, and
produce efficient solutions to various problems.

Although the significance of algorithmic thinking has been widely recognized in various literatures,
its implementation in the context of higher education, especially in informatics education study
programs, still faces various challenges. Previous studies have mostly focused on elementary school
students [9, 107 and secondary level Stephens [117. Johanning and Shockey [127] described teachers'
teaching practices related to engaging students in algorithmic thinking related to fraction operations.
While in-depth studies on prospective ICT teacher students are still limited. In contrast, students at this
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level are expected not only to understand algorithmic concepts but also to be able to apply them in the
context of learning and problem solving, especially in the field of mathematics, which is closely related
to logic and programming.

In the domain of mathematics education, preliminary research findings concluded that out of 85 ICT
teacher candidates, 67% of participants were inaccurate and unsystematic in solving algebraic math
tasks (systems of linear equations). This study analyzed the participants' work in solving mathematical
tasks. They presented the results with the categories of Model A (appropriate and systematic), Model B
(appropriate and unsystematic), Model C (inappropriate and systematic), and Model D (inappropriate
and unsystematic). Based on the analysis, this study found that 18% of the participants were categorized
into Model A, 3% into Model B, 12% into Model C, and 67% into Model D. This indicates that the
participants' algorithmic thinking skills are not optimal. Therefore, this finding recommends that
turther research is needed to explore the aspects and components of algorithmic thinking and how
efforts can be made to improve these skills to enhance problem-solving and task completion.

Given the importance of algorithmic thinking skills and the limited studies at the university level,
an approach is needed that can reveal in depth how informatics education students practice algorithmic
thinking in real activities, such as solving mathematical problems. The context of mathematics is not
without reason, considering that mathematics has structures and characteristics that are parallel to the
way algorithms work: systematic, logical, and solution-oriented. This research aims to fill the gap by
exploring how students' algorithmic thinking manifests when dealing with mathematical problems.
Thus, this study seeks to explore in depth the characteristics of algorithmic thinking among informatics
education students in solving math tasks.

2. Theoretical Framework

Algorithmic thinking does not only focus on the design stage of problem solving, as presented by
Blannin and Symons [107], but also involves the process of analyzing the problem and applying
solutions. It is revealed by Dogan [87 that algorithmic thinking is a way of thinking logically and
involves a precise sequence of actions, which can be applied systematically and leads to the achievement
of goals. Lockwood et al. [17] define algorithmic thinking as a logical and organized way of thinking
used to break down complex goals into a series of steps (sequenced). Algorithmic thinking is more than
just the implementation of a procedure or even an explanation of why a procedure works the way it
does, but also involves: (a) planning and designing the steps; (b) having an overall understanding of
what the algorithm can do; and (c) having the details to implement the algorithm successfully. Sadykova
and II'bahtin [1387 defined "Algorithmic thinking" as a system of thinking methods that: (a) has a
sequence of constructing the obtained results, (b) builds a sequence of actions, and (c) leads to the
achievement of the goal.

Algorithms, as solutions to mathematical problems, are expressed in a clearly defined sequence of
instructions. To handle algorithms successfully, algorithmic thinking requires other cognitive abilities,
including decomposition and abstraction. As Stephens and Kadijevich [27] stated that to be successful in
dealing with algorithms, algorithmic thinking requires different cognitive abilities, including
decomposition and abstraction. The aspects of thinking in this study refer to Stephens and Kadijevich
[27, who state that there are three foundations of algorithmic thinking, namely: (a) decomposition; (b)
abstraction; and (c) algorithmization. Decomposition in this case is interpreted as breaking down the
problem into sub-problems. Abstraction is used to make general statements that summarize specific
examples of underlying concepts, procedures, relationships, and models. Algorithmization in this case is
related to compiling algorithms [147.

