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  This study aims to describe the development of a computational thinking-

based learning model to improve students’ algebraic thinking skills. The 

study addresses students’ difficulties in understanding algebraic structures, 

recognizing patterns, using variables, and constructing symbolic 

generalizations. A qualitative case study approach was used to explore the 

learning process in depth. The research involved Grade VIII students who 

participated in algebra learning activities designed around decomposition, 

pattern recognition, abstraction, and algorithmic thinking. Data were 

collected through semi-structured interviews, classroom observations, 

documentation, and analysis of students’ written work. The findings 

revealed four main themes. First, decomposition helped students identify 

known information, unknown elements, and relationships within algebraic 

problems. Second, pattern recognition supported students in moving from 

repeated arithmetic procedures to generalization. Third, abstraction helped 

students understand variables as representations of quantities, patterns, and 

mathematical relationships. Fourth, algorithmic thinking enabled students 

to organize solution steps systematically and evaluate errors in their 

reasoning. The study shows that computational thinking can strengthen 

algebraic thinking by making students’ reasoning processes more visible, 

structured, and reflective. These findings contribute theoretically to the 

integration of computational thinking and algebraic thinking in 

mathematics education. Practically, the model offers teachers a structured 

approach for designing algebra instruction that emphasizes reasoning, 

representation, and problem-solving processes. Future studies are 

recommended to examine the model across different grade levels, school 

contexts, and algebraic topics. 
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1. Introduction 

The evolution of mathematics education in the 21st century calls for learning that emphasizes not 

only mastery of procedures but also the ability to think logically, systematically, creatively, and 

reflectively. One skill that is becoming increasingly important in this context is computational 

thinking, as it helps students break down complex problems, recognize patterns, construct 

abstractions, and design structured solution steps. Angeli and Giannakos (2020) explain that 

computational thinking education still faces conceptual and pedagogical challenges because 

schools often treat it as a technological skill rather than a cross-disciplinary way of thinking. In 
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mathematics learning, this challenge is evident when students can follow examples of problem-

solving but are unable to explain the underlying reasons, patterns, and mathematical relationships 

behind those procedures. 

In a global context, the integration of computational thinking into mathematics education is 

gaining increasing attention because the two are strongly interconnected in problem-solving 

processes. Tang et al. (2020) demonstrate that assessments of computational thinking must focus 

on students’ thinking processes, not merely on final products or correct answers. This is 

particularly relevant to algebra instruction because students must not only manipulate symbols 

but also understand relationships between variables, the structure of expressions, patterns of 

change, and generalizations. Rich et al. (2020) emphasize that mathematical thinking and 

computational thinking share significant overlaps, particularly in activities involving 

representation, decomposition, pattern reasoning, and algorithm design. Thus, algebra instruction 

can serve as a strategic space for meaningfully developing computational thinking. 

In Indonesia, challenges in algebra instruction frequently arise at the levels of conceptual 

understanding and symbolic reasoning. Many students can mimic the teacher’s steps when 

solving equations, but struggle when the problem format changes, when information is presented 

in a story context, or when they are asked to explain patterns verbally. Rustika and Rohaeti (2020) 

found that students’ algebraic thinking skills remain at a moderate level, so instruction should be 

directed toward strengthening interest, understanding, and more structured thinking activities. 

Similar findings are evident in the study by Permatasari et al. (2021), which indicates that students 

face challenges in generative activities, particularly when constructing generalizations from 

patterns and transforming them into symbolic forms. 

Theoretically, algebraic thinking encompasses the ability to recognize patterns, make 

generalizations, use symbols, understand relationships between quantities, and interpret 

mathematical structures. Pitta-Pantazi et al. (2020) emphasize that algebraic thinking is not 

monolithic, as students may demonstrate different forms of reasoning when faced with numerical, 

symbolic, functional, or relational situations. In classroom learning, these differences in reasoning 

are often overlooked if teachers assess only the final answer. Therefore, computational thinking-

based learning is considered relevant because it can guide students to demonstrate their thought 

processes through the stages of decomposition, pattern recognition, abstraction, and 

algorithmization. Bråting and Kilhamn (2021) also show that semiotic representations in 

computational thinking can interact with algebraic thinking through symbols, patterns, and 

solution structures. 

