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 This study aims to identify CT assessment methods in mathematics education and 

analyze their advantages and limitations through a Systematic Literature Review 

(SLR) approach. Using the PRISMA guidelines, this study analyzed 13 articles 

published between 2018 to 2025 from national and international databases. The 

results show that CT assessment methods in Indonesia include the Bebras Task 

instrument, CT indicator-based essay tests, a combination of written tests and 

interviews, and technology-based digital instruments. The Bebras Task is able to 

measure CT components comprehensively but requires high abstraction skills. 

Descriptive tests can assess deep thinking processes but require long analysis 

times and are susceptible to the influence of students' basic mathematical abilities. 

Combination methods produce richer data but are difficult to standardize with 

limited generalizability. Digital instruments offer ease of access but depend on the 

availability of technological infrastructure. Findings indicate that no single 

assessment method is most effective, so instrument selection must be tailored to 

measurement objectives, learning context, and resource availability. 
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Introduction 

Technological advances in the era of the Fourth Industrial Revolution and Society 5.0 have 

brought about major changes in education, including mathematics learning (Budiyanto et al., 2025). In 

this context, computational thinking (CT) is seen as an important new 21st-century literacy that all 

students should possess, alongside reading, writing, and arithmetic skills. CT emphasizes systematic 

thinking in formulating problems and developing solutions that can be processed by both humans and 

computers (Wing, 2006).  

The link between CT and mathematics learning is getting stronger because both emphasize 

systematic problem-solving processes (Kallia et al., 2021). Various studies show that applying CT can 

not only deepen understanding of mathematical concepts, but mathematics learning designed based on 

CT can also strengthen students' CT abilities (Pei et al., 2018). In Indonesia, the need for CT integration 

is becoming increasingly urgent given the low performance of students in the Programme for 

International Student Assessment (PISA), one of which is related to students' weaknesses in applying 

CT in the context of mathematics (Prasetyawan et al., 2025). 

https://creativecommons.org/licenses/by/4.0/
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Although the importance of CT has been widely recognized, there are several challenges in its 

implementation, particularly in relation to appropriate assessment methods. CT assessment is 

considered one of the main challenges in integrating CT into compulsory education (Allsop, 2019). 

Teachers report that CT assessment is very challenging because of its broad scope, which is not limited 

to coding alone. Varied definitions of CT and unclear curriculum objectives make it difficult for 

teachers to conduct effective assessments. This situation makes the need for comprehensive assessment 

guidelines and professional development programs for teachers even more urgent. Various instruments 

have been developed to measure CT, ranging from the Bebras Challenge, Computational Thinking Test 

(CTt), to programming-based instruments such as Scratch (Román-González et al., 2019). In Indonesia, 

several CT instruments have also been developed, but there has been no systematic review summarizing 

and evaluating these assessment methods (Fitriyah et al., 2024). 

Research findings on Indonesian students' CT abilities in mathematics still show variation. 

Research Rianto et al. (2024) shows that 60% of junior high school students can use CT to solve 

geometry problems, with achievable CT components including abstraction, decomposition, and 

algorithms. However, students' CT abilities are still limited to pattern recognition, with deficiencies in 

abstract and algorithmic thinking skills. These findings indicate the need to develop more effective and 

comprehensive CT assessment methods in mathematics education. 

However, the integration of CT in the Indonesian curriculum is still limited. CT is often only 

taught in computer science classes, while teacher skills, technological support, and existing assessment 

systems are not yet capable of optimally supporting CT development. In addition, unequal access to 

technology, especially in rural or underdeveloped areas, is a significant obstacle to CT education 

(Yuliana et al., 2021). The trend of research on CT in mathematics education has continued to increase 

in recent years. The focus of these studies includes teacher and student perceptions, assessment 

instrument development, CT integration in mathematics learning, CT-based learning models, and 

bibliometric analysis (Majid, 2025). However, there is still a scarcity of studies that specifically discuss 

the relationship or interaction between CT and K-12 mathematics thinking and learning (Shumway et 

al., 2021).  

Given the significant role of CT in mathematics learning and the complexity of the assessment 

process, a systematic review is needed to summarize the various CT assessment methods that have been 

developed and used in education. This review is expected to map existing assessment methods, identify 

their strengths and weaknesses, and provide recommendations for the development of CT assessment 

instruments that are more relevant to the context of mathematics learning at various levels of education. 

