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Abstract

Computational thinking (CT) is regarded as a valuable skill set for the students of
the 21st century, fostering problem-solving skills applicable to academic disciplines
and everyday problems. Assessing CT involves evaluating the development of its
concepts, practices, and perspectives. However, establishing comprehensive and
validated assessments across different educational levels remains challenging. The
Beginners Computational Thinking Test (BCTt) is a validated tool for assessing CT
concepts among primary school students, especially during their first grades (ages
5 to 10). This paper describes the translation, cultural adaptation, and psychomet-
ric validation of the BCTt for use with Greek students. The translation process
involved both forward and backward translation, while the validity assessment in-
cluded content and construct validity. The psychometric properties of the adapted
scale were also evaluated using Item Difficulty Index, Item Discrimination Index,
internal consistency, and test-retest reliability. The results indicated that the Greek
version of the BCTt can be used as a reliable and valid tool for assessing the CT
skills among students in the three lower grades of primary school, with greater suit-
ability for use among students in the two lower grades. Finally, our findings contrib-
ute to improving the existing assessment tools tailored to primary school students
while guiding future refinement efforts to enhance overall psychometric quality.
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1 Introduction

Computational thinking (CT) refers to the mental processes involved in solving prob-
lems, designing solutions, and thinking critically using computational concepts and
approaches, applicable to various disciplines without necessarily requiring technol-
ogy (Hazzan et al., 2020; Wing, 2011). CT was introduced by Papert (1980) but it
gained significant attention in 2006, when Wing (2006) defined it as a “universally
applicable attitude and skill set everyone, not just computer scientists, would be eager
to learn and use” (p. 33). CT’s potential to bridge STEM disciplines and foster critical
thinking through problem-solving suggests its transformative power for education
(Tang et al., 2020). Furthermore, equipping students with CT empowers them to not
just use technology, but to leverage its potential to solve real-world problems and
contribute meaningfully to society (Resnick & Rusk, 2020; Tissenbaum et al., 2019),
aligning perfectly with broader educational goals of fostering critical thinking and
responsible citizenship.

Despite numerous approaches suggested for integrating CT in school curricula,
a recent systematic literature review by Babazadeh and Negrini (2022) noted that
“few indications exist on how to assess CT in compulsory school” (p. 1). Notably,
effectively assessing CT skills in younger age groups remains a challenge (Poulakis
& Politis, 2021). In addition, existing assessment tools often rely on programming
environments (Zapata-Caceres et al., 2020), which may not be suitable for young
students unfamiliar with coding concepts. This gap in CT assessment for younger
students may hinder our ability to measure their CT skills development and tailor our
CT development teaching strategies accordingly.

Our study directly addresses the challenge of assessing CT skills in younger stu-
dents by introducing a culturally adapted and validated Greek CT assessment tool
specifically designed for young primary school students that does not require a pro-
gramming environment. Our tool draws upon the widely recognized, original Begin-
ners Computational Thinking Test (BCTt- Zapata-Caceres et al., 2020, 2021), chosen
for its proven validity and reliability but also its user-friendly, non-programming
interface that is suitable for young students. Importantly, by adapting the BCTt for
the Greek context,' our study addresses the scarcity of similar CT assessment tools
available in the Greek language. Last, the content and format of the BCTt aligns
with the specific objectives of our study: assessing the psychometric properties of
the Greek adaptation of the BCTt and understanding the development of CT skills in
young Greek learners.

! For more details and access to the Greek version of the BCTt scale, please refer to the designated reposi-
tory: https://vourletsis.users.uth.gr/.
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2 Theoretical background
2.1 Computational thinking

CT seems to have its origins in the 1940s, when Polya (1945) outlined his four-step
problem-solving method applicable in mathematics and other disciplines. However,
it was first documented in Papert’s (1980) book Mindstorms, referring to a men-
tal skill children acquire through programming without providing more details. It is
worth noting that, according to Papert, not only the technical but also the social and
affective dimensions of learning are very important. Following Wing’s statements in
2006, multiple definitions (generic, operational, and educational or curricular) of CT
have been proposed (Roman-Gonzalez et al., 2017).

The three-dimensional model proposed by Brennan and Resnick (2012) consti-
tutes an integral part of the educational and curricular definitions of CT and has
significantly influenced future discussions. According to this model (Brennan &
Resnick, 2012), CT consists of concepts (sequences, loops, parallelism, events, con-
ditionals, operators, and data), practices (being incremental and iterative, testing and
debugging, reusing and remixing, and abstracting and modularizing), and perspec-
tives (expressing, connecting, and questioning). As time progressed, the notion of
CT evolved, including broader skills and competencies. However, it is generally
accepted that CT involves “formulating problems and their solutions in a way that
can be effectively executed by an information-processing agent” (Wing, 2011), a
human, a machine, or a combination of both, spanning various disciplines (Grover
& Pea, 2018). The research conducted by Annamalai et al. (2022) concluded that
CT constitutes a valuable skill set that contributes to general problem-solving skills
and that the most critical CT dimensions are abstraction, decomposition, debugging
and evaluation, algorithms, and generalization. Finally, since CT regards thinking
processes, technology is not necessary for its implementation (Hazzan et al., 2020).

2.2 Computational thinking assessment

According to Roman-Gonzalez et al. (2019), although a growing number of assess-
ment methods and tools (aligned with the proposed CT definitions and models) have
been developed in recent years, little research has been conducted regarding their
validity and the ways to integrate them effectively within educational contexts. Other
researchers also point out the necessity for validation and large-scale application of
these tools (Lu et al., 2022; Tang et al., 2020) or note that most of them focus on the
concepts and practices of CT, neglecting its perspectives (Cutumisu et al., 2019). The
results of the recent literature review by Poulakis and Politis (2021) further revealed
that most existing assessment strategies target upper elementary or middle school
students.