Several recent studies indicate that integrating computational thinking into mathematics 

education can support student understanding, though its implementation still requires clear 

pedagogical design. Subramaniam et al. (2022) conclude that programming activities, robotics, 

and digital media are widely used to foster computational thinking in mathematics education. Ye 

et al. (2023) found that research on the integration of computational thinking in K-12 mathematics 

is growing rapidly, but there remains a need to explain how such integration directly supports the 

learning of mathematical concepts. Ng and Cui (2021) demonstrated that programming contexts 

can enrich students’ mathematical problem-solving if teachers direct computational activities 

toward clear mathematical objectives. These findings reinforce the need to develop learning 

models that not only utilize technology but also connect computational activities with algebraic 

thinking structures. 

In algebraic learning practice, the development of computational thinking-based models must 

consider students’ learning experiences in the classroom. Utami et al. (2023) demonstrated that 

students construct functional thinking through activities involving pattern discovery and 

explaining linear relationships. Salwadila and Hapizah (2024) found that students’ computational 

thinking abilities in mathematics learning still vary, particularly regarding the indicators of 

decomposition, pattern recognition, abstraction, and algorithms. Anggraini and Pratiwi (2024) 
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also found that indicators of algebraic thinking in generative, transformational, and meta-global 

activities do not always emerge evenly in the problem-solving process. This situation indicates 

that teachers require a learning model capable of guiding students from concrete experiences 

toward symbolic representations and more mature algebraic reasoning. 

Based on the above discussion, this study aims to develop and describe a computational 

thinking-based learning model to enhance students’ algebraic thinking skills. The focus of the 

study is on how the stages of computational thinking are designed in algebra instruction, how 

students interpret decomposition, pattern recognition, abstraction, and algorithmization activities, 

and how these processes help them build generalizations and symbolic representations. This study 

makes a theoretical contribution by strengthening the relationship between computational 

thinking and algebraic thinking in mathematics education. Practically, this study provides a 

foundation for teachers to design more systematic, reflective, and student-centered algebra 

instruction to address mathematical problems involving patterns, relations, and symbols. 

2. Materials and Methods 

This study employs a qualitative approach with a case study design. This design was chosen 

because the research focuses on the development and limited implementation of a computational 

thinking-based learning model within an algebra classroom context. The case study allows the 

researcher to deeply understand how students respond to learning stages, how teachers facilitate 

thinking processes, and how classroom activities shape algebraic thinking skills. The selection of 

this approach aligns with the research’s need to not only assess final outcomes but also explore 

students’ meanings, experiences, strategies, and barriers during the learning process. Ye et al. 

(2023) emphasize that research on computational thinking in mathematics education still requires 

studies that clarify the concrete relationship between instructional design, student activities, and 

mathematics learning outcomes. 

The study is designed to be conducted at a public junior high school in Wonosobo Regency, 

Central Java, during the second semester of the 2025/2026 academic year. The research subjects 

consist of eighth-grade students currently studying algebraic expressions, linear equations with 

one variable, and number patterns. Key informants were selected using purposive sampling, 

considering variations in mathematical ability, learning engagement, and students’ ability to 

explain their thinking processes. Criteria for informants include students who attended the entire 

learning sequence, completed computational thinking-based assignments, and were willing to 

participate in interviews. If initial data indicated students with distinctive thinking strategies or 

those differing from general patterns, snowball sampling was used to add informants through 

recommendations from mathematics teachers. This strategy helped the researcher obtain richer 

data on the variations in students’ algebraic thinking processes. 

Data collection was conducted through semi-structured interviews, classroom observations, 

documentation, and analysis of student work. Semi-structured interviews were used to explore 

students’ experiences in solving algebraic problems, recognizing patterns, making abstractions, 

and formulating solution steps. Observations were conducted during the implementation of the 

learning model to record teacher-student interactions, student responses to instructions, the use of 

representations, and obstacles that arose during class discussions. Documentation included 

learning materials, student activity sheets, teacher reflection notes, photos of activities, and 

student work. Analysis of student work documents was used to trace indicators of algebraic 

thinking, particularly generative, transformational, and meta-global activities as discussed in the 

study by Anggraini and Pratiwi (2024). 

