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 Purpose – Computational thinking is a fundamental skill every 

individual must possess, alongside reading and writing. Limitations 

in implementing this skill lead to student errors. This study aims to 

analyze errors in computational thinking using Newman’s error 

analysis in statistics. 

Methodology – The research method was qualitative, using a case 

study approach, and was conducted with 17 ninth-grade students 

from a junior high school in Garut Regency who had studied 

statistics. Three students were selected as subjects, each representing 

a different category of computational thinking. Data were collected 

through a computational thinking essay test containing 

decomposition, pattern recognition, abstraction, and algorithmic 

thinking in each question, as well as interview results. 

Findings – S1, S2, and S3 made errors in the computational thinking 

components. In decomposition, S1 and S2 made no errors, while S3 

made a comprehension error. In pattern recognition, S1 made no 

errors, while S2 and S3 made understanding errors. In abstraction, 

S1 also made no errors, whereas S2 and S3 made errors in 

understanding and transformation. In algorithmic thinking, all three 

subjects made errors, specifically process skills errors and errors in 

writing the final answer. 

Contribution – This study contributes to educational assessment by 

showing how Newman Error Analysis evaluates students’ cognitive 

processes in computational thinking within mathematics learning. 

The findings provide diagnostic information that helps teachers 

make instructional decisions, develop targeted interventions, and 

improve evaluation practices in statistics education. 
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INTRODUCTION 

Computational thinking is a framework that every individual needs. As Wing (2006) noted, 

computational thinking is a fundamental skill that is just as important for students to master as reading and 

arithmetic. This ability has become a focal point for educators and educational researchers worldwide, 

including in the Indonesian education system, where computational thinking is a key component of the 

curriculum. In the Indonesian curriculum, computational thinking is integrated across various subjects at all 

levels of education; mathematics is one such subject. This skill is widely recognized as a critical component of 

problem-solving education. Computational thinking also plays a crucial role in solving real-world 

mathematical problems and can be applied across various topics in mathematics education, including 

statistics. This is consistent with research indicating that computational thinking is highly relevant to statistics, 

as statistics involves collecting, analyzing, and interpreting data. Furthermore, statistics problems are typically 

presented in a contextual format, requiring students to understand the problem, extract information, perform 

analysis, and develop solutions following logical steps. 

The implementation of computational thinking has not been fully effective in Indonesian education. 

Several limitations contribute to this, including insufficient teacher training, inadequate infrastructure, and 

curriculum-related challenges. Research by Irawan et al. yielded similar findings, indicating that the primary 

barriers to implementing computational thinking are a lack of skills, time, and access to professional 

development opportunities. Consequently, students’ computational thinking abilities in problem-solving 

remain low (Fitrisyah et al., 2025). This situation shows that students still make various errors when applying 

computational thinking to solve mathematical problems. 

Various studies show that computational thinking errors do not occur in isolation within each component 

but are interrelated, forming a continuous chain of errors. The findings of Ahmad et al. (2026) indicate that 

students’ mastery of algorithmic thinking components remains low, with some students still making errors in 

the final stages of calculation. This aligns with the findings of Anggraeni & Nurlaelah (2025), who reported 

that students make errors across all components of computational thinking; the highest percentage of errors 

occurs in the algorithmic thinking component, specifically when students design and execute solution steps. 

However, these errors are also a consequence of errors occurring in the preceding component, namely, 

abstraction. This finding is supported by Hudzaifah (2023), who states that errors in the abstraction stage often 

affect the subsequent stage, algorithmic thinking. Thus, students’ low ability to formulate solution steps not 

only indicates a weakness in the algorithmic thinking component but also suggests that conceptual 

understanding in the preceding stage is not yet optimal. 

Patterns of interrelationships among components are also evident in the early stages of computational 

thinking. Research by  Nabila et al. (2025) found that students made errors in the decomposition component, 

specifically, they incompletely decomposed the information, failing to include the cost information listed in 

the question. This has the potential to hinder students’ ability to recognize the relationships or patterns 

required in the pattern recognition stage. In the study by Lisa et al. (2024), it was shown that students’ errors 

in pattern recognition stem from their inability to organize information into patterns. This can hinder students 

at the abstraction stage by making it difficult to identify the relevant information needed to construct a 

mathematical model. This aligns with the findings of Khoirunnisa et al. (2025), who found that students make 

errors when creating mathematical models because they do not understand the symbolic meaning of variables, 

leading to models that lack meaning. These findings indicate that computational thinking errors do not occur 

in isolation but develop gradually. When viewed holistically, these computational thinking errors can be 

understood as hierarchical. Errors that arise during the decomposition stage can affect students’ success in 

identifying patterns, thereby impacting their ability to abstract and, ultimately, to formulate solution steps 

during the algorithmic thinking stage. Thus, students’ errors in the components of algorithmic thinking are 

not always caused solely by procedural weaknesses but can result from the accumulation of errors occurring 

in previous components. 

