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  This study aims to explore how computational thinking is integrated into 

algebra instruction to enhance students’ problem-solving skills. The study 

addresses the difficulty students often face in understanding contextual 

algebra problems, identifying relevant information, constructing symbolic 

representations, and organizing solution procedures. A qualitative case 

study design was used to examine the learning process in a junior high 

school mathematics classroom in Indonesia. Participants consisted of 

eighth-grade students selected through purposive sampling based on their 

participation in the learning process, written work, ability to explain their 

reasoning, and variation in mathematical ability. Data were collected 

through semi-structured interviews, limited classroom observation, 

documentation, and analysis of students’ written work. The data were 

analyzed using an interactive qualitative model involving data 

condensation, data display, and conclusion verification. The findings 

revealed five main themes: problem decomposition, pattern recognition, 

abstraction, algorithmic reasoning, and solution evaluation. Students 

became more able to break down algebra problems, identify repeated 

structures, translate verbal information into mathematical symbols, arrange 

solution steps logically, and check the meaning of their answers. Teacher 

guidance, structured tasks, and classroom discussion played important roles 

in supporting these processes. The study concludes that computational 

thinking can strengthen algebra instruction by helping students focus on the 

logic of problem solving, not only on final answers. The findings offer 

practical implications for mathematics teachers and theoretical 

contributions to the integration of computational thinking, algebraic 

thinking, and constructivist learning. 
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1. Introduction 

The rapid development of digital society has changed the orientation of mathematics education. 

Mathematics learning can no longer focus only on procedural fluency, formula memorization, 

and final answers. Students need learning experiences that train them to think logically, 

systematically, and reflectively when solving complex problems. One important competence in 

this context is computational thinking. Computational thinking refers to the ability to decompose 

problems, recognize patterns, construct abstractions, design algorithms, and evaluate solutions. 
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In mathematics education, this competence does not only relate to computer programming. It also 

supports the way students understand the structure of a problem, identify relevant information, 

and organize problem-solving steps. Li et al. (2020) argue that computational thinking is more 

about thinking than computing, which means that it can strengthen mathematical reasoning even 

in classrooms with limited technology. Ye et al. (2023) also explain that integrating computational 

thinking into K-12 mathematics instruction can connect learning activities, conceptual 

understanding, and students' problem-solving strategies. 

Algebra is one of the most relevant areas for integrating computational thinking because it 

requires students to identify patterns, represent relationships, use symbols, generalize structures, 

and construct systematic procedures. Algebraic problem solving often demands more than the 

ability to manipulate symbols. Students must interpret the situation, translate verbal information 

into mathematical expressions, and justify each step of their solution. Bråting and Kilhamn (2021) 

show that algebraic thinking and computational thinking intersect in students’ use of symbols, 

representations, rules, and structured reasoning. Kallia et al. (2021) also identify abstraction, 

decomposition, generalization, algorithmic thinking, and evaluation as important dimensions of 

computational thinking in mathematics education. These dimensions are closely related to the 

cognitive demands of algebra instruction. Therefore, integrating computational thinking into 

algebra learning can help students move from mechanical calculation toward deeper problem 

analysis and more organized solution strategies. 

In classroom practice, many students still face difficulties when solving algebra problems, 

especially contextual and multi-step problems. These difficulties often appear when students fail 

to identify relevant information, break down a problem into smaller parts, recognize relationships 

between quantities, or explain the logic behind their solution. Abidi et al. (2023) found that 

students’ computational thinking abilities in solving contextual mathematics problems were 

uneven across decomposition, pattern recognition, abstraction, and algorithmic thinking. Nurwita 

et al. (2022) also found that students experienced obstacles in abstraction and strategy 

construction when solving mathematics problems that required computational thinking. In the 

Indonesian middle school context, Yana and Wijaya (2025) reported that problem-based learning 

could support students’ computational thinking in solving two-variable linear equation problems, 

but students with lower mathematical ability still needed structured guidance and clearer teacher 

prompts. These findings indicate that computational thinking should not be treated as an 

additional skill outside algebra learning. It needs to be embedded in the learning process through 

tasks, questions, discussion, and reflection. 

This issue is important because algebraic problem-solving skills are closely related to 

mathematical literacy, digital literacy, and students’ readiness to face complex real-life situations. 

