Tecnolzgicas

Computational Thinking in the University Context: A
Literature Review of Assessment Instruments

Pensamiento computacional en el contexto universitario: Revision de la
literatura de instrumentos de evaluacion

@ e Milena Corrales-Alvarez’, ® Angela Maria Mufoz-Mufoz', ® Sergio Augusto Cardona-Torres',
'Universidad del Quindio, Armenia-Colombia

Correspondence: mcorrales@uniguindio.edu.co

Received: 28 January 2025 Accepted: 07 July 2025 Available: 16 September 2025

How to cite / Cémo citar

M. Corrales-Alvarez, A. M. Mufioz-Mufioz, and S. A. Cardona-Torres, “Computational Thinking in the University Context:
A Literature Review of Assessment Instruments,” TecnolLdgicas, vol. 28, no. 64, e3394, 2025.
https://doi.org/10.22430/22565337.3394

Abstract

Computational thinking (CT) is recognized as a skill that citizens of the current era must develop to perform effectively
in various contexts. This highlights the need to incorporate it at all educational levels to strengthen the teaching,
learning, and assessment processes. Considering assessment as one of the key processes to support CT, it is necessary
to identify instruments with psychometric properties for its measurement. This systematic review aimed to identify
and analyze the different instruments designed to assess CT within the university commmunity (university students,
future teachers, current teachers, and adults). The methodology involved a search from 2006 to February 2024 and the
use of information sources Web of Science (WoS) and Scopus. A total of 266 articles were found, of which 27 met the
inclusion criteria, and 17 instruments were identified that assess CT in the university community. The results showed
that these instruments come in various formats, with scales and tests being the most common. The most frequently
evaluated variables were algorithmic thinking, abstraction, and decomposition. Regarding psychometric properties,
there was limited evidence on the procedures used for instrument validation. The findings revealed an open space for
the development of instruments aimed at the university population that allow for the measurement of CT from
dimensions beyond the cognitive one. In conclusion, it is identified that the focus of research has been on the
assessment of CT skills in school populations and little evaluated in the university commmunity.
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Resumen

El pensamiento computacional (PC) es reconocido como una habilidad que los ciudadanos de la era actual deben
desarrollar para desempefarse en diferentes contextos. Esto advierte la necesidad de incorporarlo en todos los niveles
educativos para fortalecer los procesos de ensefianza, aprendizaje y evaluaciéon. Considerando la evaluacién como uno
de los procesos importantes para fundamentar el PC, se hace necesario el reconocimiento de instrumentos que
cuenten con caracteristicas psicométricas para su medicién. Esta revision sistematica tuvo como objetivo identificar y
analizar los diferentes instrumentos disefiados para la evaluacion del PC en la comunidad universitaria (estudiantes
universitarios, futuros docentes, docentes y adultos) El periodo de busqueda comprendié del 2006 a febrero de 2024.
La metodologia empleada consistié en el uso de las fuentes de informaciéon Web of Science (WoS) y Scopus. Se
encontraron 266 articulos, de los cuales se seleccionaron 27 articulos que cumplian con los criterios de inclusién y de
los cuales 17 instrumentos evalian el PC en la comunidad universitaria. Con los resultados se identificé que estos
instrumentos se presentan en diferentes formatos destacandose la escala y las pruebas. Las variables evaluadas con
mayor frecuencia son el pensamiento algoritmico, la abstraccién y la descomposicién. Con respecto a las propiedades
psicométricas se identificaron escasas evidencias sobre los procedimientos aplicados para la validacidon de los
instrumentos. Los resultados obtenidos mostraron un espacio abierto para la construccion de instrumentos orientados
a poblacién universitaria que permitan la medicidén del PC desde dimensiones adicionales a la cognitiva. Como
conclusion se identifica que el enfoque de las investigaciones se ha centrado en la valoracién de habilidades de PC en
poblaciones escolares y poco evaluado en la comunidad universitaria.

Palabras clave

Analisis bibliométrico, habilidades computacionales, educacién superior, propiedades psicométricas, medicion de
habilidades.

