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Abstract. Computational Thinking (CT) is widely recognised as a transversal competence
essential for learning, problem solving, and knowledge transfer across disciplines. How-
ever, its effective integration into school education remains strongly dependent on the
availability of assessment instruments that are pedagogically meaningful, psychometri-
cally sound, and applicable across diverse educational contexts. This paper presents CO-
MATH, a cross-national assessment instrument designed to evaluate CT in students aged
9-14. The instrument adopts a phase-based development and validation framework that
integrates Bebras-inspired tasks, I[tem Response Theory, factor-analytic methods, learning
analytics, and teacher and student feedback. The assessment was iteratively developed and
piloted between 2023 and 2025 in six European countries, with data collected from 6,480
students and 155 teachers. The findings demonstrate that a phased assessment approach
enables systematic calibration of task difficulty, robust evaluation of item functioning, and
meaningful interpretation of student performance across age groups and national contexts.
The results further highlight how well-designed CT assessment can support instructional
decision-making rather than serve solely as a summative measure. The study argues for
conceptualising CT assessment as a dynamic and iterative process that links measurement,
psychometric validation, and pedagogical use in school education.

Keywords: Computational Thinking, Assessment Instrument, COMATH, Cross-National
Assessment, [tem Response Theory, Factor Analysis, Test Reliability and Validity
1. Introduction

Computational Thinking (CT) is a foundational competence in contemporary education,
equipping students with the ability to approach problems systematically and to develop
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robust analytical and problem-solving skills (Bilbao et al., 2023; Bocconi et al., 2022;
Dagiené¢ et al., 2021; Dagiené et al., 2024; Hsu et al., 2018). CT supports learners in
structuring problems, identifying patterns, designing solution strategies, and reasoning
abstractly, thereby fostering coherent and transferable learning experiences, particularly
within STEM education (Dolgopolovas & Dagiené, 2024).

Despite broad agreement on its importance, CT remains a complex and multidimensional
construct. Its definition and categorisation vary across the literature, reflecting the inter-
action of multiple cognitive processes rather than a single, well-delimited skill. Building
on recent syntheses (Ezeamuzie & Leung, 2022; Shin et al., 2022), this study adopts the
definition proposed by Shute et al. (2017), which conceptualises CT as a general cogni-
tive competence applicable beyond specific programming or computing contexts (Armoni,
2016). This perspective is particularly suitable for the present study, as it supports the
design and annotation of assessment tasks intended for use across school subjects and
educational systems.

According to Shute et al. (2017), CT comprises six interrelated components: decompo-
sition, abstraction, algorithms, debugging, iteration, and generalisation. Decomposition
involves breaking complex problems into manageable parts, while abstraction focuses on
identifying essential features through data collection, pattern recognition, and modelling.
Algorithmic thinking concerns the development of structured solution steps, including
considerations of efficiency, automation, and parallelism. Debugging and iteration empha-
sise testing, error identification, and solution refinement, whereas generalisation enables
the transfer of CT skills across contexts and problem domains. Together, these components
form a coherent framework for understanding and assessing CT as a higher-order cognitive
competence.

As CT has gained recognition as a key 2 1st-century competence, the need for valid, reli-
able, and pedagogically meaningful assessment approaches has become increasingly evi-
dent. CT assessment is a rapidly evolving field, benefiting from advances in psychometric
modelling and learning analytics, particularly through the application of Item Response
Theory (IRT). The work of the CT&MathABLE project! demonstrates that it is possible
to move beyond purely summative measurement and develop assessment instruments that
support both rigorous evaluation and instructional decision-making. Well-designed CT
assessments play a crucial role in ensuring that learners have equitable opportunities to
develop and demonstrate their CT capabilities.

In response to this need, the CT&MathABLE research consortium initiated the develop-
ment of a dedicated CT assessment instrument. Grounded in established theoretical frame-
works and prior empirical research, the goal was to design a tool capable of capturing
core CT competencies across different developmental stages while remaining applicable
in diverse educational and cultural contexts. Particular attention was given to age appropri-
ateness, cross-national comparability, and alignment with classroom practice.

This effort resulted in the development of the COMATH CT assessment instrument, which
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was piloted in six European countries: Finland, Hungary, Lithuania, Spain, Sweden, and
Tirkiye. The instrument targets students aged 9 to 14, a critical period during which foun-
dational CT skills are introduced and progressively consolidated within formal education.
To reflect developmental differences, three age-specific versions of the assessment were
designed: COMATHI1 for students aged 9—-10, COMATH?2 for students aged 11-12, and
COMATH3 for students aged 13—14. While the underlying CT constructs remain con-
sistent across versions, item content, linguistic complexity, and cognitive demands were
systematically adapted to ensure valid and meaningful measurement at each age level.

The findings from the pilot studies provide robust empirical support for the measure-
ment quality of the COMATH assessment and informed subsequent refinements to item
design and test structure. In doing so, the study contributes to the broader objective of
the CT&MathABLE project: the development of a scalable, equitable, and theoretically
grounded assessment framework for CT in European school education.

This study addresses the following research questions:

RQ1: How can age-appropriate assessment tasks be systematically designed to validly
measure CT skills in students aged 9—14 across diverse educational contexts?

RQ2: To what extent does the COMATH CT-assessment instrument demonstrate struc-
tural validity, reliability, and appropriate item functioning across age groups?

RQ3: How consistently does the COMATH CT assessment function across countries
in terms of fairness, comparability, and applicability in diverse educational settings?

To address these questions, a retrospective and empirical analysis was conducted, drawing
on the development process, documented communications, and empirical data generated
within the CT&MathABLE project. By synthesising evidence from the design, imple-
mentation, and evaluation of the COMATH CT-assessment across six European countries,
the study aims to inform future research and practice in the design of valid, reliable, and
equitable CT assessment instruments for learners aged 9-14.

2. Review of existing Computational Thinking assessment instruments

The assessment of CT has emerged as a major priority in international education, par-
ticularly amid rapid digital transformation and the development of key 2 1st-century com-
petencies (Bilbao et al., 2025). CT encompasses far more than learning to program; it
involves a range of cognitive skills, including abstraction, decomposition, pattern recog-
nition, and algorithm design. These skills enable individuals to approach problems in a
logical, structured, and efficient way. Moreover, CT competencies are highly transferable
across disciplines, making them valuable for enhancing learning and problem-solving in
diverse educational domains.

Assessment plays a pivotal role in the successful integration of CT into K—12 education.
A wide range of approaches has been used to evaluate CT skills (Kalelioglu et al., 2016;
McMillan & Hellsten, 2010). Some studies rely on selected-response and constructed-
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response instruments, such as the paper-and-pencil test for computer science knowledge
and CT skills developed by Shell and Soh (2013), or the mixed-format assessment target-
ing everyday problem-solving proposed by Chen et al. (2017). In addition, researchers
have examined the reliability and validity of CT assessment instruments, such as the self-
efficacy scale developed by Giilbahar, Kert, and Kalelioglu (2019) and the interview-based
framework proposed by Weintrop et al. (2016).

A systematic literature review was conducted in accordance with the seven-stage model
proposed by Fink (2019). The initial stages focused on clearly defining the research ques-
tions, identifying relevant bibliographic databases, and selecting appropriate search terms.
A search of peer-reviewed literature published within the last decade was then conducted
to identify studies that assessed CT in school education. The initial search yielded 285
articles. After removing duplicate records, 160 unique articles remained for subsequent
screening and analysis. These steps were further supported by consultations with domain
experts, which helped refine the scope of the review and ensure the relevance and robust-
ness of the search strategy. In addition, the review built on and extended the systematic
literature review by Erola and Mirel (2023), broadening the scope to include studies con-
ducted at the upper secondary education level.

The selected papers were screened and included based on predefined inclusion criteria
for language, publication period, and relevance. This process resulted in the exclusion of
125 articles, leaving 22 studies after title and abstract review. After full-text screening,
nine articles were included in the final review, covering eleven CT assessment instruments
(Table 1).

Table 1. Nine articles were included based on Erola and Mirel’s (2023) systematic literature review

Publication

Authors Article’s title
year
Basu, Rutstein, Xu, A.Prlpmpled approach to de.s1gn1ng computational
2023 thinking concepts and practices assessments for up-
Wang & Shear
per elementary grades
Chen, Shen, Barth- Assessing elementary students’ computational think-
Cohen, Jiang, Huang & 2017 ing in everyday reasoning and robotics program-
Eltoukhy ming
Design and validation of learning trajectory-based
Gane, Isracl, Elagha, 2021 assessments for computational thinking in upper

Yan, Luo & Pellegrino elementary grades

Item response analysis of computational thinking
Kong & Wang 2021 practices: Test characteristics and students’ learning
abilities in visual programming contexts

Development and validation of computational
Li, Xu & Liu 2021 thinking assessment of Chinese elementary school
students

“TechCheck”: Development and validation of an
2020 unplugged assessment of computational thinking in
early childhood education

Relkin, de Ruiter &
Bers
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Tsarava, Moeller,

Roman-Gonzalez, A cognitive definition of computational thinking in

Golle, Leitheit, Butz & 2022 primary education.

Ninaus

Zapata-Caceres, Martin- Collaborative game-based environment and assess-

Barroso & Romén- 2021 ment tool for learning computational thinking in

Gonzélez primary school: A Case study

Zhong, Wang, Chen An Exploration of three-dimensional integrated as-
. 2016 . S

& Li sessment for computational thinking

The final stages of the review process focused on conducting the literature review and
synthesising the findings. These stages involved evaluating the review procedure, ensuring
its reliability, and systematically analysing the collected studies. In this study, analysis was
carried out at the content level. The initial examination considered the target age groups
or grade levels, the types and number of tasks included in each assessment, and the modes
of implementation (e.g., digital or paper-based). Following this descriptive overview, at-
tention was directed to the psychometric characteristics of the instruments, with particular
emphasis on reliability and validity.

The systematic literature review and content analysis identified several key trends in CT
assessment research. Most of the reviewed publications were published after 2020, indi-
cating growing research interest in recent years. Most assessment instruments targeted
elementary school students aged 5-12 and were primarily computer-based. Six of the
eleven identified instruments used multiple-choice formats, while the remaining instru-
ments employed open-ended tasks, problem-solving activities, or coding-based questions.
Overall, reported validity evidence was moderate. Content validity was most commonly
addressed through expert review, pilot testing, and alignment with established assessment
frameworks. In contrast, construct validity was less consistently supported: although fac-
tor analyzes were conducted for eight instruments, hypothesis testing was reported in only
four cases. Internal consistency was generally satisfactory, with eight instruments report-
ing Cronbach’s alpha coefficients, most of which were high, except for one instrument
with a low alpha value (0.48). Reliability evidence was the weakest overall, as only two
instruments, reported within a single publication, included inter-rater reliability measures
using Cohen’s kappa.

