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ARTICLE INFO ABSTRACT
Received: 7 Jul 2024 Computational thinking (CT) is a thinking skill developed and integrated into curricula worldwide
Accepted: 21 Jul 2025 in recent years. However, limited assessment is one of the challenges in integrating CT skills into

the educational curriculum of developing countries such as Indonesia. This study aimed to
develop and validate a CT assessment instrument tailored for upper-secondary school students
majoring in science and mathematics in Indonesia. The cross-cultural assessment adaptation
method was adopted, comprising six stages: translation, synthesis, back-translation, expert
committee review, pretesting, and research audit. Twelve experts were involved in the content
validation stage to assess the feasibility of the instrument adapted in Indonesia. The validation
process was followed by a pilot test with 501 upper-secondary students majoring in science and
mathematics (220 female and 281 male). The data collected were analyzed using the Rasch
model measurement. The findings showed that all adapted items met the fit based on the Rasch
model measurement, except one spatial question item. The instrument demonstrated high item
reliability, although person reliability was relatively low, indicating variation in student
responses. The average upper-secondary school students majoring in science have good CT
skills. Based on the differential item function value, there are two gender-biased items and four
age-biased items. This study hopes to contribute to the literature on CT assessment by providing
references and alternative tests for researchers and teachers to use in assessing CT in upper-
secondary school students.

Keywords: assessment, computational thinking, Rasch model, science and mathematics
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INTRODUCTION

Since it was promoted by Wing (2006), the term computational thinking (CT) has become an exciting
research topic until now. Even if we search on Google Scholar with the keywords “computational thinking
research” or “computational thinking education,” there are results of around 1,780,000 to 3,170,000 items. CT
not only researched in computer science, programming, and math majors, CT seems to be evolving into a
cognitive ability researched in other domains such as science (Hurt et al., 2023; Ogegbo & Ramnarain, 2022;
Sari et al., 2025), social sciences (GlUven & Gulbahar, 2020), and even integrated in foreign language learning
or linguistics (Hsu & Liang, 2021; Rahimi & Sevilla-Pavén, 2025; Rottenhofer et al., 2022). CT is also familiar
with being included in STEM education (Cantlon et al., 2024; Revana et al., 2021; Tariq et al., 2025), although
various challenges are faced in its implementation (Li et al., 2020). The significant expansion of the work
domain of CT skills occurs because CT has relevant cognitive constructs when integrated into other domains
outside of computer science or programming. It is not wrong to say that CT is a universal skill everyone needs
in the 215t century (Li et al., 2020; Moreno-Leon et al., 2018; Wing, 2006).
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The integration of CT into the educational curriculum has also been carried out in various countries and
levels of education. For example, early school education curriculum in the United States, parts of Europe,
Australia, and Asia In addition, CT has also been integrated into the elementary school curriculum (Waterman
etal., 2020; Yang & Lin, 2024) and proven effective in improving the quality of learning (Dagiene & Stupuriene,
2016; Kakavas & Ugolini, 2019). In the secondary school curriculum (K-12), CT has also been implemented in
several Asia-Pacific countries (So et al., 2020) and been empirically proven to improve students’ problem-
solving skills (Chytas et al., 2024; Harangus & Katai, 2020; Wu et al., 2024).

Computational Thinking Skills in Education

Most CT research is carried out in developed countries; this is closely related to the orientation and
condition of the educational curriculum in that country. Developed countries that focus on STEM and the
technology industry tend to be more interested in CT because it is proven to increase creativity (Tariq et al.,
2025; Xu & Zhang, 2021) and students’ problem-solving abilities (Ezeamuzie & Leung, 2022; Voskoglou &
Buckley, 2012; Yang et al., 2023). Humans indeed need these two skills in this 215t century. The difference in
orientation and conditions of the educational curriculum is what causes not many developing countries to be
interested in CT (Chagas & Furtado, 2019), even though many still consider that CT is a thinking skill in
computer science only (Li et al., 2020). CT from the beginning was defined as a universal skill that needs to be
possessed by everyone, not only computer scientists (Moreno-Leon et al., 2018; Wing, 2006). Other challenges
that arise from integrating CT into the educational curriculum are the need for more skilled professionals to
implement it and student acceptance of CT, which still needs to be improved (Saidin et al., 2021).