According to Yarman et al. (2025), error analysis not only identifies the causes of recurring student errors 
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but also serves as a powerful tool for diagnosing learning difficulties and guiding remedial instruction, 

enabling teachers to provide targeted instruction tailored to students’ needs. M. Anne Newman developed a 

method for analyzing student errors known as Newman’s Error Analysis (NEA) or the Newman procedure 

(Fauzi et al., 2022). The Newman procedure is an analytical method for examining errors in problem-solving 

in detail (Mubarokah & Amir, 2024) because it provides a framework for identifying the underlying causes of 

errors students experience when solving math word problems (Fineldi & Jupri, 2026). Unlike Polya, who 

focuses more on the problem-solving process (Firdausi et al., 2021), Watson, who categorizes errors in general 

(Nurhayati et al., 2026), and Kastolan, who does not map out the sequence of problem-solving steps 

(Sumargiyani, 2026), the Newman procedure helps teachers guide the use of effective learning approaches to 

address students’ difficulties (Sundayana & Parani, 2023). According to Newman (1977, in Ellerton & 

Clements, 1978), solving written math problems requires following a fixed sequence: students go through the 

stages of reading, comprehension, transforming the problem into a mathematical form, applying process skills, 

and encoding the final answer. Thus, error analysis aims to identify the types and causes of student errors, in 

line with the approach outlined in Newman’s Error Analysis, making this procedure highly relevant for 

analyzing student errors in this study. 

Although previous studies have examined students’ errors in solving mathematical problems, including 

those involving the Newman procedure, studies that combine the Newman procedure with computational 

thinking remain limited. Research by Fatmawati & Nasution (2024) has integrated the Newman procedure 

with computational thinking skills. However, the study's use of computational thinking primarily served to 

categorize skills as high, moderate, or low. Consequently, the study did not explicitly examine how students’ 

computational thinking processes operated during problem solving, and thus, no mapping of these processes 

through error analysis based on the Newman procedure was evident. This study is expected to contribute to 

the field of mathematics education, particularly by presenting an analytical framework that integrates the 

Newman procedure into each component of computational thinking, thereby enabling the mapping of the 

specific types of errors students make in each component. The objective of this study is to analyze the types of 

student errors based on Newman’s procedure for each component of computational thinking, including 

decomposition, pattern recognition, abstraction, and algorithmic thinking in solving statistics problems. 

METHODOLOGY 

Research Design 

This study uses a qualitative case study method. Qualitative research is research that reveals a 

phenomenon by comprehensively describing data and facts through words regarding the research subject 

(Fiantika et al., 2022). This aligns with the objective of this study, which is to analyze students’ errors in 

computational thinking—encompassing decomposition, pattern recognition, abstraction, and algorithmic 

thinking—in statistics material using Newman Error Analysis (NEA) or the Newman procedure 

Participant 

The study was conducted at one of the MTs in Garut Regency. The study participants consisted of 17 

students who took the computational thinking test. Based on their total scores, participants were categorized 

into three groups according to Sudijono (2013) criteria: high, moderate, and low. From each category, one 

student was purposively selected as a research subject for an interview. This selection aimed to obtain 

representation from each computational thinking score category so that differences in the types of errors 

experienced by students in each computational thinking category when solving statistics problems could be 

analyzed based on Newman’s theory 
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Data Collection 

The data collection technique used in this study was triangulation, which involved both test and non-test 

methods. The test method was obtained through a computational thinking ability test on statistical material. 

The non-test method in this study was an interview technique. 

Instrument 

The research instrument used in this study was an essay-type test comprising computational thinking 

questions on statistics, consisting of four validated items reviewed by expert validators. Each item was 

structured into four question points, each representing the components of computational thinking in sequence. 

Point (a) covers decomposition, point (b) covers pattern recognition, point (c) covers abstraction, and point (d) 

covers algorithmic thinking. The design of these questions aims to guide students in solving problems step by 

step, in accordance with the components of computational thinking. Research data were obtained from test 

results completed by students without the intervention of Artificial Intelligence. 

Data Analysis 

Data analysis was conducted in several stages. The first stage involved analyzing students’ computational 

thinking abilities using indicators for each component. The indicators for the computational thinking 

components in this study are based on (Dong et al., 2019)and are presented in Table 1. 