Despite significant progress, several challenges remain. One key issue is the need to define
clear, valid, and operational CT constructs that can guide item development and interpreta-
tion of results. Another challenge lies in integrating assessment seamlessly into everyday
teaching practice, ensuring that it is perceived not as an added burden but as a meaningful
tool for supporting learning. Gulbahar et al. (2025) address these concerns by proposing
flexible and context-sensitive instruments aligned with instructional objectives.

Ethical considerations are also central to CT assessment. The increasing use of digital
technologies raises concerns related to data privacy, algorithmic bias, and student auton-
omy. Consequently, assessment systems must be transparent, accountable, and respectful
of learners’ rights.
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3. Development of COMATH

Within the CT&MathABLE project, the COMATH assessment instrument was developed
as a comprehensive tool for evaluating students’ CT skills in primary and lower secondary
education. The overarching objective of COMATH is to provide an open-access assess-
ment instrument with robust psychometric properties that can be applied consistently and
reliably across diverse cultural and educational contexts.

Although the COMATH framework was originally designed to assess both CT and alge-
braic thinking, the present study focuses exclusively on the CT assessment. The analyzes
reported here examine CT-related constructs, test items, and psychometric properties in
detail, enabling a focused investigation of CT assessment design and validation.

The COMATH CT-assessment targets students aged 9 to 14 and is structured into three
age-specific versions to reflect developmental differences in cognitive and digital skill
progression:

* COMATHI1 for students aged 9-10,
* COMATH2 for students aged 11-12, and
* COMATHS3 for students aged 13—14.

The decision to develop separate versions of the COMATH assessment for each age group
was motivated by well-established differences in students’ developmental and learning
trajectories. Learners in the younger age groups (COMATHI and COMATH?2) are typi-
cally at an early stage of acquiring foundational CT skills, whereas students in the older
age group (COMATH3) can engage with more complex tasks that demand higher levels of
abstraction, reasoning, and problem-solving. Consequently, each COMATH version was
carefully designed with age-appropriate content, calibrated levels of complexity, and dif-
ferentiated cognitive demands to ensure valid and meaningful measurement of students’
CT abilities.

The development of the COMATH instrument was carried out at the Turku Research In-
stitute for Learning Analytics, University of Turku, Finland, in close collaboration with
Vilnius University, Lithuania, and other project partners. To ensure strong validity and reli-
ability, the development process was grounded in established theoretical and design frame-
works and informed by interdisciplinary expertise. Researchers from multiple academic
disciplines and cultural contexts worked alongside practising teachers, whose classroom-
based perspectives contributed to the instrument’s pedagogical relevance and practical
applicability.

The design process integrated both quantitative and qualitative research methods, includ-
ing iterative item development, expert evaluation, and systematic alignment with curric-
ular and pedagogical objectives. Following its initial development, the COMATH CT-
assessment was piloted from October 2023 to the beginning of 2025 across six countries:
Finland, Hungary, Lithuania, Spain, Sweden, and Tiirkiye. The findings from this first pilot
phase serve as the empirical foundation for the present study and are used to evaluate the
CT assessment component of COMATH.
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Insights from the first pilot study informed targeted refinements to the instrument, which
were implemented before a larger-scale pilot. This subsequent phase focuses on further
examining and confirming the validity and reliability of the finalised COMATH CT-assess-
ment across diverse educational contexts.

For the development of the test items, we utilised existing CT assessment instruments
identified in the systematic review and demonstrated at least moderate psychometric
quality. The CT test items were supplemented with Bebras tasks (mainly selected from
the 2022 challenge), which are widely recognised as reliable tools for CT skills. We also
generated new test items when no existing items matched the CT skills intended for as-
sessment. Given the different developmental phases of the target students, the assessment
instrument’s difficulty level should reflect the varying complexities of students’ digital
skill development and capture the levels of their CT skills. Therefore, the COMATH was
tailored to three distinct age groups.

3.1 Item Response Theory Analysis of Bebras Tasks

To support the development of the COMATH assessment, we conducted an Item Response
Theory (IRT) analysis of tasks from the Bebras Challenge 2022 (www.bebras.org). Bebras
tasks are designed to engage students with Informatics and CT concepts and to stimulate
problem-solving and algorithmic reasoning (Araujo et al., 2019; Dagiené¢ & Sentence,
2016). Our objective was to identify tasks suitable for integration into the COMATH as-
sessment, particularly those that effectively differentiate students according to their CT
ability levels.

The analysis was based on responses from 88,041 students in Lithuania and Hungary.
Item—Person Maps and Item Characteristic Curves (ICCs) were used to evaluate how well
tasks aligned with students’ ability distributions and how effectively they differentiated
between lower- and higher-performing learners. Item difficulty and discrimination param-
eters were analyzed across age groups to evaluate task functioning at the item level. In
addition, percentile norms were calculated separately for each country to support the inter-
pretation of individual student performance.

As an example, the suitability of Bebras tasks for students aged 8—10 was examined using
an Item—Person Map (Figure 1). This visualization presents estimated student ability levels
(0) on the horizontal axis and the number of students at each level on the vertical axis. For
this age group, ability estimates ranged approximately from —2 to slightly above 2, provid-
ing a reference for assessing how well task difficulty aligned with students’ skill levels.
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Figure 1. Item-Person Map of a Bebras task for Lithuanian and Hungarian students aged 8-10
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The discriminative performance of individual tasks across the ability continuum was also
examined (Figure 2). The results showed that some tasks were not optimally targeted for
this age group. For example, task 2022-SK-03 was too difficult, providing limited differen-
tiation among students with lower ability levels. In contrast, task 2022-IN-01 was too easy,
providing limited differentiation among students with higher ability levels.

2022-SK-03_Score A
2022-PH-03_Score A
2022-CH-08_Score A
2022-VN-D5a_Score A
2022-1E-02_Score F'y
2022-KR-03_Score
2022-FR-02a_Score
2022-DE-02_Score
2022-AT-01a_Score A
2022-CH-14_Score A
2022-BR-01_Score A
2022-DE-06_Score A
2022-UK-02_Score A
2022-LT-08_Score A
2022-IN-01_Score A

Py’

Figure 2. Difficulty parameter estimates from the IRT analysis of the Bebras tasks for Lithuanian and
Hungarian students aged 8-10

To further examine the discriminatory properties of the tasks, ICCs were employed to
model the relationship between students’ ability levels (0) and the probability of a correct
response, P(0). Each task was represented by its own ICC, illustrating how response prob-
ability varied across the ability continuum (Figure 3).

Within the IRT framework, the discrimination parameter (a) indicates how effectively a
task differentiates between students at different ability levels. Higher discrimination val-
ues, reflected in steeper ICCs, signal greater sensitivity to differences in ability. In this
analysis, tasks such as 2022-CH-08 and 2022-BR-01 showed particularly strong discrimi-
native power.

The horizontal position of an ICC represents task difficulty: curves located further to the
right correspond to more challenging tasks, whereas those shifted to the left indicate easier
ones. The lower asymptote reflects the probability of guessing.
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Figure 3. ICCs for Bebras tasks administered to Lithuanian and Hungarian students aged 8-10.

Item order: 1 =2022-CH-14, 2 = 2022-DE-06, 3 = 2022-FR-02a, 4 = 2022-PH-03, 5 = 2022-DE-02, 6 = 2022-
KR-03, 7=2022-SK-03, 8 =2022-CH-08, 9 =2022-AT-01a, 10 =2022-IN-01, 11 =2022-LT-08, 12 = 2022-UK-
02, 13 =2022-VN-05a, 14 = 2022-1E-02, 15 = 2022-BR-01).

Based on these results, 41 Bebras tasks with strong discrimination were selected for po-
tential inclusion in the COMATH CT assessment. Their difficulty parameters (b) were
then examined to ensure balanced coverage across the ability range. Tasks with b > 1 were
considered difficult, those with b < —1 were considered easy, and those between approxi-
mately —0.5 and 0.5 were classified as moderate, supporting a balanced assessment of the
target population.

3.2 Expert Evaluation

In addition to the IRT analyzes, the content validity of the selected Bebras tasks was ex-
amined to confirm their suitability and representativeness for assessing CT skills in the
development of the COMATH test items. Content validity concerns the degree to which an
assessment instrument adequately captures the intended construct for its defined purpose
(Almanasreh et al., 2019).

To evaluate content validity, 13 CT experts from the project partner countries were con-
sulted. These experts had, on average, 17 years of experience in CT education. They were
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asked to judge the extent to which each selected task reflected specific CT components,
based on the classification proposed by Shute et al. (2017). Ratings were provided using
a three-point scale (“Well”, “Somewhat”, or “Not at all”’). Based on these evaluations, the
content validity ratio (CVR) was calculated using the following formula:

(ne - N/Z)

N/2
in which n. represents the number of experts who rated the task as “Well = 1” or “Some-
what = 0.5 and N is the total number of experts (13). The CVR, originally introduced by
Lawshe (1975), is a widely used quantitative indicator of content validity. CVR values
range from —1 to 1, with higher values reflecting stronger agreement among experts re-
garding the relevance and necessity of an item. Statistical significance is determined using
Lawshe’s critical values; for a panel of 13 experts, a CVR exceeding 0.54 indicates accept-
able content validity at the 0.05 significance level.

CVR =

All thirteen CT experts participated in evaluating the selected tasks and provided feedback
on several dimensions, including item clarity and comprehensibility, alignment with the
intended CT skills, appropriateness for the target age groups, and suggestions for improve-
ment.

The CVR results indicated that the majority of tasks primarily assessed algorithmic think-
ing, with some tasks also addressing abstraction. This finding is consistent with earlier
research by Araujo et al. (2019), which showed that Bebras Challenge tasks often combine
multiple CT components, with algorithmic thinking playing a central role. Based on these
results, the 41 Bebras tasks selected for COMATH were classified into two categories:
tasks assessing algorithmic thinking only, and tasks requiring algorithmic thinking in com-
bination with other CT skills.

In addition to quantitative ratings, experts offered qualitative comments concerning task
content, structure, age appropriateness for students aged 9-10, 11-12, and 13-14, and
potential cultural considerations. This feedback was used to further refine the assessment
items. Revisions based on expert input focused on improving clarity, relevance, and com-
pleteness, thereby enhancing the suitability of the tasks for use across diverse educational
contexts.