This challenge is also present in the education curriculum of developing countries such as Indonesia. Only
a few teachers understand CT and how to integrate it into classroom learning. In addition, the Indonesian
national curriculum also does not see CT as a skill students need in the 215t century. So, it is not wrong if CT
research is rarely carried out in Indonesia. Even if there is, the research is limited to regional or specific
educational institutions. For example, research by Putra et al. (2022) focuses on developing CT tasks in the
context of Malay culture, CT ability studies from Bebras test results in Sumatra (Zamzami et al., 2020), and
adaptation of CT scale for senior high school in Indonesia (Huda & Rohaeti, 2024).

There are many challenges in integrating CT into the education curriculum in Indonesia, including
assessment. CT skill assessment tends to be underdeveloped (Angeli & Giannakos, 2020) because assessing
CT skills based on their aspects is not easy (Ocampo et al., 2024; Weintrop et al., 2021). Few CT assessment
instruments can be applied across countries, cultures, and educational curricula. Tang et al. (2020) have
synthesized CT assessments in various studies and obtained 96 instruments with various types of
assessments, ranging from traditional tests, portfolios, and surveys to interviews. However, not all
assessments are freely accessible to other researchers, so their use is limited. CT assessment that can be used
for upper-secondary school students is rarely developed, let alone specifically in the science department.
Given that CT cannot be assessed arbitrarily, researchers should not choose the wrong instrument that does
not follow the target participants.

Based on an intensive study, researchers found one CT assessment that can be applied to upper-
secondary school students in general. The assessment is called Callysto computational thinking test (CCTt),
developed by Cutumisu et al. (2019a, 2019b) in Canada. Although still rarely used, CCTt has proven valid to be
used to measure CT skills in several studies, such as those conducted by Tripon (2022), Jin and Cutumisu
(2023), Kamak and Mago (2023), and Cutumisu et al. (2022). In this context, CCTt is an enlightening solution to
assessing CT skills in upper-secondary school students majoring in science and mathematics in Indonesia.

Assessment of Computational Thinking Skills

Papert (1980) initiated CT in his book Mindstorms: Children, computers, and powerful ideas. The definition
of CT has also evolved to date. Even Voogt et al. (2015) state that there is no definite and final definition of CT.
Based on the synthesis carried out by Cansu and Cansu (2019), CT will be close to the process of solving
problems and finding solutions. So, it is not strange if CT is considered an essential 215t century skill for
everyone (Mohaghegh & McCauley, 2016; Tabesh, 2017). CT dimensions are, in fact, also classified variously
by various researchers, but the most popular are decomposition, abstraction, pattern recognition, and
algorithms (Cansu & Cansu, 2019). In other studies, different dimensions also emerged, such as automation,
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Table 1. Synthesis of CT assessment by school-level

No Target Assessment name Developer
TechCheck-K Relkin and Bers (2021)
Beginner's CTT Zapata-Caseres et al. (2020)
1 Kindergarten and primary school (ages 5-12) ACES Paeker et al. (2021)
The competent CTT El-Hamamsy et al. (2022)
CTT for elementary education Zapata et al. (2024)
Bebras challenge Bellettini et al. (2015)
2 Secondary school (ages 10-16) cTT Gonzalez (2015)
CTTt Cutumisu et al. (2019)
3 Upper-secondary school (ages 16-18) Bebras challenge Bellettini et al. (2015)

simulation, data collection, data representation, problem decomposition, parallelization, analysis,
generalization, evaluation, and debugging (Cansu & Cansu, 2019; ESTE & CSTA, 2011; Tang et al., 2020). All
dimensions of CT refer to the human process of solving problems creatively and systematically (Romero et
al., 2017).

The significant development of CT to date certainly has problems and challenges. One of the considerable
challenges of CT development is the limited number of assessments (Angeli & Giannakos, 2020). Indeed, many
CT assessments have developed to date, but not all of them can be used freely. In addition, specialized CT
assessments for senior upper-secondary school students are still relatively rare compared to assessments for
junior upper-secondary and elementary school students (El-Hamamsy et al., 2025; Tang et al., 2020). Table 1
shows some CT assessments by school level that can be used today (but some assessments are not freely
accessible).

All of the above assessments are organized in a multiple-choice test format. In addition to tests,
psychometric assessments in the form of scales or questionnaires have also been developed, such as the
computational thinking scales (CTS) (Korkmaz et al., 2017) and the CTS (Ertugrul-Akyol, 2019; Huda & Rohaeti,
2024; X. Li et al., 2024; Tsai et al., 2021). Some even integrate self-efficacy scales with CT (De Jong & Jeuring,
2022). Of the various assessments available, several assessments are developed in the form of tests and
questionnaires in one assessment framework, one of which is the CCTt. Cutumisu et al. (2019a, 2019b) and
Adam et al. (2019) developed the test in two versions (student version and teacher version). The test was
developed in collaboration with 288 students, 150 teachers, and 52 schools in Canada. Implementatively, the
CCTt has also been used in several studies, especially to detect the CT ability of pre-service teachers (Jin &
Cutumisu, 2023; Tripon, 2022). The validation process of CCTt has been redone more comprehensively with
structural equation modelling analysis (Cutumisu et al., 2022). CT research on upper-secondary school
students in developing countries such as Indonesia is undoubtedly essential and exciting to do. Unfortunately,
assessment limitations hinder the development of CT in Indonesia.