Tabel 1. Components and Indicators of Computational Thinking Components 

Components Indicators 

Decomposition Able to identify complex problems as simpler ones by breaking them down 

into sub-problems and sub-information to solve the problem. 

Pattern Recognition Able to recognize patterns, regularities, similarities, or relationships visible 

in a problem to aid in the solution process. 

Abstraction Ability to determine relevant information and formulate a simple solution. 

Algorithmic Thinking Can organize solution steps logically and systematically to solve problems. 

The next step involves analyzing students’ errors in each component of the computational thinking 

analysis results using Newman Error Analysis (NEA), which includes reading, comprehension, 

transformation, process skill, and encoding errors. The indicators of the Newman procedure used to identify 

error analysis, based on the research by Reskina & Kartini (2022), are presented in Table 2. 

Tabel 2. Error Type Indicators Based on the Newman Procedure 

Error Type Indicator 

Reading 

 

The student misreads terms, symbols, words, or important information in the 

question. 

Comprehension 

 

a. The student does not know what the question is actually asking and 

misinterprets the information. 

b. The student misinterprets the information in the question and therefore 

does not proceed to the next step. 

Transformation 

 

a. Students fail to correctly transform the mathematical model 

b. Students make mistakes in using arithmetic operation symbols to solve 

problems 

Process Skills 

 

a. The student made a mistake in calculation or computation 

b. Students did not complete the problem-solving procedure 

Answer Writing 

 

a. The student is unable to write the final answer required by the question 

b. Students cannot derive the answer according to the mathematical 

statement 

Based on a review of the computational thinking components proposed by Dong et al (2019)and the stages 

of Newman’s procedure described by Reskina & Kartini (2022), the researchers developed an analytical 
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framework to identify student errors. This framework is presented in a table that illustrates the relevance of 

computational thinking components to error types, based on Newman’s procedure. The framework is 

organized based on the relevance of cognitive processes within each component. Each stage in Newman’s 

procedure reflects specific thinking activities aligned with the indicators of computational thinking 

components. The relevance of error types based on Newman’s procedure to computational thinking 

components is described in Table 3. 

Tabel 3. Relevance of Error Based on Newman’s Procedure and Components of Computational Thinking 

Components Procedure 

Categories 

Description 

Decomposition Reading Errors, 

Comprehension 

Errors 

 

In decomposition, students are asked to break down complex 

problems into simpler ones by identifying sub-problems. Errors 

may arise when students fail to identify sub-problems due to 

reading errors or misunderstandings of the problem. 

Decomposition is not relevant to transformation errors because 

this stage has not yet reached the formation of a mathematical 

model, nor is it relevant to process skill errors and errors in 

writing the final answer because it has not yet entered the stage 

of solving and writing the answer. 

Pattern 

Recognition 

Reading Errors, 

Comprehension 

Errors 

 

In pattern recognition, students are asked to recognize and 

understand symbols, terms, and question formats that exhibit 

regularities, patterns, similarities, or relationships within the 

given data or problems. Errors may arise when students fail to 

recognize the appropriate patterns or representations. Thus, this 

is highly relevant to reading errors and comprehension errors. 

Transformation errors, process skills, and final answer writing 

are not relevant to this component because the process has not 

yet reached those stages. 

Abstraction Comprehension 

errors, 

Transformation 

Errors 

 

In the abstraction stage, students are asked to identify relevant 

information for problem-solving and construct it into a simple 

formula. Errors may occur because students do not understand 

the relevant information for problem-solving, so they cannot 

transform it into a simple formula; thus, this is highly relevant to 

comprehension errors and transformation errors. Errors in 

process skills and in writing the final answer are not relevant to 

this component because students have not yet reached the stage 

of calculation and answer writing. 

Algorithmic 

Thinking 

Process Skill 

Errors, 

Encoding errors 

The algorithmic thinking component requires students to outline 

the steps of the solution process from the initial stages through to 

finding the final answer; therefore, the errors relevant to this 

stage are process skill errors and encoding errors 

This study employs the data analysis technique of the Miles and Huberman model. (Miles & Huberman, 

2014)state that this qualitative data analysis is conducted interactively and continuously until completion, so 

that no further information emerges from the data collection process. This technique includes data collection, 

data reduction, data presentation, and drawing conclusions. 

FINDINGS 

The results of this study present findings obtained from the computational thinking test instrument and 

interviews. Based on the computational thinking test results for 17 students, 3 (18%) were in the high 

computational thinking ability category, 10 (59%) in the moderate category, and 4 (23%) in the low category. 