3.3 Usability Testing

The preliminary version of the assessment instrument was delivered through VILLE, a
digital learning environment developed at the University of Turku, Finland (Laakso et
al., 2018). Alongside the expert review, the instrument was trialled with a small group of
Finnish students to evaluate its face validity, with a particular focus on usability and clar-
ity. A think-aloud approach was adopted, allowing students to verbalise their thoughts and
actions as they completed the assessment tasks on the VILLE platform.

Usability testing was conducted in September 2023 using a subset of the COMATH CT
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items. Three students participated: a girl in Grade 4, a boy in Grade 5, and a boy in Grade
8. Each student completed the age-appropriate assessment during a session scheduled for
one standard school lesson (45 minutes), with the option to finish earlier if desired. Par-
ticipants were encouraged to ask questions or indicate any difficulties encountered during
the test.

Completion times varied by age: the Grade 4 student finished in 28 minutes, the Grade 8
student in 34 minutes, and the Grade 5 student in 40 minutes. Overall, the assessment func-
tioned smoothly, and no major usability problems were identified. However, the amount
of verbal feedback provided was limited, possibly because the students were unfamiliar
with one another and with the facilitator, which may have reduced their willingness to ask
questions or comment on specific items.

Despite the limited volume of feedback, several useful observations emerged. The young-
est participant initially felt uncertain about the procedure for submitting responses, sug-
gesting the need for clearer instructions at this stage of the assessment. In addition, some
tasks with relatively dense textual content were perceived as demanding for younger stu-
dents, despite efforts to minimise reading load. Nevertheless, the overall test structure
and duration were found to be appropriate, and the assessment was considered ready for
implementation in the subsequent project pilot study.

3.4 Finalising the COMATH

In the final phase of the first development, the selected items were organised into a coherent
assessment framework designed to measure students’ CT skills. Each test was structured
to be completed within 40—45 minutes, corresponding to the typical duration of a school
lesson across partner countries. This time allocation was selected to ensure practical feasi-
bility within regular timetables while preserving sufficient depth and measurement quality.

After incorporating expert feedback, usability critiques, and IRT analysis, we modified ex-
isting Bebras tasks to make them less complex. This included shortening text passages and
reducing the number of multiple-choice answers. We also adjusted tasks for different age
groups; for instance, we repurposed a medium-difficulty task meant for older participants
as a difficult task for younger participants, and vice versa. Additionally, we designed en-
tirely new tasks inspired by test items identified in our systematic literature review. These
efforts ensured that the tasks developed align with the test’s objectives while catering to
the diverse skill levels of various age groups.

The developed test was implemented on the VILLE digital platform and translated into the
eight official languages of the participating countries: Basque, Catalan, Finnish, Hungar-
ian, Lithuanian, Spanish, Swedish, and Turkish. These translations ensured accessibility
for students from various educational backgrounds and facilitated consistent administra-
tion during the first pilot phase in each country.

The selected tasks were subsequently organised into two categories: (1) tasks assessing
algorithmic thinking exclusively and (2) tasks combining algorithmic thinking with addi-
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tional CT components. Within each category, items were positioned along a common dif-
ficulty continuum based on IRT estimates for each age group. The difficulty scale ranged
from —2 to 2 for each COMATH level, ensuring that tasks were appropriately aligned with
the expected ability range of the target students.

After grouping tasks by difficulty level, we selected one task with the strongest discrimina-
tion properties from each group to include in the COMATH assessment. However, as illus-
trated in Figures 46, the resulting set of tasks did not provide consistent coverage across
the entire range of ability levels within each age group. A well-designed assessment should
include items that span a broad spectrum of difficulty, so additional tasks were developed
to address these gaps and ensure a more balanced distribution of easy, moderate, and chal-
lenging items across the difficulty continuum.

COMATH 9-10 (ALG 8-10) e

BR-01 CH-14 IE-02 PH-03

0 0 T R J L ] L T *
-2,00 -1,50 -1,00 -0,50 0,00 0,50 1,00 1,50 2,00

Figure 4. Difficulty of the algorithmic thinking tasks for students aged 9-10

SK-03 TR-02

COMATH 11-12 (ALG 10-12)

PH-03 CZ-04h

CH-14 AU-03 CA-06 HU-02
— & T ——————
-2,00 -1,50 1,00 0,50 0,00 0,50 1,00 1,50 2,00

Figure 5. Difficulty of the algorithmic thinking tasks for students aged 11-12

COMATH 13-14 (ALG 12-14)

HU-02 TR-02
AU-03 CA-06 AT-04 SK-03
1 L [ ] ® 9 o © 1
-2,00 -1,50 -1,00 -0,50 0,00 0,50 1,00 1,50 2,00

Figure 6. Difficulty of the algorithmic thinking tasks for students aged 13—14

The development of supplementary tasks was informed by analyzes of tasks from the
Bebras Challenge and by findings from the systematic literature review. New tasks were
created through several strategies: adapting existing Bebras tasks by simplifying textual
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descriptions or reducing the number of response options to lower task difficulty; reallocat-
ing tasks across age groups by assigning medium-difficulty tasks from older groups as
more challenging tasks for younger students, and vice versa; and designing entirely new
tasks inspired by CT assessment instruments identified in prior research.

For the first pilot study, a total of 29 CT test items were included across COMATH 1-3. Of
these, 14 tasks focused exclusively on algorithmic thinking, while 15 assessed it alongside
other CT components. Most tasks (23 items) were developed in two parallel versions (A
and B) that were conceptually equivalent but differed in surface features, such as images,
visual orientation, and minor textual variations. These parallel forms were intended to
reduce test-form effects and to support subsequent analyzes of item equivalence and re-
finement. In addition, 18 tasks served as anchor items, with eight tasks included across all
three age levels to support comparability.

Each assessment item was administered in one of two parallel versions, and students were
randomly assigned to complete either version A or B (see Figure 7), ensuring balanced
exposure across countries and age groups. Each age-specific test consisted of 18—19 items,
providing sufficient coverage of the CT construct while keeping the testing duration appro-
priate for school settings. The task set was organized into two categories: items assessing
algorithmic thinking alone and items integrating algorithmic thinking with other CT skills,
such as abstraction, decomposition, and pattern recognition. This structure allowed algo-
rithmic thinking to be examined both as a central CT component and in relation to broader
computational processes.

Version A Version B

ALG-07-A
Stacking rings (Multiple choice)

ALG-07-A
Stacking rings (Open-answer)

Beaver stacks rings always in the same order.
He tries to stack all the rings in the picture,
but some are left over. How many?

Beaver stacks rings always in the same order.
He tries to stack all the rings in the picture,
but some are left over. How many?

Answer:

Figure 7. Example of a task A with an alternative version B.
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Following data collection from the first pilot, extensive data cleaning and pre-processing
were conducted, resulting in a final dataset comprising responses from 3,350 students and
53,268 valid item-level observations. All analyzes were performed separately for each age
group to account for developmental differences and to support age-specific validation. The
psychometric evaluation of the COMATH assessment employed a multi-method approach,
including Exploratory Factor Analysis, Confirmatory Factor Analysis, Item Response The-
ory modelling, and reliability analyzes. Together, these methods provided complementary
evidence regarding the instrument’s structural validity, reliability, and item-level perfor-
mance.

The assessment items were systematically designed to be developmentally appropriate and
cognitively demanding at the intended level, incorporating CT components aligned with
the learning objectives specified in the national curricula of the participating countries.
Before the pilots, the project team thoroughly reviewed all items to eliminate typographi-
cal errors and resolve technical issues, ensuring the digital assessment environment was
accurate, clear, and functionally reliable.

4. Methodology

Despite extensive research, assessing CT remains a substantial methodological challenge
(Tang et al., 2020). Unlike traditional academic domains, CT encompasses a set of inter-
connected cognitive processes that do not readily align with conventional standardised
testing formats. As a result, researchers have proposed a range of theoretical frameworks
and specialised assessment tools to capture the multidimensional and latent nature of CT
competences (Bilbao et al., 2025).

The development of the COMATH task set, described in the preceding section, was guided
by these methodological considerations. The process was theoretically grounded, inter-
disciplinary, and informed by both empirical research and classroom practice. As a result,
the task set was designed to support rigorous psychometric analysis while remaining ac-
cessible, engaging, and meaningful for students across different age groups and cultural
contexts.

To empirically evaluate the quality of the CT component of the COMATH assessment, two
pilot studies were conducted. The first pilot focused on examining initial item functioning,
underlying construct structure, and the feasibility of administering the assessment across
participating countries. Findings from this phase informed targeted refinements to selected
items and test structures. The second pilot extended this evaluation by further examining
the instrument’s psychometric properties, including factor structure, item parameters, and
reliability across age groups. Together, these pilot studies provide the empirical foundation
for the methodological analyzes presented in this paper.

Beyond psychometric considerations, contemporary CT assessment research highlights
the importance of pedagogical relevance and contextual validity. Several studies empha-
sise the active involvement of teachers in both the development and interpretation of as-
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sessment instruments. Teacher participation in task co-design and analysis of assessment
results strengthens alignment with curricular objectives, facilitates meaningful classroom
integration, and supports the identification of recurring learning difficulties that can inform
targeted instructional interventions.

4.1 Item Response Theory Analysis

Item Response Theory (IRT) represents one of the most advanced and widely adopted
psychometric approaches for assessing CT. IRT models latent abilities by examining the
probabilistic relationship between students’ item responses and their underlying com-
petence levels. Unlike classical test theory, which focuses primarily on total test scores,
IRT emphasises item-level characteristics, such as difficulty and discrimination, thereby
enabling a more fine-grained analysis of both task functioning and learner performance.
This item-centred perspective makes IRT particularly well-suited for evaluating complex,
multidimensional constructs such as CT, where performance is influenced by varying cog-
nitive demands and problem-solving strategies.

The application of IRT in CT assessment offers several important advantages. First, it sup-
ports the development of precise and scalable assessment instruments that are sensitive
to differences in students’ competence levels. Second, IRT facilitates the construction of
calibrated item banks and longitudinal assessment frameworks, enabling the monitoring
of learning progression over time. Third, because item parameters are estimated indepen-
dently of the tested sample, IRT enhances the fairness, comparability, and interpretability
of assessment results across diverse learner populations and educational contexts.

From a psychometric standpoint, IRT has been increasingly adopted to strengthen the va-
lidity and reliability of CT assessment instruments. Gyamfi and Acquaye (2023) empha-
sise that IRT allows for stable estimation of student ability even when different test forms
or difficulty levels are administered. Furthermore, IRT provides the methodological foun-
dation for adaptive testing and flexible assessment designs, which are particularly valuable
in heterogeneous classroom environments.

