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Abstract  

The integration of computational thinking in mathematics learning is essential to support 21st-

century skills; however, assessment practices in schools still inadequately measure students’ 

thinking processes. This study aims to analyze the quality of a test instrument designed to measure 

junior high school students’ computational thinking ability on ratio material. A quantitative 

descriptive-evaluative method was employed involving 64 seventh-grade students. The instrument 

consisted of five contextual essay items developed based on computational thinking indicators: 

decomposition, pattern recognition, abstraction, generalization, and algorithmic thinking. Item 

analysis was conducted to examine validity, reliability, difficulty index, and discrimination power. 

The results indicate that all items were valid and the instrument showed high reliability (α = 0.81). 

The difficulty levels ranged from easy to moderate, while the discrimination power was categorized 

as sufficient to good. These findings demonstrate that the instrument is valid, reliable, and 

appropriate for measuring students’ computational thinking ability in mathematics learning at the 

junior high school level. 

Keywords:  computational thinking, discriminating power, item analysis, level of difficulty, 

validity, reliability  

 

Introduction  

 

 The development of digital technology in the 21st century requires the younger 

generation to have competencies that go beyond mere academic mastery, such as critical 

thinking, problem solving, and systematic information processing. One of the key skills that 

supports these demands is computational thinking (CT), which includes the ability to 

decompose, recognize patterns, abstract, and design algorithms to produce logical and 

efficient solutions. Since its comprehensive introduction by Wing (2006) as a fundamental 

skill for all individuals, CT has been increasingly integrated into various fields of learning, 

including mathematics, which has a strong affinity for logical reasoning and problem solving 

(Irawati and Hadi, 2025). However, the implementation of CT in learning has not been fully 

matched by the availability of high quality, valid, and reliable CT testing instruments, so that 

measuring students' CT abilities remains an issue that needs to be studied in depth. 

In Indonesia, the integration of computational thinking (CT) into mathematics 

learning is gaining attention. Various studies have explored the development of CT-based 
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mathematics learning models, the application of interactive media, and the development of 

assessment instruments to measure students' CT abilities (Irawan et al., 2024). In addition, 

the application of CT in mathematics learning has been reported to improve students' 

problem-solving, reasoning, and higher order thinking skills (HOTS) (Kaswar and 

Nurjannah, 2024). However, most of these studies focus more on the aspects of 

implementation and learning impact, while studies that specifically examine the quality of 

CT test instruments, especially in terms of validity, reliability, and item characteristics, are 

still limited. Therefore, research that explicitly examines the quality of CT test instruments 

is needed so that the measurement of students' CT abilities in mathematics learning can be 

carried out accurately and reliably. 

However, assessment practices in schools are still dominated by procedural questions 

that focus on final answers rather than the thinking process, so students' computational 

thinking (CT) skills are not measured optimally. In the context of assessment, CT 

components can be operationalized through questions that require students to break down 

complex problems into sub-problems (decomposition), identify regularities or patterns from 

the given data or situations (pattern recognition), filter important information and represent 

problems in a simple manner (abstraction), draw conclusions or general rules from the 

solutions obtained (generalization), and develop logical and systematic steps for solving 

problems (algorithms). Therefore, testing instruments with good psychometric qualities, 

including validity, reliability, difficulty level, and discriminating power, are needed so that 

each item truly measures aspects of CT accurately and reliably. 

Based on this need, this study aims to evaluate the quality of test items developed to 

assess junior high school students’ computational thinking abilities. The analysis includes 

validity testing, reliability, item difficulty index, and discrimination power. The findings of 

this study are expected to provide reliable assessment instruments aligned with 21st-century 

competency demands and serve as a reference for teachers and researchers in designing 

assessments that comprehensively capture students’ computational thinking processes. 

 

 

 

Method  

This study used a quantitative approach with a descriptive-evaluative design, which 

is a study that aims to describe and evaluate the quality of test instruments based on trial 

data. The evaluation was conducted through an analysis of the characteristics of the 
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questions, including validity, reliability, difficulty level, and discriminating power, to assess 

the suitability of the instruments in measuring the computational thinking abilities of junior 

high school students. The developed instrument consists of five contextual mathematics 

essay questions on the subject of ratios, which are compiled based on computational thinking 

ability indicators, including problem decomposition, pattern recognition, abstraction, 

generalization, and algorithms. The developed questions are presented in the following 

figure. 