The empirical data will be analyzed using the Rasch model, a measurement model invented by Georg
Rasch and applied in education, medicine, and psychology (Andrich, 1988; Snyder & Sheehan, 1992). The
Rasch model is mathematically equivalent to the 1PL model in item response theory analysis. Rasch
measurement reveals the meaning of students’ answers when they take a test or survey questionnaire
(Boone, 2016; Yamashita, 2022). The Rasch model's criteria for assessing quality items are based on MNSQ
values of 0.6 to 1.4 (Bond & Fox, 2007). Other experts mention that item fit in the measurement model occurs
when the MNSQ value is 0.5 to 1.5. Out of this range, the item can be said to be a misfit. Another criterion
that can be used to assess item quality is the Z-standard outfit (ZSTD) value in the range of -2.0 to +2.0.
However, this ZSTD value tends to be sensitive to large samples (Sumintono & Widhiarso, 2015).

Research Questions

Based on this background, this study aims to adapt and validate the computational thinking test (CTT) for
upper-secondary school students majoring in science and mathematics in Indonesia. There are three
questions formulated in this study:

1. How is the Indonesian version of the CTT designed?
2. What is the validity and reliability of the CTT based on Rasch model analysis?

3. Whatis the level of CT skills of science and mathematics upper-secondary school students in Indonesia?
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Figure 1. Cross-cultural adaptation procedure (Source: Authors)

RESEARCH METHOD

Research Design

This study followed the adaptation procedure of the cross-cultural assessment by Beaton et al. (2000).
There are six stages, namely:

(1) translation,

(2) synthesis,

(3) back translation,

(4) expert committee review,

(5) pretesting, and

(6) research audit.

With some modifications, the adaptation process will follow the steps shown in Figure 1.
Participants

This study involved experts and upper-secondary school students majoring in science and mathematics in
Indonesia. At the content validation stage, experts were concerned with reviewing the relevance and feasibility
of the test in the context of students in Indonesia. The 12 experts involved in this study included two
mathematics education experts (16%), two science and STEM education experts (16%), two educational
assessment and evaluation experts (16%), two language experts (16%), two senior math teachers (16%), and
two senior science teachers (16%).
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Table 2. A table on top

No Demographic characteristics Total (n) Percentage (%)
Male 281 56.1
! Gender Female 220 43.9
15 53 10.5
16 107 21.3
2 hee 17 247 493
18 94 18.9
X (10) 77 15.3
3 Class XI(11) 88 17.5
X1 (12) 336 67.2
. ) Ever 77 15.4
4 Coding experience Never 404 846

Which instructions take the “Pacman” (B6) to the “Ghost” (B4) using the path marked out?
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Figure 2. Snapshot of spatial questions from the CTTt (Source: Cutumisu et al., 2019)

In the pilot test phase, 501 upper-secondary school students majoring in science and mathematics in
Indonesia were included, consisting of 220 females (44%) and 281 males (56%). Table 2 shows the
demographics of the participants in the pilot test phase. The participants were randomly selected based on
classes in schools that permitted the researcher. This study was conducted by submitting an ethical protocol
and permission to the original instrument maker.

The target population of this study was students majoring in science and mathematics at public upper-
secondary schools in Java Island, Indonesia, with a total of approximately 1 million students. Based on the
measurements according to Krejcie and Morgan (1970) and Taherdoost (2017), the number of participants in
this study can already represent the population (with notes: variance of the population P = 50%, confidence
level = 95%, margin of error = 5%).

Data Collection

The CCTt by Cutumisu et al. (2019a, 2019b) is organized into three constructs that measure students’
conceptual understanding, practice, and viewpoints toward CT skills. The three constructs are a polytopic
scale questionnaire (n = 19), spatial questions (SQ) in multiple-choice form (n = 11), and problem-solving
questions (PSQ) in open-ended format (n = 2). An example of a spatial test in CCTt can be seen in Figure 2.
This test was developed for students in grades 5-12 and teachers. So, CCTt consists of two versions: the
student and teacher versions.