Students who can decompose problems, identify patterns, and construct logical procedures tend 

to have stronger foundations for reasoning, decision-making, and learning in science, technology, 

and other disciplines. Nordby et al. (2022) explain that computational thinking in mathematics 

classrooms can appear through sequencing, decomposition, abstraction, communication, 

exploration, and student engagement. Falloon (2024) also shows that structured curriculum design 

can help students build sequencing skills, pattern recognition, debugging ability, and solution 

construction. In this sense, computational thinking offers a meaningful direction for algebra 

instruction because it encourages students to focus on how a solution is developed, not only on 

whether an answer is correct. This focus is consistent with constructivist learning theory, which 

views students as active meaning-makers who build understanding through experience, 

interaction, and reflection. 

Although research on computational thinking in mathematics education continues to grow, 

several gaps remain. Many previous studies have focused on program effectiveness, technology-

based interventions, curriculum mapping, or quantitative measurement of students' skills. Lv et 

al. (2023) state that empirical research on the integration of mathematics and computational 

thinking still needs a deeper explanation of how classroom activities shape students' mathematical 
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understanding. Ersozlu et al. (2023) also show that many studies still emphasize tools, approaches, 

and literature mapping, while students' lived learning experiences remain less explored. Chytas 

et al. (2024) add that integrating computational thinking into mathematics instruction requires 

careful design, classroom observation, and refinement based on students' responses. These studies 

show the need for qualitative research examining the meanings, experiences, and learning 

processes that arise when computational thinking is integrated into algebra instruction. 

Based on this background, this study aims to explore how computational thinking is integrated 

into algebra instruction to enhance students’ problem-solving skills. The study focuses on how 

students understand algebra problems, decompose information, recognize patterns, construct 

abstractions, design solution procedures, and evaluate their answers. It also examines how teacher 

strategies, task design, classroom interaction, and guiding questions support or hinder students’ 

computational thinking during algebra learning. Theoretically, this study contributes to 

mathematics education research by connecting constructivist learning theory, algebraic thinking, 

computational thinking, and problem-solving processes. Practically, the findings can help 

mathematics teachers design algebra instruction that is more meaningful, systematic, and oriented 

toward students' thinking processes. 

2. Materials and Methods 

This study used a qualitative approach with a case study design. The design was selected because 

the study aimed to explore in depth the process of integrating computational thinking into algebra 

instruction in a real classroom context. A case study allows the researcher to examine students’ 

experiences, teacher strategies, classroom interaction, learning tasks, and problem-solving 

processes as connected elements within one learning setting. This approach was suitable because 

the study did not aim only to measure learning outcomes. It aimed to understand how students 

used decomposition, pattern recognition, abstraction, algorithmic thinking, and solution 

evaluation when solving algebra problems. Nordby et al. (2024) emphasize that computational 

thinking in mathematics classrooms should be understood through the ecology of learning, 

including tools, tasks, students, teachers, and mathematical goals. 

The study was conducted in a junior high school in Indonesia that had implemented problem-

solving-oriented mathematics instruction. The school was selected because its mathematics 

learning context allowed the use of algebra tasks that could support computational thinking 

activities. The research was carried out over one semester, covering preparation, preliminary 

observation, learning implementation, interviews, document collection, and data analysis. The 

research subjects were eighth-grade students who were learning algebraic expressions and 

systems of linear equations in two variables. This level was chosen because algebra at this stage 

requires students to identify patterns, translate verbal information into symbols, and develop 

systematic solution procedures. Lehmann (2025) explains that decomposition, abstraction, and 

algorithmic thinking interact strongly with mathematical problem-solving heuristics, making 

algebra a relevant context for observing computational thinking. 

Participants were selected using purposive sampling. The criteria included students who 

participated in the complete learning sequence, produced written work that could be analyzed, 

were able to explain their thinking orally, and represented high, medium, and low levels of 

mathematical ability. The mathematics teacher was also included as a supporting informant 

because the teacher played an important role in designing tasks, giving instructions, asking 

guiding questions, and responding to students’ strategies. Snowball sampling could be used in a 

limited way when certain students provided richer information or were recommended by the 

teacher as students who could explain their learning experiences in greater detail. This participant 

selection strategy was used to capture varied student experiences in applying computational 

thinking during algebra problem solving. 
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Data were collected through semi-structured interviews, limited participatory observation, 

documentation, and analysis of students’ written work. Semi-structured interviews were used to 

explore students’ experiences when understanding problems, identifying relevant information, 

recognizing patterns, designing solution steps, and evaluating answers. Limited participatory 

observation was conducted during classroom learning to record teacher-student interaction, 

student responses to algebra tasks, group discussion patterns, and students’ explanations of 

solution strategies. Documentation included lesson modules, student worksheets, teacher notes, 

classroom activity photos, and learning recordings when permission was granted. Students’ 

written work was analyzed to identify indicators of computational thinking. Salwadila and 

Hapizah (2024) used written tests and interviews to examine students’ computational thinking in 

mathematics learning, which supports the relevance of combining written and oral data in this 

study. 