CT assessment tools can be categorized as follows: (a) diagnostic tools, assessing
subjects’ CT aptitudinal level and used in pretest and posttest terms; (b) summa-
tive tools, mainly used as posttests; (c) formative-iterative tools, providing learner
feedback; (d) data-mining tools, tracking real-time learner progress; (e) skill transfer
tools, assessing students’ capacity to apply CT in multiple contexts; (f) perceptions-
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attitudes scales, assessing students’ perceptions about CT and computer science; and
(g) vocabulary assessment, assessing “computational thinking language” (Roman-
Gonzalez et al., 2019, p. 83). Among the tools included in the abovementioned cat-
egories, very few are independent of a programming environment and make suitable
use as both pretest and posttest instruments. Additionally, a limitation of many diag-
nostic tools is that they are not freely available (Guggemos et al., 2023).

A gap exists, as previously mentioned, in CT assessment tools suitable for young
students. While initiatives like the Bebras Challenge (bebras.org), a widely used con-
test-based assessment conducted in many countries internationally including Greece,
cater to a broad age range including young students, it’s important to consider limita-
tions. The Bebras Challenge, categorized as a skill transfer tool, may require consid-
erable reading comprehension from students in order to understand the challenges
presented and this could potentially interfere with or mask CT skills, especially at
early stages of development (Zapata-Caceres et al., 2024). Notably, the Computa-
tional Thinking Test (CTt; Roman-Gonzalez, 2015; Roman-Gonzalez et al., 2017)
stands out as one of these rare tools that fulfill the dual role of pretest and post-
test instruments while maintaining independence from a programming environment,
emphasizing its significance due to its validity and reliability, albeit intended for
students aged 10 and 16.

2.3 Original “Beginners Computational Thinking Test”

BCTt (Zapata-Caceres et al., 2020, 2021) has been developed for younger students,
builds upon CTt and shares its capability to function independently of a program-
ming environment. Similar to CTt, BCTt serves as both a pretest and posttest instru-
ment and “can be used in Primary School students, particularly in first grades (5
to 10 years old)” (Zapata-Caceres et al., 2020, p. 1913). After the first version was
designed for primary school students and tested, an improved one was evaluated with
students aged 5 to 12 from three schools in Spain. The revised version introduced
improvements and additions, such as an additional answer alternative to each ques-
tion, refined statements of the questions, new collectible elements, and reformulated
questions, for the computational concepts’ definitions to become more coherent to
them. One of the most significant improvements involved introducing symbolism
and adding colored shapes to accommodate color-blind students. Furthermore, an
administration protocol has been developed, according to which each computational
concept has to be explained orally before administering the test. Detailed examples
and instructions regarding each question (see Fig. 1) set are included in the protocol.

After completing the validation process, BCTt consists of 25 items, divided into
six sets, each covering a distinct computational concept, as outlined in the table pre-
sented in Fig. 2, included in the protocol. For each item, only one of the four possible
answers is correct.

The statistical analysis of the results obtained from administering the BCTt indi-
cated the presence of a ceiling effect, implying that the test may be less challeng-
ing for older students. Specifically, the average difficulty index for the entire sample
was notably high (0.81) and medium (0.71) for the first educational stage. Addition-
ally, it was observed that the BCTt’s difficulty was relatively balanced when applied
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Take the chicken with his mother. Take the chicken with his mother. Mark the correct sequence:

Pick up the flower on your way.
Beware of the cat: don't go through its square. | Mark the correct sequence:
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Fig. 1 Example question in the set of sequences (left) and the set of conditionals (right)

Computational concept
ltem SET1 SET 2 SET 3 SET 4 SET 5 SET 6
number Loop Conditional
Sequence = =
Simple Nested If-then If-then-else While
la6 X
7all X
12218 X
19a20 X
21a22 X
23325 X

Fig. 2 Computational concept by item

to first grade students (M=16.59; SD=3.104; N=70). Regarding the reliability of
the BCTt, it has been excellent for the overall sample (a=0.824). However, its reli-
ability decreased with increasing grade levels (first grade: a=0.833; second grade:
0=0.793; fourth grade: a=0.771; fifth grade: a=0.660; sixth grade: a=0.657). This
suggests that it is more reliable for the first educational stages. The test-retest reliabil-
ity analysis, conducted with a 5-week interval, revealed a highly significant positive
correlation.

In conclusion, BCTt was sufficient in terms of its design and content. It presents
a well-balanced test with progressively increasing difficulty. The first section of the
test may prove less challenging for older students, thereby rendering it more suitable
for students within the early educational stages (aged 5—10). The reliability of the test
was also higher when applied to younger students. Furthermore, it overlooks com-
putational perspectives, focusing more on computational concepts and partially on
computational practices. It is independent of any programming environment, allow-
ing it to function as a pretest and posttest tool, facilitating the assessment of multiple
dimensions of CT.
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3 Aim of the study

Given the growing emphasis on CT skills in education, reliable and valid assessment
tools are essential for measuring student learning. The primary objective of this study
is to assess the psychometric properties of the Greek adaptation of the BCTt, which
is used as a valid and reliable assessment tool of the CT skills of primary school stu-
dents, particularly those aged 5—10. The study focuses on the validity and reliability
of the adapted scale, while also examining item analysis to assess the characteristics
of individual test items. The specific research questions are as follows:

1. Is the Greek version of the BCTt a valid scale for assessing CT skills for primary
school students in Grades 1, 2, 3, and 4?

2. Is the Greek version of the BCTt a reliable scale for assessing CT skills for pri-
mary school students in Grades 1, 2, 3, and 4?

The study also aims to contribute to understanding the development of CT skills in
young Greek learners while providing educators and researchers with a valid and
reliable tool specifically adapted for assessing and promoting CT skills among Greek
primary school students.

4 Methodology
4.1 Participants and data collection

The study employed a two-stage probability sampling technique (see Fig. 3) to obtain
a heterogeneous and representative sample of primary school students in Grades 1 to
4 (aged 6-10). During the first stage, we employed a probability proportional to size
(PPS) random sampling technique, used when the sampling units vary in size and
each unit’s inclusion probability needs to be considered (Cheung, 2014). We sorted
the 13 Regional Directorates of Primary and Secondary Education in Greece accord-
ing to their size (number of schools supervised) and randomly selected that of Attica.
Right after, we proceeded to the second stage, employing a simple random sampling
(SRS) approach, according to which the units are chosen from a population randomly
with equal probability (Singh, 2003). After compiling a comprehensive list of schools
under supervision, we utilized a random number generator and selected five schools
from this list.