1. INTRODUCTION

Computational Thinking (CT) has been proposed as an essential competence that should
be addressed at different educational levels and that is indispensable for the performance of
citizens in an increasingly technological world [1]. Different authors have proposed definitions
for this construct, starting with [2], who established that CT is a construct linked to problem
solving and system design to understand human behavior, using tools and taking advantage
of fundamental concepts of computer science. In [3] was formulated a classification of CT
definitions considering: generic definitions, related to the way humans think, applying
computer science to understand artificial processes and systems; operational definitions,
which understand CT as a problem-solving process; psychological-cognitive definitions, which
refer to problem-solving skills and techniques; and educational-curricular definitions, which
refer to proposals to include CT in the curriculum from models or theoretical frameworks.

Furthermore, prominent authors [4]-[6] presented CT associated with problem solving to
develop skills related to mental processes such as abstraction, decomposition, and
generalization. [7]-[9] presented CT as a methodology for problem solving that uses concepts
such as abstraction, iteration, and recursion, which allow data analysis and creation of tangible
or virtual artifacts. Similarly, in the analysis of other definitions [3], [10]-[12], the authors
highlighted approaches related to informatics, computing, technology, or programming
where they stand out. The proposed definition [13] placed CT as a cognitive activity consisting
of establishing a problem, conceiving it, and representing it in an algorithm to finally evaluate
the quality of the solution. The definitions of CT show the diversity of conceptions about this
construct, which identifies the need to support its operationalization and measurement for
different populations and age groups [14].

In parallel, CT assessment has acquired a crucial role conditioned by those diverse
conceptual meanings [15]. In this sense, CT assessment has been mainly oriented toward the
evaluation of technical knowledge in programming [16] and skills such as logical thinking,
problem solving, and decomposition [17]. Several literature reviews [18]-[23] present the use of
CT measurement instruments in different populations. The scoping review of CT assessments
in higher education presented in [18], analyzed 33 empirical studies on CT assessments in
university students and identified that most measurement instruments that are oriented to
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assess CT skills combining cognitive skills, aptitudes, and attitudes. Similarly, they reviewed the
psychometric properties of the instruments, and only four presented evidence of reliability and
validity. The review by [19] included 39 studies with a university population. They concluded that
there is little evidence of validity in the assessment instruments and the need to implement
assessments aimed at improving thinking skills.

In the systematic review proposed by [20], 96 articles were evaluated and it was concluded
that CT assessment for teacher education has not been sufficiently investigated and marks the
absence of evidence of the reliability and validity of the instruments used. In a review of
instruments to measure CT [23], 64 studies were presented, of which 16 referred to teachers
and university students. The authors highlighted the need to develop valid and reliable tools to
measure CT skills at the level of infants, university students, and seniors. Another review [21]
analyzed 145 investigations and concluded that it is necessary to incorporate teacher training
programs related to CT. The review by [18] focused on university students and teachers in
service, identifying a lack of psychometric properties of the instruments for this population.

Considering this evidence, this systematic review of literature arises that aims to identify
instruments that evaluate CT in the university community (university students, future teachers,
teachers, and adults). A component of this review is related to the psychometric properties
(reliability and validity) of the assessment instruments. Reliability is considered as the
consistency of scores obtained on different occasions by the same evaluators [24] and a
property of scores obtained by a group of people on a particular occasion [25]. This can be
determined from the reliability coefficient whose most recognized methods to find it are the
coefficients: 1. Products of the Pearson moments, 2. Pearson correlation, 3. Spearman-Brown
prophecy formula, 4. Kuder-Richardson reliability and 5. Alpha Cronbach or standard error of
measurement (SEM) [26]. On the other hand, validity is traditionally considered the degree to
which a test measures what it aims to measure [25] and is an estimate of the quality of the test
measures in a given context [27]. It is possible to determine different types of validity: content,
predictive, concurrent, and construct [26]. Some methods used to find it are factor analysis
(exploratory and confirmatory), content validity index (CVI), Kappa modification, multitrait-
multimethod matrix, among others [24], [28].

Recognizing the importance of evaluating CT, this article aims to identify and analyze the
different instruments that have been designed for CT evaluation in the university community,
recognizing the bibliometric components, the evaluation instruments, and their psychometric
properties.

2. METHODOLOGY

This systematic review of literature followed the protocol substantiated in the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement [29] and is
proposed from what is presented in Table 1. The method is described based on eligibility
criteria, search strategies, databases selection, data extraction, bibliometric analysis, and data
visualization.

