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Abstract. Critical thinking is a fundamental skill for 21st-century citizens, and it should
be promoted from elementary school and developed in computing education. However,
assessing the development of critical thinking in educational contexts presents unique
challenges. In this study, a systematic mapping was carried out to investigate how to
assess the development of critical thinking, or some of its skills, in K-12 computing
teaching. The results indicate that primary studies on the development of critical thinking
in K-12 computing education are concentrated in Asian countries, mainly focusing on
teaching concepts such as algorithms and programming. Moreover, the studies do not
present a fixed set of critical thinking skills assessed, and the skills are selected according
to specific teaching and research needs. Most of the studies adopted student self-
assessment using instruments that are well-known in the literature for assessing critical
thinking. Many studies measured the quality of instruments for their research, obtaining
favorable results and demonstrating consistency. However, the research points to a need
for more diversity in assessment methods beyond student self-assessment. The findings
suggest a need for more comprehensive and diverse critical thinking assessments in K-12
computing education, covering different educational stages and computing education
concepts. This research aims to guide educators and researchers in developing more
effective critical thinking assessments for K-12 computing education.
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1. Introduction

Computing is fundamental in shaping our technology-driven future, thus it is essential to
teach computing to students (U.S. Department of Education, 2019). Learning computing
also helps students to develop computational thinking, including critical thinking,
creativity, problem-solving, and collaboration (Lin & Chen, 2020). Within the broad
spectrum of essential 21st-century competencies, critical thinking is fundamental in
computing, across knowledge domains, and everyday life (Sari et al., 2022; World
Economic Forum, 2020). Although there is no consensus, Facione (1990) defines critical
thinking as the intellectually disciplined process of actively and skillfully
conceptualizing, applying, analyzing, synthesizing, and/or evaluating information
gathered from or generated by observation, experience, reflection, reasoning, or
communication, serving as a guide for beliefs and actions.



Recognizing the importance of critical thinking, it has also become a goal of K-12
education to develop critical thinkers (UNICEF, 2023; OECD, 2019), helping students to
develop higher-order thinking skills (e.g., to analyze, evaluate, and solve complex
problems) to enable them to think effectively and rationally (Spector & Ma, 2019; Saadé
et al., 2012). This aim extends beyond mastering essential subject matter, as it seeks to
shape citizens who can reason ethically and act for the public good (Elder & Paul, 2006;)
and apply learned skills to real-life problems (Shafiyeva, 2021). Furthermore, proficiency
in critical thinking, linked to reflective thinking and skillful judgment, is acknowledged
as a key to success in higher education and is considered a key skill for future leaders
(OECD, 2019; Hussein et al., 2019).

Some initiatives aim to promote and develop critical thinking skills in K-12 education,
each with a unique approach. "The Foundation for Critical Thinking" customizes
webinars and courses, focusing on the disciplined process of conceptualizing, applying,
analyzing, synthesizing, and evaluating information (CriticalThinking.org, 2019). The
"Insight Assessment" company provides research-based tools for assessing critical
thinking and reasoning skills, which are used globally by employers and educators to
develop these fundamental skills (Insight Assessment, 2023). The "Instituto Ayrton
Senna" guides educators in Brazil to foster creativity and critical thinking, focusing on
holistic human development and creating evidence-based educational policies and
practices (InstitutoAyrtonSenna.org, 2022).

As an alternative, critical thinking skills can also be developed as part of computing
education (Huang and Qiao, 2022; Voskoglou and Buckley, 2012), enabling students to
understand and navigate the challenges and opportunities presented by rapidly advancing
technology and its applications in various fields, such as Artificial Intelligence (AI) (Lee
etal., 2023; Ten Haken, 2017). Furthermore, in a society where social media is a prevalent
source of information and fake news is a growing concern, the acquisition of critical
thinking skills becomes an essential competency, to discern the reliability of information,
thereby equipping young people to navigate the digital landscape and make informed
decisions effectively (Cortazar et al., 2021). And, especially when interacting with
artificial intelligence (Al) technologies, developing critical thinking skills is essential for
understanding and analyzing Al outputs, assessing the technology's ethical, biases and
privacy implications, guiding them in making responsible and informed decisions about
its use, its role in society, and its potential impact on their lives (Lee et al., 2023; UNICEF,
2023a; 2023).

Critical thinking is recognized as a fundamental skill in the contemporary educational
landscape as part of computing education (UNICEF, 2023a; OECD, 2019). Various
frameworks guide the integration of computing and critical thinking into K-12 curricula
globally. In the United States, the "K-12 Computer Science Framework" (K12CS)
suggests that all students should be capable of learning basic computer science concepts
and that understanding these fundamentals is key to developing critical thinking skills
(K12CS.org, 2016). In Europe, the 'Informatics Reference Framework for School' by
Informatics for All provides comprehensive guidance for integrating informatics
education across different educational systems (Caspersen et al., 2022). Other
frameworks like "OECD Learning Framework 2030" (Vincent-Lancrin et al., 2019), and
the "Computational Thinking for Science framework" (CT-S) (Hurt et al., 2023) also
emphasize critical thinking development within computing education. Critical thinking is
mostly stimulated by adopting active learning methodologies, such as problem-based,



project-based, and task-based teaching. These approaches encourage students to engage
in authentic, meaningful learning experiences that require them to apply critical thinking
skills to solve problems (Maki6 and Mékid, 2023; Rehmat and Hartley, 2020; Anizifa and
Djukri, 2017).

Therefore, it is essential that educators help students develop critical thinking, and are
also able to assess the development of this skill to guide the student learning process and
identify opportunities for improvement (Paul et al., 2023; Cortazar et al., 2021).
Specifically for the assessment of critical thinking, it is necessary to define appropriate
assessment methods that are well integrated into existing curricula, in order to provide
effective feedback to students and teachers (Cortazar et al., 2021; Saadé et al., 2012).
Recognizing the importance of developing critical thinking in K-12, some research has
explored teaching this skill in K-12 computing education, but they do not specifically
focus on the assessment methods used to evaluate critical thinking skills. Lee and
Nuatomue (2022) primarily reviewed how computer science teaching was implemented
in schools and its effectiveness in developing computational thinking, including critical
thinking. Aktoprak and Hursen (2022) carried out a bibliometric analysis of research on
critical thinking in primary education, identifying trends, without specific emphasis on
assessment in computing education. Popat and Starkey (2019) reviewed research to
analyze the educational outcomes of children learning to program, including critical
thinking skills, but did not delve into assessment methods.

While these studies provide important findings, there remains a gap in the literature
regarding a comprehensive review of assessment approaches for critical thinking
specifically within K-12 computing education.

To address this gap, we conducted a systematic mapping of the literature focused on the
research question (RQ): Which studies exist to assess critical thinking, or some of its
skills, in K-12 computing education? The main contributions of this research include
identifying existing studies on critical thinking assessment in K-12 computing education,
analyzing critical thinking definitions and skills assessed, reviewing assessment methods
used, and evaluating the quality of these assessment approaches. The results of this
systematic mapping are expected to guide educators in applying critical thinking
assessments and help researchers create effective critical thinking assessments in K-12
computing education.

2. Background
2.1. Critical Thinking

Critical thinking is considered one of the essential skills of the 21st century in the context
of Learning & Innovation Skills, forming the "four C's" along with communication,
collaboration, and creativity (P21.org, 2019). Critical thinking can be defined from
diverse points of view, such as philosophy, psychology, and education (Spector and Ma,
2019).

From a philosophical point of view, Dewey (1933) defined critical thinking as "active,
persistent, and careful consideration of a belief or supposed form of knowledge in the
light of the grounds that support it and the further conclusions to which it tends". In
psychology, critical thinking is typically defined as a higher-order type of reasoning that
involves a repertoire of faculties, such as articulation of arguments, evaluation of



evidence, and correction of one's activity and progress towards an established goal
(Halpern, 1998). From an educational point of view, critical thinking is commonly
considered "the intellectually disciplined process of actively and skillfully
conceptualizing, applying, analyzing, synthesizing, and/or evaluating information
gathered from or generated by observation, experience, reflection, reasoning, or
communication, as a guide to belief and action" (CriticalThinking.org, 2019; Facione,
1990). Within this context, "skills" refer to the learned techniques and methods for
performing tasks effectively, such as analyzing arguments or synthesizing information,
while "abilities" are the innate or acquired capacity to perform these tasks, such as
reasoning or problem-solving (Critical Thinking.org, 2019). Together, they encompass the
range of competencies that critical thinking entails. Specifically, the Delphi Report
(Facione, 1990) presents a consensus set of cognitive skills that constitute a core of critical
thinking (Table 1).

Table 1
Core skills of critical thinking according to Delphi Report

Skill Brief explanation

Interpretation Understanding and expressing the meaning or significance of various forms of information,
including experiences, situations, data, events, judgments, conventions, beliefs, rules,
procedures, or criteria.

Analysis Identifying the intended and actual inferential relationships among statements, questions,
concepts, descriptions, or other forms of representation intended to express belief, judgment,
experiences, reasons, information, or opinions.

Evaluation Assessing the credibility of statements or descriptions of a person's experience, judgment,
belief, or opinion, and assessing the logical strength of the actual or intended inferential
relationships among statements, descriptions, questions, or other forms of representation.

Inference Drawing reasonable conclusions from information, including predicting the future,
hypothesizing about the past, and drawing conclusions from data.
Explanation Stating the results of one's reasoning, justifying that reasoning based on evidential,

conceptual, methodological, criteriological, and contextual considerations, and presenting
one's reasoning in the form of cogent arguments.

Self-Regulation Monitoring and evaluating one's own cognitive activities, the elements used in those
activities, and the results obtained, mainly by applying skills in analysis and evaluation to
one's inferential judgments to question, confirm, validate, or correct either one's reasoning or
one's result.

In addition to these core critical thinking skills, other skills are also considered, such as
the additional skills presented by Yeh (2003) (Table 2).