Although the necessary sample size to create and validate a scale has been an issue
on which there is no consensus, according to Tsang et al. (2017), the respondent-to-
item ratio ranges between 5:1 (thus 100 respondents for a 20-item scale) and 30:1.
The authors further indicated that “sample sizes of 50 should be considered very
poor, 100 as poor, 200 as fair, 300 as good, 500 as very good, and 1000 or more as
excellent” (p. S87). As a rule of thumb, it is suggested that a minimum of 10 partici-
pants for each scale item are included in the sample or at least 200—300 in total for
factor analysis (Boateng et al., 2018). In conclusion, including a larger sample size is
always preferable to lower measurement errors and produce results that can be gener-
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Sampling » Two-stage probability sampling technique

L 4

Stage 1 » Probability proporticnal to size (PPS) random sampling

» 13 Regional Directorates of Primary and Secondary
Education in Greece sorted by size

» Directorate of Aftica randomly selected

oyl

3

Stage 2 » Simple random sampling (SRS)
» Comprehensive list of schools under supervision
» Five schools randomly selected

Sample | \u Total Initial Sample:
Composition «  N=§73 student (294 males and 379 females)
» Excluded Subset (Grade 4 Students):
* n=136 students (66 males and 90 famales)
» Final Included Sample:
»  N=317 students (228 males and 289 females)

i

Fig. 3 Computational concept by item

Table 1 Distribution of students  Grade Male (1) Female (1) Total Male (%) Female (%)
by grade and gender

1 63 97 160 394 60.6
2 77 95 172 448 552
3 88 97 185  47.6 52.4
Total 228 289 517 44.1 55.9

alized more safely to the actual population (Boateng et al., 2018; Tsang et al., 2017).
In the context of factor analysis, researchers commonly utilize the Kaiser—-Meyer—
Olkin (KMO) Measure of Sampling Adequacy. This statistic indicates the degree
to which our data are adequate for factor analysis (Arafat et al., 2016). By employ-
ing a combination of PPS and SRS, this study aimed to create a well-balanced and
representative sample comprising 673 students (294 males and 379 females). How-
ever, while analyzing the scores of the students in each grade, we observed a high
prevalence of maximum scores (ceiling effect) regarding the scores of the Grade 4
students. As a result, we excluded those 156 students (66 males and 90 females) from
further analysis. Finally, our sample consisted of 517 students, as seen in Table 1.
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The first author collected the data from the participating students during May and
June 2022, adhering to all ethical considerations. Clear and comprehensive instruc-
tions were provided to each class before administering the tests. The instructions
included an example of each computational concept included in the test, according
to the BCTt protocol. This step was critical to ensuring they were familiar with the
assessment format and the concepts evaluated. Following this, students completed
the test requiring 35 (Grade 3) to 55 min (Grades 1 and 2). The students’ correct
answers were coded as 1s and the incorrect answers as 0s using spreadsheet software.

4.2 Scale translation and cultural adaptation

For the translation and cultural adaptation of the original BCTt scale into Greek,
we adhered to the recommended guidelines (Arafat et al., 2016; Beaton et al., 2000;
Boateng et al., 2018; Borsa et al., 2012; Sousa & Rojjanasrirat, 2010; Tsang et al.,
2017). This process involved both forward (original language into target language)
and backward (target language into original language) translation procedures. How-
ever, not consistently following the proposed methodological steps is common
between the researchers (Epstein et al., 2015). First, it is essential to point out that the
terms “translation” and “adaptation” are distinct. According to Epstein et al. (2015),
translation refers to producing a document from a source language into the target
language. In contrast, adaptation refers to considering variations between the source
and the target culture to preserve equivalence. As a result, we tried to avoid the literal
translation of our scale’s items and maintain a balance between linguistic, cultural,
and scientific information (Borsa et al., 2012) while recognizing the significance of
both the target and the source language.

In the forward translation process, two independent bilingual and fully proficient
translators made the first translation into their native language (Greek) to more accu-
rately convey the subtleties of the language. To enhance comprehension for the target
grade levels, we introduced simplified vocabulary and adjusted the language to ensure
the items were more accessible and understandable. Next, we identified, discussed,
and resolved the discrepancies between the two translated versions. One more trans-
lator, unbiased and bilingual, contributed to the process. According to Epstein et al.
(2015), summarizing the scale’s translated versions into one is also called reconcili-
ation and seems underestimated.

During reconciliation, adaptations mainly regarded the protagonist’s name
“chicken,” and the phrase “take the chicken with his mother,” both present in the
majority of the questions within the test. Our discussions focused on these adjust-
ments to align with the audience’s age group. Moreover, the test contains minimal
text, complementing pictograms and ensuring understanding even without developed
reading skills, thus limiting possible adaptations. Besides, most aspects of the origi-
nal scale were already applicable to Greek language and culture. More specifically, it
used culturally neutral elements, including widely recognized visual cues like arrows
(for direction) and basic shapes (such as circles, triangles, squares) that transcend
cultural barriers. Additionally, marking invalid or inexistent items with an “X”” aligns
with practices in Greece, demonstrating a shared visual cue. The original character
was retained as it does not introduce cultural bias through animal references (chick-
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ens are not culturally symbolic or hold negative connotations) for Greek students.
Finally, the scale’s lack of specific measurement units also facilitated its adaptation
to the Greek context.

The synthesized version of the forward translations was then translated into the
source language (English) in a process known as backward translation. The latter is
considered an “additional quality check” (Borsa et al., 2012, p. 426) and is intended
to highlight possible misunderstandings and unclear wordings, thus revealing incon-
sistencies and conceptual errors (Beaton et al., 2000; Borsa et al., 2012; Tsang et
al., 2017). The backward translation was carried out by two independent translators
whose native language is the source language of the scale. In addition, to avoid bias,
the back-translators were unaware or informed of the scale’s concepts. Borsa et al.
(2012) state that back-translation requires conceptual equivalence rather than keeping
items identical to the original ones. In other words, the two back-translated versions
should reflect the content of the original scale’s items. During the backward transla-
tion process, no further adaptations were introduced, as the focus was on ensuring
conceptual equivalence rather than making additional linguistic adjustments.