Abstraction, being a mental activity, would be difficult to observe. Researchers found a way to make
these mental activities observable, namely, observing through epistemic actions. Epistemic actions are
mental actions by which knowledge is used or constructed [157. The process of knowledge construction
is expressed in the model through three observable and identifiable epistemic actions, namely
recognition, building-with, and constructing. The three epistemic actions are hereafter abbreviated as
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RBC (Recognition, Building-with, Constructing). This research will use the three epistemic actions
approach in exploring the abstraction aspect of algorithmic thinking. Thus, in this study, algorithmic
thinking is thinking that involves a precise sequence of actions that can be applied systematically to
achieve a goal, involving the aspects of decomposition, abstraction, and algorithmization.

Table 1.
Theoretical Framework of Algorithmic Thinking Aspects in This Study.

No. | Aspect Sub-aspect Indicator: Each Aspect of Algorithmic Thinking

1 Decomposition - 1. Identify the information contained in the task or the known and asked

information (labelled: D1).
2. Divide the task/problem into sub-task/sub-problem components.
(labeled: D2)

2 Abstraction Recognition 1. Recognizing/recalling specific previous activities or knowledge
constructions that are relevant or related to the mathematical task at
hand. (labeled: Ar1)

2. Recognizing patterns in the sequence of steps in solving the
mathematical task at hand. (labeled: Ar2)

Building-With Combining previously identified knowledge to produce solutions to sub-
tasks/sub-problems. (labelled: Ab)
Constructing Assemble and integrate previously constructed knowledge to produce
solutions to mathematical tasks and problems encountered. (labeled: Ac)
3 Algorithmization - 1. Planning the steps to complete a mathematical task. (labelled: G1)

2. Compiling instructions consisting of clear and systematic steps to
complete the task. (labeled: G2)

3. Research Method
3.1. Research Design

A qualitative approach was used in this study because it was naturalistic, with no treatment given to
the subjects. As stated by Fraenkel and Wallen [167 ‘the natural setting is a direct source of data, and
the researcher is the main instrument in qualitative research. Qualitative research was chosen by the
researcher as the research approach because this study will explore the algorithmic thinking of
computer science students in solving linear equation systems. This study is classified as a case study. It
is also classified as exploratory descriptive research because the data collected is descriptive, including
interview results, participant assignment results, and field notes. As stated by Creswell [17] in
qualitative research involves creating a database of sentences or groups of sentences, where the data to
be analyzed consists of segments of sentences (referred to as text segments). Subsequently, the meaning
or interpretation of each group of sentences is provided.

3.2. Research Subject

The subjects involved were students registered in the Informatics Education study program.
Purposive sampling was used to select subjects relevant to the research purposes. As stated by Merriam
[187] purposive sampling is based on the researcher's desire to discover, understand, and gain insight.
The subjects of this study were: (a) active students still enrolled in the computer science education study
program; (b) students who had studied linear equation systems and had equivalent mathematical
abilities. Mathematical ability was assessed using the Mathematics Ability Test (MAT), with categories
of high (MAT score = 75), medium (60 < MAT score < 75), and low (MAT score < 60). In this study,
after conducting a mathematical ability test on 61 students, two male students with equivalent abilities
(from the high MAT category) who were willing to participate as research subjects/participants were
selected.

3.38. Instruments and Data Collection Techniques
This study utilized instruments such as the Mathematics Ability Test (MAT), a four-variable linear
equation system (SLE4V) task, and interview guidelines. The SLE4V questions were used to explore
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participants' algorithmic thinking activities based on three aspects/components (decomposition,
abstraction, and algorithmization). Before use, the MAT test, SLE4V task, and interview guidelines
were first validated by three lecturers who are experts in mathematics education and one lecturer who is
an expert in language education. Using the Aiken V agreement index, it was concluded that the four-
variable linear equation system (SLE4V) task had a high level of validity. From a linguistic perspective,
the MAT and SLE4V instruments also have a high level of validity. IFor the interview guide instrument,
the experts concluded that the guide could be used with revisions.