Empirical studies further demonstrate the suitability of IRT for CT assessment. For in-
stance, Kong and Wang (2021) applied IRT models to analyze student performance in
digital learning environments involving algorithmic reasoning and complex problem-solv-
ing tasks. Their results show that multi-step items with higher cognitive demands tend to
exhibit stronger discrimination, indicating their effectiveness in distinguishing between
different levels of CT competence. Such findings highlight the importance of item-level
analysis for identifying the tasks most appropriate for assessing specific CT components.

In the present study, IRT analysis was employed to evaluate the difficulty and discrimina-
tion properties of the COMATH test items. The two parallel item versions (A and B) were
analyzed separately. A two-parameter IRT model was applied, estimating one parameter
for item difficulty and one for item discrimination for each test item.
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4.1.1 Difficulty Parameter

The difficulty parameter indicates how challenging a test item is. Items with values close
to 0 are of moderate difficulty, while negative values represent easier items (lower values
indicate lower difficulty) and positive values represent harder items (higher values indicate
greater difficulty). For example, an item with a difficulty parameter of -2 is considered very
easy, whereas an item with a parameter of 2 is considered very difficult. Ideally, difficulty
estimates should be spread across the range (-2, 2) to ensure a balanced mix of item dif-
ficulties. Items with values significantly beyond this range may be too easy or too difficult,
potentially affecting the test’s effectiveness.

In this report, items with difficulty estimates below -4 or above 4 are classified as abnor-
mal, while those within (-4, -2) and (2, 4) are flagged as potentially too easy or too difficult,
respectively. Baker (2001) and Gyamfi and Acquaye (2023) suggest that typical difficulty
values range from -3 to 3, so the threshold values of -4 and 4 were chosen as a guideline,
extending slightly beyond this typical range.

4.1.2 Discrimination Parameter

The discrimination parameter reflects how well a test item differentiates between students
based on their ability. A value close to 0 suggests little relationship between ability level
and the likelihood of answering correctly. In contrast, a high discrimination value indicates
that students with greater ability are much more likely to answer correctly than those with
lower ability.

Discrimination values below 0.65 suggest poor differentiation, but this is usually assessed
using item characteristic curves (ICCs) rather than numerical values alone. The 0.65
threshold is based on Baker’s (2001) classification, where values between 0.35 and 0.64
indicate low discrimination, and values between 0.01 and 0.34 indicate very low discrimi-
nation. A negative discrimination parameter is particularly concerning, as it suggests that
higher-ability students are more likely to answer incorrectly than lower-ability students.

While high discrimination values are generally desirable, very high values may indicate
instability in the model. In this report, items with discrimination estimates above 4 are
classified as abnormal. Baker (2001) and Gyamfi and Acquaye (2023) suggest that typical
discrimination values range from -3 to 3, so a threshold of 4 was chosen as a guideline.
However, an abnormally high discrimination value does not necessarily indicate a flawed
test item.

4.1.3  Summary of Problematic IRT Parameter Estimates

The following is a summary of the interpretations applied to problematic IRT parameter
estimates in the subsequent analyzes:

+ Items with difficulty parameter estimates in the ranges (-4, -2) or (2, 4) are flagged as
potentially too easy or too difficult, respectively.
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Items with difficulty estimates below -4 or above 4 are reported separately, as such
extreme values may indicate not only excessive ease or difficulty but also potential
model instability.

Items with discrimination parameter estimates between 0 and 0.65 are reported due
to their poor ability to differentiate students based on ability.

Items with discrimination estimates below 0 are highlighted, as they suggest that
higher-ability students are less likely to answer correctly than lower-ability students,
which contradicts the expected pattern.

Items with discrimination estimates above 4 are reported as potentially unstable,
though a high discrimination value does not necessarily indicate a flawed test item.

4.2 Test Reliability Estimation

Test reliability was assessed in the first pilot study using both Cronbach’s alpha and the
omega total coefficient across three factors. While Cronbach’s alpha is the most commonly
used measure of test reliability, some researchers advocate the omega coefficient as a more
robust alternative because it makes fewer assumptions about the test items. Therefore, both
measures were reported.

Additionally, the test items were evaluated using item-total correlations and item-rest cor-
relations. These correlations measure the relationship between each item’s score and the
overall test score. In item-total correlation, the test item is included in the total score,
whereas in item-rest correlation, it is excluded.

Factor analysis was conducted in the first pilot study to explore the underlying factor struc-
ture of the test items. Initially, an exploratory factor analysis (EFA) was used to identify
the latent factor structure without imposing any prior assumptions. This process involved
determining the appropriate number of factors and assessing the test items’ correlations
with those factors.

Subsequently, confirmatory factor analysis (CFA) was employed to investigate how well
the data supported various theoretical factor structures. The factor models analyzed includ-
ed a 1-factor model, where all items reflected a single underlying CT construct; a 2-factor
model, in which items were divided into algorithmic thinking tasks and those requiring
algorithmic thinking alongside other CT skills; and a factor model derived from the EFA.

4.3 First pilot and feedback gathering

The first pilot study was designed to evaluate how effectively the test items measured stu-
dents’ CT skills across different age groups and educational contexts. To this end, analyzes
were conducted separately for each age group within each participating country, across all
age groups within individual countries, and across the full international sample. This multi-
level analytical approach enabled an examination of item functioning at both national and
cross-national levels, supporting the identification of items that effectively differentiate
between varying levels of student competence. In addition, the analysis provided detailed
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insights into the discriminatory power of individual tasks, highlighting those items most
suitable for assessing specific skill levels.

4.3.1 Data collection

The collected data comprised answers and response times from the first pilot CT test, taken
by students from six different countries (Finland, Hungary, Lithuania, Spain, Sweden, and
Tiirkiye). There were three different test versions, each designed for a specific age group:
COMATHI for ages 9-10, COMATH?2 for ages 11-12, and COMATH3 for ages 13—14.
Each test item also had an A and a B version, with each student completing one. The ver-
sion of each test item was assigned randomly.

Each test item fell into one of two subgroups, assessing either algorithmic thinking skills
(ALG) or algorithmic thinking along with other CT skills (OTH). To exclude guesswork
from the analysis, 1,366 responses with response times of less than 5 seconds were re-
moved, as the tasks were too complex to be completed in such a short time. The distri-
bution of response times was also taken into account when determining this threshold.
Additionally, 166 responses with response times exceeding 10 minutes were removed as
outliers.

After these adjustments, the final dataset included 3,350 students and 53,268 valid (non-
NA) responses. The number of students per country in the final dataset is shown in Table 2.

Table 2. Number of students included in the analysis of the CT test.

Finland Sweden Lithuania Hungary Turkey Spain All

Age Group 1 (9-10) 95 18 787 100 78 12 1090
Age Group 2 (11-12) 107 120 635 156 110 211 1339
Age Group 3 (13—-14) 63 37 552 216 28 25 921
All 265 175 1974 472 216 248 3350

4.3.2 Data Analysis Approach

Each age group was analyzed separately. Correlation plots of the test items were examined
to identify relationships between them and to determine if any items had very weak cor-
relations with others. Reliability assessment, factor analysis, and IRT analysis were then
carried out as presented earlier.

Since each test item had an A and a B version with only minor differences, such as graphi-
cal or textual details, these versions were merged (i.e., treated as the same test item) for
reliability and factor analyzes. This was necessary because no student completed both ver-
sions of the same item, so direct correlation coefficients could not be calculated, and both
methods require a complete correlation matrix. Given their near-identical nature, it was
reasonable to assume that students would respond similarly to them.
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4.4 Further development of COMATH based on the first pilot results

Following the first pilot study, the COMATH CT-assessment instrument underwent sys-
tematic refinement to address issues identified through empirical analysis and user feed-
back. The further development phase was guided by multiple data sources from the first
pilot, including students’ performance data and feedback from students and teachers col-
lected through additional surveys and interviews (see Lehtonen et al., 2025). This multi-
source evidence base enabled both psychometric and practical considerations to be incor-
porated into the revision process.

As aresult of these revisions, the CT assessment was streamlined into a single test version
per age group, replacing the parallel A and B versions used in the first pilot. The number
of CT items per age group was reduced from 18—19 in the first pilot to 14 in the revised in-
strument. These refinements improved the practicality and psychometric robustness of the
COMATH assessment and formed the basis for its evaluation in the second pilot conducted
in autumn 2024 — spring 2025.

4.4.1 Completion time

The insights gained from the first pilot informed targeted modifications to the task set.
Students’ response times were analyzed to determine an appropriate overall test length,
ensuring that the assessment could be completed within a single 40-minute lesson. IRT
analyzes were used to identify tasks with suitable difficulty and discrimination parameters,
aiming for a balanced distribution of items from easy to challenging across age groups.
Based on these results, underperforming or redundant items were removed, and the content
of selected tasks was revised to improve measurement quality and reduce unnecessary
cognitive or time demands.

4.4.2  Quality analysis of test items

A comprehensive statistical analysis was conducted to evaluate the quality of the CO-
MATH test items used in the first pilot study, to inform the refinement of the assessment for
subsequent implementation. The analysis combined confirmatory factor analysis (CFA)
and Item Response Theory (IRT) to examine both the structural alignment of items with
the intended CT construct and their psychometric performance at the item level.

The evaluation began with CFA to examine the relationships among test items within each
age group and to assess whether they consistently measured the same underlying CT con-
struct. Items that exhibited weak correlations with other items were considered misaligned
and were removed from the task set. This step ensured greater coherence of the measure-
ment model prior to item-level analysis.

Subsequently, a two-parameter IRT analysis was applied to evaluate item discrimination
and difficulty. Items with low (below 0.65) or negative discrimination were excluded be-
cause they lacked sufficient sensitivity or exhibited atypical response behaviour that could
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compromise measurement validity. In a small number of cases, exceptionally high dis-
crimination values (above 4) were observed; these items were reviewed individually, and
retention decisions were based on a combination of statistical evidence and expert judg-
ment.

Item difficulty estimates were used to position tasks along the ability scale and to evaluate
coverage across the target competence range. In line with established psychometric guide-
lines, items with extreme difficulty values (above 3) were excluded, as they contributed
little to effective measurement. The remaining items were selected to achieve a balanced
distribution of difficulty levels, ensuring that the assessment could meaningfully distin-
guish between lower-, middle-, and higher-performing students within each age group.
Where parallel versions of an item were available, the version that best supported an even
difficulty distribution was retained. When difficulty distributions were skewed, selected
items were revised to improve balance and coverage.