Next, we produced a prefinal version of the translated scale by reviewing all
the translations and determining whether the translated and original versions were
semantically and conceptually equivalent. During this phase, no further adaptations
or modifications were deemed necessary, as the language adjustments made earlier
sufficed to ensure comprehension across different age groups. Finally, we tested the
prefinal version of the scale with 43 participants in Grades 1 and 3. According to
Beaton et al. (2000), it should be between 30 and 40 participants; other researchers
propose participant numbers ranging from 10 to 40 (Sousa & Rojjanasrirat, 2010) or
30 to 50 (Tsang et al., 2017). When applying the prefinal version, the respondents
completed the scale and were asked questions to evaluate the appropriateness of the
scale’s items regarding their meaning and difficulty (Borsa et al., 2012). No modifica-
tions were deemed necessary, resulting in the production of the final version of the
scale.

4.3 Validity

We used the Content Validity Index (CVI) and Confirmatory Factor Analysis (CFA)
to evaluate the validity of the translated and culturally adapted BCTt.

4.3.1 Content validity index

To ensure that a scale’s items correctly reflect the construct of interest, it is crucial to
evaluate its validity. According to Polit and Beck (2006), although various definitions
have been proposed, it is generally accepted that content validity refers to “the degree
to which a sample of items, taken together, constitute an adequate operational defini-
tion of a construct” (p. 490). In other words, content validity is the degree to which
the items of a scale are relevant and representative of the intended construct (Yusoff,
2019). The most frequently cited measure of content validity is the CVI, credited to
Martuza (1977). To better measure the content validity of our translated scale, we
measured the content validity of individual scale items (I-CVI) and the overall scale’s
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content validity (S-CVI). To calculate the I-CVI, we asked six experts working within
the Greek education system to rate the degree to which each item is relevant to the
underlying construct using a four-point scale (1=not relevant, 2=somewhat relevant,
3=quite relevant, and 4=highly relevant, Lynn, 1986). The panel comprised three
university professors specializing in Information and Communication Technologies
(ICT) in Education and three Computer Science educators. All Greek native speak-
ers, these experts possess high levels of expertise in Computational Thinking (CT)
education. Then, I-CVI was calculated as the proportion of content experts that gave
each item a relevant rating of 3 or 4. The S-CVI was calculated as the proportion of
the scale’s items that achieved a rating of 3 or 4 by the content experts. The average
of the I-CVI scores for all items constitutes S-CVI/Ave, but when all the content
experts give a rating of 3 or 4, we refer to it as S-CVI/UA (universal agreement;
Beck & Gable, 2001; Polit & Beck, 2006; Yusoff, 2019). As recommended, we have
reported both S-CVI/Ave and S-CVI/UA (Polit & Beck, 2006). Finally, according to
Lynn (1986), the minimum recommended [-CVI values for a scale of excellent con-
tent validity are 0.78 for 6 to 10 experts and 0.90 for S-CVI/Ave. The accepted value
of S-CVI/UA is equal to or higher than 0.80 (Shi et al., 2012).

4.3.2 Construct validity

To assess the degree to which the adapted scale accurately measures the intended
construct (construct validity), we employed factor analysis. Our approach involved
employing the CFA, which is a theory-driven method based on an existing hypoth-
esis or “theory,” to test if the collected data fit the theoretical model (Hurley et al.,
1997). As a result, we used CFA to validate the preexisting CT theoretical framework
and factor structure. Furthermore, our data were binary (0 for false and 1 for correct
answers). In such cases, it is suggested to use the Weighted Least Squares Means
and Variance Adjusted (WLSMYV) estimator (Passos et al., 2023). Consequently, we
used the WLSMYV estimator in R software (R CORE Team, 2019) with the lavaan
package (Rosseel, 2012) to conduct our CFA and assess the fit of our hypothesized
measurement model. Prior to CFA, KMO test’s value was calculated using the psych
package in R (Kaiser, 1974) to assess variable sampling adequacy, and Bartlett’s test
of sphericity confirmed correlations between the variables (Bartlett, 1951). The value
of KMO should be higher than 0.60 (Kaiser, 1974) or 0.50 (Hair et al., 2006), and
Bartlett’s test of sphericity should be statistically significant.

Among the model fit indices we used and reported are the chi-square (x°) statis-
tic, root mean square error of approximation (RMSEA), root mean square residual
and standardized root mean square residual (SRMR), comparative fit index (CFI),
Tucker-Lewis Index (TLI), and normed-fit index (NFI). We also reported the ratio
of the y? statistic to its degrees of freedom (df) to provide insight into the model’s
fitness while considering its complexity. Regarding the cut-off values of the model
fit indices, the CFI should be higher than 0.95 (Hu & Bentler, 1999) or 0.90 (Byrne,
1994). The value of TLI should be no less than 0.90 (Bentler & Bonett, 1980) or
higher than 0.95 (Hu & Bentler, 1999), and the value of NFI should be higher than
0.90 (Byrne, 1994) or 0.95 (Schumacker & Lomax, 2004). The value of RMSEA
should be between 0.05 and 0.08, but values between 0.08 and 0.1 can be accepted
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(Fabrigar et al., 1999), and the value of 5°/df should be lower than 3 (Kline, 2011) or
5 (Wheaton et al., 1977). Finally, the value of SRMR should be lower than 0.08 (Hu
& Bentler, 1999), but SRMR is sensitive to sample sizes and is not recommended for
use with binary data (Yu, 2002). It should be noted that although reporting multiple
model fit indices is generally recommended, some researchers recommend reporting
the TLI, CFI, and RMSEA for one-time analyses and other indices only after modify-
ing the model (Schreiber et al., 2006).