In addition to content validity checks by experts, the MAT questions were tested on 33 information
technology students. Based on the validity test results (t-test), it was concluded that the MAT test
questions were valid and could be used to assess students' mathematical abilities. The reliability test
results (Cronbach's alpha) for the MAT questions indicated that the MAT test had a high level of
reliability. After the validity test, a readability test was conducted on the SLE4V questions by students
who were not subjects or participants in the study. Using the Aiken V index, it was concluded that the
interpretation of the V agreement index was relatively high. Thus, the SLE4V questions instrument is
suitable for use.

Question in Indonesia Translate in English

Berikut ini sistem persamaan linier (SPL) dengan empat variabel | The following is a system of linear equations (SPL)
xi =205 4w Bap=3 with four variables

%, S =l X — 2%, +x3+x,=3
x+x3—x,=0
2%y —x3—x, =0 S, s
X, +4x, +2x3—x4 =3 X +4x,+2x3—x,=3

1 |
[Tentukan solusi untuk SPL tersebut! Determine the solution for the SPL.

Figure 1.
Questions in the System of Linear Equations with Four Variables (SLE4V).

Testing techniques were used to collect data. Interview techniques were employed to verify test
results and to explore information that was not obtained through the SLE4V questions. SLE4V
questions are linear equation problems with four variables that have a single solution and are non-
contextual.

3.4. Data Analysis Techniques

The data obtained in this study consisted of interview data, SLE4V test results, and field notes.
There were three main activities in the analysis of this research data, namely: (1) data condensation, (2)
data display, and (3) conclusion drawing/verification. As Miles et al. [197 suggest, there are three main
activities in data analysis, namely: (1) data condensation, (2) data display, and (8) conclusion
drawing/verification. The activities involved in condensation include: data selection, coding, theme
development, category creation, and analytical note/memo creation.

The coding techniques used are first-cycle coding and second-cycle coding [207. In this study, the
data coding process was carried out using NVivo software. The research data were then categorized
based on three aspects/components of algorithmic thinking: decomposition, abstraction, and
algorithmization. Due to the difficulty of observing thinking activities, this study used three RBC
epistemic actions (recognition, building-with, constructing) to explore algorithmic thinking activities in
the aspect of abstraction.

Research Credibility. In order to build researchers' confidence in the credibility of research findings,
researchers use the data source triangulation method, which involves examining the consistency of
activities that are preliminary findings from the first and second data sources. In this study, the type of
triangulation used is the ‘person’ data source. As Denzin and Lincoln [217 said that “Triangulation
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means that researchers take diftferent perspectives on an issue under study or, more generally speaking,
in answering research questions. The concept of triangulation means that a research issue is considered
or, in a constructivist formulation, is constituted from (at least) two points or perspectives [227].

4. Research Result

After conducting a mathematics ability test on 61 students from the computer science education
program, two participants were selected as research subjects (referred to as Subject SL1 and Subject
SL2) who had equivalent mathematical abilities (classified as high group), had programmed linear
algebra courses, and were willing to participate in the research series. Subsequently, the subjects worked
on the SLE4V questions and proceeded to the interview stage based on the results of the SLE4V
completion and interview guidelines that referred to aspects of algorithmic thinking.

4.1. Results of Decomposition Aspects

The following is an excerpt from an interview with SL1 participants relevant to the aspect of
decomposition.
Excerpt 01. Interview with SL1 Subjects Based on SLE4V Task (Decomposition Aspect)

P : What information did you get when reading the SLE4V task illustration? Can you explain 1t?

SL1 There are four equations. (D1.1)

P : Yes, there are four equations. What else?

SL1 There are four different variables, namely x1, X, X3 and x4. (D1.2)

P : What steps come to mind initially when encountering a problem like SLE4V? Could you list them?

SL1 I will solve the SLE4V problem using the OBE system. (D2.2)

P : Okay, so in the OBE process, you are thinking about... forming a matrix?

SL1 Yes, creating a matriz. (D2.1)

p : Are there any other thoughts or actions you plan to take?

SL1 Perhaps I will do this, ma'am. Typically, the pattern for a matrix involves a zero triangle, correct.
(D2.3)

The following is an excerpt from an interview with Subject SL2 relevant to the aspect of
decomposition.
Excerpt 02. Interview with Subject SL2 Based on SLE4V Task (Decomposition Aspect)

p : First, for SLE4V, if you read the question, what information can you obtain from the SLE4V
question?