 

 

 

 

 

 

 

 

 

Figure 1. Test Item 

The instrument was tested on 64 seventh-grade students at SMP Negeri 1 Kota 

Agung Barat, who were selected using purposive sampling, considering that the class had 

studied material relevant to computational thinking ability indicators. The use of this 

technique enabled the collection of data that was relevant and in line with the objectives of 

the instrument evaluation. However, the research results have limitations in terms of 

generalization to a wider population, so the research findings need to be interpreted in the 

context of the subjects studied. 

Data collection was conducted through a written test administered in a single session, 

with scoring guided by a rubric designed to maintain consistency among assessors. Each 

student’s response was scored according to the indicators in each test item, producing 

quantitative data for further analysis. 

Item analysis was performed to assess the instrument’s quality based on four key 

aspects: validity, reliability, difficulty level, and discrimination power. Item validity was 

calculated using Pearson’s Product-Moment correlation by comparing the obtained 

r_calculated and r_table values at a 5% significance level. Instrument reliability was 

analyzed using Cronbach’s Alpha coefficient, with an instrument considered reliable if α ≥ 
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0.70. The difficulty level was determined by comparing the mean score of each item with 

the ideal maximum score, and items were categorized as difficult, moderate, or easy. The 

discrimination index was computed by comparing the mean scores of the upper and lower 

groups to evaluate each item’s ability to differentiate between high- and low-ability students. 

All analytical processes were conducted using Microsoft Excel to facilitate statistical 

computation. Through these procedures, a comprehensive overview of the instrument’s 

quality was obtained, leading to conclusions about the appropriateness of the test items as 

valid evaluation tools for measuring junior high school students’ computational thinking 

skills. 

 

Results and Discussion  

 

 The quality analysis of the instrument was conducted on five test items measuring 

computational thinking skills, administered to 64 eighth-grade students. The analysis 

covered validity, reliability, difficulty level, and discrimination index. 

 

1. Validity Test 

The validity analysis was carried out using the criterion-validity formula through the 

Pearson Product-Moment correlation coefficient, as follows: 

  

   (1) 

 

 

The test results were obtained using Microsoft Excel.  

Table 1. Validity Test Results 

Validity Test 
Question 

1 2 3 4 5 

R Calculated 0,729 0,701 0,753 0,786 0,806 

R Table 0,2465 0,2465 0,2465 0,2465 0,2465 

Description Valid Valid Valid Valid Valid 

 

Based on the calculations in the table, all items in the computational thinking ability 

test instrument are valid because the calculated r value is greater than the table r value 

(0.2465). This shows that each item contributes significantly to the total score and is able to 

measure the targeted aspects of computational thinking ability. In accordance with Arikunto 
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(2013), the validity of an item is determined through the correlation between the item score 

and the total score, where an item is declared valid if its correlation value exceeds the r-table 

at a certain significance level. In addition to being statistically supported, the validity of this 

instrument is also substantively reinforced because each item has been designed based on 

clear CT indicators, namely problem decomposition, pattern recognition, abstraction, 

generalization, and algorithmic thinking, so that the items are not only empirically valid but 

also consistent with the theoretical construct being measured. Thus, the instrument used is 

suitable as a representative measure of computational thinking ability. 

This result aligns with several studies conducted over the past decade. Research by 

El-Hamamsy et al. (2022) demonstrated that the Computational Thinking Test (cCTt) 

instrument possesses excellent psychometric properties, as analyses using classical test 

theory and item response theory confirmed its validity and reliability in measuring 

elementary school students’ computational thinking skills. Furthermore, the study by 

Maksum et al. (2022) supported this conclusion, showing that their developed computational 

thinking assessment instrument was valid based on Aiken’s V analysis, with each item 

achieving a high validity category. The consistency of these findings indicates that the 

instrument in this study meets recognized measurement standards in the literature and can 

be appropriately used to assess students’ computational thinking abilities. 

 

2. Reliability Test 

 

Reliability analysis was performed using Cronbach's Alpha coefficient, because the 

instrument was in the form of essay questions with politomus scoring. This coefficient 

was used to measure the internal consistency of the instrument. The Cronbach's Alpha 

formula is expressed as follows: 

 

(2) 

 

where k denotes the number of items, 𝜎𝑖
2 the variance of each item, and 𝜎𝑡

2 the variance 

of the total score. 
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Table 2. Reliability Test Results 

Reliability Test 
Question  

1 2 3 4 5 

Variance 1,313 1,51 1,348 1,833 2,293 

Sum of Variances 8,298     

Total Variances 23,59     

Reliability 0,81     

 

Based on the table, the instrument’s reliability coefficient is 0.81, exceeding the 

recommended minimum threshold of 0.70. According to Arikunto (2013), an instrument is 

considered reliable if its reliability coefficient reaches or exceeds 0.70, indicating consistent 

data production across repeated uses. This reliability value of 0.81 confirms that the 

computational thinking test instrument in this study exhibits strong internal consistency and 

stability, making it a trustworthy representative measurement tool. 