Table 2
Additional skills of critical thinking (Yeh, 2003).

Additional skills Brief explanation

Recognition of assumptions Identifying statements or claims implicit in general premises.
Induction Inferring the most likely outcome from known facts.

Deduction Using reason to draw a necessary conclusion from two given premises.

The critical thinking skills that comprise the core skills (Facione, 1990) and the additional
skills (Yeh, 2003) presented in Tables 1 and 2 are complementary but distinct. Although
there are conceptual overlaps, each skill has its own nuances. For example, 'Inference’
(Facione, 1990) is a broader concept that includes both 'Induction' and 'Deduction’ (Yeh,



2003). '"Recognition of assumptions' (Yeh, 2003) can be considered a specific aspect of
'Analysis' (Facione, 1990).

2.2. Assessment of Critical Thinking

An important aspect of promoting critical thinking is its evaluation. The assessment aims
to provide valuable feedback to the students on developing their critical thinking skills,
helping them identify areas of strength and improvement, thereby facilitating their
learning process and personal development (Pedrosa-de-Jesus and Guerra, 2018). For
educators, understanding students' cognitive abilities, including their capacity to analyze,
perceive, and empathize, can guide them to develop and/or adopt teaching methods to suit
students' needs better and identify gaps in their understanding (Vincent-Lancrin, 2023;
Criticalthinking.org, 2019).

Assessment paradigms. Critical thinking assessments can be broadly categorized into
three main paradigms: summative, formative, and self-assessment (Brookhart, 2010;
Popham, 2008). Summative assessments evaluate learning outcomes at the end of an
instructional unit application. Formative assessments provide ongoing feedback during
the learning process. Self-assessment involves students evaluating their own progress.
Assessment methods. Several assessment methods have been used to assess students'
learning, including developing critical thinking (Soland et al., 2013). So far, there has yet
to be a consensus on the definition of the best method to assess students' learning (Anders
et al., 2019). Each method is designed to evaluate different aspects (Soland et al., 2013)
using various types of data collection (Hattie & Timperley, 2007) (Table 3).

Table 3
Examples of methods for the assessment of students' learning.

Assessment Description Examples of data
Method collection instruments
Performance- A method that requires students to demonstrate or apply their skills by e Project documentation
based assessment creating a response, product, or performing a task. It assesses students' e Artifact (e.g.,
skills to apply what they have learned in authentic or real-world applications, code,
contexts, thus measuring higher-order thinking skills such as analysis, machine learning model,
synthesis, and evaluation (Braun et al., 2020; N.Y. State Education documentation)
Department, 2024).
Student self- A method that students analyze their own learning progress to ® Self-assessment
assessment understand their perception of learning, attitudes, and beliefs. This questionnaire (Multiple-
encourages them to actively participate in their education (Andrade,  choice,
2019). However, due to the characteristics of the self-assessor, it is Likert-scale, etc.)
reported to have limitations in terms of validity and accuracy (Taylor,
2014).
Observation A method assesses transformations in behavior, performance, o Checklist
interactions, and other aspects by observing the learners (Allen et al., e Observer annotations
2011).
Interview A method used for feedback, understanding students' learning thought e Interview script

processes and applying critical thinking. Interviews can be structured, e Interview notes
semi-structured, or unstructured, each facilitating different levels of
insight (Creswell et al., 2018)

Test A method used to evaluate the student's acquisition of knowledge. ® Test with Multiple-
Tests are used to measure the progress and impact of educational choice, open-ended
intervention and performance (Morrison, et al., 2019). questions, etc.



Some instruments are widely used in the literature to assess critical thinking, for example,
the California Critical Thinking Skills Test (CCTST) (Facione, 1990), Test of Everyday
Reasoning (TER) (Facione et al., 2012), Cornell Critical Thinking Test (CCTT) Level X
(Ennis et al., 2005) and the Computer Thinking Skill Level - Secondary school (CTLS)
(Korkmaz, Cakyr, Ozden, 2015). These instruments are generally available
commercially, developed with a focus on reliability, ensuring consistent scores, validity,
and accuracy of the assessment (Criteriacorp, 2023; Insight Assessment, 2023;
Critical Thinking.org, 2019). Such assessments are utilized in diverse scenarios, including
job selection, professional training (Criteriacorp, 2023), school and university admissions
(Insight Assessment, 2023), and specifically the assessing of students' critical thinking
abilities (Reynders et al., 2020; CriticalThinking.org, 2019). Table 4 summarizes some
of the main instruments for assessing critical thinking in the educational context.
Effectiveness of assessments. To ensure the effectiveness of assessments, it is important
to evaluate their quality in terms of the reliability and validity of the instruments (Moskal
and Leydens, 2000; Morrison et al., 2019)(Table 5).



Table 4
Summary of the main critical thinking assessment instruments

Reference Critical General information Characteristics of the test Findings
thinking
assessment
instruments
[Purpose Educational Typical application Idiom [Skills Items Scores Administration Reliability Validity
stage context
(Facione, 1990) California Critical |[To measure the Undergraduate Accreditation, English |Analysis, 34-item 100-point scoring 55 minutes timed |A KR20 coefficient The CCTST has shown criterion validity
Thinking Skills  |core reasoning  and graduate admissions, advising evaluation, multiple- scale to interpret  administration [between .69-.68, pre-  through factor analysis and internal
Test (CCTST) skills necessary  students, and retention, explanation, choice overall results, and post-test paw, consistency. The test scores have also
for reflective executive-level curriculum inference e accompanied by a indicates medium demonstrated predictive validity, explaining a
decision-making. adults effectiveness, and the interpretation corresponding reliability significant proportion of variance in outcome
documentatl(?n of qualitative rating measures*§
student learning
outcomes.
(Facione et al., 2012) [Test of Everyday [To measure the Late childhood Educational English |Analysis, 35 item Dichotomously 50 minutes timed [A KR-20 coefficient =~ The TER has demonstrated validity in
[Reasoning (TER) [core reasoning  to adulthood  assessments, employee deduction, multiple- scored administration (for instruments with ~ measuring the critical thinking skills of
skills necessary selection, and program evaluation, choice dichotomously scored individuals and groups.
for reflective evaluations. explanation, items) ranges from .71 The exact validity value may vary depending
decision-making. inference, lto .86, indicating good on the specific version of the TER and the
induction e Ireliability population being tested *§
interpretation
(Ennis et al., 2005)  |Cornell Critical ~|To measure Students in Educational English |Induction, 71 item, The score includes 50 minutes timed  |Cronbach’s Alpha = .77 Using Confirmatory Factor Analysis (CFA)
Thinking Test critical thinking Grades 5-12+ assessment to predict deduction multiple- the candidate's raw administration or  [for the total scores on  the test is valid in measuring the constructs it
(CCTT) Level X [abilities, students' performance choice score, standardized untimed the CCTT Level X is intended to m easure*§
including on state proficiency score, and indicates good
analyzing and exams, for honors/AP percentage reliability
evaluating programs, college position. The raw
information, admissions, careers, score represents
making logical and employment. the number of
inferences, and correct answers
drawing accurate
conclusions.
(Korkmaz, Cakyr,  |Computer To measure Secondary Educational Turkish |Analysis, 22 items Score derived Cronbach's alpha = .82 Confirmatory Factor Analysis
Ozden, 2015) Thinking Skill critical thinking school students assessment evaluation, multiple- from 5-point for total score indicates (x2 =4481.1628 (d=195, N=241, p<.01),
Level - Secondary [computational inference, choice Likert scale lgood reliability RMSEA =.074, SRMR = .078, GFI = .89,
school (CTLS)  [thinking skills, explanation, self- AGFI = .84, CFI = .91 and IF1 = .90). The
algorithmic regulation values indicate a good fit of the model, with
thinking, the RMSEA and SRMR within acceptable

problem-solving,
land cooperative
learning.

*Exact reliability and validity values may vary depending on the specific version of the test and the population being tested.

) Exact values are not informed.

ranges and the GFI, AGFI, CFI and IFI indices
showing a good fit of the model. The
confirmatory factor analysis therefore suggests
that the instrument has adequate construct
validity



Table 5

Reliability and validity of instruments to assess critical thinking

Evaluation Definitions Considerations Common Analysis Method Used Brief explanation
aspects
Reliability Refers to the Homogeneity, e Cronbach's alpha coefficient ~ Used as an indicator of the internal consistency of an evaluation o Higher values (close to 1.0) indicate greater internal consistency, suggesting that the items in
consistency of scores stability, and ~ (Cronbach, 1951); instrument. the instrument measure the same concept. Values of a. are considered as a rule of thumb
from an assessment ~ equivalence are according to Gliem and Gliem (2003):
instrument (Moskal  considered o a>.9 is considered Excellent; 9 > a > .8 is considered Good; .8> a >.7
and Leydens, 2000). (Heale and considered Acceptable .7> a > .6 considered Questionable; .6> a > .5 considered
Twycross, Poor: .5 > a considered Unacceptable
2015). o Cohen's kappa coefficient A statistical measure of agreement between two raters, used to assess ® Can range from -1 to +1, where 0 represents the amount of agreement expected from random
(Cohen, 1960). inter-rater reliability when they rate items in mutually exclusive chance, and 1 represents perfect agreement between the raters.

categories.

o KR-20 (Kuder-Richardson Measure the homogeneity of test items for items scored by binary
Formula 20) coefficient (Kuder choice ("true" or "false" answers).
and Richardson. 1937).

o A high value indicates that the items consistently measure the same construct or skill.

® Omega coefficient Used to estimate the proportion of variance in test scores that can be e Values close to 1.0 indicate a robust underlying construct with good internal consistency.
(McDonald's omega) (McDonald, attributed to the overall construct being measured, offering a more
1999). nuanced assessment of internal consistency.