SL2 For the SLE4V question, there are four variables. (D1.2)

P : Four what? Four equations?

SLe Yes, four equations. (D1.1)

P : Before you start working on it, what comes to mind?

SLg To solve it, we need to determine the values of X1, X5, X3, and X4, so the goal is to determine the value
of each variable. (D2.1, D2.2)

P : Then, what else needs to be done?

SL2 For the steps to solve it, we use OBE. (D2.2)

P : What is OBE used to determine?

SLe To determine the value of each variable. (D2.2)

P : Here, you form a matriz, right?

SLe Yes. (D2.1)

The results of interviews with SL1 and SL2 participants demonstrated that they engaged in
activities pertinent to the decomposition aspect, specifically identifying information (D1) and dividing
the task into sub-tasks (D2). Analysis and coding using NVivo software yielded a coding map, as shown
in Figure 2, for both participants. Figure 2 illustrates that data from subjects SL.1 and SL2 can be coded
and categorized under decomposition aspects. The arrow labeled ‘child’ indicates the hierarchical
relationship between codes. The arrow labeled ‘codes’ signifies that the code originates from or is derived
from source SL1 or SL2. The data analysis results suggest that there are similarities between the
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activities of subjects SL1 and SL2 in identifying information, as both identified similarities and variables
within the task. Additionally, both subjects divided the task into two subtasks.

(D1.1) Equations

Chlld Codes

h‘ld (D1. 2)Var|able\ es

-~

—Cods
(D1) Identifying the e
information 2
Chl[d COdes Codes
Codes

DECOMPosnm\\Code

Child

(D2) Break d
tasks into sub- Ch”d
tasks
(Dz 1) Aoplying the /7
OBE method /
Child
(D2.3) Determining

the solution or

variable value
Figure 2.
Coding Project Map of Research Data from SL1 and SL2 for Decomposition Aspects (Sumber: luaran project map
dalam NVivo).

4.2. Results of Abstraction Aspects

The aspect of abstraction in algorithmic thinking activities in this study was examined through
three sub-aspects, namely recognition (Ar), building with (Ab), and constructing (Ac). Based on the
interview results, subjects SL1 and SL2 exhibited activities relevant to the sub-aspect of recognition,
namely: recognition of relevant knowledge and recognition of solution patterns. Some examples of
recognized knowledge include: the elimination method (Arl.1), the substitution method (Arl1.2),
elementary row operations (Arl.3), lower triangular matrices (Ar1.4), variables and variable coefficients
(Ar1.5), arithmetic (Ar1.6), main elements (Ar1.7), and matrices for OBE (Ar1.8). Subjects SL1 and SL2
recalled a pattern in solving Task SLE4V, namely, using the OBE method (Ar2.1). In using the OBE
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method, the subjects recall a pattern of creating lower triangular matrices and making the lower
triangular elements zero. The following excerpt 03 is an example of a quote from an interview with
subject SL1 that is relevant to the sub-aspect of recognition in completing Task SLE4V.
Excerpt 03. Interview with Subject SL1 Based on SLE4V Task (sub-aspect Recognition)

SL1 : I will solve the problems from SLE4V using the OBE system (Ar2.1)

P : Okay, so during the OBE process, what did you think about?

SL1 : Yes, creating a matriz (Ar1.8)

P : Is there anything else you have in mind, or anything else you will do?

SL1 : Maybe I will do this, because usually the pattern of the matrix is a zero triangle. (Arl.4,
Ar2.1, Ar2.2)

P : Perhaps there is experience, for example, SPL with another method like that.

SL1 : We have learned about elimination substitution. (Ar1.1, Ar1.2)

P : So, that means you also combine knowledge from before. Earlier, there was OBE, then there
was knowledge of elimination, substitution, and the OBE procedure, right?

SL1 : Yes. (Ar1.3)

P : What is the purpose of sublracting row b2 from row b1?