4.4 Item analysis

We employed Classical Test Theory (CTT; Hambleton & Jones, 1993) methods
to analyze the characteristics of individual items in the Greek BCTt. This analy-
sis focused on item difficulty and discrimination power, using appropriate statistical
procedures.

4.4.1 Item difficulty index

After establishing the scale’s content validity through the CVI assessment, we con-
tinued the psychometric evaluation of the translated scale by examining the item
difficulty level. The IDI is used in CTT to describe the difficulty of a single item on a
scale. The IDI is defined as the percentage of the group who answer an item correctly
(Barnard, 1999) or the relative frequency with which the test takers respond correctly
(Thorndike et al., 1991). Accordingly, we calculated the IDI by dividing the total
number of individuals who answered correctly by the total number of individuals
who answered. The result varies from 0 to 1 and is not often converted into a percent-
age. Higher IDI values indicate easier questions. To determine if a question is easy,
researchers have suggested thresholds, which can be regarded as arbitrary. According
to Azevedo et al. (2019), the IDI takes values between 0.15 and 0.85; outside of this
range, questions must be reevaluated. Items with IDI values between 0.1 and 0.3 are
generally considered difficult, while those with IDI values between 0.7 and 0.9 are
generally considered easy (El-Hamamsy et al., 2022).

Furthermore, challenging tests containing items with IDI values below 0.25 tend
to be positively skewed, whereas very easy tests with items having IDI values greater
than 0.80 tend to be negatively skewed (Nitko & Brookhart, 2014). However, we
can place easy items at the start of a test as “warm-up” questions (Hingorjo & Jaleel,
2012, p. 143). Finally, it is generally advised that a good test should contain items
with a range of IDI values, and the IDI should ideally be around 0.5 (Azevedo et al.,
2019).

4.4.2 Item discrimination index

Our next critical step in the psychometric evaluation of the translated scale was to
explore the Item Discrimination Index for each item and the overall scale across
grades. The Item Discrimination Index, also called point-biserial correlation, is a
method used in CTT to assess the effectiveness of certain test items in differentiating
between students of high and low ability (Azevedo et al., 2019; Hingorjo & Jaleel,
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2012). More specifically, the Item Discrimination Index uses the differences between
the high-ability students who answered the item correctly and the low-ability stu-
dents who answered correctly and took values between — 1 and 1 since it is a correla-
tion coefficient (Mitra et al., 2009). The value 1 denotes a perfect correlation between
the score obtained in a certain question and the total score. As a result, the higher the
score on this question, the higher the total test score will be.

Conversely, -1 denotes an inverse perfect correlation, meaning that the higher the
score in this question, the lower the total test score. It is generally assumed that indi-
viduals of high ability would choose the correct answer to each scale item more often
than individuals of low ability. In this case, the item is considered to have a positive
Discrimination Index. However, when low-performing individuals answer correctly
more often than high-performing individuals, that item has a negative Discrimination
Index (Hingorjo & Jaleel, 2012). The threshold of 0.2 is generally applied to retain a
scale’s items (El-Hamamsy et al., 2022), which is consistent with Ebel and Frisbie’s
(1991, p. 232) recommendations, as can be seen in Table 2.

4.5 Reliability

We assessed the adapted BCTt’s reliability using both internal consistency and test-
retest reliability.

4.5.1 Internal consistency

In our psychometric evaluation of the translated scale, we also assessed its inter-
nal consistency. According to Tsang et al. (2017), internal consistency refers to “the
extent to which the questionnaire items are inter-correlated or whether they are con-
sistent in the measurement of the same construct” (Tsang et al., 2017, p. S85). In
other words, internal consistency refers to the degree to which a scale’s items mea-
sure the same underlying concept, skill, or construct (Azevedo et al., 2019), ensur-
ing the accuracy and stability of the scores obtained from a scale. Cronbach’s alpha
(Cronbach, 1951), also known as coefficient alpha, is a widely used measure of the
internal consistency of a scale. A significant value of o is necessary for internal con-
sistency, but it is not guaranteed; lengthy, multidimensional scales will also have high
values of a (Streiner, 2003).

Another widely used measure of a scale’s internal consistency, mainly when it
contains items with only right and wrong answers (dichotomous items) of varying
difficulty, is KR20 (Kuder & Richardson, 1937). KR20 is calculated by dividing the
average squared correlation between pairs of test items by the average squared corre-
lation of each item with the total test score. It also ranges from 0 to 1, and the scale’s
internal consistency will be closer to 1, while 0.80 indicates a reasonable consistency

Table2 Item discrimination Index of discrimination Item evaluation

index and its interpretation 0.40 and above Very good item
0.30-0.39 Reasonably good item
0.20-0.29 Marginal item
Below 0.19 Poor item
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(Azevedo et al., 2019). In our case, for our scale containing binary answers, we cal-
culated the KR20 coefficient for the entire translated scale and its subscales for each
student’s grade and across all grades. We also need to point out that for our data,
which contained only binary data, the value of the KR20 coefficient was identical to
Cronbach’s alpha coefficient. Finally, we calculated and reported the mean inter-item
correlations for the scale and its subscales since Cronbach’s o values can often be low
with short scales (Streiner, 2003). According to Briggs and Cheek (1986), the inter-
item correlations are not influenced by scale length, with the recommended range
falling between 0.2 and 0.4.

4.5.2 Test-retest reliability

Test-retest reliability is a complementary approach to evaluating a scale’s reliability.
It is also known as the coefficient of stability, and we used it to assess the degree
to which the participant’s performance is repeatable, i.e., the degree to which their
answers remain consistent throughout several administrations of a scale (Arafat et
al., 2016; Boateng et al., 2018; Tsang et al., 2017). To assess test-test reliability, we
administer the same scale twice or more to the same individuals and then calculate
Pearson’s product-moment correlation coefficient (Pearson’s ) or the intraclass cor-
relation coefficient (ICC; Tsang et al., 2017). A more significant coefficient indicates
more robust test-retest reliability. Broglio et al. (2007) argues that while Pearson’s r
is a bivariate measure of the relationship between two independent variables, ICC is
a univariate measure of the score consistency across two different time points. As a
result, ICC is often used instead of Pearson’s r to assess the consistency of measure-
ments made on the same subject across time or by several raters. ICC values between
0.61 and 0.80 are generally considered moderate, while values between 0.81 and 1.00
are substantial (Vaz et al., 2013).