Validity

Refers to the process
of accumulating

It relates to
content,

evidence that supports construct,
the appropriateness of and/or criterion

conclusions made
based on student
responses for specific
assessment purposes.
The accuracy of the
measurement
instrument (Moskal
and Leydens, 2000).

validity.

o Correlation Matrix (DeVellis, Used to examine the relationship between variables.
2017).

o Correlation coefficients between variables.

o Factor Analysis (Glorfeld, oKMO is a measure of sample adequacy used to assess whether a o A KMO value higher than .50 indicates that factor analysis can reasonably proceed.

1995) supported by Kaiser- data set is suitable for factor analysis. e Factor analysis: A factor loading of more than .30 usually indicates a moderate correlation

Meyer-Olkin (KMO) (Kaiser and eFactor Analysis is used to identify underlying structures (factors) in between the item and the factor. (Tavakol and Wetzel, 2020).

Rice, 1974). a set of variables. It is often used to reduce the dimensionality of data.

e Item Response Theory A set of models used to analyze the relationship between individuals' e There are three primary parameters: item difficulty (b), item discrimination (a), and the

(DeVellis, 2017) latent abilities or traits and their responses to test items. pseudo-guessing parameter (c). The item difficulty parameter (b) represents the latent trait
level at which examinees are expected to have a 50% probability of answering a test item
correctly. assuming no guessing (DeVellis, 2017).

® Bartlett’s test of sphericity Used for correlation matrix suitability. eLow significance values (p-value) (usually below .05) indicate that the correlation matrix

(Snedecor et al., 1989).

variables are sufficiently correlated.

e Confirmatory Factor Analysis Used to verify the factor structure of a set of observed variables. Test
(CFA) (Joreskog,1969). the hypothesis that a relationship between observed variables and
their underlying latent constructs exists.

Uses metrics are, according with Hu and Bentler (1999):
o Chi-square (¥2): A low %2 value suggests a good fit of the model. High values may indicate a
mismatch between the model and the observed data.
o Cutoff criteria for y2: <3 good; <5 acceptable
e Comparative Fit Index (CFI): Compares the model's fit to a null model, with values closer to
1 indicating a better fit.
® Goodness of Fit Index (GFI): Reflects the proportion of variation the model explains.
o Adjusted Goodness of Fit Index (AGFI): Adjusts the GFI for the number of parameters in
the model, with values closer to 1 indicating a better fit
o Incremental Fit Index (IFI): Also known as Bollen's IFI, similar to CFI but less affected by
sample size, with values closer to 1 indicating a better fit.
o Tucker-Lewis Index (TFI): Also known as the non-normed fit index, compares the fit of the
model to a null model, adjusting for model complexity
o Normed Fit Index (NFI): Assesses the model by comparing the 2 value of the model to the
%2 of the null model, with values closer to 1 indicating a better fit.
o Cutoff criteria for fit CFI, GFI, AGFI, IFI, TFI, NFI: .95 excellent; .90 good; .80
acceptable
eStandardized Root Mean Square Residual (SRMR): The standardized difference between the
observed and predicted correlations
o Cutoff criteria for fit SRMR: < .08 good fit
® Root Mean Square Error of Approximation (RMSEA): Measures the discrepancy per degree
of freedom
o Cutoff criteria for fit RMSEA: < .05 excellent; .05-.08 good; .08-.10 moderate;
.10 poor



2.3.Critical Thinking in K-12 Computing Education

Critical thinking is an essential skill in K-12 computing education, involving the ability
to analyze, evaluate, and synthesize information to make decisions. It can help students
develop problem-solving capabilities, foster innovation, and facilitate effective decision-
making to address technological issues (Huang and Qiao, 2022; Voskoglou and Buckley,
2012). This skill applies to various computing concepts, such as

Algorithms, logic, and programming. Critical thinking helps students to develop
efficient and effective algorithms and improve their ability to understand and solve
algorithmic problems, logic, and analytical thinking skills (ilic, 2021; Velazquez-
Iturbide, 2013; Fagin et al., 2006). Critical thinking skills can also be fostered through
programming languages like block-based programming, Scratch and Alice, and text-
based programming, Python (Create-Learn, 2023; flic, 2021; Sontag, 2009).
Information literacy. Critical thinking can be instrumental in discerning the integrity of
information found on social media and combating fake news. It involves rational thinking,
considering evidence, and seeking additional sources (Cortazar et al., 2021).

STEM integration. Another key aspect of K-12 computing education is promoting
interdisciplinary learning and integrating STEM subjects, which, for example, helps with
mathematical skills and stimulates problem-solving and critical thinking (Karaahmetoglu
and Korkmaz, 2019).

Roboetics. Critical thinking is developed through systematic problem-solving as students
analyze robotic systems e.g. sensor data, mechanical systems, and evaluate hardware-
software interactions, to make reasoned decisions when programming devices like
Arduino or Raspberry Pi to interact with the physical world (Karaahmetoglu and
Korkmaz, 2019).

Artificial Intelligence. As Al technologies become increasingly integrated into daily
lives, students need to understand the ethical implications of Al, including issues of
fairness, bias, and privacy. This understanding can help students become responsible
digital citizens and make informed decisions about Al technologies (UNICEF, 2023; Lee
et al., 2023; Martins et al., 2024a; 2024b).

Several frameworks guide the integration of computing into the K-12 curriculum, each
emphasizing critical thinking. The "K12C framework" (K12CS.org,2016) aims to make
computer science education accessible to all students in the U.S. The 'Informatics
Reference Framework for School' by Informatics for All provides a European perspective
on integrating informatics education (Caspersen et al., 2022). The "OECD Learning
Framework 2030" (Vicente-Lancrin, S. et al., 2019) seeks to foster creativity and critical
thinking in primary and secondary education globally, while the "CT-S framework" (Hurt
et al., 2023) applies computational thinking as both an input and outcome of science
learning. All these frameworks incorporate critical thinking by encouraging students to
engage innovatively with issues and problems, fostering problem-solving skills and
resilience.

To promote critical thinking skills in the classroom, various pedagogical approaches are
adopted, emphasizing active learning and problem-solving activities, encouraging
questioning and reflection, and fostering a supportive learning environment (Insight
Assessment, 2023; Taylor, 2022; Rehmat and Hartley, 2020; Liu, 2019; Anazifa and
Djukri, 2017) (Table 6).



Table 6
Overview of common pedagogical approaches to promote critical thinking in K-12 computing education.

Pedagogical Description
Approaches
Discussion This method aims to help students articulate opinions, assess class arguments and

evidence, and revise their positions based on discussion insights (Taylor, 2022).

Inquiry-based teaching A student-centered approach driven by students’ questions and their innate curiosity.
It engages students in active learning by exploring topics, asking questions, and
discovering answers through critical thinking (Gholam, 2019).

Problem-based teaching This method stimulates problem-solving by requiring the active application of
critical thinking skills (Rehmat and Hartley, 2020).

Project-based teaching A student-centered approach that encourages critical thinking through active
exploration of real-world challenges and problems (Anizifa and Djukri, 2017).

Socratic questioning A method of inquiry using leading questions to stimulate rational thinking and
logical responses, promoting critical thinking (Liu, 2019).
Task-based teaching A method that operates at the module level and is based on the principle of perceptual

learning, it stimulates the process of finding solutions to problems, requiring the
active application of critical thinking skills (Maki6 and Makio, 2023).

3. Definition and Execution of the Systematic Mapping

To elicit the state-of-the-art approaches for assessing critical thinking (or any of its skills)
in the context of computing education in K-12, a systematic mapping was performed
following the procedure defined by Petersen et al. (2008). Starting with defining research
and analysis questions that adhere to the study's objectives and delineate the research
scope, a review protocol was defined, specifying the sources, search strings, and selection
criteria. Following the review protocol, searches were executed, and relevant results were
selected based on the pre-established inclusion, exclusion, and quality criteria. The
eligibility of studies was determined by their adherence to these criteria. After identifying
relevant articles, information related to the analysis questions was extracted, following
the defined extraction strategy. The softwares Zotero was used to manage the selected
articles, while Google Spreadsheet was employed to organize and analyze the extracted
data. The extracted data was then analyzed, interpreted, and discussed.

3.1 Considerations of the research scope

This systematic mapping examines critical thinking assessment approaches and specific
methods used in K-12 computing education. The assessments are analyzed through
various paradigms, including summative, formative, and self-assessment methods. This
review explores diverse assessment methods in the literature and seeks to identify various
assessment approaches.

3.2. Definition of the review protocol

The research question is:
o RQ. Which studies exist to assess critical thinking, or some of its skills, in K-12
computing education?
The research question was refined into the following analysis questions:
e AQI1. What existing studies include assessing the development of critical
thinking in the context of K-12 computing education?



e AQ2. How is critical thinking defined in the studies, and what skills are being
assessed?

o AQ3. How are these critical thinking skills assessed?

o AQ4. How has the assessment approach been evaluated?

Data sources. Searches were performed on the main digital libraries and repositories in
computing, including the ACM Digital Library, arXiv, ERIC (U.S. Dept. of Education),
IEEE Xplore, Scopus, ScienceDirect, SocArXiv, SpringerLink, and Wiley Online
Library, accessible via Portal Capes'. Searches were also conducted on Google Scholar
and Google to ensure a comprehensive search and reduce the risk of omission (Piasecki
etal., 2018).

Inclusion and exclusion criteria. As part of this mapping, artifacts that present the
application or development of an assessment of critical thinking as part of teaching
computing in K-12 were considered following the inclusion/exclusion criteria presented
in Table 7.

Table 7
Inclusion and exclusion criteria

Inclusion Exclusion
Focus Assessment of critical thinking in ~ Assessment of only other skills (e.g., creativity,
computing education learning, analytical thinking, problem-solving,
etc.)
Context Computing education Other areas (e.g., psychology, medicine, etc.)
Content Application or development of the ~ No application nor development of a critical
assessments of critical thinking skills thinking assessment
Educational stage  K-12 Other educational stages (e.g., higher education)
or teacher training
Publication language English Other languages, e.g., Chinese, Spanish,
Portuguese, etc.
Type of publication Scientific articles in journals, Website articles, blogs, videos, and other
conferences, well-known online systematic reviews/mappings

repositories, and academic works
(e.g., dissertations, theses, etc.)