2.1 Eligibility criteria

Original research and review articles published in scientific journals from 2006 (considering
that this was the year in which the concept of CT first appeared) to February 2024 were
included. Research that assesses CT and uses measurement instruments such as scales, tests,
surveys, questionnaires, and tools that present evidence of reliability and validity applied in the
university community was considered. Documents in the formats of reviews, editorials, books,
letters, abstracts, posters, and proceedings of events were not considered. Articles that
addressed CT assessment from an approach other than the use of measurement instruments
(interviews, observations, and interventions) were also excluded. Articles that did not
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correspond to the population under study were excluded: kindergarten, elementary education,
primary education, and secondary education.

Table 1. Description of components related to the revision. Source: own elaboration.

Component

Variables

Specific objectives

Research questions

Bibliometric

CT
evaluation
instruments

Psychometri
C properties

Source of information

Year of publication

Authors

H-index (Google Scholar)
Country and continent
Magazine

Quartiles Scientific Journal
Rankings (SJR)

Journal Citation Reports (JCR)
of the journal

Population under study
Sample size

Number of items
Variables evaluated

Pilot test

Evidence of reliability and
validity

Methods used to determine
them

Recognize and present
the evolution of
publications with
respect to the variables
associated with the
publications, authors,
and journals where the

research was published.

Analyze the
instruments that have
been proposed to
evaluate CT in the
university community
and the variables used
to measure CT.

Identify the
psychometric
properties of the
instruments and the
methods used to
determine them.

How have the
publications in the
sample evolved with
respect to the
bibliometric variables?

What are the
instruments that have
been proposed to
measure CT in the
university community?
What are the constructs
or variables evaluated?
What are the
psychometric
properties of the
instruments?

What statistical
methods were used for
the analysis of
psychometric
properties?

2.2 Search strategy and databases

Initially, categories were defined that allowed the construction of the chain; the main

category was computational thinking, and the complementary categories corresponded to the
type of tool, action, and target population. With these categories, a set of keywords was
obtained that converge in the search string: Computational thinking OR “pensamiento
computacional” (Topic) AND instrument* OR tool* OR survey* OR scale* OR questionnaire* OR
strateg* OR test* (Topic) AND evaluat* OR assess* OR valid* OR measur* OR reliability* OR
psychometric* (Topic) AND teacher* OR educator* OR “higher education” OR *“university
students” OR “teaching students” OR “teaching assistants” (Topic) NOT preschool* OR child*
OR elementary* OR infants* OR pre-K* OR “early age” OR “Primary education” OR “Kkl2
education” OR “primary school” OR “preschool children’s” (Topic) and Article or Review Article
(Document Types). The databases used were Web of Science (Wo0S) and Scopus.

2.3 Selection of studies

A total of 266 articles were identified in both databases, of which 89 were repeated.
Subsequently, the summary was analyzed, and the exclusion and inclusion criteria were
applied, which determined that 132 articles were discarded. A second sample of 45 studies was
obtained, and, after an in-depth analysis of their content, a definitive sample of 27 articles was
determined. The 18 studies discarded did not use any instrument to assess CT in the adult
population or university students. of the 27 articles, 17 report the design of instruments and the

Pagina 4|23



M. Corrales-Alvarez et al. TecnolLdgicas, Vol. 28, no. 64, €3394, 2025

remaining 10 make use of an instrument that has already been created. Figure 1 shows the
literature selection flowchart.

WoS Scopus
142 124
Idem
Total documents identified
266
Documents repeated 2 m
(no duplication)
89 177
Selection
Documents excluded by Documents
cleaning (without duplication)
177
Documents excluded by Documents (stirring the
Eligibility some criteria excluded)
132 45
Documents exc]uded by Documents (stirring the
Included emphasis excluded)
18 27

Figure 1. Literature selection flowchart. Source: adapted from [29].
3. RESULTS AND DISCUSSION

From the 27 articles (see the appendix) that make up the sample, the results are
approached from 3 components: (1) bibliometric variables: source of information, year of
publication, authors, H index (Scholar google), country, journal, and the quartiles Scientific
Journal Rankings (SJR) and Journal Citation Reports (JCR) of the journal; (2) CT assessment
instruments: study population, sample size, number of items, response options, and variables
assessed; (3) psychometric properties: pilot test, evidence of reliability and validity, and
methods used to determine them; and (4) instruments used. VOS Viewer was used for the
bibliometric analysis [30].