These findings indicate that the majority possess moderate computational thinking skills. Students with 
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moderate computational thinking ability tended to make errors when generalizing problems or creating 

simple formulas, resulting in the problem-solving process not being completed accurately at the algorithmic 

thinking stage. This indicates student errors, necessitating further analysis to identify their location and type 

using the Newman procedure. The error analysis process for computational thinking components, based on 

the Newman procedure, aligns with the mapping between these components and the error types identified by 

the procedure, as presented in the researcher's Table 3. The selected students are representatives deemed to 

best reflect the characteristics of their respective categories. 

Based on the categorization of computational thinking ability, one student was selected from each of the 

high, low, and moderate categories. This selection ensured that each category was represented so the analysis 

could provide an overview of variation in student abilities. The subjects selected for this study were S1 (high), 

S3 (moderate), and S14 (low). The selected students were interviewed to confirm their understanding of the 

work they had completed, after which an error analysis was conducted based on the Newman procedure. To 

facilitate the analysis, this study used the following codes: “S1” for students in the high category, “S2” for 

students in the moderate category, and “S3” for students in the low category. In the interview excerpts, the 

code “P” refers to the interviewer. The following discussion presents an analysis of each subject based on the 

components of computational thinking. 

Decomposition 

S1 and S2 completed the decomposition stage accurately and systematically for each question, while S3 

made decomposition errors on every question except question number 2. S1’s answer to question number 3 is 

presented in Figure 1. 

 

Figure 1. Student 1’s Answer for the Decomposition Component 

Based on Figure 1, S1 was able to break down the information into simpler sub-problems and sub-

information, meaning S1 could manage and organize the information from the word problem into sub-

problems and key information essential for problem-solving. S1 could read and understand the problem 

accurately and write answers systematically; therefore, it can be concluded that S1 solved problem 3 accurately 

and systematically, without errors. Figure 2 shows Student 3’s answer to question 3. 

 

Figure 2. Student 3’s Answer on the Decomposition Component 

Based on Figure 1, S3 appears to have misunderstood the problem. The problem given is that a layer 

chicken farmer is harvesting eggs. Egg weights are divided into 10 categories, namely (in grams): 40, 42, 44, 

46, 48, 50, 52, 54, 56, 58. The total weight of the entire egg harvest is 4900 grams. The farmer wants to pack the 

eggs into boxes, with each box containing 10 eggs. Determine the number of boxes that can be filled. S3 merely 

restated the information from question three, and even that information was incomplete. The student did not 

write down the problem to be solved in question three, even though the question was explicitly stated, because 

the student did not understand what was being asked. The results of the interview with S3 are as follows: 
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Tabel 4. The Results of The Interview with S3 

Question Answer 

Based on this question, 

what information do you 

think is given and what is 

being asked? 

Egg weights are divided into 10 categories: 40, 42, 44, 46, 48, 50, 52, 54, 56, 

and 58 grams. The total weight of the entire egg harvest is 4,900 grams. The 

farmer wants to pack the eggs into boxes, with each box containing 10 eggs. 

Determine the number of boxes that can be filled. That’s it, Ma’am. 

Take it slow, what 

information do we have? 

The egg weights are divided into 10 categories, namely 40, 42, 44, 46, 48, 50, 

52, 54, 56, and 58 grams. The total weight of the egg harvest is 4,900 grams. 

The total weight of the egg harvest is 4,900 grams. Then, the question asked 

was: ‘Determine the number of boxes that can be filled, Ma’am. 

Based on the interview response with S3, the written answer was correct according to the question, even 

though S3’s response was incomplete; therefore, the student did not make a reading error. However, S3 only 

stated the answer based on the presented question without processing or organizing the problem and 

information into sub-points. 

Pattern Recognition 

S1 completed the pattern recognition stage correctly and accurately on all questions, while S2 and S3 

made mistakes on question three and question four. S1’s answer to question 4 is presented in Figure 3. 

 

Figure 3. S1’s Answer on the Pattern Recognition Component 

Based on Figure 3, Student 1 accurately read the table because they could see that the total number of 

transportation and food orders matched the frequency shown in the graph. Student 2 observed and 

understood the pattern that the number of food orders was always 2 fewer than the number of transportation 

orders. Therefore, it can be concluded that Student 2 was able to read and understand the problem. An 

example of an error on question 4, made by S2, is shown in Figure 4. 