In the last section, there were two PSQs in the form of open-ended questions. Based on the official
information, CCTt was prepared without an answer key, so the researcher had to create his answer key to
analyze the test results students had done.

Data Analysis

The data in this study are divided into two, namely: content validation data from expert judgment and raw
score data from test trials. The analysis calculates Lawshe’s CVR index value for questionnaires and Aiken's V
for spatial and PSQs in content validation. Lawhse's CVR analysis was conducted with the formula: CVR =
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(ne —N/2)/(N/2), where ne is the number of experts who answered “essential” and N is the total experts
(raters). Aiken’'s V formulaisV =}, §/[n(c — 1)], where S = r — lo. c is the highest assessment number, lo is the
lowest, and n is the number of raters who assess. The acceptable CVR value based on the number of raters
(N =12)is 0.56 (Lawshe, 1975), while for Aiken's V value with 12 raters, 4 number of rating categories, and 5%
significance level is 0.69 (Aiken, 1980). If an item does not meet this value, it will be discarded (not included in
the pilot test stage). The content validation in this study also contains more or less qualitative data in the form
of input and suggestions from experts on the CCTt adapted into the Indonesian version. The qualitative data
will be described and summarized as revisions before the pilot test stage.

Data from the pilot test/pretesting stage were raw scores, then analyzed using the Rasch model
measurement. This measurement can overcome the limitations of classical test theory in assessing test
quality and explaining the validity of an assessment (Boone et al., 2014). The value calculated in the Rasch
model is the probability score (P), which is converted into a logit function (W-score) or logarithmic conversion
of the calculation: odd ratio = P/(1 — P). The tool used to analyze the scores in the Rasch model in this study
is Winsteps version 3.73.

Several critical criteria must be met for an item to be said to fit in the Rasch model, including item fit based
on MNSQ and ZSTD values, unidimensional assessment of Rasch PCA, local dependency analysis related to
the correlation between items, item polarity based on PTMEA CORR values, and others. The above five criteria
are significant limitations that must be analyzed in the Rasch model. Items in an assessment can be said to
validly measure what should be measured if they meet the five criteria above. The reliability value in the Rasch
model is calculated by the separation reliability value (item or person reliability) with a minimum value of 3.00.
Reliability in Rasch can also be determined by the value of item reliability and person reliability with a
minimum value of > 0.67 (sufficient category). Internal consistency in Rasch can be calculated based on the
value of Cronbach'’s alpha with a good category if it is more than 0.7 (Nunnally, 1978; Taber, 2018).

RESULTS

Content Validity

Based on the assessment of 12 competent experts, the analysis was carried out using the validity
measurement method by Lawshe and Aiken. Lawhse's CVR calculation was carried out to see the content
validity of 19 CCTt questionnaire items containing five aspects, namely: digital literacy (DIL), CTT, coding
experience (CE), data literacy (DAL), and computational thinking experience (CTE). Based on all aspects
assessed, only CE did not meet the valid criteria with an average CVR value = 0.375 below the minimum limit
of < 0.56 (Lawshe, 1975). This value can be interpreted as many experts stated that the questionnaire items
related to CE were not essential when asked to upper-secondary school students in Indonesia. The content
validity index of the CCTt questionnaire was 0.79. The perspectives of educational assessment and
assessment experts were the most extreme and significant; even one assessment expert stated that the four
questionnaires on CE were not essential to ask, four other experts stated that CE was important but not
essential to ask.

Interesting results were also seen in the content validity of multiple-choice question 11 (SQ11), which did
not meet the minimum Aiken’s V value. SQ11 is a PSQ in CCTt that is closest to programming languages. SQ11
obtained a value of V = 0.58 in the calculation, which did not meet the minimum requirement of > 0.69 (Aiken,
1980). It can be concluded that experts consider problem items and questionnaires very close to coding
difficult for upper-secondary school students majoring in science and mathematics in Indonesia because they
are not taught in the current curriculum.

Based on the results of the calculation of content validity based on the CVR and V values above, it can be
concluded that the CCTt adapted into the Indonesian version was reduced to 15 questionnaires, 10 SQs, and
2 PSQs, as in Table 3. The construction was then tested on upper-secondary school students majoring in
science and mathematics in Indonesia and analyzed using the Rasch model measurement.
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Table 3. Indonesian version of the test construction after content validation by experts

Indicator Item description

DIL 4 Likert scale items containing statements such as “I find it easy to use technology” and “People ask me for
help using their computers”.