To improve overall balance in item number, content coverage, and difficulty level, items
for the second pilot were carefully selected based on their discrimination values, difficulty
levels, and relevance to the target content. Items with weak correlations with other test
items, very low discrimination values, or difficulty levels that were too high or too low
were excluded from the pool. The remaining items were calibrated and positioned along
the ability scale according to their assessed difficulty values. Additional revisions were
made to some of these items to refine difficulty levels, ensuring a balanced progression
from easier to more challenging tasks across the test. This systematic approach aimed
to optimize the test’s reliability and validity while catering to the intended skill range of
participants.

Figure 8 presents a development example of algorithmic thinking items tailored specifical-
ly for Age Group 1, illustrating how item difficulty and content alignment were achieved
through iterative refinement.
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Figure 8. Item difficulty distribution for algorithmic thinking items (Age Group 1)

NOTE: Items included in the test are shown in black (above the scale). Excluded items are shown in red (below
the scale). Revised items are shown in grey boxes (above the scale). Difficulty values for revised items are based
on the first pilot.

As a result of this quality analysis, the CT assessment was streamlined from 18—19 items
per age group to 14 (seven items per CT category), improving feasibility for classroom
implementation while preserving construct coverage. Item selection and revision decisions
were guided by a combination of CFA results, IRT parameters, and content relevance, en-
suring both psychometric robustness and pedagogical appropriateness. The refined task set
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served as the basis for the second pilot study, which aimed to confirm the stability of the
revised instrument’s psychometric properties and further evaluate its performance across
age groups and national contexts.

In its finalised form, the COMATH assessment comprises 24 distinct CT test items across
the three age groups, with selected items serving as anchor tasks to support compara-
bility across levels. This streamlined structure preserves psychometric robustness while
ensuring that the assessment can be completed within a standard lesson duration, thereby
facilitating its integration into regular school practice and enabling reliable cross-age and
cross-national analyzes in the second pilot.

4.5 Second pilot: data collection and analyzes

Following the quality analysis and item refinement based on the first pilot study, the CT
assessment was finalised for the second pilot. The revised CT test consists of 14 items for
each age group. These items are evenly distributed across the two test sections, with seven
items per section, ensuring balanced coverage of core CT skills while improving the prac-
ticality of the assessment for classroom use.

The second pilot study was conducted during autumn 2024—spring 2025 to extend and
strengthen the psychometric evaluation of the COMATH assessment. Building on the find-
ings of the first pilot and a corrected set of tasks, this phase focused on further examining
the instrument’s factor structure, item-level parameters, and reliability across age groups.
Particular attention was given to confirming the stability of the measurement model and
the consistency of item functioning following revisions introduced after the initial pilot. In
addition, the second pilot enabled the assessment of the instrument’s performance across
different national contexts using a refined set of tasks. Together, these analyzes provide
more robust evidence for the validity and reliability of the COMATH CT assessment. Sta-
tistical analyzes were done using R 4.4.2 software (R Core Team, 2024).

Primary data consisted of answers, answer correctness (did the subject answer the test
item correctly), and answer times to the Pilot 2 CT test from test subjects in 6 different
countries. There were 3 different test versions for 3 different age groups. Each test item be-
longed to one of two subgroups: algorithmic thinking (ALG) or algorithmic thinking and
others (OTH). Each test had 14 test items. In Lithuanian data, some test items had multiple
answers from users with the same user IDs. Here, for each user, only the earliest timestamp
was retained, and the others were dropped from the data. 46 answers from Age Group 1, 1
answer from Age Group 2, and 3 answers from Age Group 3 were dropped this way. This
left 39,933 non-NA responses from 3,130 subjects in the preliminary data.

To remove guessers from analysis, 571 answers with answer times shorter than 3 seconds
were removed, as the tasks were too complex to do in such a short time. After this, all sub-
jects with 70% or more missing values in their responses were excluded from the data. 85
subjects were dropped this way. Finally, all missing values were imputed with 0, assuming
the primary reason for not answering the test item was not knowing how to answer. This
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left 42,630 non-NA answers from 3045 subjects for the final data to be analyzed. The num-

ber of subjects by country and age group in the final dataset is shown in Table 3.

Table 3. Number of students included in the analysis of Pilot 2 CT after removing answers with too small
answer times and dropping students with 70% or more missing answers.

Finland Sweden Lithuania Hungary Turkey Spain  All

Age Group 1 (9-10) 10 3 608 81 79 85 866
Age Group 2 (11-12) 63 50 715 58 69 103 1058
Age Group 3 (13-14) 127 136 556 114 60 128 1121
All 200 189 1879 253 208 316 3045

Each age group conducted a separate test, which was analyzed separately. Test reliability
was tested by calculating Cronbach’s alpha coefficient for each age group. However, as
the variables in this case were binary variables (1 for a correct answer and 0 for a wrong
answer) and regular Cronbach’s alpha assumes continuous variables, a deflation-corrected
alpha coefficient was also calculated for each group. This deflation-corrected alpha coef-
ficient was calculated using Somers’ Delta, which is better suited for binary variables.

Item-level performance was evaluated using both item—total correlations (RIT) and item—
rest correlations (RIR). The item—total correlation represents the association between an
individual item score and the overall test score, whereas the item—rest correlation measures
the association between an item score and the total test score with that item excluded.
In addition, deflation-corrected versions of these indices (DIT and DIR) were computed
using Somers’ Delta, as these measures are more appropriate for dichotomously scored
items. Items with a DIR value below 0.30 were considered insufficiently consistent with
the rest of the test and were removed from subsequent analyzes.

The structural validity of the CT assessment was examined through CFA. Two alternative
measurement models were tested: a one-factor model in which all items were assumed to
load on a single latent CT construct, and a two-factor model in which items were grouped
into algorithmic thinking items and items integrating algorithmic thinking with other CT
components. For each age group, two preliminary tests were also conducted to assess the
suitability of the data for factor analysis: the KMO test and the Bartlett test. Data are suit-
able for factor analysis if the KMO test’s Overall MSA is over 0.8 and the Bartlett test
p-value is under 0.05. The criteria for good structural validity were good model indica-
tors (Chi-square test, p > .05; Comparative Fit Index, CFI > .95; Tucker-Lewis Index,
TLI > .95; Root Mean Square Error of Approximation, RMSEA < .06). It is good to note
that some researchers have interpreted CFI values over 0.9 as acceptable (e.g. Bentler &
Bonett, 1980). Because the variables in the analysis were binary (1 if the answer to the test
item was correct, 0 if incorrect), the DWLS estimator was used with the CFA function in
the lavaan package, setting ordered=TRUE in R (Rosseel, 2012). When the CFA function
of the lavaan package is used with the DWLS estimator, it returns both a standard and a
scaled version of the model indicators; here, the scaled indicators are reported.
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IRT was used to evaluate item difficulty and discrimination. The two-parameter model
estimated a difficulty (b) and a discrimination (a) parameter for each item. Interpretation
of the parameter estimates followed the same approach used in Pilot 1.

In the applied two-parameter model, the guessing parameter was not estimated. Instead,
for multiple-choice items, it was fixed at 1 divided by the number of response options, and
for open-ended items, it was set to zero.

To support the interpretation of total test scores, score quantiles were calculated for the
full sample and separately by country. For example, the 50th percentile represents median
performance, while the 90th percentile identifies the top-performing 10% of students.

5. Results and discussion

This section presents the results of the psychometric analyzes conducted to evaluate the
CT assessment developed within the COMATH framework. The findings are based on data
from the second pilot study and focus on examining the structural properties, item-level
functioning, and overall measurement quality of the instrument across age groups.

The results are organized around three complementary analytical approaches. First, test
reliability is estimated using Cronbach’s alpha and deflation-corrected alpha. Item-level
performance is also examined using item-rest correlations, which reflect the consistency
of items with the rest of the test. Second, CFA is used to assess the structural validity of the
assessment and determine whether the items reflect a single latent CT construct or multiple
dimensions. Third, IRT analyzes are used to estimate item difficulty and discrimination pa-
rameters, thereby evaluating how effectively individual tasks differentiate students across
ability levels.

Together, these findings provide evidence regarding the validity, reliability, and practical
suitability of the COMATH assessment. The results also highlight age-related differences
in item functioning and test targeting, which are discussed in relation to refining the task
set and the instrument’s overall development.

5.1 COMATH Reliability

Internal consistency reliability was evaluated using Cronbach’s alpha for each age group.
Because the test items were dichotomously scored (1 = correct, 0 = incorrect), and tradi-
tional Cronbach’s alpha assumes continuous variables, a deflation-corrected alpha coef-
ficient was also calculated using Somers’ Delta, which is more appropriate for binary data.
Table 4 shows alphas before excluding items with DIR < 0.3.
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Table 4. Cronbach’s alpha and deflation-corrected alpha using Somers’ Delta for Pilot 2 CT test by age group.

Cronbach's alpha Deflation- corrected alpha
Age Group 1 (9-10) 0.71 0.85
Age Group 2 (11-12) 0.71 0.85
Age Group 3 (13-14) 0.77 0.89

For Age Group 1, the conventional Cronbach’s alpha (raw alpha) was 0.71, while the
deflation-corrected alpha was 0.85. Although the raw alpha indicates acceptable reliability,
the deflation-corrected estimate suggests good internal consistency. According to George
and Mallery (2003), values above 0.80 are generally considered indicative of good reli-
ability. Two items showed deflation-corrected item—rest correlations (DIR) below the 0.30
threshold: ALG.13.B (DIR = 0.29) and OTH.09.A (DIR = 0.28). These items were classi-
fied as underperforming and excluded from subsequent analyzes. After their removal, the
deflation-corrected alpha remained stable at 0.85, and the raw alpha was 0.70.

For Age Group 2, the raw Cronbach’s alpha was 0.71, and the deflation-corrected alpha
was 0.85, indicating good reliability after correction. Two items demonstrated insufficient
internal consistency (DIR < 0.30): ALG.03.A (DIR = 0.26) and OTH.08 (DIR = 0.11).
These items were removed from further analyzes. Following their exclusion, the deflation-
corrected alpha increased slightly to 0.86 and the raw alpha to 0.72.

For Age Group 3, the raw Cronbach’s alpha was 0.77, and the deflation-corrected alpha
was 0.89, indicating strong internal consistency. No items exhibited DIR values below
0.30 in this group.

Across all age groups, the deflation-corrected alpha coefficients exceeded 0.80, demon-
strating good internal consistency of the COMATH CT assessment. Two items in Age
Groups 1 and 2 were excluded due to weak item-rest correlations, while no exclusions
were necessary for Age Group 3.