3.1 Bibliometric

The development of this component is presented with the analysis of the variables: source
of information, population under study, year of publication, authors, H index (Scholar google),
country where the research was conducted, journal, quartiles Scientific Journal Rankings (SJR)
and Journal Citation Reports (JCR) of the journal.

3.1.1 Sources of information

The search for information was carried out on WoS and Scopus. Nine articles appeared in
WoS and seven in Scopus. The remaining eleven articles were identified in both.
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3.1.2 Target population

The studies were classified into university students, teachers in training, and adults. Figure 2
shows the distribution of the population according to the 27 articles.

Adults
3%

University
students Teachers
32% 29%

Training

Figure 2. Classification of the population under study. Source: own elaboration.

3.1.3 Year of publication

It is evident that the first research was initiated in 2016.[31]. In 2019, four studies were found
[15], 171, [32], [33]; and in 2020 the search returned two publications [34], [35], the highest
productivity was identified in 2021 [36]-[44]. For 2022, the following works were identified for
[45]-[52] and finally, in 2023, 3 studies were identified [53]-[55] Figure 3 shows the number of
publications per year.

S}

Publications
N WN 1NN 0

—_

4
3
2
1 ]
. . 0 0

2016 2017 2018 2019 2020 2021 2022 2023

Year

Figure 3. Number of publications per year. Source: own elaboration.
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3.1.4 Authors and H-indexes (Scholar google)

Eric Wiebe was found to be the only author appearing in more than one publication [39],
[53]. The authors associated with the publication, and their Scholar Google H-index, are
presented as a table in the Appendix. The author's link analysis was performed with 27
documents. Figure 4 shows the relationships that exist between the co-citations of the
references. The groups of nodes created in the red one are three, represented with green, blue,
and red colors. Cluster 1 (red) contains 10 references, the most notable for the number of
citations received: [56], [57], [58], and [59]. Cluster 2 (green) contains 9 references that stand out

with greater weight: [60], and [10]; and finally cluster 3 (blue) contains 7 references, where it
stands out [6]].

riggs, i.m., ews, Lg., tow

ange\&c., v@pgt, ., fluck,
aho, a.v., compjikation and com

roman-gonzalggm., perez-gonz
voogt, j, fiS§@F. p.. geod, |

shute, i s‘c., asbell-c
&

adav, a., honiggh.; stephenso
y e P papert, s., (198) mindstorms

barr, v., stepiggnson, c., brin
grover;s. peghr. computati

KBkrraz, o.4gokirr., ozden,

lye, s.y., kolg.h.l, review ,
yadav, a., stepfienson, ¢, hon korkmaz, o.,@kir; v, ozden,
wing, j.m., cofputational thin
ba"n, d., harr§§on, j., conery (2010) report @a.workshop on
M VOSviewer

Figure 4. Distribution of authors according to the coupling network. Source: own elaboration.

On the other hand, the co-citation between the authors is presented in Figure 5,
considering a minimum of ten citations per author with two clusters. Number one (red) with 11
authors include Wing (20 citations), Grover (19 citations), and Roman-Gonzalez (19 citations),
and in cluster two (green) the authors with the highest number of citations are Yadav (27
citations) and Korkmaz (18 citations). The co-citation network reveals two main clusters led by
Wing, Yadav, and Brennan (green cluster), and Grover, Roman-Gonzalez, and Shute (red
cluster), reflecting distinct yet interconnected research trajectories. Wing and Yadav drive a
conceptual orientation focused on the curricular integration and theoretical framework of CT.
In contrast, Grover, Roman-Gonzdlez, and Shute lead efforts to develop and validate CT
assessment tools, emphasizing psychometric rigor. Authors like Tang, Lye, and Voogt further
strengthen their respective clusters through contributions in pedagogy and skill evaluation.
Intermediary figures such as Shute and Roman-Gonzélez connect conceptual and evaluative
domains. These patterns show how the centrality of citations reflects intellectual leadership
and thematic convergence in CT scholarship.
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robigs. g.

korkigaz, o.
ozdag my.
resnig,m roman-g@izalez, m.
grojgr.s.
stephggson, ¢
woollecd, j:
pe@ .
wirghi:m. yaday a:
dogigherv: v
wiled@Ky, u. sugre
angdl, c
WIGE, |
asbell-gerke, j.
= shul vj malynigmith, |
M VOSviewer

Figure 5. Co-citations between authors. Source: own elaboration.