Methods 

This study uses a Systematic Literature Review (SLR) approach. This approach uses data from 

articles searched in national and international databases such as Google Scholar, ResearchGate and 

Crossref with the keywords "assessment method", "computational thinking", and "mathematics 
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education". The articles used were publications in international and national journals from 2018 to 2025 

with the research subject of students. The SLR approach aims to examine, review, and synthesize the 

results of previous studies relevant to a specific focus of study, based on systematic research questions 

and predetermined criteria (Latifah & Ritonga, 2020). In research based on Systematic Literature 

Review (SLR), determining the research question is a fundamental stage that serves as the main guide 

in the entire review process. This research question is formulated to direct literature searches, article 

selection, and the data analysis and synthesis process. The research questions in this study are as 

follows: 

RQ1 : What assessment methods are used to measure computational thinking skills in 

mathematics education? 

RQ2 :  What are the advantages and limitations of the assessment methods used to evaluate 

computational thinking skills in mathematics learning? 

The article review process was carried out using the PRISMA (Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses) guidelines, as described by Akande et al. (2020), to minimize 

bias in the literature identification and selection process, thereby ensuring that the results of the study 

were more objective and comprehensive. The phases that must be carried out in this approach include 

determining the topic and focus of the study, searching for relevant studies, analyzing and selecting 

documents according to criteria, and assessing the quality of articles (through analysis, synthesis, and 

description) (Khurshid et al., 2020). The following are the steps taken by the author based on the 

PRISMA guidelines: 

 

 

a. Identification 

There are 226 articles identified related to methods for measuring computational thinking skills in 

mathematics education using Publish or Perish 8 from 2018 to 2025. 

b. Screening 

Of the 226 articles, 41 were not relevant to the context of mathematics education, 13 articles did 

not have elementary, junior high, or high school students as their subjects, 77 articles were not open 

access, and 16 data were not articles. In this stage, a total of 147 articles were removed. 

c. Eligibility 

In this stage, 49 articles could not answer the research question and were therefore removed. 

d. Included  

There were 13 articles that met the criteria for measuring computational thinking skills in 

mathematics education. 

The article selection process above can be seen in the inclusion and exclusion criteria table below. 
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Table 1. Inclusion Exclusion Criteria 

Aspect Inclusion Criteria Exclusion Criteria 

Article duplicate No duplicates Duplicate articles 

Method 
Uses qualitative, quantitative, and 

developmental research methods 

Uses SLR and Meta-

Analysis research methods 

Articles access Full text articles that can be accessed 
Articles that are not full text 

and cannot be accessed 

Main topic 
Articles discuss computational thinking 

and assessment methods 

Articles do not discuss 

computational thinking and 

assessment methods 

Context  
Articles in the context of mathematics 

education 

Outside articles in the 

context of mathematics 

learning 

Research subject 
Elementary, junior high, and high 

school students 

Not elementary, junior high, 

or high school students 

Research question  
Articles can answer the research 

question 

Articles cannot answer the 

research question 

 

Based on the table above, the results of the article selection can be visualized in Figure 1 below. 

 

 

Figure 1. Prisma Diagram Of Computational Thinking 
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Result and Discussion 

RQ1 : What assessment methods are used to measure computational thinking skills in 

mathematics education?  

Computational thinking (CT) skills in mathematics learning require appropriate assessment 

instruments to measure the extent to which students can apply computational thinking skills in problem 

solving. To answer the first research question, an analysis was conducted on 14 studies that used various 

CT assessment methods in the context of mathematics learning in Indonesia. Table 2 below summarizes 

the assessment methods used by each researcher along with the characteristics of the instruments 

developed. 

Table 2. Assessment Methods for Computational Thinking 

Author Result 

(Mustaqimah, 2024) Researchers used three Bebras Task questions from the Collector category (junior 

high school) entitled “Right and Left,” “City Full of Turns,” and “Four Jobs,” which 

were selected from the 2016–2018 period and modified as necessary. 

(Mania, 2021) This study used a performance-based written test that was systematically developed 

and validated using the Borg & Gall model to measure students' computational 

thinking skills. 

(Hartawan., et al 2024) This study used the Bebras Task adaptation essay test (performance-based written 

test) with CT indicators (decomposition, patterns & generalization, abstraction, 

algorithmic) and supporting interviews as assessment methods to measure the 

computational thinking abilities of junior high school students. 