These results indicate that the refined COMATH assessment provides stable and internally
coherent measurement across age levels. The slightly higher reliability observed in the old-
est age group is consistent with improved alignment between item difficulty and student
ability, as shown in the subsequent IRT analyzes. Overall, the reliability findings support
the use of the instrument for comparative analyzes across age groups and countries.

5.2 Structural validity of the CT assessment

The structural validity of the COMATH CT assessment was examined using Confirmatory
Factor Analysis (CFA). The CFA results indicate that across age groups, the one-factor
model provided a better fit to the data than the two-factor model. This suggests that the as-
sessment items reflect a single underlying CT construct rather than two distinct dimensions
corresponding to the ALG and OTH categories. Model fit was strongest for Age Groups
2 and 3, where the one-factor model met the predefined criteria (except for the chi-square



V. Dagieng, D. Lehtonen, M. J. Laakso 83

test, which is sensitive to large sample sizes). For Age Group 1, model fit indices did not
fully meet the strict thresholds, but the values (CFI = 0.90; RMSEA = 0.06) indicated ac-
ceptable fit. Overall, model diagnostics improved with age, suggesting better alignment
between item structure and the latent construct among older students.

It should be noted that factor-analytic techniques traditionally assume continuous observed
variables, whereas the COMATH items are dichotomous. Although binary responses can
be interpreted as manifestations of an underlying continuous ability, this assumption may
attenuate factor loadings. Therefore, the structural findings should be interpreted along-
side the IRT analyzes, which are specifically designed for dichotomous data and provide
complementary evidence on item functioning.

5.3 Item-Level Functioning and Measurement Precision

Item functioning was examined using a two-parameter IRT model, which estimates an
item discrimination parameter (a) and an item difficulty parameter (b) for each test item.
The distributions of difficulty estimates are visualized in Figures 9—11, and full parameter
estimates are reported in Tables 5-7.

For Age Group 1, all discrimination estimates exceeded 0.65 (Table 5), indicating that each
item contributed meaningfully to differentiating students across the ability continuum. Dif-
ficulty estimates were distributed primarily between -1 and 2 (Figure 9), with a clear ten-
dency toward positive values. This pattern suggests that although the items span a reason-
ably broad range from moderately easy to difficult, the test is somewhat demanding for this
age group and provides relatively little coverage of very easy items targeting lower-ability
students. Overall, the parameter estimates do not indicate concerns about item behavior,
and the item set demonstrates stable functioning with moderate-to-strong discrimination
and a generally higher difficulty profile.

Table 5. Parameter estimates of the 2-parameter IRT model for Pilot 2 CT test (Age Group 1)

Item Discrimination Difficulty Guessing
ALG.01 1.42 -1.05 0.25
ALG.02.B 2.14 1.12 0.25
ALG.08.B 1.57 -0.67 0.25
ALG.09.A 1.53 0.46 0
ALG.11.B 1.09 0.54 0
ALG.12.B 3.02 1.06 0.17
OTH.01.A 1.29 -1.1 0.2
OTH.03.B 1.92 2.1 0
OTH.08 0.9 -0.73 0.25
OTH.10.A 0.92 0.85 0
OTH.11.A 1.65 0.84 0.25

OTH.12.A 1.2 -0.08 0
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Figure 9. Distribution of the difficulty parameter estimates of the 2-parameter IRT model for
Pilot 2 CT test Age Group 1.

In Age Group 2, discrimination estimates again consistently exceeded 0.65 (Table 6), sup-
porting adequate differentiation across student ability levels. Difficulty estimates were
more evenly distributed across approximately -2 to 2 (Figure 10), indicating improved
targeting compared to Age Group 1. At the same time, only a small number of items fell
clearly into the low-difficulty range (below approximately -0.5), suggesting that the as-
sessment remains weighted toward moderate and more challenging items. Nevertheless,
the combination of uniformly acceptable discrimination and a broad difficulty span indi-
cates that the test items function well psychometrically for this age group.

Table 6. Parameter estimates of the 2-parameter IRT model for Pilot 2 CT test (Age Group 2)

Item Discrimination Difficulty Guessing
ALG.01 1.22 -1.86 0.25
ALG.10.A 1.23 1.38 0
ALG.11.B 1.5 -0.18 0
ALG.12.B 1.75 0.31 0.17
ALG.13.B 1.65 1.02 0.1
ALG.14 1.06 -0.24 0.25
OTH.09.A 1.79 0.59 0.25
OTH.10.A 0.97 0.03 0
OTH.11.A 1.62 -0.28 0.25
OTH.12.A 1.12 -1.11 0
OTH.13.B 1.85 1.08 0

OTH.15.A 1.49 1.68 0
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Figure 10. Distribution of the difficulty parameter estimates of the 2-parameter IRT model for Pilot 2 CT test
Age Group 2.

For Age Group 3, all discrimination values exceeded 0.65 (Table 7), indicating effective
differentiation. One item (ALG.04.A) showed a discrimination estimate slightly above the
upper guideline (a = 4.28). As this is an isolated case and close to the cut-off, it was not
treated as evidence of instability, but it was flagged for consideration in ongoing refine-
ment. Importantly, difficulty estimates were distributed evenly within the targeted range of
-2 to 2 (Figure 11), suggesting strong alignment between item difficulty and student ability
in this group. Overall, Age Group 3 displayed the most balanced difficulty coverage and,
correspondingly, the best targeting among the three age groups.

Table 7. Parameter estimates of the 2-parameter IRT model for Pilot 2 CT test (Age Group 3)

Item Discrimination Difficulty Guessing
ALG.03.A 2.42 1.06 0.25
ALG.04.A 4.28 1.04 0.25
ALG.06.B 1.64 1.78 0
ALG.10.A 1.86 0.48 0
ALG.11.B 1.4 -0.97 0
ALG.12.B 1.25 -0.39 0.17
ALG.14 0.94 -0.76 0.25
OTH.04.B 1.66 1.4 0
OTH.09.A 1.56 -0.1 0.25
OTH.10.A 0.93 -0.71 0
OTH.11.A 1.16 -1.1 0.25
OTH.12.A 1.22 -1.73 0
OTH.13.B 1.46 0.27 0

OTH.15.A 2.02 0.77 0
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Figure 11. Distribution of the difficulty parameter estimates of the 2-parameter IRT model for Pilot 2 CT test
Age Group 3.

Across all age groups, the two-parameter IRT model results indicate satisfactory item be-
havior: discrimination estimates were consistently at least moderate, and difficulty param-
eters covered a broad range of ability levels (Tables 5-7). However, the difficulty distribu-
tions in Figures 9 and 10 show that the tests for Age Groups 1 and 2 are somewhat skewed
toward higher difficulty, which may reduce measurement precision for lower-performing
students. In contrast, Age Group 3 shows the most even distribution of difficulty across —2
to 2, suggesting the strongest match between item difficulties and the ability range of the
target population. Taken together, these results support the psychometric quality of the re-
fined COMATH CT test in Pilot 2 and provide evidence that item selection and calibration
improved overall measurement targeting, particularly for older students.

5.4 Age-Related Differences and Developmental Appropriateness

Comparisons across age groups revealed systematic differences in item functioning and
test difficulty that are consistent with known developmental trajectories in cognitive and
problem-solving skills. Younger students required more time to complete the assessment
and were more affected by item difficulty, particularly when tasks involved higher levels of
abstraction or complex reasoning. These findings highlight the importance of age-specific
calibration when assessing CT in primary and lower secondary education.

Figures 12—14 present the test information curves and corresponding standard error func-
tions for the COMATH CT-assessment instrument in the second pilot, estimated using a
two-parameter IRT model for each age group. In all three figures, the solid line represents
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test information, while the dashed line indicates the standard error of ability estimation,
SE(0), which is inversely related to information.

For Age Group 1, the test information curve peaks at approximately 0 = 1, indicating
that the assessment provides the greatest measurement precision for students with slightly
above-average CT ability. Information decreases toward both ends of the ability scale,
with a corresponding increase in standard error for very low- and very high-ability stu-
dents. This pattern suggests that, despite refinements introduced after the first pilot, the test
remains more sensitive to higher-ability levels among younger learners, while precision is
reduced for students at the lower and higher ends of the ability distribution.

For Age Group 2, the information curve shows a similar but slightly broader profile. The
peak information is centred around 6 values between approximately 0.5 and 1. This in-
dicates improved measurement precision for students with medium CT ability. Although
precision still decreases at the extremes, the flatter information curve suggests that the as-
sessment is better balanced for this age group than for younger students.

For Age Group 3, the test information curve reaches a higher peak and is more sharply
defined, with maximum information concentrated around 6 = 1. The information curve has
higher values than in Age Groups 1 and 2 across almost the entire 6 range. This indicates
that the assessment is most precisely targeted for older students and provides more accu-
rate ability estimates across a wider range of CT competence levels. While precision again
decreases at the extremes of the scale, the overall shape of the curve suggests stronger
alignment between item difficulty and student ability in this age group.

Test Information Curve — Age Group 1

Test Information (SE)
S

= Information -« SE

Figure 12. Test information curve of the 2-parameter IRT model for Pilot 2 CT test Age Group 1.
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Test Information Curve — Age Group 2
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Figure 13. Test information curve of the 2-parameter IRT model for Pilot 2 CT test Age Group 2.

Test Information Curve — Age Group 3
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Figure 14. Test information curve of the 2-parameter IRT model for Pilot 2 CT test Age Group 3.

Across age groups, a clear developmental trend emerges. Measurement precision improves
progressively from Age Group 1 to Age Group 3, as evidenced by higher information val-
ues across broader ranges of the ability scale. This pattern reflects the increasing alignment
between task complexity and students’ cognitive and problem-solving capacities with age.
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The results also confirm that the refinements introduced after the first pilot enhanced the
targeting of the assessment, particularly for older students.

At the same time, the information curves indicate that the COMATH CT-assessment is
generally most precise for students with average to above-average CT ability, while preci-
sion is lower for students at the extremes of the ability distribution. This finding is typical
for fixed-length assessments and highlights potential directions for future development,
such as the inclusion of additional lower-difficulty items for younger learners or the adop-
tion of adaptive testing approaches to improve precision across the full ability range.

Overall, the test information analyzes provide further evidence of the psychometric quality
of the COMATH assessment and support its suitability for assessing CT across age groups,
while also offering clear guidance for continued refinement and optimisation.