These findings align with various Indonesian studies over the past decade, which also 

demonstrate high reliability in computational thinking instruments. Inasari et al. (2023) 

developed a Rasch model-based computational thinking test instrument and found strong 

measurement consistency, deeming it suitable for instructional use. Another study by 

Novianto et al. (2021) showed that a computational thinking assessment instrument for 

elementary mathematics learning met feasibility criteria, with 86% validity and excellent 

reliability. The consistency across these national studies reinforces that the instrument in this 

research meets high measurement quality standards and can reliably assess students’ 

computational thinking abilities. 

3. Difficulty Level 

The difficulty level of a question is a number indicating how easy or difficult it is for 

students to solve. This index is typically calculated by comparing the number of students 

who answered correctly with the total number of test participants (Masullah et al., 2024). 

The difficulty index formula used is :  

 

(3) 
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Table 3. Difficulty Level Result 

 

Question  

1 2 3 4 5 

Average 3,359 2,828 2,281 2,234 2,266 

SMI 4 4 4 4 4 

Difficulty Level 0,839 0,707 0,570 0,558 0,566 

 

The criteria for determining the difficulty level categories refer to Arikunto (2013), 

Table 4. Difficulty Index Range Criteria 

Difficulty Index Range Criteria 

0,00 - 0,30 Difficult 

0,31 - 0,70 Moderate 

0,71 - 1,00 Easy 

 

Based on the difficulty index calculation results, it is known that item 1 has a 

difficulty index value of 0.839, which is in the range of 0.71–1.00, so it is categorized as an 

item with an easy level of difficulty. This value indicates that most students were able to 

answer the item correctly. This condition indicates that item 1 does not pose any significant 

difficulty for students, thus serving more as a measure of basic understanding of ratio and 

initial computational thinking concepts. Although items with an easy level of difficulty are 

still necessary in a test instrument, the proportion of items that are too easy needs to be 

controlled so that the instrument does not lose its ability to distinguish variations in student 

abilities. 

Furthermore, item 2 has a difficulty index of 0.707, which is at the upper limit of the 

moderate category. This indicates that the difficulty level of this item is still within the ideal 

range, as it is neither too easy nor too difficult for students. Items in this category are 

generally able to measure students' conceptual understanding more deeply, while 

maintaining their discriminatory power. A similar condition is also shown by items 3, 4, and 

5, which have difficulty indices of 0.570, 0.558, and 0.566, respectively. These values are in 

the range of 0.31–0.70, so all of these items are included in the moderate difficulty category. 

The majority of questions in the moderate category indicate that the test instrument 

has been designed with a relatively balanced level of difficulty. Questions with a moderate 

level of difficulty are considered most ideal in learning evaluation because they are able to 

comprehensively measure students' abilities, from understanding concepts to applying 

computational thinking strategies in problem solving. With this level of difficulty, students 
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with high and low abilities have different opportunities in answering questions, so that the 

test results become more informative. 

This classification is in line with the findings of various previous studies. Mustaqim 

and Sulisti (2024) stated that questions are categorized as easy if the proportion of correct 

answers exceeds 0.70, while the range of 0.30–0.70 indicates a moderate level of difficulty. 

They also emphasized that questions that are too easy have the potential to reduce the quality 

of evaluation because they are less able to distinguish students' abilities optimally. Therefore, 

a good test instrument should have a variety of difficulty levels with a predominance of 

moderate categories. Meanwhile, Harbit et al. (2024) assert that questions with a moderate 

level of difficulty tend to have better discriminating power and are more appropriate for use 

in learning evaluation because they are able to reveal differences in student abilities more 

effectively and objectively. 

Thus, the results of the difficulty index calculation in this study show consistency 

with the item analysis standards commonly used in educational research in Indonesia. The 

dominance of items with a moderate level of difficulty and the presence of easy questions to 

reinforce basic understanding indicate that the test instrument developed is capable of 

measuring students' computational thinking skills in ratio material proportionally, balanced, 

and accurately. This finding reinforces that the test instrument used is suitable for application 

as an evaluation tool in the context of mathematics learning at the junior high school level. 