 

Figure 4. Student S2’s Answer on the Pattern Recognition Component 

Based on Figure 2, S2 appears to have misunderstood the pattern. The context of question number four is 

presented in Figure 4. 
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Figure 5. Question Number 4 

Based on Figure 2, S2 can read the table but does not make the connection between the table and the 

graph. This may be because the student does not understand that the two data representations are related. S2 

is fixated only on the data from the Table 1, as evidenced by Figure 2, where S2 compares only the number of 

transportation and food orders without noticing other patterns—such as the total of transportation and food 

orders each month shown in the graph, or the decline in order volume from January to February as depicted 

in the graph. To confirm the answer, an interview was conducted with S2. The following is an excerpt from 

the interview with S2 during the pattern recognition stage: 

Tabel 5. The Results of The Interview with S2 

Quastion Answer 

Now, take a look at the information in the question. Is there 

a pattern of relationship in question number four? 

Yes, ma’am. 

Can you describe the patterns? In the transportation data, the number goes 

up by one. 

Okay, anything else? The food data decreases by two. 

Is there anything else, or is that it? That’s it, ma’am. 

Take a look at the diagram. What was the total number of 

Gojek orders in January? Is there a connection between the 

table and the graph? 

12, ma’am. No, ma’am. 

From this excerpt of the interview with S2, it can be concluded that the student can read the problem, the 

diagram, and the table. However, S2 does not understand the relationship between the two data 

representations. 
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Abstract 

At this stage, S1 answered all questions accurately and systematically, while S2 made mistakes on 

questions three and four, and S3 made mistakes on all questions. S1’s answer to question 3 is shown in Figure  

 

Figure 6. S1’s Answer in the Pattern Recognition Component 

In the abstraction stage, Student 1 was able to write a simple formula. Additionally, Student 1 understood 

how to select relevant information to construct a simple formula for the solution process; specifically, Student 

1 selected and calculated the average. Student 1 also understood that the total harvest must be divided by the 

average number of eggs to form the simple formula. At this stage, S1 successfully understands and transforms 

the problem. An example of an error in question 3 made by S3 is shown in Figure 7. 

 

Figure 7. Student S3’s Answer in the Abstraction Component 

Based on Figure 4, during the abstraction stage, S3 did not write down important information relevant to 

constructing mathematical symbols or simple formulas. S3 only wrote down some information and proceeded 

directly to calculating, even though this stage is not related to calculation. Thus, based on Table 3 regarding 

the relevance of error types in computational thinking, S2 made errors in understanding and transformation. 

Additionally, as seen in S3’s response in Figure 2, the error occurred because S3 did not understand question 

number 3 from the start. Consequently, the student struggled to identify the relevant key information needed 

to construct or transform it into mathematical symbols or simple formulas. The following is an excerpt from 

the interview with S3 during the abstraction stage: 

Tabel 6. The Results of The Interview with S3 

Question Answer 

For question 3, do you know what the important 

information is? 

No, ma’am. 

Try reading it again. What is the task in this 

problem? 

Determine the number of boxes that can be 

completely filled, Ma’am. 

How do you do that? What do you need to know 

first? 

I don’t know, ma’am. 

Based on the interview results, Student 3 did not understand the problem in question number three; 

Student 3 only read the text of the question and was therefore unable to construct the key information into a 

mathematical symbol or a simple formula. 

Algoritgmic Thinking 

Student 1 was able to complete the algorithmic thinking stage for all questions correctly, but not 

systematically, while Students 2 and 3 made algorithmic thinking errors on all questions. Student 1’s answer 

to question number 1 is presented in Figure 8. 
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Figure 8. Student S1’s Answer for the Algorithmic Thinking Component 

Based on Figure 8, Student 1 demonstrates an excellent ability to structure the solution and calculate the 

solution process accurately. Additionally, Student 1 includes a bar chart showing the weight of the vanilla 

bean each day from the first to the seventh day, making the procedure flow not only logical but also traceable 

through visual representation. However, S1 only wrote down the calculations; S1 was not yet able to 

systematically write down the steps leading to the final answer. This indicates that S1 is capable of constructing 

and executing algorithms, but not yet fully. Unlike S1, S2 was not yet able to demonstrate the algorithmic 

process in its entirety. Figure 5 shows S2’s answer in the algorithmic thinking section for question number 1. 