CT concept 4 Likert scale items containing statements such as “When | solve a complex problem, | try to break it down
into smaller or simpler problems” and “When | solve a complex problem, | think about other problems |
have solved before to see if | can solve this problem in the same way".

DAL 3 Likert scale items with statements such as “l would rather explore the data myself than have someone
tell me what it means” and “| get frustrated when trying to understand the data”.

CTE 4 Likert scale items with statements such as “It is important to develop computational thinking” and “I have
the skills to teach others about computational thinking”.

SQ 10 multiple choice question items with four options A, B, C, and D

PSQ 2 open-ended questions on “birth of a baby girl” and “finding the lightest coin”

Table 4. Measurement item fit statistics

Iltem Measure Standard error - MN5Q - PT-measure

Infit Outfit Corr. Exp.
SQ4 0.56 11 1.33 1.57 .34 .54
SQ8 0.03 11 1.12 1.15 .45 .52
SQ7 -0.12 11 1.1 1.10 .54 .51
SQ5 0.81 11 0.99 1.07 .55 .55
SQ2 -0.69 1 0.84 0.97 .55 A7
SQ9 0.81 11 0.91 0.95 .59 .55
SQ1 -1.31 12 0.91 0.92 47 42
SQ6 0.93 1 0.91 0.87 .60 .55
SQ10 -0.68 11 0.90 0.83 .54 .48
SQ3 -0.33 11 0.87 0.81 .57 .50

Item Fit Analysis

Item fit in Rasch model measurement tends to be affected by the sample size in a study. However, the
general rule of thumb in measuring item fit to the Rasch model refers to the infit (inlier-sensitive or
information-weighted fit) and outfit (outlier-sensitive or information-weighted fit) values in MNSQ and ZSTD.
The acceptable MNSQ value for model fit is 0.5 < MNSQ < 1.5. Table 4 shows the results of the calculation of
item fit with the Rasch model. It can be seen that all items have MNSQ values in the range of 0.84 < MNSQ
Infit < 1.33 and 0.81 < MNSQ Outfit < 1.55. These values indicate that all items in CCTt are valid, except item
SQ4, which has an MNSQ outfit value = 1.57. Thus, item SQ4 did not fit in the CCTt pilot in Indonesia. The non-
fit of item SQ4 is also confirmed by the outfit ZSTD = 7.0 and Infit ZSTD = 6.5. At the same time, the threshold
of acceptable ZSTD value is -2.0 < ZSTD < +2.0 (Bond & Fox, 2007). Therefore, item SQ4 must be revised,
retested, or discarded. In this study, SQ4 will be discarded as a misfit item. As for items other than SQ4, all of
them are fit based on the Infit and Outfit MNSQ values.

A valid assessment is expected to have item polarity that measures the same construct. Item polarity in
Rasch model measurement is analyzed using the point measure correlation (PTMEA CORR) value with a
minimum acceptable value of > 0.30 (Wu & Adams, 2007). In other sources, the acceptable PTMEA CORR value
is 0.40 < PTMEA CORR < 0.85 (Sumintono & Widhiarso, 2015). Table 4 shows that all PTMEA CORR values from
the CCTt assessment fall into the fit category, except for item SQ4. The PTMEA CORR value of item SQ4 is
0.034. The value is minimal enough to be used as evidence that SQ4 is valid. The PTMEA CORR value of SQ4
also confirms the misfit of the item based on the outfit MNSQ calculation. Based on these values, it can be
concluded that the Indonesian version of CCTt has measured the same construct, namely CT skills, except for
item SQ4.

Wrigh-Map Analysis

Ideal item map conditions occur when a test item or questionnaire represents each interval in the item
map (Sumintono & Widhiarso, 2015). The limits of acceptable difficulty levels are +3.00 to -3.00 (Andrich &
Styles, 2004). Based on the CCTt pilot test data, the Rasch model analysis showed that the range of item