In our study, we computed the ICC (1, 1), also known as one-way random effects,
absolute agreement, single rater or measurement (Koo & Li, 2016), to evaluate the
test-retest reliability of our scale between two-time points for each grade as well as
for all grades collectively. ICC (1, 1) is generally used to measure the consistency or
agreement between measurements taken on the same subjects at different time points
or under different conditions. We also reported the confidence intervals of the ICC
values. Finally, although the ideal testing interval may vary, 2 weeks is the most rec-
ommended interval between the test and retest (Streiner et al., 2015).

5 Results

5.1 Score analysis

First, we produced descriptive data regarding the students’ scores on the adapted scale
version. Our results (see Table 3) showed that across all grades (N=673), the mean
total score is 15.44, with a median of 16.00, which indicates a relatively balanced

distribution of scores. Additionally, the value of the standard deviation (SD=6.20)
indicates that the data are dispersed moderately.
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Table 3 Descriptive statistics of total scores by grade

Grades N Mean Median Std. Minimum Maximum
Deviation

1 160 12.44 13.00 6.22 0.00 24.00

2 172 13.49 14.00 5.96 0.00 24.00

3 185 16.35 16.00 5.04 7.00 25.00

4 156 19.58 21.00 5.07 6.00 25.00

All grades 673 15.44 16.00 6.20 0.00 25.00

250

Frequency

100

50

00
00 5,00 10,00 15,00 20,00 25,00

Total Score

Fig. 4 Frequency distribution and normal curve fit for Grade 4 data

Looking at individual grades, Grade 4 achieved the highest mean total score
(19.58), while 26 participants (approximately 17%) achieved the highest score, 25
points (see Fig. 4). This percentage of high-achieving students led us to observe
a ceiling effect, exclude Grade 4 data from further analysis, and subsequently not
include them in the data tested for model fit. Our decision was based on the tradition-
ally adopted benchmark of 15% or more of respondents who achieve the lowest or
highest possible score, thus signaling a floor or ceiling effect (Terwee et al., 2007).

The mean scores of Grades 1 to 4 indicate an increasing performance across
grades, while the value of the standard deviations indicates similar levels of score
dispersion within each grade. The standard deviation for Grade 1 is slightly higher,
reflecting a broader range of performance levels. In summary, the descriptive statis-
tics reveal variations in total scores across grades, with Grade 4 showing the highest
scores and Grade 1 displaying slightly lower scores. The statistics highlight the range
and distribution of scores, providing insights into the overall performance of students
in CT skills across different educational stages.
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5.2 Validity
5.2.1 Content validity index

As mentioned earlier, a panel of six experts independently rated the degree to which
each item was relevant to the underlying construct using a four-point scale. All items
received an I-CVI value above 0.78, as Lynn (1986) recommended. The results also
indicated unanimous agreement among experts regarding the overall relevance of the
scale items since the average proportion of items judged as relevant across the experts
(S-CVI/Ave) was 0.99 and the S-CVI/UA was 0.92, suggesting significant consensus
regarding the representativeness of the items according to the recommended values
(Lynn, 1986; Shi et al., 2012).

5.2.2 Construct validity

As described in Sect. 4.3.2, we tested whether our theoretical model fit the data we
collected from Grades 1, 2, and 3. Our results of the CFA with six factors based on 25
dichotomous items are summarized in Table 4. We applied the WLSMYV estimation
method and found that for Grade 1, our model has a good fit according to all indices
except for SRMR, whose value was higher than the recommended threshold of 0.09.
The y°/df ratio was below 3, which indicates a good fit, and the CFI, TLI, and NFI
values are also acceptable. The values of KMO and Bartlett’s test of sphericity also
indicate that the sampling is adequate and that there is a substantial correlation in the
data. We found a similar fit for the model with the data we collected from Grade 2
students, as the y>/df ratio remained below 3, the other indices were within the accept-
able range, and the KMO and Bartlett’s test of sphericity were as well. However, the
value of SRMR exceeded the recommended threshold. The fit indices for Grade 3
indicated a poor fit since only the y°/df ratio was lower than 5, indicating an accept-
able fit. The values of all the other indices were not acceptable, and the KMO value
showed mediocre sampling.

Finally, we found a good fit when we tested our model with students from all
grades. We found an »°/df ratio below 5, which is acceptable; a CFI between 0.90
and 0.95, which is good; good TLI and NFI values as well; and a moderate RMSEA.
However, the SRMR value was not good. The sampling was adequate, and there was
a substantial correlation in the data, as suggested by the KMO and Bartlett’s test of
sphericity, respectively. In conclusion, when we tested our model with the data for all
grades, we found that Grades 1 and 2 individually exhibit a good fit across all indices,
while Grade 3 shows a comparatively less favorable model fit.

Table 4 Model fit indices comparison and recommended cut-off values for different grades

Fitindex =~ KMO Bartlett’s test of sphericity y*/df  CFI TLI NFI  RMSEA SRMR
Grade 1 0.84 4’ (300)=1399, p<.001 1.870 0.954 0.949 0.907 0.074 0.144
Grade 2 0.82 % (300)=1408, p<.001 1.994 0944 0937 0.895 0.076 0.146
Grade 3 0.60 4’ (300)=1580, p<.001 3.463 0.787 0.749 0.728 0.121 0.196
All grades  0.82 % (300)=4414, p<.001 4914 0934 0920 0918 0.087 0.128
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5.3 Item analysis
5.3.1 Item difficulty index