Quality criteria. Only primary studies that present substantial information regarding the
analysis questions were considered. Abstract-only or one-page articles were excluded.
Definition of the search strings. Following the research objective, the search string was
defined by identifying core concepts and considering synonyms, as indicated in Table 8.
The selection of the search string was carefully calibrated through several preliminary
searches to reduce the risk of omission of relevant research.

LA web portal for access to scientific knowledge worldwide, managed by the Brazilian Ministry of Education
for authorized institutions, including universities, government agencies, and private companies
(www.periodicos.capes.gov.br).



Table 8
Main concepts and synonyms.

Main concepts Synonyms

Critical thinking

Assessment measur*, evaluat*, analy*

School K-12, learn*, teach*, teen*, course

Computing coding, programming, computer science, computational thinking

Considering the main concepts, a generic search query was formulated using Boolean
operators and wildcard symbols to capture variants of the terms:
("critical thinking") AND (assess* OR measur* OR evaluat* OR analy*) AND (k-12 OR

school OR learn OR teach OR course OR teen) AND (computing OR coding OR programming
OR "computational thinking" OR "computer science").

This query was then adapted for the specific syntax of each data repository, as detailed in
Table 9.



Table 9
Search string per data source

Source

Search string

ACM Digital Library

arXiv

ERIC (U.S. Dept. of
Education)

Google

Google Scholar

IEEE Xplore

ScienceDirect
(Elsevier)

Scopus (Elsevier)

SocArXiv

SpringerLink

Wiley Online
Library

[Abstract: "critical thinking"] AND [[Abstract: assess*] OR [Abstract: measur*] OR [Abstract:
evaluat*] OR [Abstract: analy*]] AND [[Abstract: k-12] OR [Abstract: school*] OR [Abstract:
learn*] OR [Abstract: teach*] OR [Abstract: course] OR [Abstract: teen*]] AND [[Abstract:
computing] OR [Abstract: coding] OR [Abstract: programming] OR [Abstract: "computational
thinking"] OR [Abstract: "computer science"]]

classification: Computer Science (cs); include_cross_list: True; terms: AND abstract=critical
thinking; AND abstract=assess* OR measur* OR evaluat* OR analy*; AND abstract=assess*
OR measur* OR evaluat* OR analy*; AND abstract=computing OR coding OR programming
OR "computational thinking" OR "computer science"

abstract:(("critical thinking") AND (assess* OR measur* OR evaluat* OR analy*) AND ("k-12"
OR school* OR learn* OR teach* OR course OR teen*) AND (computing OR coding OR
programming OR "computational thinking" OR "computer science"))

Due to limitations of the Google search engine a reduced search string has been used:

"critical thinking" "learning" "school" "computing” "k-12" "artificial intelligence" "assessment"
("critical thinking") AND (assess* OR measur* OR evaluat* OR analy*) AND (k-12 OR
school* OR learn* OR teach* OR course OR teen*) AND (computing OR coding OR
programming OR "computational thinking" OR "computer science")

("Abstract":critical thinking) AND ("Abstract":assess®* OR "Abstract":measur* OR
"Abstract":evaluat* OR "Abstract":analy*) AND ("Abstract":k-12 OR "Abstract":school* OR
"Abstract":learn* OR "Abstract":teach* OR "Abstract":course OR "Abstract":teen*) AND
("Abstract":computing  OR  "Abstract":coding OR  "Abstract":programming ~ OR
"Abstract":"computational thinking" OR "Abstract":"computer science")

Due to limitations of the ScienceDirect search engine a reduced search string has been used:
"critical thinking" AND (assess OR measure OR evaluate OR analyse) AND ( school) AND
(computing OR "computational thinking" OR "computer science")

( TITLE-ABS-KEY ( "critical thinking" ) AND TITLE-ABS-KEY ( assess* OR measur* OR
evaluat* OR analy* ) AND TITLE-ABS-KEY ( "k-12" OR school* OR learn* OR teach* OR
course OR teen* ) AND TITLE-ABS-KEY ( computing OR coding OR programming OR
"computational thinking" OR "computer science" ) ) AND ( LIMIT-TO ( SUBJAREA , "COMP"
)) AND ( LIMIT-TO ( LANGUAGE , "English" ) )

("critical thinking") AND (assess* OR measur* OR evaluat* OR analy*) AND ("k-12" OR
school* OR learn* OR teach* OR course OR teen*) AND (computing OR coding OR
programming OR "computational thinking" OR "computer science" )

"critical thinking" AND ("assess*" OR "measur*" OR "evaluat" OR "analy*") AND ("k-12" OR
"school*" OR "learn*" OR "teach*" OR "course" OR "teen*") AND ("computing" OR "coding
programming" OR "computational thinking" OR "computer science')

"critical thinking"" in Abstract and "assess* OR measur®* OR evaluat* OR analy*" in Abstract
and "k-12* OR school* OR teach* OR course OR teen*" in Abstract and "computing OR coding
OR programming OR "computational thinking" OR "computer science" in Abstract

3.3. Search Execution

The first author realized the search in April 2024 and revised it with the co-authors. The
initial search returned 477,837 studies. Analyzing the titles, abstracts, and keywords of
the 200 most relevant results from each search with regard to the inclusion/exclusion
criteria identified 74 potentially relevant artifacts (Table 10).


https://osf.io/preprints/socarxiv
https://osf.io/preprints/socarxiv

Source No. of No. of analyzed No. of potentially No. of relevant

search search results relevant results results

results (without duplicates)
ACM Digital Library 83 83 16 0
arXiv 39 39 0 0
ERIC 12 12 0 0
Google 131,000 200 5 0
Google Scholar 339,000 200 26 13
IEEE Xplore 222 222 4 2
ScienceDirect (Elsevier) 4,064 200 7 1
Scopus (Elsevier) 551 200 8 1
SocArXiv 0 0 0 0
SpringerLink 2.849 200 7 1
Wiley Online Library 17 17 1 0
Total number of relevant results without duplicates 18

Subsequently, the author and co-authors reviewed the full articles and excluded those not
meeting the established inclusion and quality criteria. Articles that did not focus on
computing were excluded (e.g., Dominguez et al., 2021; Clark et al., 201; Gentile et al.,
2019; Hsu et al., 2022; Tasgin and Dilek, 2023). Were also excluded articles on
assessments aimed at undergraduate and graduate levels (e.g., Azhar et al. 2023;
Haghparast et al., 2018; Walden et al., 2013) or in the context of teacher training programs
(e.g., Mouta et al., 2019). In addition, applying the quality criteria excluded lightning
talks (e.g., Giinay et al., 2019), abstracts only (e.g., Fouché and Mangle, 2017), or articles
not available in English (e.g., Kim et al., 2019; Bae and Nam, 2010). Articles inaccessible
via the Capes Portal were also excluded (e.g., Adams et al., 2019; Chen et al., 2021).
Finally, duplicates were excluded, and articles referring to the same assessment approach
were unified. As a result, a total of 18 articles were considered relevant for subsequent
analysis.

4. Analysis of the results

This section presents the results for each analysis question based on information extracted
from the relevant articles.

4.1. Considerations on Analysis Procedures

When information was not explicitly presented within the primary studies, some
characteristics were inferred based on the context of the studies, including the analysis of
original measurement instruments used, referenced by the studies.

The inference process, following Krippendorff (2023), was conducted only when
essential information was not explicitly reported. The lead author made initial inferences
based on the context and information from the studies. These inferences were then
reviewed and discussed in detail with the co-authors, and were only considered after
consensus was reached among all authors.

The extracted information is detailed in Appendix A-D.

4.2. Results of Analysis Questions



AQI. What existing studies include assessing the development of critical thinking in the
context of K-12 computing education?

The search identified 18 articles that present studies that include the assessment of critical
thinking in the context of K-12 computing education (Table 11).

Table 11
Relevant articles

Reference

Title

(Durak, 2020)

(Durak, et al., 2019)

(Duran and Sendag,2012)

(Huang and Qiao, 2024)

(Jiang and Li, 2019)
(Jin, et al., 2021)
(Lietal, 2023a)
(Lietal, 2023b)
(Liu et al., 2022)
(Negoro, et al., 2023)
(Oluk and Korkmaz,
2016)

(Quetal., 2023)
(Saritepeci and
Durak,2017)
(Saritepeci, 2020)
(Sun and Li, 2019)
(Tonbuloglu and
Tonbuloglu,2019)

(Wong and Cheung,
2020)

The Effects of Using Different Tools in Programming Teaching of Secondary School

Students on Engagement, Computational Thinking, and Reflective Thinking Skills

for Problem-Solving

IComputational Thinking, Programming Self-Efficacy, Problem Solving, and

Experiences in the Programming Process Conducted with Robotic Activities
Preliminary Investigation into Critical Thinking Skills of Urban High School

Students: Role of an IT/STEM Program

[Enhancing Computational Thinking Skills Through Artificial Intelligence Education

at a STEAM High School

Effect of Scratch on computational thinking skills of Chinese primary school

students.

The impact of different types of scaffolding in project-based learning on girls'

computational thinking skills and self-efficacy

A study on the relationship between student learning engagements and higher-order

thinking skills in programming learning.