 

Figure 9. Student S2’s Answer in the Algorithmic Thinking Component 

Based on Figure 5, it is evident that S2 solved the problem correctly up to the stages of decomposition, 

pattern recognition, and abstraction. However, during the algorithmic thinking stage, S2 did not implement 

the solution steps operationally; instead, they merely wrote a description that did not support the calculation 

process. This indicates that the algorithmic thinking stage was not carried out correctly. Consequently, Student 

S2 made a process skill error by failing to follow the solution procedure sequentially, which led to an error in 

the final answer. This error occurs because the calculation is performed at the abstraction stage rather than the 

algorithmic stage, as it should be. Additionally, S2 did not present a diagram to represent the final answer, 

indicating an error in the encoding indicator within Newman’s analytical framework. The following is an 

excerpt from the interview with S2 during the abstraction stage: 
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Tabel 7. The Results of The Interview with S2 

Question Answer 

What are the steps to solve for 

the vanilla bean? 

How, ma’am? 

So you got 84 grams as the 

result. Now, try to explain the 

steps you took to arrive at that 

result. 

Well, first I had to figure out what information was needed and what 

was being asked, then determine the pattern. From the pattern, I could 

derive a formula; when I plugged the values into the formula, I got 84 

grams, Ma’am. 

Based on the answer sheet and the interview, S2 demonstrated an understanding of algorithmic thinking 

that is not yet fully developed. S2 was able to describe the problem-solving process, but still mixed the stages 

of decomposition, pattern recognition, and abstraction within the solution. In the algorithmic thinking stage, 

S2 was not yet able to write down procedural steps clearly and in a structured manner; S2 only wrote down 

steps describing the process of substitution into the formula. S2 also performed calculations during the 

abstraction process. 

Students’ computational thinking abilities, categorized as high, moderate, and low, showed significant 

differences in problem-solving performance. Students with low computational thinking abilities tended to 

make errors across nearly every component analyzed. These difficulties are primarily caused by students’ 

inability to understand problem contexts that differ from the problems they typically encounter. This situation 

results in students’ inaccuracies in identifying key information, formulating problems, and determining 

appropriate solution steps. A summary of the types of errors students experienced based on Newman’s 

procedure is presented in Table 8. 

Table 8. Summary of errors in computational thinking based on Newman’s procedure 

Component S1 S2 S3 

Decomposition - - √ 

Pattern Recognition - √ √ 

Abstraction - √ √ 

Algorithmic thinking √ √ √ 

Based on Table 8, S1, who falls into the high computational thinking ability category, only made errors in 

the algorithmic thinking component; S2, who has abilities in the Moderate category, was able to complete the 

decomposition component but did not yet demonstrate adequate ability in the pattern recognition, abstraction, 

and algorithmic thinking components. Meanwhile, S3, who falls into the Low computational thinking ability 

category, was not yet able to solve computational thinking-based problems well across all measured 

components. 

DISCUSSION 

The analysis results show that students’ ability to perform decomposition varies across each category of 

computational thinking. S1, representing the high category, accurately and systematically breaks down the 

problem's information into simpler parts. Student S1 not only restated the information but also organized it 

into sub-problems relevant to the solution, consistent with Dong et al.'s (2019) definition of decomposition, 

which involves breaking down data, processes, or problems into meaningful, manageable parts. This is 

evident in their answers, which consistently present information in a complete, structured manner, allowing 

the problem-solving process to proceed without hindrance. In contrast to S1, S2, representing the moderate 

category, still demonstrates fairly good decomposition skills but is not yet fully consistent. In some questions, 

S2 correctly broke down the information, but in others, inaccuracies were found in identifying key 

information, particularly in question 2. This indicates that S2 has not yet fully mastered problem identification, 

leading to errors. 
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Meanwhile, S3, in the low category, exhibits the most dominant errors during the decomposition stage. 

Based on their answers, S3 tends to merely copy information from the question without breaking it down into 

the sub-information needed to grasp the problem's core. Furthermore, some of the information provided is 

incomplete and does not lead to efforts to solve the problem. This error aligns with the interview results, in 

which S3 admitted confusion about what the question was actually asking. This condition aligns with 

Solehudin et al. (2024), who found that students often fail to decompose problems because they are not 

accustomed to breaking them down into smaller, more easily understood units. According to Senita & Kartini 

(2021), misunderstandings occur because students are unable to fully articulate what is being asked and what 

is known in the problem. Errors in understanding significantly influence the solution steps taken (Reskina & 

Kartini, 2022). This is because students must first understand the meaning of a math problem before 

proceeding to the problem-solving stage in order to arrive at the correct answer (Epran et al., 2025). 

Consequently, S3 was unable to solve problem number 3. Thus, S3’s error can be categorized as a problem-

understanding error based on Newman’s procedure. 