We calculated the IDI to describe the difficulty level of each item on our translated
scale across grades. Our results (see Fig. 5) showed that in Grade 1, the mean IDI is
0.50, suggesting a relatively balanced distribution of item difficulty levels. However,
items with higher values, such as Item 1 (0.90) and Item 6 (0.76), seem easier. On
the other hand, Item 21 (0.26) and Item 25 (0.28) demonstrate more significant dif-
ficulty levels. In Grade 2, the IDI values show that the scale contains items of vary-
ing difficulty. Items like Item 1 (0.95) and Item 3 (0.76) are relatively easier, while
Item 25 (0.30) and Item 24 (0.37) exhibit higher levels of difficulty. The mean IDI
for Grade 2 is 0.54, indicating a slightly lower overall difficulty compared to Grade
1. However, the mean IDI remains very close to the value of 0.50, as suggested by
many researchers (Azevedo et al., 2019). The IDI values for the students in Grade 3
also demonstrated varying difficulty. Some items like Item 1 (0.98) and Item 2 (0.84)
appear to be relatively easier, but Item 24 (0.37) and Item 25 (0.38) present higher
levels of difficulty. The mean IDI for Grade 3 is 0.63, suggesting an increase in mean
IDI compared to Grades 1 and 2, thus an easier test.

The mean IDI for all grades combined is 0.51, indicating a balanced overall distri-
bution of item difficulty levels across the entire scale. The trendline fitted to the dif-
ficulty index data points shows that the scale includes items with increasing difficulty.
Furthermore, the value of R°=0.726 of the trendline suggests that the trendline can
explain a relatively high proportion (about 73%) of the variability in the IDI values.

——Grade 1
—E—Grade 2
—&—Grade 3
——All Grades

TEMS

Fig.5 Analysis of the item difficulty index with thresholds: variations across grades and overall
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5.3.2 Item discrimination index

The values of the Item Discrimination Index values of our translated scale showed
that it consists of items with varying levels of discriminatory power (see Fig. 6).
More specifically, in Grade 1, we found items such as Item 12 (0.62) and Item 22
(0.62) with strong discriminatory power, which can effectively distinguish between
students of varying abilities. However, all items fall into the “very good” range, and
overall, the mean discrimination index of 0.53 suggests that the assessment is rea-
sonably effective in discriminating between Grade 1 students. In Grade 2, a similar
pattern emerged as items showed diverse IDI. Items 2 (0.64) and 18 (0.64) have
strong discriminatory power, and 22 out of 25 items fall into the “very good” range.
The remaining three items, Item 1 (0.37), Item 9 (0.39), and Item 3 (0.39), fall into
the “reasonably good” range. The mean IDI of 0.51 demonstrates a reasonable ability
of the assessment to discriminate among Grade 2 students. In Grade 3, the mean IDI
was lower (0.41), suggesting that the items can discriminate effectively among Grade
3 students but are less effective than in other grades. Item 1 (0.17) showed poor dis-
criminatory power, but it can be used as a warm-up question. Item 10 (0.25) and Item
11 (0.26) fall into the “marginal” category. While eight items fall into the “reasonably
good” category, the remaining 14 items fall into the “very good” category.

In conclusion, the results of the IDI showed that the scale’s items can adequately
discriminate across students of all grades (0.53) but have greater discriminatory
power for Grades 1 and 2 compared to Grade 3. However, we decided not to remove
any items from the translated scale, as the individual IDI values exceeded the thresh-
old of 0.20 (El-Hamamsy et al., 2022). Item 1, despite its low IDI value, especially
for Grade 3, can be retained and used as an introductory question, given that it is an
easy one (Hingorjo & Jaleel, 2012).

07 ——Grake 1
—B—Grad 2
—4—Grade 3
T Al Grads

a i 2 3 4 5 [ : B 9 10 11 12 15 14 315 16 17 1E 1% 20 21 2 213 24 25
TENE

Fig. 6 Analysis of the item discrimination index with threshold: variations across grades and overall
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5.4 Reliability
5.4.1 Internal consistency

To assess the internal consistency of our translated scale, we calculated the value of
the KR20 coefficient and the mean inter-item correlations for the subscales across
different grades (see Table 5). The Sequence subscale demonstrated adequate inter-
nal consistency across all grade levels, and its mean inter-item correlations reflected
reasonable associations among items. The Simple Loop and Nested Loop subscales
also showed adequate reliability across grades, and their mean inter-item correlations
were relatively higher, signifying stronger linkages among the items. Regarding the
Conditional subscales, we found low or adequate values of the KR20 coefficient.
However, the Conditional subscales contained few items, and it is essential to exam-
ine the values of the mean inter-item correlations, which indicated satisfactory levels
of item relationships and, thus, internal consistency.

The entire scale, comprising 25 items, consistently exhibited high reliability coef-
ficients across all grade levels: Grade 1 (KR20=0.89), Grade 2 (KR20=0.88), Grade
3 (KR20=0.80), and a combination of all grades (KR20=0.88). When examined
along with the corresponding mean inter-item correlations, these values indicate
significant internal consistency of the assessment, encompassing diverse items that
evaluate various constructs. The KR20 coefficients and the mean inter-item correla-
tions showed no improvement upon removing any items. Consequently, we retained
all the 25 items on the translated scale.

5.4.2 Test-retest reliability

We examined the test-retest reliability of the translated scale in a sample of 64 stu-
dents representing all three grades. We administered the scale to the students in the

Table 5 KR20 reliability coefficients and Mean Inter-item correlations for the Scale and its Subscales
Across grades

Measure Grade 1 Grade 2 Grade 3 All Grades

KR20 Mean KR20 Mean KR20 Mean KR20 Mean
I-I Corr I-I Corr I-I Corr I-I Corr

Sequence 0.69 0.27 0.67 0.26 0.62 0.21 0.68 0.27

(6 items)

Simple loop 0.72 0.34 0.71 0.33 0.66 0.28 0.72 0.34

(5 items)

Nested loop 0.73 0.28 0.73 0.28 0.63 0.20 0.74 0.29

(7 items)

If-then 0.63 0.46 0.61 0.44 0.70 0.53 0.66 0.49

(2 items)

If-then-else 0.58 0.41 0.51 0.34 0.49 0.32 0.53 0.36

(2 items)

While 0.54 0.28 0.50 0.25 0.59 0.32 0.58 0.32

(3 items)