(Mukhibin., et al 2024) The CT assessment method used is an indicator-based computational thinking test 

(decomposition, patterns, abstraction, algorithms) supplemented by qualitative 

interviews to assess students' thinking processes. The assessment focuses on 

analyzing the quality and depth of students' computational thinking in the context 

of solving mathematical problems (geometry). 

(Anwar et al., 2025) Researchers assessed computational thinking skills through direct observation of 

teacher and student activities, pre-tests and post-tests of programming 

comprehension, and CT assessment rubrics used during Scratch project presentation 

sessions. The assessment focused primarily on performance-based assessment as 

teachers and students programmed, solved problems, and implemented 

computational logic in the context of mathematics learning. 

(Hasanah & Masduki, 

2024) 

The computational thinking (CT) assessment method in this study was conducted 

through a CT skills test covering four main indicators, namely decomposition, 

pattern recognition, abstraction, and algorithmic thinking. The test instruments were 

given to students with field independent (FI) and field dependent (FD) cognitive 

styles to explore differences in CT abilities based on cognitive characteristics. 
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(Susanti et al., 2025) Researchers used a linear programming-based problem-solving test worksheet, 

think-aloud exercises, and semi-structured interviews. The test given to 98 students 

contained problem-solving problems that were analyzed using four computational 

thinking indicators. 

(Fitri et al., 2024) Researchers measured students' computational thinking abilities using test 

instruments administered by teachers in five classes. The scores for each indicator 

were then processed using the Tsukamoto Fuzzy algorithm to determine students' 

CT ability levels, which were grouped into low, medium, and high categories. 

(Amelia et al., 2024) In this study, students' computational thinking skills were measured using an 

Android-based mathematics assessment tool containing 15 essay questions 

specifically developed based on four CT indicators. This tool was contextualized 

with the Tabot Bengkulu culture and flat-sided spatial construction material, 

enabling students to analyze problems, recognize patterns, and systematically 

develop solution steps. 

(Ahmadi et al., 2025) In this study, students' computational thinking skills were measured using a 

descriptive test consisting of three math questions on number patterns. In addition 

to the written test, the researchers also used structured interviews as a supporting 

instrument to confirm students' thinking processes in three categories (high, 

medium, low), so that the mapping of CT skills would be more accurate. 

(Adiyastuti, 2024) Researchers measured students' computational thinking skills using AKM 

numeracy essay tests consisting of three essay questions based on personal and 

social contexts. In addition to written tests, researchers also used unstructured 

interviews to explore students' thinking processes and triangulated data through 

answer sheet documentation. 

(Hauda,. et al 2024) Researchers measured students' computational thinking skills using a written test 

consisting of two essay questions on exponential functions that contained four CT 

indicators, namely decomposition, pattern recognition, abstraction, and algorithms. 

The test was accompanied by interview guidelines to explore students' thought 

processes in greater depth and confirm their answers. 

(Febriantoro et al., 

2025) 

Students' computational thinking skills were measured using an ISTE indicator-

based computational thinking test, which covered four main components, namely 

problem formulation, data organization, automation, and generalization of 

solutions. In addition, the study also used a Bloom's Taxonomy-based cognitive test 

at levels C4–C6 to assess the aspects of analysis, evaluation, and creation, which 

are considered part of computational thinking skills. 

 

Based on Tabel 2, it was found that there are various approaches to measuring students' CT 

abilities. Several studies use the Bebras Task as an assessment instrument. Mustaqimah (2024) used the 

Bebras Task test in the Penggalang (junior high school) category with three questions selected from the 
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2016–2018 period and modified as needed. A similar approach was also applied by Hartawan. et al 

(2024), who used an adapted Bebras Task essay test with clear CT indicators, namely decomposition, 

patterns and generalization, abstraction, and algorithmics.  

The majority of studies developed essay test instruments designed based on computational 

thinking indicators. Research conducted by Mania (2021) used a performance-based written test that 

was systematically developed and validated using the Borg & Gall model. Mukhibin et al. (2024) also 

developed a descriptive test based on CT indicators with a focus on analyzing the quality and depth of 

students' computational thinking, particularly in the context of solving geometric mathematics 

problems. Hasanah & Masduki (2024) used a CT skills test covering four main indicators, namely 

decomposition, pattern recognition, abstraction, and algorithmic thinking. Meanwhile, Ahmadi et al. 