Data validity was ensured through source triangulation, method triangulation, member 

checking, and audit trails. Source triangulation is conducted by comparing data from students, 

teachers, observation results, and learning documents. Method triangulation is conducted by 

comparing the results of interviews, observations, and analyses of student work. Member 
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checking is conducted by confirming the summary of interview results with informants to ensure 

that the meaning of students’ experiences does not deviate from their statements. An audit trail is 

maintained by preserving field notes, interview guidelines, coding results, category revisions, and 

analytical decisions throughout the research. This process is crucial because qualitative studies 

on computational thinking and algebraic thinking require transparency in interpreting students’ 

thought processes, not merely classifying answers as correct or incorrect. 

Data analysis employed thematic analysis using the interactive model by Miles and Huberman, 

which includes data condensation, data presentation, and drawing conclusions. Interview data, 

observations, and documents were open-coded based on computational thinking indicators: 

decomposition, pattern recognition, abstraction, and algorithmization. These codes were then 

linked to algebraic thinking indicators, namely pattern generalization, symbolic transformation, 

understanding of variables, and relational reasoning. Subsequently, the researchers identified key 

themes such as “decomposition as the starting point for understanding algebraic structures,” 

“patterns as a bridge to generalization,” and “algorithms as a strategy for symbolic problem-

solving.” The results of the analysis were used to explain how a computational thinking-based 

learning model helps students build algebraic thinking skills in a gradual, contextual manner, and 

can be replicated to a limited extent in classes with similar characteristics.  

3. Results and Discussions 

The findings show that the computational thinking-based learning model helped students 

understand algebra in a more gradual and structured way. Based on interviews, classroom 

observations, and analysis of students’ written work, four main themes emerged from the data: 

problem decomposition in algebra, pattern recognition as a basis for generalization, abstraction 

in the use of algebraic symbols, and algorithmic thinking as a systematic problem-solving 

strategy. These themes indicate that students’ algebraic thinking skills did not develop instantly. 

They emerged through repeated learning activities that encouraged students to explain their 

reasoning, compare strategies, identify errors, and revise their solutions. 

The first theme was problem decomposition in algebra. At the beginning of the learning 

process, many students found it difficult to solve algebraic word problems and pattern-based 

tasks. They often tried to find a formula immediately without first identifying the information 

given in the problem. After the teacher guided them to break the problem into smaller parts, 

students began to identify known information, unknown information, mathematical relationships, 

and possible solution steps. One student stated, “When I looked at the problem directly, I did not 

know where to start. But when I separated the numbers, the pattern, and what was being asked, it 

became easier.” This statement shows that decomposition helped students reduce confusion and 

provided a clearer entry point for understanding algebraic structure. 

The second theme was pattern recognition as a bridge to generalization. In activities involving 

number patterns and algebraic forms, students began to understand that algebra is not only about 

letters and operations. It also involves repeated relationships and general rules. At the beginning, 

some students continued patterns by counting one by one. However, after group discussion, they 

started to identify regularities and formulate general rules. One student explained, “At first, I kept 

adding the numbers one by one, but after I saw the same distance between them, I could make a 

faster way.” This finding shows that pattern recognition helped students move from arithmetic 

procedures to algebraic reasoning. Classroom observation also showed that group discussion 

encouraged students to compare their strategies with those of their peers. 

The third theme was abstraction in the use of algebraic symbols. Before the implementation 

of the computational thinking-based model, several students viewed letters in algebra as 

confusing symbols. They did not fully understand that symbols could represent unknown 

numbers, quantities, patterns, or general relationships. After students were guided to move from 

concrete patterns to tables and then to symbolic forms, they began to understand variables more 
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meaningfully. One student said, “I finally understood that a letter is not only x or y. It can mean 

an unknown number or the order of a pattern.” This response shows a shift in students’ 

understanding of algebraic symbols. Symbols were no longer seen as isolated signs, but as 

representations of mathematical relationships. 

The fourth theme was algorithmic thinking as a systematic problem-solving strategy. Students 

who previously solved algebraic problems randomly began to organize their solution steps more 

coherently. Their worksheets showed that they started by reading the problem, identifying 

variables, constructing relationships, writing equations, and solving them step by step. The 

teacher also noted that students were more able to explain their solutions when they were asked 

to write their thinking process in sequence. One student stated, “When the steps are written in 

order, I can see which part is wrong.” This finding suggests that algorithmic thinking helped 

students not only reach an answer but also evaluate and correct their own reasoning. 