European Journal of Science and Mathematics Education, 13(4), 289-303 295



Rohaeti & Huda

MAP OF PERSON AND ITEM

MEASURE | MEASURE
<more> - - PERSON +- ITEM <rare> o = = B B e
3 CrrreseEa o . btl!d_l.mb with 1ha7 highest
| ability (1.86 logit)
|
|
|
T|
unsssasssny |
|
|
|
2 ' 2
|
|
|
|
sasEstittEssasaRsey |7
|
s|
|
|
1 FERSEHSS IR + 1 The most difficult
| \stion item (0.93 logi
| 505 sqo question item (0.93 logit)
Is
| sQa
PR L PR I
|
: ( » | students mean (0.30 Iogil)‘
: -
] ssasspunnunssesaseny  +m| 508 | > | Items mean (0.00 Il?gll) ]
| 5Q7
|
| sq@3
|
(Espanpatnanasasnneny |
|
|s sqie sQ2
|
ARgRRs NS S SRS RNY I
g | + -1
s|
| = . :
I S01] » | The easiest question
.sassusunsNEssEREENy |1 item (-1.31 logit)
|
|
|
|
-2 + 2
|
|
Tl
Lenan |
|
|
|
I
3 - 3 students with the lowest
<le8sd ~-veoeoomemcmeenonaan PERSON ™ -4¢- ITEM  ----veocomeocoe-- <frequent> ability (-3.72 logit)
EACH "#" IN THE PERSON COLUMN IS 3 PERSON: EACH "." IS 1 TO 2 z

Figure 3. Spatial question Wright map (Source: Authors)

measure values was -1.31 < measure < 0.93 with an average measure value of 0.00 on all items. It can be
concluded that the adapted CCTt has a difficulty level equivalent to the ability of upper-secondary school
students majoring in science and mathematics in Indonesia.

Figure 3 shows a Wright map that provides a clearer picture of the distribution of student abilities and the
difficulty level of the questions in logit units. Based on the person-item map from Figure 3, 32 students (6.3%)
have the highest ability with a value of 1.86 logits. In addition, 176 students (34.9%) can answer the most
challenging question (SQ6). In contrast, two students (0.3%) had the lowest ability, and 74 (14.7%) had the
lowest ability and could not answer the most straightforward question. Based on these logit values, more
students can do CCTt than those who cannot. So, it is natural that the average logit value of students is 0.30
logit. This value means the students who participated in this study could do the CCTt.

Based on the person-item map above, 32 students (6.3%) have the highest ability with a value of 1.86
logits. In addition, 176 students (34.9%) can answer the most challenging question (SQ6). In contrast, two
students (0.3%) had the lowest ability, and 74 students (14.7%) had the low ability and could not answer the
most straightforward question. Based on these logit values, more students can do CCTt than those who
cannot. So, it is natural that the average logit value of students is 0.30 logit. This value means the students
who participated in this study could do the CCTt.

296 European Journal of Science and Mathematics Education, 13(4), 289-303



European Journal of Science and Mathematics Education, 2025

The order of question difficulty from lowest to highest for SQs is SQ1, SQ2, SQ10, SQ3, SQ7, SQ8, SQ4, SQ9,
SQ5, and SQ6. SQ1 and SQ2 are the fundamental questions in this instrument, so it is not surprising that the
difficulty level is the easiest (-1.31 and -0.69), and 381 students (83%) answered correctly. As SQ6 was the
highest difficulty question (0.93 logits), it is not surprising that 310 students (62%) answered incorrectly.
However, 191 students (38%) still got it right. As for the PSQs, the measure values were 0.36 logit for PSQ1
and -0.36 logit for PSQ2. The “birth rate of female babies” question was more complicated than the “finding
the lightest one coin.” The mean logit value for the person on PSQs was -2.65. It can be concluded that
students’ ability is lower than the difficulty level of the questions. The evidence is that only seven students
(1.39%) could answer PSQ1 and PSQ2 correctly. There were 46 students (9.18%) who did not answer PSQ1
and 37 students (7.38%) who did not answer PSQ2. Based on the logit value, PSQs are more challenging than
spatial ones.

Differential ltem Functioning (DIF)

Biases that need to be detected in adapting CCTt instruments in the Indonesian context are gender bias,
age, CE, and test-taking time. A good item should not contain elements of bias and favor one particular group.
In other words, items are said to be biased if individuals with the same ability from different groups have
different probabilities when answering questions (Kelderman, 1989). The DIF test in Rasch analysis can be
seen based on the person DIF plot graph and the probability value of the two-tailed t-test. Items that have a
probability value < 0.05 are indicated as biased items and favor one particular group.

Gender bias was detected in items SQ4 and SQ9. Bias caused by participants’ age was detected in items
SQ1, SQ2, SQ4, and SQ7. Bias caused by processing time was detected in items SQ2, SQ3, and SQ7. In
comparison, the bias caused by the CE factor is detected in items SQ2, SQ8, PSQ1, and PSQ2. The item that
has the most bias is SQ2. At the same time, the items with no bias are items SQ6 and SQ10. Interestingly, the
most challenging item in CCTt is the item with no bias. Participant age was the cause of question bias, with an
average p-value of 0.22. Although not below 0.05, this value is lower than other aspects (gender, time, and
CE). Based on DIF analysis, age strongly determines students' answers.