The revised COMATH assessment demonstrated improved alignment between item dif-
ficulty and student ability across all age groups, with particularly strong psychometric per-
formance observed for students aged 13—14. For younger learners, the results underscore
the need for careful attention to linguistic complexity, task representation, and cognitive
load in CT assessment design. Importantly, these age-related differences should not be
interpreted as limitations of the instrument but rather as evidence supporting the necessity
of iterative, developmentally informed assessment design.

By incorporating age-specific versions and refining tasks based on empirical evidence, the
COMATH framework illustrates how CT assessments can be adapted to reflect students’
evolving cognitive capacities while maintaining construct coherence across age levels.

5.5 Cross-Country Comparability and Educational Applicability

Analyzes across participating countries suggest that the COMATH assessment demon-
strates a reasonable level of consistency in diverse educational contexts. Although differ-
ences in student performance and item functioning were observed, these variations were
primarily associated with developmental and contextual factors rather than systematic bias
related to language or national curricula. The use of common item sets, anchor tasks, and
uniform psychometric criteria enabled meaningful cross-national comparisons and sup-
ported the fairness and comparability of results.

Cross-country structural validity was examined using a reference-country approach. Lithu-
ania was selected as the reference country due to its substantially larger sample size across
age groups. A one-factor CFA model was first fitted to the Lithuanian data and, where
necessary, adjusted to optimise model fit. The same model was then applied to data from
other countries to evaluate whether the underlying structure generalised across countries.
As in previous analyzes, model fit was assessed using scaled indices (Chi-square test p >
.05; CFI > .95; TLI > .95; RMSEA < .06) with the DWLS estimator.

Because some country- and age-group-specific samples were relatively small, CFA was
conducted only for countries with at least 100 participants. This included Spanish data for
Age Group 2 and all countries except Tiirkiye for Age Group 3.
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For Age Group 2, the one-factor model (after excluding item OTH.10.A) demonstrated
good fit for the Lithuanian data (CFI1=0.972; TLI = 0.965; RMSEA = 0.037), although the
chi-square test was significant, likely due to the large sample size (n = 715). When applied
to the Spanish Age Group 2 data, the model showed excellent fit across all indices, indicat-
ing strong structural consistency across these two countries.

For Age Group 3, the one-factor model including all 14 items provided a good fit for the
Lithuanian data (CFI = 0.984; TLI = 0.981; RMSEA = 0.030), again with a significant chi-
square value attributable to sample size (n = 556). When the same model was applied to
other countries, results were mixed. The Finnish data demonstrated good model fit across
all indices, supporting structural generalisability. The Spanish data showed acceptable fit,
with CFI and TLI values slightly below the recommended threshold but sufficiently close
to be considered satisfactory. In contrast, the Hungarian and Swedish datasets did not meet
the predefined fit criteria, and in the Hungarian case, the model produced an inadmissible
solution (negative latent variance), suggesting instability. These discrepancies may reflect
contextual differences or limited sample sizes rather than fundamental structural diver-
gence.

Summarizing the results, the COMATH CT assessment shows promising cross-national
applicability, particularly in contexts with sufficient sample size and stable data condi-
tions. At the same time, the findings underscore the importance of contextual sensitivity
and adequate sampling when evaluating structural equivalence across countries. Together,
these results support the potential of COMATH as a scalable assessment instrument while
emphasizing the need for continued cross-national validation.

5.6 Synthesis of Findings

Taken together, the results show that the COMATH assessment instrument provides a val-
id, reliable, and developmentally appropriate measure of CT skills for students aged 9—-14.
Factor analyzes support the interpretation of CT as a unified competence within the assess-
ment, while IRT analyzes highlight the critical role of item-level evaluation in achieving
balanced difficulty and strong discrimination. Age-group comparisons and cross-national
analyzes further demonstrate the importance of iterative refinement and contextual sensi-
tivity in CT assessment design.

Importantly, the findings illustrate that CT assessment should not be viewed as a static
measurement exercise but as a dynamic, iterative process that links task design, empirical
validation, and instructional use. This perspective aligns with contemporary approaches
to assessment for learning and supports the integration of CT assessment into everyday
classroom practice.

The findings of this study provide important insights into the assessment of CT in school
education and contribute to ongoing discussions about how complex cognitive competenc-
es can be measured in developmentally appropriate and psychometrically robust ways. By
combining factor-analytic methods, IRT, and cross-national evidence, the COMATH as-
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sessment instrument offers a comprehensive perspective on both the theoretical and practi-
cal challenges of CT assessment.

First, the factor-analytic results support the interpretation of CT as a largely unified latent
construct rather than a set of clearly separable subskills. Although the COMATH assess-
ment was designed to include tasks targeting different CT components, CFA did not identi-
fy distinct conceptual dimensions aligned with these components. Instead, CFA supported
a I-factor structure in which all items reflect a single underlying CT construct. From an
assessment perspective, this supports the use of coherent, integrated task sets rather than
overly fine-grained subscales that may not be empirically distinguishable at this develop-
mental stage.

Second, the IRT results highlight the critical importance of item-level analysis for achiev-
ing measurement precision and fairness in CT assessment. The initial skew in item diffi-
culty toward higher ability levels, especially for younger students, demonstrates that even
theoretically well-designed tasks can misalign with learners’ developmental capacities.
The improvements observed following IRT-informed refinement confirm that iterative, da-
ta-driven revision is essential for optimising assessment quality. These findings reinforce
the value of IRT not only as an analytical tool but also as a design instrument that supports
principled decision-making about item selection, revision, and test length.

Third, age-related differences observed across the analyzes underscore the necessity of
developmentally sensitive assessment design. While the revised COMATH CT-assess-
ment instrument demonstrated strong psychometric performance for students aged 13—14,
younger learners were more affected by item difficulty, cognitive load, and linguistic de-
mands. Importantly, these differences should not be interpreted as shortcomings of the
assessment but rather as evidence of the complex interaction between task design and cog-
nitive development. The use of age-specific versions within a common assessment frame-
work proved effective in maintaining construct coherence while allowing for appropriate
differentiation, illustrating a viable approach for CT assessment across broad age ranges.

From a cross-national perspective, the results provide encouraging evidence of the com-
parability and fairness of the COMATH CT-assessment. Despite differences in educational
systems, curricula, and classroom practices, the assessment functioned consistently across
participating countries. Observed variations in performance were largely attributable to
contextual and developmental factors rather than systematic bias, supporting the appli-
cability of COMATH as a cross-national CT assessment instrument. This finding is par-
ticularly relevant in light of growing international interest in benchmarking CT skills and
developing shared assessment frameworks.

Beyond psychometric considerations, integrating teacher and student feedback under-
scores the importance of practical validity in CT assessment. Teachers’ reports of fea-
sibility and curricular alignment, together with students’ perceptions of task clarity and
relevance, indicate that COMATH supports assessment not only of learning but also for
learning. This dual role is especially important for CT, where assessment outcomes can
inform instructional planning, differentiation, and targeted support.
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Taken together, the findings suggest that effective CT assessment requires a balanced in-
tegration of theoretical grounding, psychometric rigour, developmental sensitivity, and
pedagogical relevance. The COMATH framework demonstrates how these elements can
be combined through an iterative design and validation process. More broadly, the results
reinforce the view that CT assessment should be understood as a dynamic process that
evolves alongside learners, instructional practices, and educational contexts, rather than as
a static measurement exercise.

6. Conclusions

This study examined the design, validation, and cross-national applicability of the CO-
MATH CT assessment instrument for students aged 9-14 (Grades 3—8). Through a system-
atic development process combining theoretical grounding, expert evaluation, iterative pi-
lot studies, and advanced psychometric modelling, the study provides empirical evidence
addressing the three research questions and contributes to the growing body of research on
CT assessment in school education.

Regarding RQ1, the findings demonstrate that age-appropriate CT assessment tasks can be
systematically designed by integrating conceptual frameworks, large-scale task analytics,
expert-based content validation, and empirical calibration. The combination of Bebras-
inspired problem formats, explicit alignment with CT components, and developmental
calibration across three age groups enabled the COMATH assessment to reflect differ-
ences in students’ cognitive maturity and problem-solving capacities. The results further
highlight the importance of balancing task difficulty, linguistic clarity, and cognitive load,
particularly for younger learners, in order to ensure both measurement validity and class-
room feasibility.

Regarding RQ2, psychometric analyzes provide consistent evidence of acceptable struc-
tural validity, reliability, and item-level functioning across age groups. Factor-analytic re-
sults support interpreting CT as a largely unified latent construct within the COMATH
framework, with test items reflecting a single CT factor rather than sharply separable sub-
skills. IRT analyzes confirm that, following refinement, the instrument contains items with
appropriate discrimination and a balanced range of difficulty levels. The combined use of
CFA and IRT demonstrates the methodological robustness of the validation process and il-
lustrates how item-level diagnostics can meaningfully inform iterative assessment design.

Regarding RQ3, cross-national analyzes indicate that the COMATH CT assessment shows
reasonable structural consistency across participating countries. While some variability in
model fit emerged, particularly in smaller national samples, no systematic evidence of lin-
guistic or curricular bias was identified. The use of common anchor items and harmonised
psychometric criteria enabled meaningful cross-country comparisons. Together with posi-
tive teacher and student evaluations, these findings support the applicability of COMATH
across diverse educational contexts and underscore the importance of adequate sampling
in cross-national validation.

Importantly, COMATH extends existing CT assessment approaches in several ways. Un-
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like instruments such as the CTDI/CTt (Roman-Gonzalez et al., 2017; Roman-Gonzalez et
al., 2019; Zapata-Céceres et al., 2020), TechCheck (Relkin et al., 2020), CTA-CES (Li et
al., 2021), or Bebras Cards (Dagiené & Sentance, 2016), which are typically designed for
a single age range, specific learning environment, or limited validation context, COMATH
was explicitly developed as:

« avertically aligned assessment spanning three developmental stages (9—14 years),
* a cross-nationally piloted instrument with harmonized psychometric validation,
+ atask set grounded in large-scale item analytics from international Bebras data,

+ and a framework integrating rigorous psychometric modelling and pedagogical us-
ability.
Rather than focusing solely on summative measurement, COMATH was designed to bal-
ance measurement precision with classroom applicability, supporting both comparative re-
search and instructional reflection. In this sense, the study contributes not only a validated
instrument but also a replicable development model for CT assessment.

Overall, the findings reinforce the view that effective CT assessment requires integrating
psychometric rigor, developmental sensitivity, and educational relevance. The iterative
refinement process adopted in COMATH illustrates how empirical evidence can directly
inform task selection, calibration, and optimization.