Another important finding concerned changes in classroom interaction. Students who were 

usually passive became more involved in discussion because the learning activities allowed them 

to explain simple strategies before moving to symbolic forms. The classroom became more 

dialogic because the teacher did not immediately provide formulas. Instead, the teacher asked 

guiding questions such as “Which part of the problem can be separated?”, “What pattern can you 

see?”, and “How can this rule be written in algebraic form?” These interactions show that the 

computational thinking-based learning model supported a more reflective learning culture. 

Students did not only follow the teacher’s instructions. They also learned to construct arguments 

and defend their reasoning. 

The documentation of students’ work also showed improvement in how they represented 

algebraic problems. In the initial tasks, many students only wrote final answers without showing 

their reasoning. In later tasks, students began to use tables, patterns, symbols, and ordered solution 

steps. This development indicates that visual and symbolic representations played an important 

role in strengthening students’ algebraic thinking. However, not all students developed at the same 

pace. Some students still struggled to transform verbal patterns into symbolic expressions. This 

difficulty was more visible among students who had weak basic arithmetic skills and limited 

experience in writing mathematical explanations. 

Overall, the findings indicate that the computational thinking-based learning model supported 

students’ algebraic thinking through a gradual and meaningful learning process. Decomposition 

helped students understand the structure of problems. Pattern recognition helped them identify 

regularities and build generalizations. Abstraction helped them transform concrete situations into 

symbolic representations. Algorithmic thinking helped them arrange solution steps 

systematically. These four processes were interconnected and formed the basis for improving 

students’ algebraic thinking skills. The findings also suggest that algebra learning becomes more 

effective when students are given opportunities to display their thinking process, not only to 

produce final answers. 

Discussion 

The findings strengthen the view that computational thinking has a close relationship with 

algebraic thinking. In algebra learning, students need more than procedural fluency. They need to 

understand patterns, relationships, variables, and mathematical structures. The results show that 

decomposition, pattern recognition, abstraction, and algorithmic thinking can serve as a learning 

framework that supports students’ movement from concrete understanding to symbolic reasoning. 

This finding is consistent with Rich et al. (2020), who explain that mathematical thinking and 

computational thinking intersect in representation, pattern identification, decomposition, and 

strategy construction. 

The findings on decomposition show that students understood algebraic problems more easily 

when they broke them into smaller parts. This result supports Tang et al. (2020), who argue that 
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the assessment of computational thinking should focus on students’ thinking processes, not only 

on final answers. In this study, decomposition made students’ reasoning more visible. The teacher 

could identify whether students understood the information in the problem, the relationship 

between data, and the goal of the solution. Therefore, decomposition functioned as an initial step 

in building more systematic algebraic reasoning. 

The findings on pattern recognition show that students began to build generalizations after 

they were encouraged to compare, classify, and explain regularities. This result is in line with 

Utami et al. (2023), who found that students developed functional thinking through activities that 

involved identifying patterns and explaining linear relationships. In this study, pattern recognition 

helped students understand that algebra is not only a process of manipulating symbols. It is also 

a way to express general rules. Therefore, pattern-based activities should become an important 

part of early algebra learning before students move to more formal equations. 

The findings on abstraction show that students began to understand variables when they 

experienced a gradual transition from concrete patterns to tables and symbolic forms. This finding 

supports Bråting and Kilhamn (2021), who state that the relationship between computational 

thinking and algebraic thinking can be observed through semiotic representations. In this study, 

algebraic symbols became more meaningful when students understood how those symbols 

emerged from contexts and patterns. However, students’ difficulty in transforming verbal forms 

into symbolic expressions shows that abstraction remained the most challenging stage. This 

finding indicates the need for learning activities that bridge concrete contexts, visual 

representations, tables, and algebraic symbols. 

The findings on algorithmic thinking show that students became more capable of arranging 

solution steps after they understood the structure of the problem. This finding supports Salwadila 

and Hapizah (2024), who explain that computational thinking in mathematics includes 

decomposition, pattern recognition, abstraction, and algorithmic thinking. In algebra, algorithmic 

thinking helped students view problem-solving as a process that can be checked and improved. 