(2025) developed an essay test consisting of three mathematics questions on number patterns, and 

Hauda et al. (2024) used two essay questions on exponential functions with the same four CT indicators.  

Contemporary studies show a trend toward using mixed assessment methods that combine 

written tests with interviews. Hartawan et al. (2024) supplemented the Bebras Task adaptation essay 

test with supporting interviews. Mukhibin. et al (2024) integrated qualitative interviews to assess 

students' thinking processes in greater depth. Susanti et al. (2025) used a combination of linear 

programming-based problem-solving tests, think-aloud exercises, and semi-structured interviews. 

Adiyastuti (2024) used AKM numeracy descriptive tests with unstructured interviews and data 

triangulation through answer sheet documentation, while Hauda et al. (2024) also supplemented written 

tests with interview guidelines to explore students' thinking processes.  

Anwar et al. (2025) applied a performance-based assessment approach through direct 

observation of teacher and student activities, pre-tests and post-tests of programming comprehension, 

and CT assessment rubrics during Scratch project presentation sessions. Amelia et al. (2024) developed 

an Android-based mathematics evaluation instrument containing 15 essay questions contextualized 

with the Tabot Bengkulu culture and flat-sided spatial figures. Fitri et al. (2024) applied an innovative 

approach using the Tsukamoto Fuzzy algorithm to process the values of each CT indicator and 

determine the level of student ability, which was grouped into low, medium, and high categories. 

Febriantoro et al. (2025) developed a computational thinking test based on ISTE indicators covering 

four components, namely problem formulation, data organization, automation, and generalization of 

solutions, supplemented with a Bloom Taxonomy-based cognitive test at levels C4–C6 to assess the 

aspects of analysis, evaluation, and creation. 

An analysis of 13 studies shows that computational thinking assessment methods in 

mathematics education in Indonesia have evolved from simple task-based approaches to more 

comprehensive and integrated assessment systems. The results of the analysis show a diversity of 

approaches in measuring students' computational thinking (CT) abilities in the context of mathematics 

learning in Indonesia. These findings are in line with global trends which show that there is no single 
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consensus on the most effective CT assessment instruments. The diversity of assessment methods found 

in this study reflects the complexity and multidimensional nature of CT abilities themselves. 

The findings show that several studies utilize the Bebras Task as an assessment instrument in 

line with the global trend of using Bebras as a tool to promote CT among children and adolescents. This 

study, validated by Dagiene (2022), shows that the Bebras Task is specifically designed to assess CT 

components such as abstraction, algorithmic thinking, decomposition, evaluation, and generalization. 

However, research by Zapata et al. (2024) in Education and Information Technologies emphasizes the 

importance of rigorous psychometric validation when adapting the Bebras Task to local contexts. They 

point out that although the Bebras Task has great potential as a CT assessment tool, adjustments need 

to be made taking into account the cognitive development level of students and the local cultural 

context. In the Indonesian context, research adapting the Bebras Task needs to report a more 

comprehensive validation process to ensure that the instrument is appropriate for the characteristics of 

Indonesian students.  

One important finding from this study is the trend of using mixed assessment methods that 

combine written tests with interviews. A similar study by El-hamamsy et al. (2021) published in the 

Journal of Educational Computing Research also recommends the use of mixed methods in CT 

assessment, especially to overcome the limitations of single-method assessment. They found that 

interviews can help confirm and clarify students' responses on written tests, thus providing a more 

accurate picture of students' CT abilities. The practices carried out by Indonesian researchers 

demonstrate methodological maturity and awareness of the complexity of measuring CT abilities. 

The use of programming platforms such as Scratch for CT assessment is in line with global 

research. Ye et al. (2023) in the International Journal of STEM Education found that programming-

based project assessments can effectively measure CT while providing authentic learning experiences 

for students. However, they also warned that there is a risk of confusing CT with coding skills, so 

caution is needed in designing and interpreting programming-based assessment results. 

A more unique approach is the use of fuzzy logic to classify students' CT ability levels. This 

finding is interesting because it contrasts with the conventional approach of using a fixed cut-off score. 

