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ABSTRACT

Objective: Computational thinking is a key competency in primary education; however,

its valid measurement faces serious conceptual and psychometric challenges. Beyond a

mere classification of tools, this study presents a diagnostic analysis of the field through

a dual approach: first, mapping the scientific landscape via scientometric analysis; and

second, critically evaluating existing assessment tools.

Method: In this systematic critical review (PRISMA 2020), 45 eligible articles were
identified by searching Scopus and Google Scholar databases (2006-2025). Analyses
were conducted in two phases: 1) Scientometric analysis to map the conceptual structure
of the field using R and VOSviewer software, and 2) Qualitative critical analysis of 8
selected key tools regarding their theoretical foundations and psychometric properties.

Results: The scientometric analysis revealed a rapidly growing but unbalanced field.
The keyword co-occurrence map indicated a strong focus on "educational applications"
and "programming tools," contrasted by a significant absence of assessment concepts
such as "validity" and "fairness.” This structural gap is directly reflected in the tools,
revealing three main limitations: 1) Psychometric weakness due to reliance on
traditional metrics (Cronbach's alpha) and neglect of modern standards (such as Omega
coefficient and DIF analysis); 2) Conceptual limitations by focusing on algorithmic
knowledge while ignoring process skills (debugging) and attitudinal aspects
(perseverance); and 3) An instrumental gap for upper primary students.

Conclusions: Based on the findings, no single tool is sufficient for the comprehensive
assessment of computational thinking. The maturity of this field requires adopting
modern psychometric standards such as the Omega reliability coefficient, designing and
localizing tests for primary students in Iran, and creating hybrid assessment frameworks
that integrate standardized tests with performance-based assessments. This integrated
approach will lead to more accurate skill diagnosis and the design of more effective
educational programs.
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Introduction

Rapid technological advancements have positioned
Computational Thinking (CT) as a critical 21st-century
competency. While Wing (2006) defined CT as a
universal problem-solving skill, the field remains
theoretically fragmented between "tool-centric" and
"competency-centric" paradigms. This ambiguity
complicates assessment, leading to a disconnect
between existing tools and psychometric standards.
Although various measurement approaches exist—
ranging from standardized tests to code analysis in
environments like Scratch—recent reviews (Bass et al.,
2020; Ocampo et al., 2024) highlight a significant lack
of validity evidence.

This gap is especially critical for primary school
students (ages 6-12), where assessment faces unique
challenges such as limited literacy and test anxiety.
Relying on unvalidated tools in this "concrete
operational" stage can compromise educational
outcomes, particularly in the Iranian context where
applied problem-solving is a known weakness.
Consequently, this study aims to bridge this gap
through a systematic critical review. Adopting a dual
approach, it maps the scientific landscape via
scientometric analysis and critically evaluates the
psychometric properties of CT assessment tools to
provide a diagnostic framework for future
interventions.

Method

This study was conducted as a systematic critical
review adhering to the PRISMA 2020 guidelines (Page
et al., 2021). Employing a mixed-methods approach
(quantitative and qualitative), the research aimed to
map the scientific landscape of CT assessment and
critically analyze tools designed for primary education.
A systematic search was performed across Scopus and
Google Scholar, supplemented by ERIC and IEEE
Xplore, covering the period from 2006 to 2025. The
search string utilized Boolean operators combining
keywords such as "computational thinking,"
"assessment,” "scale,” and "instrument."”

Following the screening of 674 initial records based
on inclusion criteria (focus on primary students aged 6—
12, quantitative reporting of tool construction, and
English publication) and exclusion criteria (reviews,
theses, and non-relevant populations), 45 eligible
studies were identified. From this corpus, 8 key
instruments were selected for in-depth analysis based
on psychometric reporting quality and accessibility.

Data analysis proceeded in two phases. First, a
scientometric  analysis was conducted using
the bibliometrix R package and VOSviewer to map
publication trends and conceptual structures. This
phase identified the most frequently used tools, directly
informing the selection for the second phase. Second, a
critical content analysis of the selected tools was
performed using a researcher-made data extraction
form focusing on target populations, components, and
psychometric properties. To ensure rigor, the
checklist’s validity was confirmed by three experts, and
inter-rater reliability was established by double-coding
20% of the articles.

Results

The findings are presented in two main sections:
scientometric analysis and critical analysis of
assessment tools.

Scientometric Analysis: Trends and Structure

The analysis reveals an exponential growth in
publications starting from 2015, peaking in 2023,
indicating the field's rapid expansion. Research is
geographically concentrated in the US and China,
followed by Spain and Taiwan, raising concerns about
the cultural generalizability of tools for contexts like
Iran. The co-occurrence map exposes a profound
structural gap: the network is dominated by
"educational applications” and "programming tools,"
while key psychometric concepts like "validity" are
virtually absent. This suggests a prioritization of
instructional design over rigorous assessment.

Critical Analysis of Assessment Tools

The micro-level analysis of 8 selected tools mirrors
these macro-trends. While instruments like the
Beginners' CT Test (BCTtland TechCheck
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demonstrate strong content validity and reliability (o >
0.80) for lower primary students (ages 5-9), they suffer
from "ceiling effects” when applied to older students
(ages 9-12). Conversely, tools like the CT Competency
Test (cCTt) use advanced Item Response Theory (IRT)
to ensure gender fairness but still lack difficult items
for high-ability learners.

A recurring limitation across most tools (e.g.,
CTtLP and CTTC) is the exclusive reliance on
multiple-choice formats. While efficient, this format
restricts assessment to conceptual knowledge
(sequences, loops), failing to capture process-oriented
skills like debugging or attitudinal dimensions like
perseverance. Furthermore, experimental tools like
ACES show limited reliability (0=0.68) and lack
comprehensive validity evidence. In summary, no
single tool offers a complete solution; there is a
persistent trade-off between psychometric rigor and the
breadth of skills assessed.

Conclusions

The findings of this review reveal a structural
imbalance in the field of Computational Thinking (CT)
assessment.  While the scientometric analysis
highlights a research ecosystem dominated by
educational applications, the critical analysis of tools
exposes a significant gap in psychometric rigor. Most
existing instruments rely on traditional metrics like
Cronbach's alpha, largely neglecting modern standards
such as McDonald’s Omega and Differential Item
Functioning (DIF) analysis (AERA, APA, & NCME,
2014). This technical shortfall aligns with a
"conceptual imbalance,”  where assessments
disproportionately focus on algorithmic concepts (e.g.,
loops) amenable to multiple-choice formats, at the
expense of process-oriented skills (e.g., debugging)
and attitudes.

Furthermore, the geographical concentration of
research in the US and China poses a serious challenge
for cultural validity in contexts like Iran. The lack of
localized, standardized tools suggests that mere
translation is insufficient. To address these systemic
issues, this study proposes a three-phase roadmap for
future research:

1) Psychometric Upgrade: Adopting modern item
response theory (IRT) models and fairness analyses to
ensure valid measurement;

2) Holistic Assessment: Moving towards hybrid
models that integrate standardized tests with
performance-based  assessments  (e.g.,  project
portfolios) to capture the full spectrum of CT
competence; and

3) Intelligent Localization: Developing context-
sensitive instruments tailored to national curricula and
cultural nuances. Implementing this roadmap is
essential for empowering educators and policymakers
to make evidence-based decisions, shifting the focus
from the proliferation of new tools to the rigorous
validation and standardization of existing ones.
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