Future research will focus on examining longitudinal stability, expanding cross-national
validation to additional contexts, and exploring adaptive or formative extensions of the
instrument.

The complete set of COMATH CT tasks, finalised after the second pilot, is provided in
Appendix 1.
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Appendix 1. All the CT test items included in COMATH 1-3

Task ID (ID in the Bebras svn) Group1 Group2 Group3 Answers

F OTH-01-A (2020-CA-06, modified) Item 1 4th teddy

F ALG-01 (2022-JP-02) Item 2 Item 1 2nd symbol

F OTH-08-B-P2 (2022-LT-08, modified) Item 3 2nd variant

F ALG-08-B (2022-IN-01, modified) Item 4 the last one

F OTH-12-A (2022-UK-02) Item 5 Item 2 Ttem 1

F ALG-09-A (2022-1E-02) Item 6

F ALG-11-B (2022-BR-01, modified) Item 7 Item 5 Item 3

F OTH-11-A (2022-KR-03) Item 8 Item 3 Item 2 2nd hamburger
F OTH-10-A (2022-FR-02) Item 9 Item 6 Item 5

F ALG-12-B (2022-CH-14) Item 10  Item 7 Item 6

F ALG-02-B (2022-PK-01, modified) Ttem 11 3rd from the top
F OTH-03-B P2 (2022-VN-05, modified) Ttem 12

F ALG-14 (2022-HU-02) Item 4 Item 4 2nd candy bag
F OTH-09-A (2022-DE-02) Item 8 Item 7 3rd variant

F ALG-13-B-P2 (2022-PH-03, modified) Item 9

F OTH-13-B-P2 (F OTH-13-B, modified) Item 10

F ALG-10-A (2022-AU-03) Ttem 11 Item 9

F OTH-15-A (2022-SK-04) Item 12 Item 10 HAUS

F OTH-13-B (2022-CY-01, modified) Item 8 4-Mary, 5-Pan, 6-Niki, 7-Zac
F ALG-04-A (2022-CA-06) Item 11 4th variant

F ALG-03-A (2022-CZ-04) Item 12 Istplan

F OTH-04-B (2022-HU-04, modified) Ttem 13

F ALG-06-B (2022-TR-02, modified) Item 14
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Group 1

Item 1: F OTH-01-4

Ravi wants to buy a teddy bear with a star on its foot, wearing a scarf or a bow, but not glasses.
Which bear does Ravi choose?

55555

Item 2: F ALG-01

Beaver goes from the START room to her sister’s room using a map of the rooms as a guide. On the
map, each room is marked by a symbol.

STAIRT

.Q'.l

Beaver moves by the following arrow sequence:

O A N R O I A 4

Each arrow tells Beaver in which direction to move from one room to the next.

©VOF¥%

Item 3: F OTH-08-B-P2

Beaver is going home.
There are several different trails. Which of the trails is correct?

&
-
4
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Item 4: F ALG-08-B

In what order have the stickers been applied?

Item 5: F OTH-12-4

Brian wants to eat five candies in the order: grape X
orange ‘, lemon , strawberry . and blueberry

. Only the candy on top can be eaten from the tube.
Drag and drop the candies into the tube so that Brian can
eat them in his preferred order.

Item 6: F ALG-09-A
The table shows which foods Betty Beaver, Fiona Fox, and Bobby Bear can eat.

Leaves Fish Mushrooms | Berries
E Yes No No Yes
Betty Beaver
Q. No Yes No Yes
Fiona Fox
i No Yes Yes Yes
Bobby Bear

One day, they have nine portions of food.
Divide the food so that each of them gets three portions by dragging and dropping it onto the table.
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S U UTTT

5. 4

Betty Beaver

Fiona Fox

Bobby Bear

Item 7: F ALG-11-B

The sticks need to be picked up from a pile according to two rules:

* only pick up a stick if no other stick is covering it,

* pick up one stick at a time.

For example, if 3 sticks are in a pile like this:

left to right):

In which order should these sticks be picked up?
Drag and drop the sticks to the rectangles in correct order (from left to right).

Item 8: F OTH-11-A

Beaver Jessica is making hamburgers according to the rules below:

101

Sticks need to be picked up in this order (from

Buns

Meat

Source

Pickles

Lettuce

Onions

Cheese

ad
—

oD

S D

<

=

<>
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Which hamburger is correctly made ac- Which hamburger is correctly made according to
cording to the rules? the rules?

1. The sauce should be right above the
meat.

2. Meat and cheese should be below the
pickles, lettuce and onions.

3. Onions should not be in contact with
buns.

4. All ingredients must be between the
buns.

Item 9: F OTH-10-A

Seven bees need to fit into this hive.

T IV ¥ ¥ ¥ ¥ ¥
e g PP 8D
Each bee has a rule: the bee must be placed in the grey cell.

Where do each bee fit in?
Drag and drop the bees into the hive.

Item 10: F ALG-12-B
To start, the crumbled paper is put in bag A, the marble in bag B and the gem in bag C.

£ c <+
Then the items are mixed. First, items in bags A and B are switched. Then, items in bags A and C are
switched. Lastly, items in bags B and C are switched.

<
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Where are the items now? Drag and drop them into the bags.

2 o e

There are seven shirts in a pile on
the chair. Pufty puts the shirts into
the drawers one by one. She starts —
with the top drawer, puts the first =

shirt in it, then puts the next shirt

in the second drawer from the top, —
and so on. When she has put a

shirt into the bottom drawer, she
starts from the top again.

Item 11: F ALG-02-B

Into which drawer will she put the last shirt?

Click on the correct drawer.

Item 12: F OTH-03-B P2

There are three different colors of hexagons. When three hexagons touch as shown, they must all be

the same color or all different colors.

What does a tower like this look like when following this rule?

Click the hexagons multiple times to change their colors.
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Group 2

Item 4: F ALG-14

These four candies are Which of these candy bags does Jonny buy?
Johnny’s favorites:

@ Ty Pz
) QYWY ©
If the candy bag consists of at

least 2 of these, Jonny buys it.

Item 8: F OTH-09-A

Tina starts with a circle and a square. She transforms these into a heart. To do this, she can only use
three transformations:

Rotate the shape arbitrarily.
Move the shape arbitrarily.
Duplicate the shape in place.

Th o4

What did she do and in what order?

Item 9: F ALG-13-B-P2

A tortoise and a hare are racing against each other on a track.
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They start at the same time at the circle marked with a heart symbol. They follow the arrows on the
track.

In one turn, the tortoise is able to move onto the very next circle and the hare is able to move onto
the second circle, skipping one circle.

In which cycle do the tortoise and the hare meet for the first time after the start? Click that circle.

Item 10: F OTH-13-B-P2

Seven beavers live in this lake.

Two beavers are neighbours if a path connects their homes. The map shows the homes and paths.
» Niki has two neighbours: Zac and Pan.
* Mary, Zac, and Pan have four neighbours each.

Where do beavers live?

Drag and drop the names onto the map.

Item 11: F ALG-10-A

The game “Light on” has 8 switches that can be operated. Wires lead out of these switches, then
through some components, and finally to a light bulb.

5 @

The component’s output D is ON when BOTH incoming wires are ON.

The component’s output D is ON when exactly ONE of the incoming wires is ON.
Which switches have to be ON for the light bulb to be on?

Click the switches to turn them on.
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Item 12: F OTH-15-4
With this wheel, plain text is encrypted into ciphertexts:

VWX ABC

MNOZ  JKLY

At the start, the pointer of the wheel is set to “ABC”.
Each letter is encrypted individually, continuing where the wheel left off from the previous encryp-
tion. Two digits are determined for this purpose:
* The first digit indicates by how many positions the pointer is turned clockwise. Then the pointer
is positioned on the block containing the letter to be encrypted.

» The second digit indicates the number of letters in the block to be encrypted.
For example, the word “PAAR” is encrypted as 51-31-81-53.
What does the ciphertext 22-61-62-74 mean?

Group 3

Item 8: F OTH-13-B

Eight beavers live in this lake.

Two beavers are neighbours if a path connects their homes. The map shows the homes and paths.
 Niki has two neighbours: Zac and Pan.
* Mary, Zac, and Pan have four neighbours each.

Where do beavers live? Drag and drop the names onto the map.
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Item 11: F ALG-04-4

At the Beaver Construction factory, Ben works on the nuts
and bolts assembly line. His job description is as follows:

* Ben stands at one end of a long conveyor belt, which

.@
contains a line of nuts and bolts .

* Ben’s job is to take each element, either a nut or a
bolt, from the conveyor belt.

» If Ben takes a nut from the conveyor belt, he puts it in
the bucket beside him.

 If Ben takes a bolt from the conveyor belt, he grabs a
nut from the bucket beside him, attaches the nut and
bolt together, and places the assembled part onto a
large box.

However, things can go
wrong for Ben in two
different ways:

1. If Ben takes a bolt from the conveyor belt, and there
is no nut in the bucket to attach.

2. If there are no more nuts or bolts on the conveyor
belt, and there are still nuts in the bucket.

ltem 12: F ALG-03-4
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Which of these sequences of ele-
ments will not cause things to go
wrong?

Veronika found 17 tiles in a line and made a game Which of the game plans will bring her
plan from them. to the coin?

She put a coin at one end of a line and then stood at
the other end, facing the coin (see the picture).

She wants to jump to every tile in a line using the
following rules:
* If you are standing on a tile marked X, jump 3
tiles forward.

* If you are standing on a tile marked O, jump 1
tile backward.

g

(S

XIOXOXOXOXOXOXOXO. |

XOOXOOXOOXOOXOOX. |

X OO XX OO XXOOXXOOX. |

X XOOXXOOXXOOXXOO0. |



108 COMATH

Item 13: F OTH-04-B

One toadstool is visible at the beginning of the game: “Watch out for toadstools”. All other squares
on the board are covered. When you click a square, either another toadstool or the number of toad-
stools on the neighbouring squares appears. If you uncover all the squares without any toadstools,

you win.

Here is an example of a completely You have started a new game. In which squares is there
uncovered board: certainly no toadstool? Click all such squares.

o] 1]
]2z 1]

of2]2| [1]2]1]
CIENENEY K.

Item 14: F ALG-06-B

This rug has 6 rows and 6 columns. Each square will have
a patch on it when it is finished, according to the answers to
these questions:

Does the row number or the column
number (OR BOTH) equal 1 or 62

) | (]

Purple Patch Is the row number and the
column number the same?
Red Patch Is the row number larger
than the column number?
Blue Patch Orange patch

v ®

What will this rug look like
when it is finished? Click on
the squares multiple times to
change the patches.