Research by Filiz (2025) published in Scientific Reports supports the use of adaptive neuro-fuzzy 

inference systems (ANFIS) to predict students' CT abilities. They found that the fuzzy logic approach 

can handle uncertainty and ambiguity in CT assessment better than traditional statistical methods. This 

shows that the innovations made by Indonesian researchers are at the forefront of global CT assessment 

methodology development. 

One of the notable innovations from Indonesian research is the effort to integrate cultural 

context into CT assessment. This approach demonstrates an awareness of the importance of cultural 

relevance in the development of assessment instruments. This finding is in line with the arguments put 

forward by international researchers about the importance of cultural relevance in CT education. Leung 
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(2020) in the International Journal of STEM Education discusses the concept of “boundary crossing 

pedagogy,” which emphasizes the importance of integrating local and cultural contexts into STEM 

learning, including CT. They argue that meaningful assessments must consider the social and cultural 

contexts of students in order to measure their abilities more accurately. 

 

RQ2 : What are the advantages and limitations of the assessment methods used to evaluate 

computational thinking skills in mathematics learning? 

Based on an analysis of various studies related to instruments for measuring computational 

thinking (CT) skills in mathematics learning, several important findings were discovered that can be 

categorized based on the type of instrument, strengths, limitations, and implications for measuring CT. 

The results of this study are presented based on the category of instrument used. 

Bebras Task-Based Instrument 

The Bebras Task instrument is one of the most widely adapted instruments in CT research in 

Indonesia. Mustaqimah (2024) found that the Bebras Task has a major advantage because it is 

specifically designed to comprehensively cover CT indicators, including decomposition, pattern 

recognition, abstraction, and algorithmics. This instrument does not require computer science 

knowledge, making it easy to apply in mathematics learning. However, the study also identified 

significant limitations, particularly in questions that require a high level of abstraction and algorithmic 

skills, causing many students to have difficulty understanding the context and determining the solution 

strategy.  

Similar findings were also revealed by Hartawan et al. (2024) who adapted the Bebras Task in 

their research. This instrument is able to comprehensively measure all components of CT, and is 

reinforced by the use of in-depth interviews that help provide a clearer picture of students' difficulties. 

However, this study found that the Bebras instrument sometimes requires strong basic mathematical 

skills, such as understanding inequality signs or arithmetic operations, so that CT measurement results 

can be influenced by students' mathematical abilities, not purely their computational abilities. Other 

limitations include the use of only five questions, resulting in relatively limited measurement coverage, 

a low number of subjects (only 5 students), and a paper-and-text-based instrument, meaning that literacy 

skills could influence students' understanding of the question context.  

The findings of the study on the Bebras Task instrument are in line with the results of a study 

Santaengracia et al. (2025) which found that Bebras tasks were able to comprehensively measure 

computational thinking (CT) abilities in 7th grade students with a sample of 1,513 students from 86 

schools in Spain. The study confirmed that the Bebras Task did not show significant gender differences 

in overall performance, supporting the potential of Bebras as a fair assessment tool.  

In line with the study Masiulionytė-dagienė & Jevsikova (2025), it provides a deeper 

perspective on the limitations of Bebras. Their findings show that the biggest challenge in Bebras is not 
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solely computational logic, but rather students' ability to understand the context and interpret the task 

comprehensively. This confirms the findings of this study that Bebras questions that require high 

abstraction and algorithmic abilities often challenge students due to the complexity of understanding 

the context, not solely because of weaknesses in computational thinking. 

Essay Test Instruments 

Essay test instruments are a popular choice because of their ability to assess students' thinking 

processes in depth. Mania (2021) developed instruments designed in accordance with the curriculum, 

containing CT indicators (decomposition, pattern recognition, abstraction, algorithms) and equipped 

with attractive visual displays that make it easier for students to understand the questions. The use of 

the Borg & Gall development model makes the instrument more systematic and tested. However, this 

study found that students had difficulty with the pattern recognition and abstraction components due to 

the high demands of reasoning, so that the measurement results could be influenced by students' uneven 

thinking abilities. Another limitation is that the paper-based test format makes the scoring process less 

efficient than digital instruments. 