4. Discrimination Index 

The discrimination index is the ability of a test item to differentiate between high- 

and low-ability students, measured through the discrimination index that indicates the item’s 

effectiveness in distinguishing student abilities (Solichin, 2017). According to Hadmar et al. 

(2024), items with high discrimination power accurately assess material mastery and 

enhance instrument quality, while those with low discrimination are less effective and 

require revision to maintain test validity and reliability. The formula used is : 

 

 

(4) 

 

Discrimination Index Criteria (Arikunto, 2013), 
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Table 5. Discrimination Index Range Criteria  

Discriminant Index 

Range 

Criteria 

0,7 < DP ≤ 1 Very Good 

0,4 < DP ≤ 0,7 Good 

0,2 < DP ≤ 0,4 Enough 

0,0 < DP ≤ 0,2 Poor 

DP ≤ 0 Very Poor 

 

Test Results using Microsoft Excel: 

Table 6. Results of Discrimination Power Test 

 

Question 1  

1 2 3 4 5 

Upper class average 3,90625 3,5625 2,90625 3,25 3,46875 

Lower class average 2,8125 2,09375 1,65625 1,21875 1,0625 

SMI 4 4 4 4 4 

DI 0,273438 0,367188 0,3125 0,507813 0,601563 

Criteria Enough   Enough   Enough   Good Good 

  

 Based on the table of discriminating power analysis results, it is known that item 1 

has a discriminating power index of 0.27, which is classified as sufficient. This indicates that 

the item is able to distinguish between students with high and low abilities, although the 

level of discrimination produced is not yet optimal. A similar condition is also found in items 

2 and 3, which have discrimination indices of 0.36 and 0.31, respectively. Both items are 

still in the adequate category, so they are still functionally suitable for use, but require 

improvement or refinement in terms of wording and level of difficulty in order to increase 

their discriminatory ability. 

 Meanwhile, items 4 and 5 showed higher discrimination indices, namely 0.50 and 

0.60, respectively, which are classified as good. These discrimination indices indicate that 

both items are highly effective in distinguishing between students with high and low 

computational thinking abilities. Items with good discrimination indices generally have a 

balanced level of difficulty and are designed with clear indicators, enabling them to measure 

students' abilities more accurately. 

 These results are in line with the findings of various studies in Indonesia. Hadmar et 

al. (2024) stated that most test instruments with sufficient to good discriminatory power can 

function effectively in distinguishing students' abilities, especially in the context of learning 
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evaluation. In addition, Rachmawati and Pradana (2025) report that items with good 

discriminating power can accurately distinguish between students with high and low 

academic achievement, thereby improving the quality of evaluation results. Research by 

Saputri and Larasati (2023) reports that items with good discriminating power can accurately 

distinguish between students with high and low academic achievement, thereby improving 

the quality of evaluation results. 

 Thus, the results of the discriminating power analysis in this study indicate that most 

of the items have met the criteria for suitability as learning evaluation instruments. The test 

instruments used can be said to be effective in measuring and distinguishing students' 

computational thinking abilities in ratio material. However, items with sufficient 

discriminating power still need to be revised or refined so that the overall quality of the 

instruments can be improved and aligned with the educational evaluation standards 

applicable in Indonesia. 

 

Conclusion and Suggestion  

 

Based on the analysis of the five test items measuring computational thinking skills, 

it can be concluded that the developed instrument meets good quality criteria, as all items 

are valid (calculated r values exceeding the table r), the reliability coefficient of 0.81 falls in 

the high category, the difficulty levels range from easy to moderate, and the discrimination 

indices fall in the adequate to good categories, enabling effective differentiation between 

high- and low-ability students. This indicates that the instrument is suitable for use as an 

evaluation tool to measure junior high school students’ computational thinking skills 

accurately and reliably, in line with the demands of 21st-century learning. 

In light of these findings, it is recommended that items with only adequate 

discrimination be revised to improve the clarity of indicators and measurement precision, 

and that future studies increase the number of items and involve more diverse samples to 

enhance the comprehensiveness and generalizability of the instrument. Furthermore, 

teachers are encouraged to employ similar instruments in classroom assessment to evaluate 

students’ thinking processes rather than focusing solely on final products, while technology-

based assessment instruments may be developed as relevant alternatives for more authentic 

measurement of computational thinking in modern education.  
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