The main research instrument was the researcher, supported by an interview guide, observation 

sheet, documentation guide, and computational thinking analysis rubric. The interview guide was 

designed to explore students’ reasons for choosing certain strategies, the difficulties they 

experienced, and the ways they revised their answers. The observation sheet was used to record 

learning behaviors that reflected decomposition, pattern recognition, abstraction, algorithmic 

thinking, and evaluation. The analysis rubric was used to interpret students’ thinking processes 

based on written and oral data. Decomposition was identified when students broke a problem into 

smaller and more manageable parts. Pattern recognition was identified when students found 

relationships among numbers, variables, or problem structures. Abstraction was identified when 

students selected important information and represented it symbolically. Algorithmic thinking 

was identified when students arranged solution steps logically. Evaluation was identified when 

students checked, justified, or corrected their answers. 

Data trustworthiness was maintained through source triangulation, method triangulation, 

member checking, and audit trail. Source triangulation was conducted by comparing data from 

students, the teacher, students’ written work, and learning documents. Method triangulation was 

conducted by comparing interview data, observation notes, documentation, and learning artifacts. 

Member checking was carried out by confirming interview summaries and initial interpretations 

with participants to ensure that the researcher’s interpretation reflected their actual experiences. 

An audit trail was maintained by documenting field notes, interview transcripts, coding results, 

category changes, and analytical decisions. These procedures were important because qualitative 

research requires transparency, interpretive accuracy, and clear data traceability. 

Data were analyzed using the interactive model of Miles, Huberman, and Saldaña, which 

consists of data condensation, data display, and conclusion drawing or verification. In the data 

condensation stage, the researcher selected interview transcripts, observation notes, and students’ 

written work that were relevant to computational thinking indicators and algebraic problem-

solving skills. In the data display stage, the researcher developed thematic matrices based on 

decomposition, pattern recognition, abstraction, algorithmic thinking, solution evaluation, teacher 

strategies, and student learning obstacles. In the verification stage, patterns across participants 

and data sources were compared to generate main themes. The analysis involved initial coding, 

category grouping, theme interpretation, and narrative construction. The final analysis explained 

how computational thinking integration supported students’ algebraic problem-solving skills and 

identified classroom factors that strengthened or limited the process.  

3. Results and Discussions 

The findings show that the integration of computational thinking into algebra instruction shaped 

students’ problem-solving processes in five main themes: problem decomposition, pattern 

recognition, abstraction, algorithmic reasoning, and solution evaluation. These themes emerged 

from classroom observation, semi-structured interviews, students’ written work, and learning 

documentation. The data indicate that students did not immediately solve algebra problems by 
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applying formulas. Instead, they gradually learned to identify the structure of the problem, 

separate relevant information, recognize relationships among quantities, and organize solution 

steps. This process became more visible when the teacher used guiding questions, group 

discussion, and problem-based algebra tasks. 

The first theme concerns students’ ability to decompose algebra problems. At the beginning 

of the learning process, several students tended to read the problem as a whole and directly 

searched for a formula. This strategy often led to confusion when the problem contained several 

pieces of information. After the teacher introduced decomposition activities, students began to 

divide the problem into smaller parts, such as identifying known values, unknown variables, 

relationships between quantities, and the question being asked. One student explained, “I 

understood the problem better after I separated what was known, what was asked, and what 

relationship should be written.” This finding shows that decomposition helped students reduce 

cognitive load and gave them a clearer entry point for solving algebraic problems. 

The second theme relates to pattern recognition. Students began to recognize repeated 

structures in algebra problems after comparing several examples. In group discussions, students 

identified that different word problems could share the same algebraic structure even when the 

context was different. For example, problems about prices, ages, and numbers of objects could 

all be represented using linear equations. One participant stated, “The story is different, but the 

pattern is similar because there are two unknown values and two relationships.” This statement 

indicates that pattern recognition supported students in moving from surface-level understanding 

to structural understanding. Observation data also showed that students who recognized patterns 

more quickly were able to select solution strategies more confidently. 