Entire scale 0.89 0.25 0.88 0.23 0.80 0.14 0.88 0.23

(25 items)
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same classes, one for each grade, at two-time points, 14 to 18 days apart. For Grade 1
(N=19), the single measures intraclass correlation coefficient revealed a high degree
of consistency among the single measures, yielding a value of 0.804 (95% CI [0.559,
0.919], F (18, 18)=9.183, p<.001). Similarly, Grade 2 (N=21) exhibited an ICC for
single measures of 0.815 (95% CI [0.598, 0.921], F (20, 20)=9.809, p<.001). Grade
3 (N=24) displayed an ICC for single measures of 0.728 (95% CI [0.466, 0.872],
F (23, 23)=6.353, p<.001). Finally, with all grades combined, the ICC for single
measures remained consistent at 0.728 (95% CI [0.466, 0.872], F (23, 23)=6.353,
p<.001). These findings collectively highlight the high degree of agreement between
the single measures of the scale’s responses across all grade levels.

6 Discussion

Our results provided a comprehensive understanding of the scale’s psychometric
properties in assessing primary school students’ development of CT concepts such
as sequences, loops, and conditionals. More specifically, the results from the validity
analysis showed strong content validity, supported by high agreement among experts
regarding the relevance of the scale’s items to the underlying construct of CT. This
suggests that the Greek scale can effectively capture the essential concepts of CT for
primary school students. Furthermore, the construct validity analysis showed that our
scale aligns well with the theoretical model, as evidenced by acceptable fit indices
for students in Grades 1, 2, and 3 combined. Regarding construct validity for Grade
3, the results reveal a less optimal fit according to various fit indices compared to
Grades 1 and 2. At the same time, we excluded Grade 4 students, as they achieved
a ceiling effect. The discrepancy between the Grade 3 students and those of 1 and 2
proposes further investigation and potential adaptations of the assessment tool for
this specific grade.

The analysis of the difficulty and discrimination index of the scale’s items revealed
that the items have varying levels of difficulty and, overall, the scale has medium dif-
ficulty. The items, however, tend to be easier for Grade 3 students. Grade 1 and Grade
2 exhibit relatively balanced difficulty levels, with Grade 2 demonstrating slightly
lower overall difficulty than Grade 1. The discrimination indices also highlight
stronger discriminatory power in Grade 1 and Grade 2 compared to Grade 3. These
findings suggest a targeted refinement or development of items to better capture the
evolving cognitive skills of Grade 3 students. The internal consistency analysis using
KR20 coefficients showed high internal consistency of the overall scale across all
grades and for each. However, the value of the coefficients showed that some sub-
scales could be captured with greater accuracy than others. The latter suggests that
there is the possibility of further refinement in the scale’s structure. The individual
grade-level analyses provide additional evidence of the validity of the assessment
tool for each grade. Finally, the evaluation of the test-retest reliability indicated a
high degree of consistency in all grade-level students’ responses throughout 2 to 3
weeks. These finding also suggests that the scores remain consistent over time, rein-
forcing the scale’s overall reliability.
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Our results are consistent with Zapata-Caceres et al.’s (2020, 2021) results, as both
studies suggest that the scale may not be challenging for older students. Furthermore,
both studies suggest that the scale’s difficulty suits younger primary school students,
although our findings showed a higher level of difficulty. Our study showed a great
internal consistency that gradually declined as grades got higher, which is also con-
sistent with the results obtained through the initial validation of the scale with Span-
ish students. However, the scores obtained from our study were lower than those
obtained from the sample with which the initial validation was made. The observed
variations in these results underscore the impact of cultural, educational, and contex-
tual factors on assessment outcomes. Both studies suggest that the scale may be more
suitable for Grades 1 and 2 of primary school.

Despite the promising results obtained, some limitations need to be taken into
account. First, despite being adequate for the students from all grades combined, the
sample size could have been better for Grade 3, which might have affected the model
fit for that grade. Future research could address the specific challenges regarding the
CT assessment of Grade 3 pupils and possible gender differences across the scale and
its subscales. Additionally, the scale consisted of binary items and may be less able
to detect subtle differences in the development of CT concepts. More diverse item
types, such as multiple-choice questions or open-ended activities, might be incorpo-
rated into future studies.

Furthermore, the level of development regarding CT concepts and skills may not
be adequately captured when being evaluated in a controlled classroom setting. Fur-
ther item and subscale refining led by the current findings can improve the scale’s
overall psychometric quality and usefulness in educational assessment and research
contexts. Finally, future research would focus on the inherent factor structure of the
scale’s items through EFA. At the same time, the integration of Item Response The-
ory analysis (IRT; Hambleton & Jones, 1993) could shed light on individual items’
performance. Integrating these advanced statistical techniques would contribute to
the refinement and optimization of the assessment tool.

7 Conclusion

In conclusion, our study aimed to translate, culturally adapt, and validate the BCTt for
primary school students in Greece. Our comprehensive examination of the psycho-
metric properties of the culturally adapted version of the BCTt in Greek revealed that
the adapted scale has good potential for assessing students’ CT skills. Our results pro-
vided evidence of the content validity, construct validity, and reliability of the Greek
version of the scale. More specifically, our panel of experts agreed on the relevance of
the items for assessing CT concepts, and the CFA revealed varying model fits across
grades, with Grades 1 and 2 demonstrating better fits. Furthermore, our analysis
revealed that the scale includes items of varying difficulty, has good discriminatory
power, has good internal consistency, and has consistent and stable results over 2—3
weeks. Despite these promising outcomes, limitations were acknowledged, includ-
ing sample size variations across grades, and primarily, the observed ceiling effect in
Grade 4, which significantly impacted our analysis. Future research can delve into
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the underlying factor structure of items through exploratory factor analysis and IRT.
This approach will offer opportunities to better understand and address limitations
in assessing CT skills among specific age groups. Finally, our study contributes to
the growing body of research on CT assessment, offering insights for educational
practitioners and researchers aiming to evaluate and enhance students’ computational
thinking skills.
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