Developing and testing a Design-Based Learning Approach to Enhance Elementary

Students’ Self-Perceived Computational Thinking

Innovation of Teaching Tools during Robot Programming Learning to Promote

Middle School Students' Critical Thinking

Scratch-Assisted Waves Teaching Materials: ICT Literacy and Students' Critical

Thinking Skills

Comparing Students’ Scratch Skills with Their Computational Thinking Skills in

Terms of Different Variables

Research on the Application of Gamification Programming Teaching for High

School Students” Computational Thinking Development

Analyzing the effect of block and robotic coding activities on computational thinking

in programming education

Developing Computational Thinking Skills of High School Students: Design-Based

Learning Activities and Programming Tasks

Improving Junior High School Students’ Creativity, Critical Thinking and

Learning Attitude in Minecraft Programming

The Effect of Unplugged Coding Activities on Computational Thinking Skills of

Middle School Students

Exploring children’s perceptions of developing twenty-first-century skills through

computational thinking and programming

(Yang and Chang, 2013) Empowering students through digital game authorship: Enhancing concentration,
critical thinking, and academic achievement

It was observed that "Critical Thinking" as a topic has been considered in recent studies,
mainly from 2018 onwards (Fig. 1). However, given the importance of critical thinking,
few studies assess the development of critical thinking in computer science teaching.
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Fig. 1. Publications on the assessment of critical thinking in the context of computing education in K-12 per year

Most of the studies (n=9) were conducted in the Asian continent, mainly in China. A
notable set of applications (n=6) was observed in Turkey (Fig. 2).
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Fig. 2. Distribution of studies per country

Only a subset (n=6) of these articles specifically investigated the development of critical
thinking. The other studies had the general objective of evaluating students'
computational thinking, in which critical thinking is one of the skills assessed. Other
assessments related to critical thinking include algorithmic thinking (e.g., Jiang and Li,
2019), creativity (e.g., Sun and Li, 2019), and problem-solving (e.g., Durak, 2020).

The majority of the studies (n=12) took place in the context of extracurricular courses
addressing concepts such as algorithms, logic, and programming aimed at students with
no prior experience in computing (Fig. 3). Some studies (n=3) reported the use of
programming associated with robotics, providing students with a practical and applied
experience using Arduino hardware (Durak et al., 2019; Liu et al., 2022; Saritepeci and
Durak, 2017).

Three studies have been conducted in interdisciplinary instructional units in STEM
education (Duran and Sendag, 2012; Huang and Qiao, 2024; Yang and Chang, 2013).
Yang and Chang (2013) reported the development of a game addressing the knowledge
learned in the biology instructional unit. Duran and Sendag (2012) integrated IT into
STEM education through projects. Huang and Qiao (2024) utilized an Al model using
machine learning techniques to classify images of dogs and cats.
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Fig. 3. Distribution of studies per computing concepts taught.

The instructional units on programming mainly adopted block-based visual programming
environments, primarily using Scratch in eight studies (e.g., Durak, 2020; Jin et al., 2021;
Li et al., 2023b). Kodu (Wong and Cheung, 2020) and Alice (Durak, 2020) were other
environments used.

Some authors reported the use of game-based environments, such as Minecraft (Qu et al.,
2023 and Sun and Li, 2019) and CodeCombat (Saritepeci, 2020) (Fig. 4). The use of the
text-based Python programming language was reported in three studies (Qu et al., 2023;
Sun and Li, 2019; and Saritepeci, 2020). Saritepeci (2020) investigated the impact of
design-based teaching activities, including the collaborative preparation of documents,
images, videos, posters, infographics, and interactive pages, compared to teaching Python
programming. In another study, Sun and Li (2019) reported that students were instructed
to develop Python code to solve problems encountered in games. Qu et al. (2023) utilized
game-oriented programming in Python. Only one study reported using an unplugged
approach for teaching programming, in which students developed flowcharts and
algorithms to solve everyday problems, such as water pollution (Tonbuloglu and
Tonbuloglu, 2019).
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Fig. 4 Distribution of studies per programming environments/languages used in studies

Regarding the educational stage, most studies focused on applications in elementary
(n=14) and middle school (n=4). Studies targeting these educational stages range from
3rd grade in elementary school (e.g., Jin et al., 2021) to 9th grade in middle school (Liu
et al., 2022).



Three studies were exclusively applied in high school (Huang and Qiao, 2024; Negoro et
al., 2023; and Qu et al., 2023). Only one study (Li et al., 2023a) researched all three K-
12 educational stages (Fig. 5).
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Fig. 5. Distribution of studies per educational stage

AQ2. How is critical thinking defined in the studies, and what skills are being
assessed?

All studies assessed at least one of the main skills of critical thinking acquired by students,
within the set of core cognitive skills that constitute critical thinking as reported in the
Delphi Report (Facione, 1990). Only five studies explicitly report the assessed skills of
critical thinking (Duran and Sendag, 2012; Li et al., 2023a; Liu et al., 2022; Negoro et
al., 2023; Yang and Chang, 2013). In other cases, the assessed skills were inferred in this
mapping by authors from the context, following the methodology of Krippendorf (2013)
(Fig. 6). The inferences were made based on the context and the original measurement
instruments referenced by the studies.
Evaluation
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Inference
Seli-Regulation
Explanation
Induction
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Recognition of assumptions

Skills of critical thinking
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Fig. 6. Distribution of the skills of critical thinking assessed in the studies.

Among the most assessed skills of critical thinking, "Evaluation" was identified in all
studies. In these cases, for example, Negoro et al. (2023) compared students' evaluation
skills of critical thinking before and after implementing a study instruction on the analysis
of wave phenomena (in the subject of physics, in K-12), simulated with Scratch, to
students who studied this phenomenon without the practical programming intervention.
Yang and Chang (2013) investigated students' ability to evaluate the strength of an
argument in creating biology-themed games. Huang and Qiao (2024) examined students'
evaluation ability in an Al course integrated with STEM education, in which students
created an image classification system using a Machine Learning model.

Another widely assessed skill was "Analysis" (n=16); however, three studies explicitly
reported investigating this skill (Duran and Sendag, 2012; Li et al., 2023a; Negoro et al.,
2023). Duran and Sendag (2012) examined students' ability to "analyze" their IT projects,



which, in the context of the Test of Everyday Reasoning (TER) instrument used (Facione,
2012), corresponds to the ability to break down problems in their projects, distinguish
relevant information, and recognize the situation. On the other hand, Li et al. (2023a)
examined students' perception of analysis in creating artifacts with real-world problem
solutions using programming. Negoro et al. (2023) assessed "Analysis" in the field of
students' argumentation, given the experiments in the application.

Several studies (n=15) evaluate the "Inference" skill by investigating students' ability to
draw conclusions based on the information received in their learning. An example of the
evaluation of this skill of critical thinking is reported by Duran and Sendag (2012). The
authors defined inference based on Facione (2012), which is "the ability to query
evidence, conjecture alternatives, and conclude." Furthermore, the authors define that in
the Test of Everyday Reasoning (TER) context, "inference skills are used to draw
conclusions based on reasons and evidence". The authors assessed "Inference" in students'
experiences based on their IT/STEM projects.

The skill of critical thinking "Self-regulation" was also assessed in several studies (n=12).
These studies primarily assessed students' willingness to learn challenging content and
their ability to develop regular plans for solving complex problems (e.g., Durak, 2020;
Huang and Qiao, 2024; Jiang and Li, 2019). In the studies by Jiang and Li (2019), the
authors assessed this skill in students' ability to develop consistent strategies for solving
highly complex issues in a programming course.

Only two studies assessed the skill of critical thinking "Interpretation”: Liu et al. (2022)
and Yang and Chang (2013). The authors analyzed students' ability to understand the
information received correctly. Liu et al. (2022) investigated whether robotics teaching
developed this skill in students compared to the pre-test. Yang and Chang (2013)
examined how teaching programming associated with digital games improved students'
understanding of information.

More specifically, Liu et al. (2022) and Yang and Chang (2013) assessed the skills of
critical thinking: "Recognition of assumption", "Induction", and "Deduction". Duran and
Sendag (2012) assessed "Induction" and "Deduction". The objective of these studies was
to investigate whether there was a significant increase in the scores of these critical
thinking skills before and after learning programming, analyzing the student's ability to
evaluate what they need to learn to obtain a more appropriate result based on known data,
and, using reason, to reach a satisfactory conclusion.

AQ3. How are these critical thinking skills assessed?

The vast majority of studies (n=17) used instruments that are well-known in the literature
to assess students' critical thinking skills (Fig. 7). Five studies specifically assessed
critical thinking (Jin et al., 2021; Li et al., 2023a; Liu et al., 2022; Sun and Li, 2019; Yang
and Chang, 2013). The other studies assessed critical thinking as part of the assessment
of computational thinking. The most widely adopted instrument was the "Computational
Thinking Skill Level - Secondary School (CTLS)", developed by Korkmaz et al. (2015).
CTLS is a scale designed to measure computational thinking levels for secondary school
students. Various researchers have employed it for different purposes related to assessing
computational thinking and its associated skills. This instrument was used in six studies
(Durak, 2020; Durak et al., 2019; Oluk and Korkmaz, 2016; Saritepeci and Durak, 2017;
Saritepeci, 2020; Tonbuloglu and Tonbuloglu, 2019). Durak (2020) and Durak et al.



(2019) used the CTLS to investigate computational thinking skill levels in learning
programming and robotics. Oluk and Korkmaz (2016) also employed the CTLS to explore
computational thinking skills, including critical thinking, as part of programming
education. Saritepeci and Durak (2017) and Saritepeci (2020) utilized the CTLS to
investigate the effects of computational thinking skills on programming and robotics
education and the impact of programming and design-based learning activities on
developing these skills. Tonbuloglu and Tonbuloglu (2019) used the CTLS to investigate
the effect of unplugged coding activities on computational thinking skills.

Some studies (n=4) used versions derived from the CTLS, such as the Computational
Thinking Scales (CTS) developed by Korkmaz et al. (2017). This instrument was used in
the studies by Huang and Qiao (2024), Jiang and Li (2019), Qu et al. (2023), and Li et al.
(2023b). Li et al. (2023b) and Jiang and Li (2019) used a version of the CTS translated
into Chinese for students in schools in China. Jiang and Li (2019) further simplified the
CTS questions to facilitate participants' understanding (between 10 and 11 years old).
Other instruments have been used to assess critical thinking skills in specific contexts.
Sun and Li (2019) used the Critical Thinking Questionnaire (CTQ) by Castle (2016), a
modified version of the California Critical Thinking Skills Test (CCTST) by Facione
(1990). The CTQ was initially developed to assess students' critical thinking skills in a
radiography course (Castle, 2016). In the findings, Sun and Li (2019) used the CTQ to
investigate game-based programming teaching to develop creativity and critical thinking.
Another instrument used was the Critical Thinking Tendency Questionnaire (CTTQ),
developed and refined by Lin et al. (2019), Liu et al. (2018), and Chai et al. (2015) to
assess students' multidimensional perceptions of 21st-century learning practices. Li et al.
(2023a) employed the CTTQ to investigate the development of computational thinking
skills through a design-based learning approach.