3.1.5 Country

The country with the most publications is TUrkiye with nine articles, followed by Indonesia
and Thailand with three, China and Spain with two publications each. Switzerland, Iraq, Taiwan,

Lithuania, Mexico, USA, Australia, and Canada have one publication, which can be seen in
Figure 6.

1 . ©

Figure 6. Country of origin. Source: own elaboration.
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3.1.6 Journal and quartile Scientific Journal Rankings (SJR) y Journal Citation
Reports (JCR)

The journals with the highest representation in the publications are Education and
Information Technologies with four articles and Journal of Educational Computing with two
articles. With respect to quartiles, more than 50% of the publications were published in journals
with a Q1 and Q2 classification. This can be seen in Figure 7.

18
16
14

o

Journals

o N M OO0 ©

Il I‘ Il =1 H=
No Ql Q2 Q3 Q4

BWOS mSCOPUS

Figure 7. Quartile Journal Citation Reports and Scientific Journal Rankings. Source: own elaboration.
3.2 CT assessment instruments

The development of this component is presented with the analysis of the variables: sample
size and pilot test, instrument, and variables evaluated.

3.2.1 Sample size and pilot

Figure 8 presents the number corresponding to the samples used in the 27 studies
analyzed (to identify the studies, see Table 2). The largest sample size is represented by 1023
prospective science teachers [51], the smallest sample is represented by 36 future primary
school teachers [36] and on average the samples are made up of 265 individuals. Eighty-five
percent of the investigations did not present evidence of pilot testing. Two studies are
presented without instrument application and without pilot testing, in the study proposed by
[17] they considered a sample of 20 experts, and in the article proposed by [31] they do not
present the total number of individuals.
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1023

870
747 T4
482 48]
360 130 377
289
143 183 2>
100 g 2 a5 oo o Ym o, I 0
36 38
0 0
Pl calonlnldninly 1

1T 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
Article

Sample

Figure 8. Sample sizes. Source: own elaboration.
3.2.2 Instrument

A total of 17 instruments were presented and developed [15], [16], [46], [48], [49], [51], [62], [63],
[171, [37], [33], [36], [37], [39]-[41]. Of the 27 articles analyzed, the remaining 10 were published in
[34], [38], [42]-[45], [50], [53], [54], [64] referring to the instruments developed in one of the 17
investigations. The Bebras and T-STEM CT tasks were each used in two investigations, and the
CTS Computational Thinking Scale was used in 9 investigations. Most of the instruments
contain between 20 and 29 items. Table 2 presents the 17 instruments related to the variables
assessed.

3.2.3.Variables evaluated

Considering the 17 instruments, it was found that algorithmic thinking is assessed by 9
instruments, abstraction with 7 instruments, decomposition with 6 instruments, evaluation
with 5 instruments, and problem solving with 4 instruments. Table 2 presents the 17
instruments found associated with the study population, the number of items, the variables
evaluated, the response format, evidence of reliability and validity. In addition, the 10 articles
where the instruments T-STEM CT, Bebras Tasks, and the Computational Thinking Scale CTS
were used are presented.

3.3 Psychometric properties

To evaluate the psychometric properties of the instruments, evidence of validity, reliability,
and method was analyzed. Table 2 presents each study associated with the evidence of validity
and reliability. Eighty percent present reliability analysis, and the most used method was
Cronbach's Alpha. With respect to validity, 50% of the studies do not present any evidence. The
most used method was the Confirmatory Factor Analysis (CFA).
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Table 2. Characterization of the instruments associated with the investigations where they were used. Source: own elaboration.