Mukhibin et al. (2024) used a combination of descriptive tests, self-efficacy questionnaires, and 

interviews in their research. The descriptive test instrument contained four CT indicators so that it could 

assess students' abilities in greater depth, while the questionnaire helped classify students based on their 

level of self-efficacy, and the interviews strengthened the validity of the findings by clarifying the 

students' thinking processes. However, the main limitation of this study is the very small number of 

subjects, only three students, so the results cannot be generalized. The essay test is also potentially 

influenced by mathematical ability and understanding of lines and angles, so the CT measurement is 

not entirely pure. The use of manual instruments such as interviews and essays makes the analysis time-

consuming and potentially subjective. 

These findings indicate that essay-based instruments remain the dominant choice for measuring 

computational thinking (CT) abilities in mathematics learning. This dominance is in line with the trend 

in research in recent years, as reported by Atmatzidou & Demetriadis (2016), which states that essay 

instruments allow researchers to observe students' thinking processes more deeply than objective 

instruments. Essay tests are also considered capable of assessing CT indicators more comprehensively, 

especially decomposition, pattern recognition, and algorithms, as emphasized in a study (Sırakaya, 

2020). 

However, previous studies also show that essay tests have limitations, particularly in terms of 

scoring objectivity and analysis time. This is consistent with the trend identified by Weintrop et al. 

(2021), which emphasizes that traditional instruments require a lengthy correction process and are prone 

to subjectivity if not supported by a strong analytical rubric. In line with this, several recent studies, 

such as Tikva & Tambouris (2023) recommend the use of digital instruments or automated scoring to 

improve efficiency and reliability in CT assessment. 
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The difficulties students encounter in pattern recognition and abstraction indicators found in 

the reviewed studies are also consistent with global findings. Studies by Shute et al. (2021) show that 

abstraction is the most challenging component of CT because it requires high-level mental 

representation skills. Therefore, description-based instruments often capture large variations in ability 

among students, which affects score stability. 

In addition, the limited sample size in several of the studies reviewed shows that many CT 

studies in the context of mathematics are still exploratory and qualitative in nature. This condition is in 

line with the international literature mapping by Chen et al. (2023), which found that CT assessment 

research in mathematics is still dominated by small-scale studies focusing on student thinking processes 

rather than the generalization of results. 

Combined Test and Interview Instruments 

Several studies use a combination of instruments to strengthen the validity and depth of data. 

Hasanah & Masduki (2024) used computational thinking tests, GEFT cognitive style tests, and 

interviews that were able to provide a more in-depth and triangulated picture of students' CT. The CT 

test adapted from Asesmenpedia has been validated by three experts and tested on students, so the 

instrument has good content validity. The use of GEFT is also an added value because it allows 

researchers to analyze CT abilities based on differences in field independent (FI) and field dependent 

(FD) cognitive styles. However, this instrument has limitations in that there are only three CT questions, 

so the coverage of CT indicators is relatively narrow. The selection of only five subjects for in-depth 

analysis limits generalization, and the essay test is greatly influenced by students' basic mathematical 

abilities. 

Ahmadi et al. (2025) used an essay test based on CT indicators and interviews that were able 

to explore students' thinking processes in depth, reveal differences in abilities between high, medium, 

and low categories, and provide a detailed picture of how students understood the questions, found 

information, and drew conclusions. The combination of tests and interviews made the data richer and 

more valid for assessing CT abilities qualitatively. However, this method has limitations in the form of 

a limited sample size, the potential for students' answers to not be entirely authentic due to limited 

supervision during the test, and dependence on the quality of essay questions, which are sometimes 

difficult for students to understand.  

Limitations related to the small number of subjects and the potential for subjectivity are in line 

with research arguments stating that portfolio and interview assessment formats are indeed difficult to 

standardize. As a result, it is difficult to provide evidence of validity and reliability. Furthermore, it is 

difficult to apply on a large scale and cannot be used in pre-post assessments. This contradicts the need 

for instruments that can be used widely and efficiently (Han, 2023). 

Adiyastuti (2024) used AKM numeracy essay tests and interviews that were able to assess 

computational thinking skills in depth, especially in seeing how students describe information, 
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recognize patterns, and compile solution steps. Interviews help confirm students' reasoning and thought 

processes so that the data is more accurate. However, this instrument has limitations in the form of 

questions that are quite complex, causing many students to fail to identify important information, as 

well as the long data collection time because the analysis of essay answers and interviews requires 

detailed interpretation. 