It was also reported that the Critical Thinking Tendency Scale (CTTS), developed by Yu
et al. (2017) and adapted by Liu et al. (2022), was used to investigate the effectiveness of
different teaching tools in promoting critical thinking in robot programming learning.
Other instruments used include the Assessment Program for Affective and Social
Outcomes (APASO-II), developed by the Education Bureau, used by Wong and Cheung
(2020) to investigate the impact of programming on creative thinking, critical thinking
and problem-solving.

The Test of Everyday Reasoning (TER), developed by Facione (2012), employed by
Duran and Sendag (2012) to investigate the impact of an IT program in the context of
STEM education on critical thinking skills.

And, the Critical Thinking Test-Level I (CTT-Level I), developed by Yeh (2003) to assess
the critical thinking skills of elementary and secondary school students. Yang and Chang
(2013) used this test to investigate the impact of digital game authorship on concentration,
critical thinking skills, and academic achievement.
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Fig.7 Instruments for assessing critical thinking skills

Instruments for assessing critical thinking

The majority of studies (n=17) use a student self-assessment paradigm, empowering
students to evaluate the critical thinking skills they have developed (e.g. (Durak, 2020; Li
et al., 2023b; Tonbuloglu and Tonbuloglu, 2019). Additionally, most studies (n=17)
described the method used in their instruments to assess critical thinking. Of these, fifteen
used the "student self-assessment" method in their instruments (Fig. 8). Only two studies
reported the use of "tests" for the assessment of critical thinking (Duran and Sendag, 2012
and Yang and Chang, 2013). Duran and Sendag (2012) used tests in a summative
assessment paradigm, administering pre-tests, mid and post-tests. This test involves the
student's reasoning skills using questions that progressively invite participants to analyze
or interpret information presented in texts, graphs, or images, draw accurate and secure
inferences, evaluate inferences, and explain why they represent strong or weak reasoning.
Yang and Chang (2013), on the other hand, used summative evaluation to measure results,
and incorporated elements of formative evaluation through their collaborative game
design process. Yang and Chang (2013), reported the use of 25 multiple-choice questions
of "CTT-Level I" instrument, but did not detail the characteristics of the questions used
in the test.

Self-assessment 15
Test 2
NI 1

Assessment method

° Amount of studiég

NI - not informed or not identified
Fig.8 Amount of adopted assessment methods

Most studies (n=13) used 4 to 5 items in the instruments for evaluating critical thinking,
while others varied from 12 to 35 items. The items for assessing critical thinking followed
a 5-point Likert response scale in most studies (n=13). Only Wong and Cheung (2020)
used 4-point Likert scales.

The studies that used tests as the evaluation method employed multiple-choice questions
(Duran and Sendag, 2012; Yang and Chang, 2013).

AQ4. How has the assessment approach been evaluated?



The majority of the studies (n=14) evaluate the quality of the critical thinking assessment
instrument.

The sample size for evaluating the instrument was not reported in most studies (n=14).
The studies that reported sample sizes used a small number, from 68 students (Negoro et
al., 2023) to a more significant sample, applied to 580 students (Li et al., 2023b).

The majority (n=12) of the studies assessed the reliability of the instruments, while only
six reported on their validity.

Reliability. Even considering that the original authors previously evaluated the
assessment instrument reliability, the authors in their studies (n=12) reassessed the
instrument's reliability with their study data. These studies calculated Cronbach's alpha
(Cronbach, 1951) coefficient to analyze the reliability of the data collection instrument.
The results mainly indicated good reliability, with most coefficients a > .8. Only one
exception, in Negoro et al. (2023), obtained reliability considered as poor (a0 = .597).
The reliability measured from the instrument used by Li et al. (2023a) obtained the highest
Cronbach's alpha coefficient = .985. This result indicates excellent internal consistency
of the instrument (Table 12).



Table 12
Overview of reliability evaluations

Reference Sample size [Reliability Reliability findings
|Besults (Cronbach alpha)
(Durak, 2020) INT a = .866 Good
(Durak, 2019) INI la = between .78 to .94 for the subscales [Good
(Jiang and Li, 2019) INT o = 893 Good
(Jin, et al., 2021) [158 o = 838 Good
(Li et al., 2023a) INT o = 985 [Excellent
(Li et al., 2023b) Is80 la = between .79 to .88 for the subscales |Good
(Liu et al., 2022) l4gs o= 955 Good
(Negoro, et al., 2023) 68 o =597 Poor
(Oluk and Korkmaz, 2016) |41 la = 809 Good
(Saritepeci and Durak,2017) NI la =853 Good
(Saritepeci,(2020) INT o = 867 Good
(Sun and Li, 2019) INT o= .84 Good

NI - not informed or not identified

Validity. Six studies reported the evaluation of the instrument's validity (Durak, 2019;
Jiang and Li, 2019; Li et al., 2023b; Liu et al., 2022; Negoro et al., 2023; Oluk and
Korkmaz, 2016) (Table 13). Durak (2019) used factor-total correlation to evaluate the
relationship between the observed variable and the observed latent factor. The results
indicated that the individual variables had a moderate to strong correlation with the
general factor, confirming the instrument's validity.

Jiang and Li (2019) analyzed the validity of the data collection instrument through
exploratory and combinatorial factor analysis. Verifying KMO and Bartlett's test
confirmed the possibility of performing an exploratory factor analysis. Multiple fit indices
were used to evaluate the validity of the instrument. The results showed that the
instrument fit the data well. Li et al. (2023b) analyzed the instrument's validity by
performing exploratory and confirmatory factor analysis based on data collected from
580 participants. With a KMO greater than .5 and a significant Bartlett's test statistic, the
subsequent factor analysis can reasonably proceed on the scale. The fit indices of the CFA
analysis showed that the instrument fit the data sufficiently well.

Liu et al. (2022) reported the verification of KMO and Bartlett based on a sample of 485
participants, confirming the possibility of performing an exploratory factor analysis. The
fit indices of the CFA analysis showed that the instrument was suitable for the scale.
Negoro et al. (2023) used second-order factor analysis. The analysis showed that the
critical thinking assessment instrument meets the valid criteria observed in the "Goodness
of Fit." Furthermore, the values of the CFA analysis indicated the appropriate scale. Oluk
and Korkmaz (2016) used combinatorial factor analysis through the maximum likelihood
technique. The values found showed a moderate to solid fit of the model, demonstrating
the consistency and validity of the items. The item-test correlation coefficient confirms
the instrument's effectiveness in measuring critical thinking.



Table 13
Overview of validity evaluations

Reference Sample Validity (CFA indices) Validity findings
size

(Durak, 2019) NI |Factor-total correlation: .48-.73 -

(Jiang and Li, 2019) NI 2/df=1.989 [Excellent
CFI=.922 [Acceptable
TLI=.908 [Acceptable
RMSEA =.047 [Excellent

(Li et al., 2023b) 580 |AGFI=.90 Good
(CMIN/DF = 3.232 [Acceptable
CF1=.95 [Excellent
GFI = .91 Good
[F1=.97 Excellent
RMSEA = .062 [Acceptable
SRMR = .044 Good

(Liu et al., 2022) 485 2/df =2.091 Excellent
CF1=.974 [Excellent
GF1=.916 Good
IF1=.975 Excellent
INFI = .952 [Excellent
RMSEA =.047 [Excellent

(Negoro, et al., 2023) 68 |AGFI=.90 Good
CF1=.93 [Acceptable
GF1= 91 Good
INFI = .96 Excellent
TLI/NNFI = .98 [Excellent
RMSEA = .01 Excellent
SRMR = .044 Good

(Oluk and Korkmaz, 241 [Maximum likelihood regression: .507-.872 [Strong to weak correlation

2016) ltem-test correlation: .655-.862

NI - not informed or not identified
5. Discussion

Despite the growing importance of critical thinking as an essential 21st-century skill, the
systematic mapping results revealed that few studies are dedicated to evaluating this
competency's development in K-12 computing education.

AQ1. What existing studies include assessing the development of critical thinking in the
context of K-12 computing education.

Of the 18 select studies, the majority evaluate the development of critical thinking in
teaching algorithms and programming. This can be attributed to the fact that teaching
these concepts are a more consolidated area within K-12 computing education, with more
established curricular guidelines and pedagogical practices, considering, for example,
computational thinking frameworks such as K12CS (K12CS.org, 2016) and the
Computational Thinking for Science framework (CT-S) (Hurt et al., 2023). Thus, there is
a need for more studies focused on evaluating critical thinking in other areas, such as
robotics, integration with STEM, and especially in teaching Al (found in only one study).
Given the growing integration of artificial intelligence in everyday life and its impact on
multiple domains, it becomes imperative that learners develop critical thinking skills to
deal with the challenges and possibilities presented by this emerging technology



(UNICEF, 2023; Lee et al., 2023).

The origin of these studies is concentrated in the Asian continent. This trend may be
aligned with the educational policies of Asian countries that recognize the importance of
developing these skills early to prepare students for the challenges of the digital era (Jiang
and Li, 2021; Wong and Cheung, 2020; Wong and Jiang, 2018).