Assessment Reliability and Separation Index

Reliability in the Rasch model can be seen based on Cronbach’s alpha value, person reliability, and item
reliability. An assessment is of high quality and reliable enough to be used when it has an alpha Cronbach
reliability value of at least 0.70; this value indicates the internal consistency of an assessment (Nunnally, 1978;
Taber, 2018). The value of person and item reliability can be pretty good if it is above 0.67; this value can be
interpreted as the consistency of respondents’ answers and the consistency of items in an assessment
(Sumintono & Widhiarso, 2015). In the CCTt adapted in Indonesian, the Cronbach alpha reliability value
obtained is 0.70; this value is in the moderately reliable category. The person reliability value is at a value of
0.63, which is in the weak category. However, the item reliability of the Indonesian version of CCTt is at a value
of 0.98, which is in the excellent category. The consistency of the CCTt items in the Indonesian version is high,
but the consistency of student answers is relatively low.

DISCUSSION

Content validation has been carried out by calculating Lawshe’s CVR and Aiken’s V values, resulting in a
new CCTt construction consisting of 15 questionnaires, 10 SQs, and 2 PSQs. The new construction slightly
differs from the original version of CCTt by Cutumisu et al. (2019a, 2019b) or Adams et al. (2019). An interesting
finding from the content validation stage was the low expert ratings of the questionnaire items and questions
related to coding. One plausible reason why items close to coding are not essential in the Indonesian version
of CCTt is that the average student in Indonesia is not taught coding, as revealed by rater 3:

The school curriculum in Indonesia does not provide a coding experience in the learning process.
Thus, statements in the coding experience aspect will be difficult to answer and are guaranteed to
be answered carelessly, carelessly, or guessing, so they should be deleted and not revised.
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Table 5. Categorization of student answer types on problem-solving questions
Student answer categories

Iltem p 5 3

PSQ1 A. Larger cities: Because larger ~ B. Smaller cities: Because smaller cities C. AlImost the same: Due to the same
cities have larger areas, the have small areas, it is easier for small probability with different area
potential birth rate of girls is also cities to achieve a 60% girl birth rate differences, it is most likely that the
greater. than large cities. birth rate is the same, only 5%

difference from each other.
PSQ2 One coinis placed on one side of The 10 coins are divided into two parts. 10 coins are divided into three parts,

the scale. Then other coinsare 5 coins are placed on one side of the leaving 1 coin. Then weighed, if the
tried until you get the lightest scale, and the other 5 are placed on the three parts are equal, then the
coin. other. Of the 5 lighter coins, the lightest remaining 1 coin is the lightest.

coin is found by trial and error.

So, it is natural that there is still a lack of research on coding learning or curriculum in Indonesia; in contrast
to other countries, countries such as the UK, Australia, Greece, and Estonia have integrated computing skills
into their curriculum since 2010 (Popat & Starkey, 2019). Other items unrelated to coding were valid and
considered essential and vital to retain, although there were minor revisions. The revisions provided by the
experts were related to typography, improvement of working instructions, illustration of pictures, and
consistency of terms.

In the redesign process of the Indonesian version of CCTt, the colors of some objects were changed. The
goal is to be clear when printed into paper form because the Indonesian version of the CCTt is given in a
paper-based test (PBT). Although it is said that PBT and computer-based tests are equivalent in quality
(Herrmann-Abell et al., 2018), the researcher considers it more appropriate to administer the Indonesian
version of the CCTt with PBT. The aim is to improve the quality of student work, reduce screen distraction,
and increase concentration so that students can complete the given questions more quickly (Noyes & Garland,
2008).

Distraction from working on test questions also occurs because students need help understanding
instructions. There were unfamiliar terms such as “loop” and “if, then, else” instructions that students did not
know. The unfamiliar terms also caused items SQ6 and SQ5 to be the most difficult questions. SQ6 is the type
of problem that contains the most if, then, else concepts, so it is complex to solve. The same applies to item
SQ5. Besides complex question construction, items SQ6 and SQ5 also have strong distractors. In item SQ6,
257 students (51.2%) answered option C. Compared to option D as the correct answer, the difference between
the two options lies only in the number of words “if-then.” Answer D is more complex and contains more “if
then” than answer C. Answering D is undoubtedly the most reasonable answer for students who think more
deeply. Moreover, in answer C, one loop does not function to move the object. This finding also occurred in
item SQ5, where 173 students (34.5%) answered option A incorrectly. The difference between option A and
option B as the correct answer is also the same as item SQ6, which is the number of words “if then.” Answer
A looks simpler than answer B. The indication is that low-ability students need to think more deeply when
answering complex questions.