In the pattern recognition component, S1, representing the high category, demonstrated strong 

performance. S1 was able to read tables and graphs accurately and to identify relationships in the data 

precisely. Through the answers provided, S1 could recognize that the number of food and transportation 

orders followed a consistent pattern. This ability indicates that S1 understands the data not only numerically 

but also relationally, allowing them to accurately identify patterns of change. This aligns with Dong et al.'s 

(2019) definition of pattern recognition: the process of observing and identifying patterns, trends, and 

regularities in data, processes, or problems. 

Student S2, representing the intermediate category, and Student S3, representing the low category, made 

errors on questions 3 and 4. S2’s error was evident in their inability to identify the regularity of the difference 

pattern. S2 understands some of the information but is not yet able to identify regularities, similarities, or 

relational patterns in a problem when it is new; for instance, S2 can solve questions 1 and 2 but is unable to do 

so for questions 3 and 4. S2’s error can be categorized as a comprehension error in Newman’s procedure 

because the student misinterprets the relationships among data points. In S3, the errors are more pronounced. 

S3 is unable to identify patterns, regularities, similarities, or relational patterns and focuses only on the visible 

data values, without conducting further analysis to discover the underlying regularity. This indicates that S3 

struggled with both understanding the data and connecting it to one another. Thus, S3’s errors reflect a 

misunderstanding within the Newman procedure. This aligns with the research by Senita & Kartini (2021), 

which found that many students wrote the correct answer format but made mistakes in applying the patterns 

of relationships between data; this is because students often recognize patterns superficially. Errors in 

understanding patterns impact subsequent problem-solving steps (Supiarmo et al., 2021). Consequently, 

students cannot solve problems completely because the identified patterns are incorrect, preventing them from 

engaging in abstraction and algorithmic thinking. 

Regarding the abstraction component, S1, who represents the high category, solved each problem well, 

including problem 3. S1 identified relevant key information to construct a mathematical form or simple 

formula using average calculations, with the resulting average then used as the divisor for the total harvest. 

From this process, a simple formula was derived to determine the number of egg cartons: dividing the total 

weight of the egg harvest by the weight of eggs per carton. This aligns with Dong et al.'s (2019) definition of 

abstraction, which involves identifying important and relevant information within a problem. One example 

of applying abstraction in a mathematical context is found in verbal and story-based problems, where students 

are expected to identify relevant data and express their solutions in symbolic language (Irawan, 2024). Thus, 

it can be concluded that S1 understands the problem and is able to transform it into a mathematical form or a 

simple formula. 

S2, representing the moderate category, made errors at the abstraction stage on questions 3 and 4, while 

S3, representing the low category, made errors at that stage on every question. S2 and S3 were not yet able to 

transform information into a mathematical model or a simple formula. S2 tends to jump straight into 
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calculations, even though that stage is part of the algorithmic thinking process. Tampubolon et al. (2025) also 

found that errors in abstraction occur due to students’ inability to connect symbolic representations. 

Meanwhile, S3 cannot understand the problem from the very beginning of the decomposition stage; thus, by 

the abstraction stage, S3 is unable to filter out the relevant key information needed to construct a mathematical 

form. This aligns with Firdaus' (2021) findings that most students remain at the low-abstraction stage because 

they cannot connect the key information in the problem to a mathematical form. This is because students 

struggle to connect key elements of the problem to general principles (Muthi’ah et al., 2025). Nevertheless, 

when examined in terms of process skill errors, S2 performed correct calculations and thus did not commit 

any. However, both S2 and S3 made errors in the Newman procedure, specifically in understanding and 

transformation. 

At the algorithmic thinking stage (S1), representing the high category, one could solve each problem 

accurately but not systematically. In problems 1 through 3, S1 did not write down systematic steps as defined 

by algorithmic thinking—namely, the logical and systematic arrangement of solution steps to solve a problem 

(Dong et al., 2019). At this stage, Student 1 only performed calculations. This is inconsistent with Irawan's 

(2024) research, which found that algorithmic thinking skills enable students to systematically formulate 

problems and identify the steps required to solve them. Thus, it can be concluded that in the Newman 

procedure, Student 1 made errors in process skills and in writing the final answer. 

S2, representing the moderate category, was unable to complete the algorithmic thinking stage for all 

questions. S2 documented only general steps from previous components, failing to specify solution steps; S2 

also performed calculations during the abstraction stage, even though the abstraction stage should not yet 

involve calculations. This aligns with the research by Supiarmo et al. (2021), which found that students had 

not reached the algorithmic thinking stage due to incomplete and unsystematic problem-solving steps. 

Students did not implement the solution steps operationally; they merely wrote meaningless descriptions. 