SL1 : To make ‘leading I' here (Ar1.7)

P : How can you arrange this augmented matrix?

SL1 : The elements in the first column are the coefficients of the variable x,. (Ar1.5)

Figure 3 presents a scheme of codes in the first cycle coding stage obtained from the data of subjects
SL1 and SL2. The scheme shows that there is data coded from subjects SL1 and SL2 that is relevant to
recognition activities, so that these codes will then be categorized into sub-aspects of recognition.

1.5) Variabl
Ar2.1) Using OBE (Aﬂjhalslt}iginaﬁon elg;ﬁ;;hfow (Ar1.4) Bottom (:'{d g)",e%?el:: (Ar1.6) Arithmetic __(Ar1.7) Element (a4 gy Auamented
( -&ezﬁgg (Ar‘l.ZRASumbosdzitmim Operahon\ Triangle Matrix Variable LeadE1// g e
e L
\ \

Data Source

(Subject SL2)
Figure 3.

Schematic diagram of the relationship between codes and data sources in the first cycle code stage for the sub-aspect of recognition (source:
created by researchers using the NVivo application).

Regarding the sub-aspect activity of ‘building with,” subjects SL.1 and SL2 performed activities that
combined prior knowledge to construct new knowledge, including: making the lower triangle elements
zero (Ab.1), creating elements called ‘main ones’ (Ab.2), creating zero elements other than the ‘leading 1’
(Ab.3), creating a matrix containing variable coefficients (Ab.4), and creating upper triangular elements
equal to 0 (Ab.5).

From the results of interviews with subjects SL1 and SL2, related to the sub-aspect activity of
"constructing", the subjects carried out activities, namely integrating previous knowledge constructions
to obtain problem solving, including: (a) Solutions for solving SPL or values of variables x1, x5, x3 and
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X4 (Ac.1). Subjects SL1 and SL2 gained knowledge that the SLE4V task had a single solution; (b)
strategies for obtaining the SLE4V solution. Subjects SL1 and SL2 used the OBE method in their
strategy to obtain the solution (Ac3). Some of the knowledge integrated was related to knowledge in the
building aspect, including: compiling a matrix containing the coefficients and constants of SLE4V,
making the main diagonal elements into ‘leading 1’ elements, using elementary row operations, and
making elements other than ‘leading 1" into 0 elements.

Based on interview excerpts and categorization results, subjects SL1 and SL2 demonstrated
activities relevant to recognition, building-with, and constructing. Thus, subjects SL1 and SL2
performed activities relevant to the abstraction aspect of algorithmic thinking. Referring to Saldana
[207, the following is a diagram of the relationship between data sources, categories, and themes in the
abstraction aspect presented in the following subjects. The diagram pertains to the second cycle coding
stage.

Data Source

Data Source Subject SL2)

(Subject SL1)

{Ar1) Recognition of (Ac3) Strateqgy to

Relevant (Ar2) Recognition of Act) Knowledge of obtain the solution
Knowledge * PL Solution (using {using OBE)
OBE) -, ’
(Ar) Recognition _— )
{Ab) Building-with (Ac) Constructing

—» Coding/ categorising

Abstadtion === Sub-code/sub-category

Figure 4. Schematic diagram of the relationship between data sources and categories/sub-categories in the second
cycle stage for the aspect of abstraction in male subjects (source: created by researchers using NVivo12)

4.3. Results of Algorithmization Aspects

The algorithmization aspect relates to the activity of planning steps to complete a math assignment
and arranging the steps to complete the assignment clearly and systematically. The following is an
excerpt from an interview with an SL1 subject based on the results of solving SLE4V problems relevant
to the algorithmization aspect.

Excerpt 06. Interview with SLE4V-Based SL1 Subjects (for Algorithmization Aspect)

P : Can you describe the sequence of steps you have decided on? What is your first step?
SL1 Analyze the problem. (G2.1)
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P : You analyze it first, how do you analyze it?

SL1 How many equations are there, and how many variables are in the problem (G2.1)

p : What then?