Hauda et al (2024) also used a combination of written tests and interviews that were able to 

capture students' thinking processes in depth, especially on CT indicators such as decomposition, 

pattern recognition, and abstraction, which were clearly seen from the students' essay answers. The 

combination of tests and interviews strengthened the validity of the data because researchers could 

confirm the reasoning behind the students' solution steps. However, this instrument shows low student 

accuracy on algorithm indicators, indicating that the questions and interview process are not yet fully 

capable of helping students model exponential problems systematically. The use of a focus sample of 

only three students makes the instrument results less representative and difficult to generalize. 

Susanti et al. (2025) used a more complex method by combining problem-solving tests, think-

alouds, and interviews. This method provides the advantage of very rich data and allows researchers to 

assess the CT process in depth at each stage (decomposition, pattern recognition, abstraction, and 

algorithms). The combination of these three instruments improves the accuracy of interpretation 

because it allows for data triangulation. However, this method has significant limitations, namely that 

it is very time-consuming, the analysis is complex, and the results are prone to subjectivity because they 

depend on the researcher's interpretation. The small sample size of only four students limits 

generalizability, and the test instrument, which focuses on only one context (linear programming), 

results in a narrow scope of CT measurement. 

The use of combined instruments, such as essay tests integrated with interviews, think-aloud 

protocols, or cognitive instruments e.g., GEFT, supports the view that assessing computational thinking 

requires a multimethod approach. Recent studies indicate that employing multiple assessment methods 

enables researchers to capture both the products of thinking (written responses) and the processes of 

thinking, including verbal reasoning and problem-solving strategies, which cannot be fully revealed 

through a single instrument (Pirzado et al., 2025). This triangulation strengthens the depth and validity 

of CT assessment by allowing a more comprehensive interpretation of students’ cognitive processes 

(Liu & Li, 2020). 

Despite providing depth, the combination of instruments also poses methodological challenges 

that are consistently reported in the literature. Several studies highlight limitations in generalization due 

to small samples and heavy analytical burdens (Scherer et al., 2019). Findings related to sample size 

limitations and subjectivity of assessment in the reviewed studies are consistent with this criticism; 

although data become more in-depth, evidence of reliability and generalizability is often weak. 

Therefore, CT research relying on qualitative designs needs to complement procedures with rigorous 
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analysis rubrics and documented triangulation procedures to improve transparency and reproducibility 

(Curzon et al., 2020). 

Instrument validity is also a major concern. The literature emphasizes the need for construct and 

criterion validation, as well as adequate testing, before instruments are used to draw broader conclusions 

(Román-González et al., 2018). Findings related to narrow item coverage, for example, only three CT 

items and complex questions, indicate the risk of insufficient CT indicator samples and ambiguity in 

the interpretation of answers. This is in line with academic recommendations that CT instruments cover 

adequate indicator domains and be systematically tested for validity so that the interpretation of scores 

truly reflects CT ability, not just mastery of mathematical content. 

Furthermore, research on think-aloud protocols and interviews confirms the added value of both 

in revealing cognitive processes, but also highlights their vulnerability to reactivity bias and researcher 

interpretation (Grover & Pea, 2018). Therefore, when using think-aloud protocols or interviews, it is 

important to implement informant training procedures, transcription guidelines, and inter-rater 

triangulation techniques to reduce subjectivity. The literature also recommends combining qualitative 

approaches with standardized quantitative instruments when research objectives involve generalization 

or large-scale program evaluation (Ericsson & Simon, 1993; Creswell & Plano Clark, 2018). 

The direction of development recommended by the literature is the integration of technology to improve 

the efficiency, objectivity, and scalability of CT assessment (Curzon et al., 2020). Automated 

assessment tools and digital platforms enable the collection of process traces (data logs) and automated 

assessment of certain aspects, thereby balancing the need for process depth and pragmatic needs in large 

classes. Thus, while a combination of qualitative instruments remains relevant for in-depth studies, 

incorporating digital approaches may be a middle ground for improving reliability and generalizability 

in the future. 

Digital and Technology-Based Tools   

Technological developments have encouraged the development of digital tools to measure CT. 

Amelia et al. (2024) developed an Android-based mathematics evaluation tool with the context of Tabot 

Bengkulu, which has been proven valid in terms of content, construct, and language, and is capable of 

measuring CT indicators such as decomposition, patterns, abstraction, and algorithms. The integration 

of cultural context and Android display makes this tool more attractive, accessible, and helps students 

understand problems more meaningfully. However, this tool has limitations in the form of several 

questions that are still difficult for students to understand due to unclear images and complex 

calculations, as well as the long development time required and dependence on the availability of digital 

devices in schools.  