This condition indicates that the algorithmic thinking stage was not carried out correctly. Students do not 

outline logical steps in finding solutions (Junaedi et al., 2024). This aligns with the findings of Puad & Wijaya 

(2025), which show that algorithmic thinking skills are not yet evident because students are unable to solve 

problems thoroughly. Thus, it can be concluded that errors S2 and S3 in process skills and final answers stem 

from students’ abilities not yet having reached the stage of algorithmic thinking. The results of the 

computational thinking error analysis summary, based on the Newman procedure, are presented in Table 9. 

Table 9. Summary of Computational Thinking Error Analysis Based on the Newman Procedure 

Components of Computational 

Thinking 

Subject 

S1 S2 S3 

Decomposition - - Misunderstanding 

Pattern Recognition - Misunderstanding Misunderstanding 

Abstract - Misunderstanding, 

Transformation errors 

Misunderstanding, 

Transformation errors 

Algorithmic thinking Process skill 

errors, 

Final answer 

errors 

Process skill errors, 

Final answer errors 

Process skill errors, 

Final answer errors 

Table 9 shows that students’ errors tend to increase in the more difficult components of computational 

thinking. Students in the high category (S1) can solve problems from the decomposition stage through to the 

abstraction stage. At the algorithmic thinking stage, students made process-skill errors by failing to organize 

the solution steps systematically and final-answer errors by failing to draw a final conclusion. In relation to 

the computational thinking component abilities according to Dong et al. (2019), S1's abilities in decomposition, 

pattern recognition, and abstraction are very good; however, its algorithmic thinking ability needs 

improvement. Students in the moderate and low categories exhibit differences in the types of errors they make. 

At the decomposition stage, the student in the moderate category (S2) made no errors, whereas the student in 
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the low category (S3) made errors in this component. The error made by S3 was a comprehension issue: it did 

not understand the problem context and could not break it down into smaller parts. This aligns with the 

findings of Solehudin et al. (2024), who showed that, in the decomposition component, students merely copied 

information from the problem and were unable to break it down into smaller parts. 

However, both S2 and S3 students made comprehension errors in the pattern recognition and abstraction 

components, as well as transformation errors in the abstraction stage and errors in algorithmic thinking. These 

findings align with Supiarmo et al. (2021), who stated that students often recognize patterns but do not 

understand the patterns they form, thus failing to connect those patterns to the next step in the solution 

process—abstraction—when the problem is sequential. At the abstraction stage, students still struggle to filter 

relevant information and to transform it into a mathematical model, which, in turn, affects subsequent 

components. This also aligns with Anggraeni & Nurlaelah (2025), who noted that errors in algorithmic 

thinking stem from mistakes made during the abstraction stage. Viewed through the computational thinking 

components outlined by Dong et al. (2019), students in categories S2 and S3 still need improvement in their 

computational thinking abilities. Thus, it can be concluded that, in general, students' error patterns indicate a 

hierarchical structure among the components of computational thinking. Students in the low category (S3) 

experience errors at the decomposition stage because they cannot understand the problem, which then carries 

over to the pattern recognition component, where their incomplete understanding prevents them from 

identifying the correct pattern. This subsequently impacts the abstraction stage because the understanding of 

the problem and the identified pattern is incorrect, leading to errors in the abstraction and algorithmic thinking 

components. 

Unlike previous studies that used computational thinking merely as a basis for grouping students' 

abilities Fatmawati & Nasution, 2024), this study explicitly mapped error types for each component of 

computational thinking using Newman's procedure. The results of this mapping indicate that each component 

of computational thinking exhibits distinct error characteristics. In the decomposition and pattern recognition 

components, students tended to make comprehension errors; in the abstraction component, students made 

comprehension and transformation errors; while in the algorithmic thinking component, all students made 

errors in process skills and writing the final answer. These findings indicate that integrating Newman’s 

procedure into each component of computational thinking can yield a more detailed and systematic mapping 

of errors than simply grouping students by computational thinking ability. 

CONCLUSION 

Based on the research findings, students made errors in decomposition, pattern recognition, abstraction, 

and algorithmic thinking. The errors included misunderstandings, transformations, process skills, and the 

final answer. Errors in one component can affect subsequent components, showing that students’ errors are 

interconnected within the problem-solving process. The implications of this study suggest that mathematics 

instruction should strengthen each component of computational thinking. Teachers should pay attention not 

only to students’ final answers but also to the underlying thought processes that lead to errors at each stage of 

problem-solving. Future research could involve a larger sample and additional mathematical content to 

provide a more comprehensive understanding of computational thinking and errors, following Newman’s 

procedure. 
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