In terms of the educational stages, most studies were conducted in elementary and middle
school, which may be related to the introduction of computing curricula from the early
years in Asia, especially in China, with a focus on the development of computational
thinking and skills such as critical thinking (Jiang and Li, 2021). However, the smaller
number of studies in high school suggests the need for more initiatives to enhance critical
thinking skills at this educational stage as well, considering the importance of preparing
students for higher education, the job market, and to become future leaders (Sari et al.,
2022; OECD, 2019).

AQ2. How is critical thinking defined in the studies, and what skills are being assessed.

There needs to be more consensus in the analyzed studies concerning the definitions of
critical thinking. However, many studies define it as a subskill of Computational
Thinking, aligning with the definition by Korkmaz et al. (2015), which defines Critical
Thinking as a "high-level thinking skill" in a more general sense.

It was also observed that there needs to be a consensus on the skills that compose critical
thinking. Each study assessed a specific set of skills based on their research needs and
teaching objectives.

Among the skills analyzed, "Evaluation” was the most assessed, present in all the studies,
to discover the students' beliefs and opinions about the results achieved. On the other
hand, "Interpretation” was the least assessed. None of the studies assessed the complete
set of skills defined as "core skills" by Facione (1990).

AQ3. How are these critical thinking skills assessed?

Most studies adopted "student self-assessment™ as the most commonly used assessment
paradigm and method for critical thinking. Only two studies used "tests," and one did not
report the assessment method. In this sense, although self-assessment has positive aspects,
such as helping students develop metacognitive skills and analyze their learning progress
(Andrade, 2019), it can also present limitations, such as lack of objectivity and difficulty
in identifying "blind spots" in learning, which may mask the degree of skills developed
by students (Taylor, 2014).

AQ4. How has the assessment approach been evaluated?

Regarding the quality of the instruments used for assessing critical thinking, most studies
analyzed the reliability of these instruments, reporting good internal consistency with
Cronbach's alpha coefficients above .8. Only one exception reported internal consistency
with a Cronbach's alpha coefficient below .6, considered "poor" by Gliem and Gliem
(2003). Few studies examined the validity of the instruments; of these, the majority used
exploratory and/or confirmatory factor analysis. The results obtained were favorable,
validating the measurement instruments. The studies used samples ranging from 68 to



580 participants; the results can be classified as consistent and, therefore, in line with Hair
et al. (2009), who discuss the complexity of conducting factor analysis with a sample
smaller than 50 participants. However, it is observed that half of these studies should have
mentioned the sample size used, making the study results difficult to analyze.

Threats to validity. A major threat of systematic mappings is the omission of relevant
studies. To mitigate this threat, we precisely delimited the scope of the research,
identifying the key concepts and their synonyms. In addition, we included critical
thinking as a dimension of computational thinking to minimize the risk of omission.
Another limitation was that the analysis was restricted to the 200 most relevant papers
from the initial search results. Relevance was determined by the search engines'
algorithms, which consider factors such as citation count, publication date, and keyword
matching. To mitigate this limitation, we conducted supplementary searches on Google
Scholar and Google, using different ranking criteria to reduce the possibility of
overlooking relevant studies (Piasecki et al., 2018).

Measures to mitigate possible threats to study selection and data extraction were adopted
by defining explicit inclusion/exclusion and quality criteria. The author followed the
select criteria, and the findings were discussed with the co-authors until a consensus was
reached.

When information was not explicitly reported in the studies analyzed, the authors inferred
the data based on the context. This inference process followed the methodology of
Krippendorff (2013), and was necessary to fill in gaps in the reports. However, this
process could introduce potential bias. To mitigate this, all inferred data was thoroughly
reviewed and discussed by the co-authors to achieve consistency, correctness, and
accuracy.

6. Conclusion

This systematic literature mapping reveals that, although critical thinking is an essential
skill in the 21st century, little research has been carried out on this topic in computing
education.

Eighteen studies assessed the development of critical thinking in K-12 computing
education, mainly in extracurricular courses in programming, logic, and algorithms.
These studies indicated a need for more consensus on the definition of critical thinking
and the skills that compose the studies. Thus, there is no fixed set of critical thinking
skills, indicating that the skills are listed according to the needs and particularities of each
study. In addition, the results showed that the instruments used to assess critical thinking
are third-party, well-known in the literature. Most studies use student self-assessment as
the evaluation method. Also, most studies evaluated the reliability of the instruments in
contrast to their validity to assess the quality of the methods. However, the results
presented demonstrate the validity and internal consistency of the instruments.

The findings from this mapping provide indications to guide educators and researchers in
developing initiatives and applying practical assessments to promote critical thinking
skills in K-12 computing education. In summary, the findings support the need for more
comprehensive and diverse assessments of the development of critical thinking in K-12
computing education, covering different contexts, computing concepts, geographical
regions, and educational stages.
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Reference Bibliographic reference Computing education Educational Country
concepts stage (K-12)

(Durak, 2020) Durak, H. Y. (2020). The Effects of Using Different Tools in Programming Teaching Investigate the effects of programming practices on the Programming with Elementary Tiirkiye
of Secondary School Students on Engagement, Computational Thinking, and development of critical thinking, reflective thinking, Scratch and Alice school
Reflective Thinking Skills for Problem Solving. Technology, Knowledge and problem-solving skills and computational thinking. (5th grade)

Learning, 25.

(Durak, et al., 2019) Durak, H.Y., Yilmaz, F.G., & Yilmaz, R. (2019). Computational Thinking, Investigate students' skill levels about computational Robotics with Arduino ~ Middle school
Programming Self-Efficacy, Problem Solving and Experiences in the Programming thinking, critical thinking, programming and reflective (6th and 7th
Process Conducted with Robotic Activities. Contemporary Educational Technology,  thinking in problem-solving in the programming/robotics grade)

10. learning process.

(Duran and Duran, M. and Sendag, S. (2012). A Preliminary Investigation into Critical Thinking Investigates the impact of an Information Technology Integration of IT within Middle school

Sendag,2012) Skills of Urban High School Students: Role of an IT/STEM Program. Creative program within the context of STEM education on critical STEM education
Education, 3. thinking skills (analysis, evaluation, inference, induction,

and deduction).
(Huang and Qiao, Huang, X., Qiao, C. (2024). Enhancing Computational Thinking Skills Through Investigate the teaching of artificial intelligence with the  Integrating STEM High School
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(Jiang and Li, 2019) Jiang, B., & Li, Z. (2021). Effect of Scratch on computational thinking skills of Analyzes the effects of Scratch language learning on Programming with Elementary China
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solving.

(Jin, et al., 2021) Jin, Y., Sun, J., Ma, H. & Wang, X. (2021). The impact of different types of scaffolding Investigates the effects of learning programming on the Programming with Elementary China
in project-based learning on girls' computational thinking skills and self-efficacy. In: development of critical thinking, computational thinking  Scratch school
Proc. of the 10th International Conference of Educational Innovation through skills and self-efficacy. (3rd grade)

Technology. Chongging, China.

(Li et al., 2023a) Li, W., Huang, J.-Y., Liu, C.-Y., Tseng, J. C. R., & Wang, S.-P. (2023). A study onthe Explore the relationship between levels of learning Programming Elementary, China
relationship between student' learning engagements and higher-order thinking skills in engagement (cognitive, emotional, and behavioral) and middle, and high
programming learning. Thinking Skills and Creativity, 49. higher-order thinking skills such as computational school

thinking, problem-solving, and critical thinking engaged in
programming learning.

(Liet al., 2023b) Li, X., Xie, K., Vongkulluksn, V., Stein, D., & Zhang, Y. (2023). Developing and Investigate the development of computational thinking Programming with Elementary China
testing a Design-Based Learning Approach to Enhance Elementary Students’ Self- skills, such as critical thinking through a design-based Scratch school
Perceived Computational Thinking. Journal of Research on Technology in Education, learning approach. (4th grade)

55(2).

(Liu et al., 2022) Liu, H., Sheng, J., & Zhao, L. (2022). Innovation of Teaching Tools during Robot Investigates the effectiveness of different teaching tools in Robotics Middle school ~ China

Programming Learning to Promote Middle School Students' Critical Thinking. promoting critical thinking engaged in robot programming (8th grade)
Sustainability, 14, 6625. learning.
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Thinking Development. In 2023 IEEE 12th International Conference on Educational Python

and Information Technology.
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Ohridski University Press. (Chapter 49).
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Critical Thinking and Learning Attitude in Minecraft Programming develop creativity and critical thinking the game Minecraft (7th grade)
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Education. 18. (5th grade)
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environment) grade)
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Computers & Education, 68. performance. (interdisciplinary with
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)

Interpretation Analysis Evaluation  Inference Explanation Self- Additional
Regu critical
lation _thinking skills

(Durak, 2020) Critical thinking is a subskill of Computational Thinking, which defines It as a high-level - X X X X X -
thinking skill in the most general sense (Korkmaz et al.. 2015).

(Durak, et al., 2019) Critical thinking is a subskill of Computational Thinking, which defines It as a high-level - X X X X X -
thinking skill in the most general sense (Korkmaz et al., 2015).

(Duran and Sendag, A comprehensive way of thinking involves analysis, synthesis, and interpretation. It is a - X X X - - induction;

2012) type of thinking that is closely associated with reasoning, decision-making, and problem- deduction
solving.

(Huang and Qiao,  Critical thinking is a subskill of Computational Thinking, which defines It as a high-level - X X X X -

2024) thinking skill in the most general sense (Korkmaz et al.. 2015).

(Jiang and Li, 2019) As the process of analyzing and assessing thinking with a view to improving it (Paul and - X X X X X -
Elder, 2007).

(Jin, et al., 2021) Critical thinking is a subskill of Computational Thinking, which defines It as a high-level - X X X - X -
thinking skill in the most general sense (Korkmaz et al., 2015).

(Lietal., 2023a) Critical thinking is the ability to analyze information objectively and reflectively and - X X - - - -
make reasoned judgments to solve practical problems (Li et al., 2021).