SL1 We try to solve the problem in SLE4V using elimination or OBE methods. (G1.1, G1.2)

P : You try again?

SL1 Yes, using the OBE method (G2.3)

P : I'll go back to the steps. So you arrange the matrix with specific specifications. After that, what do
you do?

SL1 After that, make the numbers in the lower triangle above equal to 0. (G2.4)

P : How do you change 1 to be equal to 3?

SL1 For example, in the first row, this 1 belongs to x; (G2.5)

Based on the analysis of the interview results and work results, subjects SL1 and SL2 performed
activities relevant to the algorithmization aspect, including planning the steps for solving the problem
(G1) and determining the steps for solving the problem in sequence (G2). Subjects SL1 and SL2 were
both planned using the OBE method. Subjects SL1 and SL2 also determined the solution steps (G2), as
tollows: analyzing the problem, determining the solution method, applying the solution method, and
determining the solution to the linear equation system. In applying the solution method, subjects SL1
and SL2 both used the OBE method. Some examples of activities in applying the OBE method include:
compiling a matrix containing variable coefficients, making other row elements (apart from the main
element) zero, making the upper/lower triangle elements equal to 0, making the elements on the main
diagonal equal to 1, and determining the ‘leading 1" in each row.

In solving SLE4V mathematics problems, Subjects SL1 and SL2 performed activities relevant to the
decomposition aspect, namely identifying information in the task (D1) and dividing the task into sub-
tasks (D2). Subjects SL1 and SL2 also performed activities relevant to sub-aspects of the abstraction
aspect (recognition, building-with, and construction). From an algorithmization aspect, Subjects SL1
and SL2 performed activities relevant to the algorithmization aspect, namely planning the steps for
completion (G1) and determining the steps for completion (G2). Thus, there was consistency in the
decomposition, abstraction, and algorithmization activities between Subject SL1 and Subject SL2
(convergent in nature). Furthermore, there is relevance between the activities of decomposition,
abstraction, and algorithmization with the conceptual framework of algorithmic thinking. Thus, it is
concluded that the findings/results of the study are credible and relevant to algorithmic thinking.

5. Discussion
5.1. Decomposition Aspects

The research subjects/participants divided tasks/problems into sub-tasks/sub-problems to make
the task completion process easier. This decomposition activity involved two main aspects, namely
identifying important information from the task/problem (D1) and dividing the task into sub-tasks
(D2). Some examples of information obtained from the research task questions included the number of
variables and equations. The research subjects divided the task into sub-tasks so that they could be
handled sequentially, such as compiling matrices and applying elementary row operations, as well as
determining the solution to the system of linear equations.

This finding is in line with the definition of decomposition in algorithmic thinking, according to
Futschek [77] and Lockwood et al. [17, namely, the process of breaking down complex problems into
simpler and more logical steps. Dogan [87] also mentions that individuals with algorithmic thinking
skills will tend to think systematically and be able to break down problems into small parts that can be
handled in a structured manner. Bacelo Polo and Gémez Chacén [237] and Tupouniua [247] explain that
decomposition involves "breaking down complex problems into smaller ones," which allows students to
identify problems explicitly and separate their elements. This is in line with Kadijevich et al. [257, who
emphasize that decomposition is a key skill in mathematics learning and helps students understand the
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structure of problems. Thus, the results of this study reinforce previous findings that decomposition
skills are an important foundational component in solving problems that require logical and systematic
steps, such as solving linear equation systems using the OBE method.

5.2. Abstraction Aspects

The aspect of abstraction in algorithmic thinking shows a significant difference in the exploratory
approach between this study and previous studies. Blannin and Symons [107] state that abstraction is a
mental process for interpreting available data, including recognizing patterns and simplifying complex
ideas into basic concepts. However, they do not explicitly explain how this abstraction can be observed
in the thinking process of students. In contrast, this study explores aspects of abstraction using the
three epistemic actions framework as proposed by Hershkowitz et al. [157] namely recognition, building
with, and constructing. This approach provides a more in-depth description of how knowledge is used
and constructed in thinking activities. Participants performed activities relevant to the sub-aspects of
abstraction (recognition, building with, and constructing).