The third theme is abstraction. Students’ abstraction skills appeared when they translated 

verbal information into symbols, variables, and algebraic expressions. At first, some students 

wrote all information from the problem without distinguishing between relevant and irrelevant 

details. Through teacher prompts, students learned to select key information and represent it using 

variables. For instance, one student said, “I used x and y because the problem had two things that 

were not known yet.” This ability marked an important shift from concrete story-based 

interpretation to symbolic mathematical representation. However, the data also showed that 

abstraction was one of the most challenging stages. Students with lower mathematical ability 

often needed examples, visual support, or peer explanation before they could form correct 

algebraic expressions. 

The fourth theme concerns algorithmic reasoning. After students identified information, 

patterns, and symbolic representations, they began to arrange solution steps in a more systematic 

order. Students’ written work showed clearer sequences, such as defining variables, forming 

equations, choosing an elimination or substitution method, calculating values, and checking 

answers. One student explained, “I wrote the steps first so I would not jump directly to the 

answer.” This shows that algorithmic reasoning encouraged students to think about procedure as 

a logical sequence rather than a set of disconnected calculations. Classroom observation also 

revealed that students who worked in groups often corrected each other’s steps when the order of 

solution was unclear. 

The fifth theme is solution evaluation. Before the integration of computational thinking, many 

students stopped once they obtained a numerical answer. After the learning intervention, several 

students began to check whether their answers matched the original problem. They substituted 

the values back into the equations, reviewed the meaning of the variables, and compared answers 

with group members. One participant stated, “I checked again because the answer could be right 

in calculation but wrong in meaning.” This finding suggests that evaluation helped students 

develop more reflective problem-solving habits. It also showed that computational thinking 

supported not only the process of finding answers but also the process of validating and justifying 

them. 
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Teacher support played a central role in the emergence of these five themes. The teacher did 

not simply explain algebraic procedures. The teacher asked guiding questions such as “What 

information is important?”, “What pattern do you see?”, “How can this sentence be written as an 

equation?”, and “How do you know your answer is correct?” These questions encouraged students 

to explain their reasoning and reflect on their strategies. The classroom environment also 

supported collaborative meaning-making. Students learned from peer explanations, especially 

when they compared different solution strategies. This finding indicates that computational 

thinking developed more effectively when it was embedded in social interaction, guided 

reflection, and structured algebra tasks. 

Discussion 

The findings indicate that computational thinking can strengthen algebra instruction by 

helping students organize their problem-solving processes. This result supports Li et al. (2020), 

who argue that computational thinking is more about thinking than computing. In this study, 

students used computational thinking not as a programming skill, but as a reasoning strategy for 

understanding algebraic problems. Decomposition helped students clarify the structure of 

problems. Pattern recognition helped them identify similarities across problem types. Abstraction 

helped them translate real situations into algebraic forms. Algorithmic reasoning helped them 

arrange solution steps. Evaluation helped them check the accuracy and meaning of their answers. 

These processes show that computational thinking can function as a bridge between algebraic 

reasoning and mathematical problem solving. 

The role of decomposition in this study is consistent with previous research by Kallia et al. 

(2021), who identify decomposition as a central element of computational thinking in 

mathematics education. The students’ ability to divide algebra problems into smaller components 

helped them manage complex information. This finding also supports Ye et al. (2023), who state 

that computational thinking can support students’ mathematical learning when it is connected to 

meaningful classroom activities. However, this study adds a qualitative perspective by showing 

how decomposition emerged through teacher prompts and student discussion. Students did not 

develop this skill automatically. They needed repeated opportunities to identify known 

information, unknown variables, relationships, and problem goals. 

Pattern recognition also became an important finding. Students who recognized similar 

structures across different algebra problems showed stronger confidence in choosing solution 

strategies. This finding aligns with Bråting and Kilhamn (2021), who explain that algebraic 

thinking and computational thinking intersect through symbols, rules, and structured 

representations. The present study extends this argument by showing that pattern recognition 

helped students move beyond the surface context of word problems. They learned to see that 

different stories could share the same mathematical structure. This is important in algebra 

instruction because many students struggle when they treat every word problem as completely 

new. 

Abstraction was the most challenging process for many students. This finding supports 

Nurwita et al. (2022), who found that students often experience difficulties in abstraction when 

solving mathematics problems that require computational thinking. In this study, abstraction 

required students to decide which information mattered, assign variables, and construct algebraic 

expressions. Students with lower mathematical ability needed more scaffolding before they could 

represent verbal information symbolically. This suggests that teachers should not assume that 

students can move easily from context to symbols. Algebra instruction needs gradual support, 

such as visual representations, guided questions, examples, and peer discussion. 