Another interesting finding is that low-ability students tend to answer the PSQs inadequately or not answer
them at all. There were 46 students (9.1%) who did not answer PSQ1, and there were 34 students (6.7%) who
did not answer PSQ2. This data proves that PSQ1 tends to be more difficult than PSQ2. When confirmed
through the person measure of spatial problem items, it can be concluded that the average student who does
not answer the PSQ is a low-ability student. Low-ability students are reluctant to think more deeply about
solving problems. Another possibility that PSQs still need to be answered is the factor of insufficient time limit
allocation for the test.

The Indonesian version of CCTt is conducted according to the original, 45 minutes [30]. This time is
equivalent to one hour of upper-secondary school lessons in Indonesia. More than 45 minutes is needed for
students in Indonesia to complete the CCTt. At the last minute, students tend to rush because they still need
to complete the PSQs. The author recommends that CCTt be done with a time limit of 60 minutes in future
research. So, PSQs can be completed before the time runs out. The types of answers students give on PSQs
can be seen in Table 5.
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Based on the scores of all participants, only 7 students (1.39%) could answer the question correctly
(answering as in category 3 answers). In other words, only 7 students had high-level CT skills. The facts from
this data also conclude that problem-solving is a type of enrichment problem that is more difficult to solve
than multiple-choice spatial problems. The finding has also been confirmed based on the function of the
previous measurement information.

Based on the DIF calculation, the Indonesian version of CCTt has a slight gender bias. This finding aligns
with previous research, which states that CT ability differs by gender (Niousha et al., 2023; Sovey et al., 2022).
Although subtle, this fact must still be revealed. The timing of the test administration also caused bias in some
answers. Students who took the CCTt in the morning scored higher than students who took the CCTt during
the day. The reason is that during the day, the concentration of students has decreased when working on
quite complex problems. So, it is recommended that future research equalize the time of CCTt in the morning.
Thus, the results will be more optimal because students still fully concentrate when working. In addition, the
age factor also needs to be considered. In some questions, an age bias was detected. One of the reasons is
that the scores of 15-year-old students are unnatural or abnormal. There is a slight possibility that students
aged 15 tend to guess the answers to complex questions.

Another interesting finding from the CCTt adaptation in Indonesia is answer bias due to the CE factor,
especially on PSQs. This finding aligns with research conducted by Zamzami et al. (2020), which states that CE
significantly affects students’ CT skills. All students with the lowest ability on SQ items and students who did
not answer on PSQ items needed CE. Thus, it is recommended that students with no coding knowledge and
those with CE be separated when measuring CT skills in Indonesia. After passing a rigorous validation stage
with content validation and pilot testing, the Indonesian version of CCTt was reduced to 15 questions, 9 SQs,
and 2 PSQs. This construction slightly differs from the English version of CCTt used by other researchers, such
as Jin and Cutumisu (2023) and Tripon (2022).

CONCLUSION

This study presents a new CT skills assessment that can be widely used in Indonesia. The Indonesian
version of the CTT has been adapted and validated and resulted in an assessment construct consisting of 15
questionnaires, 9 SQs, and 2 PSQs. The Indonesian version of the test items fit the Rasch model measurement
and can be used for further research. As a note, it is better to administer the test in the morning within the
time limit of 60 minutes so that students’ concentration is still optimal for working on the test. Based on the
differential item function measurement, some items were gender-biased, CE-biased and age-biased.
Therefore, it is recommended in future research to separate the analysis between male and female students,
student age, and students who have CE and not when using test as an assessment. However, not all items
were detected as biased, so tests can still be used as a comparative assessment of students’ CT ability based
on various factors or predictors.

The results of this study also show that upper-secondary school students majoring in science and
mathematics in Indonesia have good CT thinking skills even though they have never received CT learning. The
existence of the Indonesian version of test is expected to make it easier for teachers and researchers to
observe and assess students’ CT skills in Indonesia more easily and accurately. Thus, efforts to integrate CT in
Indonesia are increasingly widespread. This study also hopes to contribute to the literature on CT assessment
by providing references and alternative tests for researchers and teachers in assessing CT in upper-secondary
school students. Despite the contributions above, this study was limited to upper-secondary school students
majoring in science and mathematics. Therefore, future research is recommended to pilot test in other majors
besides science, such as mathematics, social studies, or vocational high school majors.
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