Recognition. Subjects performed two main activities relevant to recognition, namely the recognition
of prior knowledge relevant to the task and the recognition of solution patterns. The prior knowledge
recognized includes: knowledge of the elimination method, elementary row operations, lower triangular
matrices, variables and variable coefficients, arithmetic concepts, principal entries, and matrices to be
used in the application of OBE (augmented matrices). The research subjects also recognized patterns for
solving linear equation systems, including: using the OBE method and the elimination-substitution
method.

Building-with. The building-with activity is reflected in the subjects' mental activities when
combining several pieces of knowledge to build understanding/knowledge in solving sub-tasks from the
decomposition aspect. The research subjects combined their prior knowledge to build knowledge, for
example: making the lower triangle elements zero, creating elements called ‘leading 1’, making elements
other than ‘leading 1" zero, creating a matrix containing variable coefficients, and making the upper
triangle elements zero.

Constructing. The activity of constructing is seen in the process of integrating knowledge that
produces new understanding, namely, how to apply the OBE method comprehensively so that
participants/subjects can achieve the completion of linear equation system tasks/problems. In this
study, the integration of prior knowledge construction resulted in several pieces of
knowledge/understanding, including: knowledge of solutions or variable values, namely the knowledge
that the assigned linear equation system problem has a single solution, and the strategy for obtaining
the solution to the task using elementary row operations. Thus, these findings enrich the literature
related to abstraction in algorithmic thinking. The results of this study provide a framework for
identifying and describing students' cognitive activities, not only as data simplification, but also as
construction activities aimed at achieving solutions.

5.8 Algorithmization Aspects

Both research subjects carried out activities, including planning solution steps and determining
solution steps systematically. Both research subjects planned the solution steps, namely, using the
elementary row operation method. Although in determining the solution to the linear equation system,
the first subject (SL1) and the second subject (SL2) provided different solutions to the linear equation
system, both subjects determined the solution steps in sequence. These solution steps included activities
such as analyzing the problem, determining the solution method, applying the solution method, and
determining the solution to the linear equation system. These findings support Kallia et al. [47] that
algorithmic thinking includes the ability to organize a series of problem-solving steps that can be
executed by humans or machines. The results of this study indicate that computer science students have
the ability to develop systematic procedures or steps for solving mathematical problems related to
linear/algebraic equation systems.
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6. Conclusion

The findings of this study indicate that the informatics education students used algorithmic
thinking by involving three main aspects in solving mathematical problems/tasks, namely
decomposition, abstraction, and algorithmization. The decomposition aspect activities of the students
included: identifying task information and dividing tasks into subtasks to facilitate/simplify the
application of solution steps, or obtaining solutions. Students perform abstraction activities, which
include: recognition activities, building activities, and construction activities. Recognition activities are
manifested in the recognition of relevant knowledge and the recognition of patterns in the sequence of
steps to complete the task. Building activities are carried out by combining several pieces of knowledge
to build understanding/knowledge to complete several subtasks from the decomposition aspect.
Construction activities are seen in the process of integrating knowledge that produces new
understanding, namely, how to apply the OBE method and knowledge about single solutions from
linear equation systems. Meanwhile, the algorithmic aspect is seen in the activities of planning and
applying solution steps so that male subjects can solve linear equation system tasks/problems
accurately and systematically.

The three aspects of algorithmic thinking do not appear separately but are interrelated to form
logical and systematic thinking activities in solving mathematical tasks. This shows that algorithmic
thinking is not only a skill related to constructing algorithms but also contributes as a relevant
cognitive activity in solving mathematical tasks/problems or algorithmic tasks/problems for computer
science students. In solving linear equation systems with four variables, students have not yet obtained
a single correct solution, even though they have carried out systematic algorithmization activities. This
can be used as a recommendation for further research, namely, to find ways to improve algorithmic
thinking skills so that students can find solutions to mathematical problems logically, accurately, and
systematically.
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