Algorithmic reasoning in this study appeared when students arranged their solutions in clear 

and logical steps. This finding is in line with Lehmann (2025), who explains that computational 

thinking skills interact with mathematical problem-solving heuristics. Students who planned their 

steps before calculating showed better control over the solution process. This result also supports 
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Kaufmann and Stenseth (2021), who argue that procedural and programming-related thinking can 

reveal how students construct mathematical arguments. In the present study, algorithmic 

reasoning did not reduce mathematics to mechanical procedures. Instead, it helped students 

explain why each step was needed and how one step connected to the next. 

The finding on solution evaluation shows that computational thinking can encourage reflective 

learning. Students began to check their answers, examine the meaning of variables, and compare 

their results with the original problem. This finding supports Nordby et al. (2022), who show that 

computational thinking in mathematics classrooms includes not only technical skills but also 

communication, exploration, and engagement. Evaluation is important because students often 

consider a problem finished once they obtain a number. Through computational thinking, students 

learned that a correct answer must also make sense in the problem context. This process 

strengthens mathematical reasoning and reduces careless procedural errors. 

The study also shows that teacher guidance is crucial in integrating computational thinking 

into algebra instruction. Students developed stronger problem-solving strategies when the teacher 

used guiding questions and encouraged discussion. This supports Chytas et al. (2024), who state 

that computational thinking integration in mathematics requires careful instructional design and 

classroom refinement. The findings also align with constructivist learning theory because students 

built understanding through active participation, interaction, and reflection. Computational 

thinking became meaningful because students used it to make sense of algebra problems, not 

because the teacher introduced it as a separate concept. 

Compared with previous studies that focus on technology-based interventions, this study offers 

a different perspective. The findings show that computational thinking can be integrated into 

algebra instruction without relying fully on digital tools. This supports Li et al. (2020), who 

emphasize that computational thinking is not limited to computing devices. In classrooms with 

limited technological resources, teachers can still develop computational thinking through 

problem decomposition, pattern comparison, symbolic representation, step-by-step reasoning, 

and solution checking. This finding is relevant for Indonesian schools because access to digital 

infrastructure varies across regions. 

Theoretically, this study contributes to the discussion on the relationship between 

computational thinking, algebraic thinking, and problem-solving skills. It shows that 

computational thinking can support algebra learning when its indicators are embedded in 

classroom tasks and teacher questioning. Practically, the findings suggest that mathematics 

teachers should design algebra tasks that require students to explain their thinking process, not 

only produce final answers. Teachers can use structured prompts to guide students through 

decomposition, pattern recognition, abstraction, algorithmic reasoning, and evaluation. Future 

studies can expand this research by comparing different school contexts, involving more 

participants, or using classroom-based intervention designs to examine how computational 

thinking develops over a longer period.  

4. Conclusions 

This study concludes that integrating computational thinking into algebra instruction helps 

students develop more structured and reflective problem-solving skills. The findings show that 

students improved their ability to decompose algebra problems, recognize mathematical patterns, 

construct abstractions, arrange logical solution procedures, and evaluate the meaning of their 

answers. These processes indicate that computational thinking supports algebra learning not 

merely as a technical skill, but as a reasoning framework that helps students understand how 

problems are structured and how solutions can be developed systematically. This study 

contributes to the literature by showing that computational thinking can strengthen the connection 

between algebraic thinking, mathematical reasoning, and problem-solving processes in a 

qualitative classroom context. 

https://ejournal.globalterasfana.com/gjmth


 

Ningsih et al. Global Journal of Mathematics 

Vol. 1, No. 1, 2026, pp. 19-28 
   26 

 

Journal Homepage: https://ejournal.globalterasfana.com/gjmth  

 

The findings have theoretical, practical, and policy implications. Theoretically, this study 

reinforces the relevance of constructivist learning theory in explaining how students build 

mathematical understanding through interaction, reflection, and guided problem solving. 

Practically, mathematics teachers can use computational thinking indicators as instructional 

prompts when designing algebra tasks, classroom discussions, and student reflection activities. 

At the policy level, the findings suggest that computational thinking should be integrated into 

mathematics learning as part of curriculum development, teacher training, and digital literacy 

strengthening. Future research can expand this study by involving different grade levels, broader 

school contexts, or longitudinal designs to examine how students’ computational thinking 

develops over time. 
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