(Li et al., 2023b) Students' ability to clarify, analyze, and evaluate problems. - X X X X X -

(Liu et al., 2022) Students’ thinking about a series of interrelated critical questions, their ability to properly X - X - - - recognition of
raise and answer critical questions, and their desire to utilize their critical thinking ability assumptions;
to solve problems. induction;

deduction

(Negoro, et al., 2023) As a type of higher-order thinking that involves analytical thinking, which will then be - X X X - - -
able to form thinking frameworks such as memory to metacognition (Dwyer, 2014;

Munawaroh, 2015: Permana. 2016; Prayogi. 2017; Rachmawati, 2015:; Rahmawati. 2016).

(Oluk and Korkmaz, Critical thinking is a subdimension of Computational Thinking skills, defining It as a - X X X X X -

2016) high-level thinking skill in the most general sense (Korkmaz et al., 2015).

(Quet al., 2023) Critical thinking is a subdimension of Computational Thinking skills, defining It as a - X X X X X -
high-level thinking skill in the most general sense (Korkmaz et al.. 2015).

(Saritepeci and As one of the processes for generating solutions to real-world problems, along with - X X X X X -

Durak.2017) interdisciplinarity, creativity (Beer, Chiel and Drushel. 1999).

(Saritepeci, 2020)  As a way of dealing with an issue in a reflective and logical way which is related to - X X X X X -
beliefs and actions in a context (Ennis, 1993).

(Sun and Li, 2019)  The ability or skill by which the individual transcends his/her subjective self willfully to - X X X X - -
arrive rationally at conclusions (not necessarily favorable to him/her) that can be
substantiated using valid information (Voskoglou and Buckley. 2012).

(Tonbuloglu and Critical thinking is a subskill of Computational Thinking, which defines It as a high-level - X X X X X -

Tonbuloglu, 2019)

thinking skill in the most general sense (Korkmaz et al., 2015).



(Wong and Cheung, Critical thinking involves the knowledge, skills, and attitudes necessary to think

2020)

systematically, evaluate evidence, make reasoned judgments and decisions, and articulate
these through clear explanations and justification of the process (Binkley et al., 2012). It is
integral to programming through Computational Thinking, as seen when children
participate in the programming process, because solving any computational problem
necessitates constant judgment and justification of the process, from algorithm design to
testing and debugging (I.ve and Koh, 2014).

(Yang and Chang,
2013)

Critical thinking involves carefully applying reason to determine whether a claim is true
(Moore and Parker, 2009).

recognition of
assumption;indu
ction; deduction



|

Paradigm Method Item format Items on critical Response Scale
thinking

(Durak, 2020) Self-assessment Student self- Likert-scale CTLS - adaptation for Secondary School Level(Korkmaz et al., 2015) Four items S-point Likert scale
assessment

(Durak, et al., 2019) Self-assessment Student self- Likert-scale CTLS - adaptation for Secondary School Level (Korkmaz et al., 2015) Four items S-point Likert scale
assessment

(Duran and Sendag, Formative assessment Test Multiple choice TER - member of the California Critical Thinking Skills Test (CCTST) 35 items NI

2012) (Facione et al., 2012)

(Huang and Qiao, 2024) Self-assessment Student self- Likert-scale CTS - adaptation for Chinese high school students (Korkmaz and Bai, Four items S-point Likert scale

assessment 2019)

(Jiang and Li, 2019) Self-assessment Student self- Likert-scale CTS (Korkmaz et al., 2017) was translated into Chinese and adapted for the Five items S-point Likert scale
assessment target audience (Jiang and Li, 2019).

(Jin, et al., 2021) Self-assessment Student self- Likert-scale CTS - adaptation for Chinese high school students (Korkmaz and Bai, Five items S-point Likert scale
assessment 2019)

(Li et al., 2023a) Self-assessment Student self- Likert-scale Critical Thinking Tendency Questionnaire CTTQ- adapted version of Five items 5-point Likert scale
assessment original (Lin et al., 2019; Liu et al., 2018; Chai et al., 2015)

(Li et al., 2023b) Self-assessment Student self- Likert-scale Computational Thinking Scales (CTS) - translated to Chinese ( Li et al., Five items S-point Likert scale
assessment 2023)

(Liu et al., 2022) Self-assessment Student self- NI Critical Thinking Tendency Scale CTTS-adapted version of original (Yu et 25 items NI
assessment al., 2017)

(Negoro, et al., 2023) NI NI NI NI NI NI

(Oluk and Korkmaz, Self-assessment Student self- Likert-scale CTLS - adaptation for Secondary School Level (Korkmaz et al., 2015) Four items S-point Likert scale

2016) assessment

(Quet al., 2023) Self-assessment Student self- Likert-scale CTS (Korkmaz et al., 2017). Five items S-point Likert scale
assessment

(Saritepeci and Durak, Self-assessment Student self- Likert-scale CTLS adaptation for Secondary School Level (Korkmaz et al., 2015) Four items S-point Likert scale

2017) assessment

(Saritepeci, 2020) Self-assessment Student self- Likert-scale CTLS adaptation for Secondary School Level (Korkmaz et al., 2015) Four items S-point Likert scale
assessment

(Sun and Li, 2019) Self-assessment Student self- Likert-scale Critical Thinking Questionnaire -CTQ modified version of California 12 items S-point Likert scale
assessment Critical Thinking Skills Test (CCTST) (Castle, 2006)

(Tonbuloglu and Self-assessment Student self- Likert-scale CTLS - adaptation for Secondary School Level (Korkmaz et al., 2015) Four items S-point Likert scale

Tonbuloglu, 2019) assessment

(Wong and Cheung, Self-assessment Student self- Likert-scale Assessment program for affective and social outcomes (2nd Version) Five items 4-point Likert scale

2020) assessment (APASO-1I) for secondary school (Education Bureau, n.d)

(Yang and Chang, Summative and Test Multiple-choice Critical Thinking Test-Level I -CTT-Level I (Yeh,2003) 25 items NI

2013) Formative assessments

NI - not informed or not identified



Reference  Sample size Analysis Findings Analvsis Findings
(Durak, NI Cronbach alpha coefficient = .866 Good internal consistency. NI NI
2020)
(Durak, NI Cronbach's alpha coefficient varied Acceptable internal Factor-total correlation of all factors in the scale range The validity level of the factors in the scale is moderate.
2019) between .78 to .94 for the subscales consistency. between .48-.73
(Duranand NI NI NI NI NI
Sendag,
2012)°
(Huang and NI Cronbach's alpha coefficient =.85  Good internal consistency. NI NI
Qiao, 2024)
Jiang and Li, NI Cronbach alpha coefficient = .893  Good internal consistency. Exploratory factor analysis: The KMO and Bartlett's test results confirm the suitability of the
2019) Kaiser-Meyer-Olkin (KMO) = .892, factor analysis. The CFA shows an excellent fit with y?/df and
Bartlett values (x2 =3673.36; SD =406; p< RMSEA values and acceptable CFI and TLI indices, validating the
.000), model's factors against the data.
Confirmatory factor analysis:
(x2/df = 467.404235 = 1.989; p=.000;
CFI=.922>.9; TLI=.908; RMSEA=.047<.05)
(Jin,etal.,, 150 Cronbach's alpha coefficient =.838 Good internal consistency. NI NI
2021) elementary
school
students
(Lietal., NI Cronbach alpha coefficient =.985 Excellent internal NI NI
2023a) consistency.
(Lietal., 580 students Cronbach's alpha coefficient varied Good internal consistency.  Exploratory factor analysis: The KMO value above .50 and the significant Bartlett's test support
2023b) between .79 to .88 for the subscales Kaiser-Meyer-Olkin = .880, the feasibility of factor analysis. The CFA demonstrates acceptable fit
Significant Bartlett values (y2 =7727.897; SD indices, indicating that the measurement model adequately fits the
=406; p <.001) data.
Confirmatory factor analysis:
(2 =1169.932 (SD =362, N = 580), ¥2 p-
value <.001, CMIN/DF = 3.232, RMSEA =
.062, SRMR = .044, GFI = .91, AGFI = .90,
CFI=.95 and IFI = .97)
(Liuetal.,, 485 Cronbach alpha coefficient =.955  Excellent internal Exploratory factor analysis: These values indicated that the scale was suitable.
2022) students consistency. Kaiser-Meyer-Olkin = .955,
from middle Significant Bartlett values (y2 =11384.868; df
school, 8th =300; p<.001)
grade Confirmatory factor analysis
(GFI1=.916; f2/df =2.091; CF1 = .974; NFI =
.952; IF1=.975; RMSEA = .047).
(Negoro, et 68 students Cronbach alpha coefficient =.597  Unacceptable internal Confirmatory factor analysis: These values indicated that the scale was suitable.
al., 2023) consistency (%2 = 1285, NFI = .96 ,RMSEA = .01, SRMR

=.044, GFI = .91, AGFI=.9, CFI= .93 and
TLI/NNFI = .98)



(Olukand NI

Cronbach alpha coefticient =.809

Good internal consistency.

Confirmatory factor analysis:

The values reflect a moderate to robust model fit, with item

Korkmaz, Maximum likelihood regression value = consistency and validity. The value range confirms the instrument's

2016) between .507 and .872 efficacy in measuring the targeted construct, indicating item
Item-test correlation coefficient = between alignment with the construct.
.655 and .862

(Quetal., NI Cronbach alpha coefficient =.837 Good internal consistency. NI NI

2023)

(Saritepeci NI Cronbach alpha coefficient =.853  Good internal consistency. NI NI

and Durak,

2017)

(Saritepeci,20 NI Cronbach alpha coefficient =.714  Good internal consistency. NI NI

20)

(Sun and Li, NI Cronbach alpha coefficient =.84 Good internal consistency. NI NI

2019)

(Tonbuloglu NI NI NI NI NI

and

Tonbuloglu,2

019)°

(Wongand NI NI NI NI NI

Cheung,

2020)°

(Yangand NI NI NI NI NI

Chang,
2013y

NI - not informed or not identified

§A assessment instrument was used without modifications that had been previously evaluated statistically.