When students wrote their solution steps in order, they learned not only to solve problems but 

also to reflect on their errors. This reflective aspect is important because many algebraic errors 

occur not only because students forget formulas, but also because they do not understand the 

relationship between steps. 

The findings also expand previous studies on students’ difficulties in algebraic thinking. 

Permatasari et al. (2021) found that students often experience difficulties in generational 

activities, especially when they need to construct generalizations from patterns. Similar 

difficulties appeared in this study, but they were reduced through computational thinking-based 

activities. Students who initially relied on repeated counting began to identify general rules after 

the teacher provided guiding questions and representational tasks. This indicates that 

computational thinking can serve as a pedagogical approach to help students overcome difficulties 

in algebraic generalization. 

From a theoretical perspective, this study shows that computational thinking can be positioned 

as a thinking framework that supports the development of algebraic thinking. Pitta-Pantazi et al. 

(2020) explain that algebraic thinking consists of different forms, including symbolic, relational, 

and functional reasoning. The present findings show that these forms of reasoning can be 

supported through explicit learning stages. Decomposition supports relational understanding. 

Pattern recognition supports functional reasoning. Abstraction supports symbolic representation. 

Algorithmic thinking supports systematic problem-solving. Therefore, the computational 

thinking-based learning model offers a clearer structure for teachers in developing students’ 

algebraic thinking. 

From a practical perspective, the findings suggest that mathematics teachers should not begin 

algebra instruction directly with formulas. Teachers need to start from contextual problems, 

simple patterns, group discussions, and gradual representations. Classroom activities should also 
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give students opportunities to explain their reasoning, not only to write answers. The 

computational thinking-based learning model can be implemented through worksheets that 

contain problem-solving stages, reflective questions, and representation-based tasks. Through this 

approach, teachers can monitor students’ thinking processes more clearly and provide support at 

the right stage. 

However, the implementation of the computational thinking-based learning model requires 

teacher readiness and sufficient instructional time. Some students still needed intensive guidance 

when transforming patterns into symbolic expressions. This indicates that the model cannot be 

applied instantly. Teachers need to build students’ systematic thinking habits through repeated 

activities and varied algebraic contexts. In addition, students’ basic mathematical skills need to 

be strengthened because weaknesses in arithmetic operations may hinder abstraction and 

algorithmic reasoning. 

Critically, the findings show that the success of algebra learning is not determined only by the 

use of a new learning model. It also depends on the quality of teacher-student interaction during 

the learning process. The computational thinking-based model became effective when the teacher 

asked guiding questions, allowed discussion, and helped students connect concrete 

representations with symbolic forms. Therefore, future research should test this model at different 

educational levels, in more complex algebra topics, and in schools with diverse characteristics. 

Further studies may also develop more detailed observation instruments to examine the 

relationship between computational thinking indicators and the development of students’ 

algebraic thinking skills.  

4. Conclusions 

This study concludes that the computational thinking-based learning model supports the 

development of students’ algebraic thinking skills through four connected learning processes: 

decomposition, pattern recognition, abstraction, and algorithmic thinking. The findings show that 

students understood algebraic problems more effectively when they were guided to break down 

information, identify regularities, transform concrete patterns into symbolic forms, and arrange 

solution steps systematically. These processes helped students move from procedural problem-

solving toward more meaningful algebraic reasoning. The study contributes to the literature by 

showing that computational thinking can function as a pedagogical framework for strengthening 

algebraic thinking, especially in helping students understand variables, patterns, relationships, 

and symbolic representations. 

The findings imply that mathematics teachers need to design algebra instruction that gives 

students space to explain their reasoning, compare strategies, and reflect on errors. In practice, 

the model can support classroom activities through contextual problems, structured worksheets, 

guided questions, group discussion, and gradual representation from concrete forms to algebraic 

symbols. From a policy perspective, the findings suggest the need to integrate computational 

thinking more explicitly into mathematics learning design, teacher training, and curriculum 

development. Future research can test this model in different school contexts, wider participant 

groups, and more complex algebra topics to examine its consistency, adaptability, and long-term 

impact on students’ mathematical reasoning. 
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