Anwar et al. (2025) used a different approach by applying Scratch as a learning medium that 

was evaluated through pre-post assessments, classroom observations, and evaluation questionnaires. 

This method was able to provide a comprehensive picture of the improvement in computational thinking 
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in both teachers and students, with results showing an increase in teacher understanding of up to 90% 

and an increase in student engagement of up to 85%. The combination of needs surveys, practical 

workshops, and classroom implementation produced rich and in-depth data. However, this method has 

limitations because the results are highly dependent on technical conditions such as internet connection, 

computer equipment, and teacher readiness, so the findings do not fully reflect individual CT abilities. 

The measurement tools also measure aspects of engagement, technological understanding, and 

pedagogical competence rather than directly measuring students' CT abilities using specific tests. This 

study was only conducted in one MGMP, so the generalization of the results is still limited. 

Febriantoro et al. (2025) used a cognitive test developed based on computational thinking 

indicators to assess students' ability to solve programming problems. This tool is capable of directly 

measuring aspects of computational thinking through problem-solving questions that are in line with 

the competencies required of students in project-based learning, as well as providing a quantitative 

picture of individual students' abilities. However, this tool has limitations because the assessment only 

focuses on the final results of the questions, so it does not comprehensively capture students' 

computational thinking processes. This tool also does not evaluate the thinking strategies or problem-

solving steps used by students, so the representation of CT abilities is not fully comprehensive. 

The findings of this study regarding the limitations of digital tools related to infrastructure availability 

and technical readiness are in line with a comprehensive systematic review study by Oliveira et al. 

(2025), which identified recurring challenges in the implementation of digital tools for CT development, 

including inadequate infrastructure, difficulties in using the tools, teacher training, adaptation of 

pedagogical practices, and measurement of students' CT skills. They emphasize that inequalities in 

technology access and teacher training affect the implementation and effectiveness of CT education, 

especially in resource-limited areas. They note that disagreement over the most effective CT teaching 

methods and assessment of CT skills creates significant challenges. Differences in digital infrastructure 

levels, cultural differences in educational priorities, and the need for local curriculum adaptation further 

complicate the global landscape of CT education. These findings reinforce the limitations identified in 

this study that digital tools require a long development time and depend on the availability of digital 

devices in schools. 

Conclusion 

Based on the results of an analysis of 13 studies, it was found that computational thinking (CT) 

assessment methods in mathematics education in Indonesia have developed into a variety of approaches, 

including the Bebras Task instrument, CT indicator-based descriptive tests, a combination of written 

tests and interviews, and technology-based digital instruments such as Android and Scratch 

applications. Each method has different advantages and limitations. The Bebras Task is able to 

comprehensively measure CT components without requiring computer science knowledge, but it often 

requires high levels of abstraction and algorithmic skills that are difficult for students. Essay tests can 
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assess deep thinking processes but require longer analysis times and are susceptible to the influence of 

students' basic mathematical abilities. The combination of tests and interviews produces richer and more 

valid data but is difficult to standardize and has limitations in generalization due to the limited number 

of subjects, while digital instruments offer ease of access and cultural contextualization but are highly 

dependent on the availability of technological infrastructure and require a long development time. These 

findings indicate that there is no single most effective assessment method, so the selection of 

instruments must be tailored to the measurement objectives, learning context, and resource availability. 

Recommendation 

Future research is recommended to develop more comprehensive and standardized computational 

thinking (CT) assessment instruments that are specifically designed for mathematics education 

contexts. Further studies should focus on integrating qualitative and quantitative approaches in order to 

capture both students’ problem-solving processes and learning outcomes more accurately. In addition, 

larger and more diverse research samples are needed so that the findings can be generalized across 

different educational levels and learning environments. The development of digital-based assessment 

tools that are adaptive, efficient, and culturally contextualized is also important to support the 

implementation of CT assessment in the era of digital learning. Future researchers are also encouraged 

to conduct rigorous validity and reliability testing to ensure that CT assessment instruments truly 

measure computational thinking skills rather than merely mathematical achievement or literacy skills. 
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