Evidence i- i-
Ref. Instrument used Population Items Variables Response — — Apt Atti
format Reliability Validity tudes tudes
Abstraction
Algorithmic thinking
Decomposition
Hi-ACT . . Debugging Evaluation, . .
(7] Holistic CT assessment University students %8 Generalization Troubleshooting Likert7 No evidence Content X
Teamwork
Communication
Spiritual intelligence
gé(aEITeSfor development Conceptual knowledge Cronbach's
[16] : P University students 33 Algorithmic thinking Unspecified Construct X
programming-oriented Alpha
. o Assessment
computational thinking
Abstraction
ATTA Adults Bachelor's, Decomposition Cronbach's
[48] Algorithmic thinking test Master’s, or Doctoral 20 Algorithmic thinking Multiple choice Content X
L Alpha
for adults Students Pattern/recognition
Evaluation/debugging
[39] T-STEM CT Teachers ) ) Cronbach's Structural
Instrument to measure Personal beliefs on teaching Alpha
self-efficacy of in-service effectiveness .
teachers regarding 20 Beliefs about the expectation of Likert 5 X
[53] teaching CT skills and Indonesian teachers teaching results No evidence No evidence
practices to students
] Without
[49] Test research instrument University students 24 Unspecified Multiple choice specifying the Construct and X
to measure CT level . apparent
coefficient
The ability to:
- Analyze and manage data
- Use information to solve
problems
- The ability to design
. . . countermeasures o - .
CT Questionnaire for Computer education ) s . . Reliability Validity type is
(5] students students 25 The ability to create workpieces Likert 5 coefficient not specified X

-The ability to evaluate work
pieces

-The ability to analytically
identify the causes

-The ability to work
collaboratively
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[62] Future teachers and Cronbach's No evidence
teachers Alpha
Mathematics Cronbach's .
[44] teachers in Turkiye Alpha No evidence
Turkish trainee Cronbach's .
[34] teachers Alpha No evidence
Mexican ,
[38] undergraduate CroArlmbﬁch s No evidence
students Creativity pha
507 CTS Computational Turkish trainee Algorithmic thinking . Cronbach's Validity type is
thinking scale teachers 29 Cooperativeness Likert 5 Alpha not specified
—_— Critical thinking ‘
[42] Teachers from Turkiye Problem resolution Crc;r:lgﬁgh s No evidence
University students Cronbach's
[52] from China Alpha Convergent
[43] University students in Reliability Validity type is
Turkiye coefficient not specified
Computer science ,
[54] and engineering Cr(});;bﬁgh s No evidence
students from Turkiye P
Sequences
Loops
[36] CT test Teachers in training 10 Events . -, Multiple choice . Kuder No evidence
Parallelism Conditional Richardson
Operators
Data
Evidence
Nivel1: DePuration
[47] €T Clontent knowledge Teachers .17 . Remix Multiple choice Cohen's Kappa No evidence
test in teachers Nivel 2: . open
5 Abstraction
Modularization Algorithmic
thinking
Decomposition
Abstraction
Design of algorithms
Automation Cronbach's
[37] QCT CT guestionnaire Teachers 22 Data collection Multiple choice Alpha Construct

Analysis of data
Representation of data
Simulation
Parallelization
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(31

__ Bebras Tasks

[45]

University students

Australian trainee
teachers

20

Functional Thinking as a
Compound of Problem
Decomposition

Pattern recognition
Generalization Algorithmic
thinking

Abstraction

Unspecified

No evidence

No evidence

Coefficient K

Content and
Criteria

[40] CT Skills Test

Future teachers

20

Decomposition
Pattern recognition
Abstraction
Algorithm design

Multiple choice

Cronbach's
Alpha

No evidence

CT Skills self-confidence
guestionnaire

(51

Future teachers

34

Self-confidence in CT
Expectation
Self-confidence
Optimism

Resilience
Experience

Likert 5

Cronbach's
Alpha

Construct

Questionnaire to

(41l measure CT skills

University students

27

Abstraction
Modeling
Decomposition
Algorithmic thinking
Representation
Generalization
Assessment
Adjustment

Unspecified

Cronbach's
Alpha

No evidence

CTt Computational

[33] thinking test

Future teachers

32

Computational concepts: basic
directions, "repeat", "repeat to",
"if", "if/if not", "while" and simple
functions

Multiple choice

No evidence

No evidence

[46] CCTt Test Callysto CT

Future teachers

31

Non-cognitive attitudes towards
CT

Technology

Troubleshooting, Coding

Data

Concepts

Practices

Multiple choice

Cronbach's
Alpha

Construct

CT knowledge and

[55] understanding survey

Teachers

CT concept

Experience in CT learning
management

Experience in participating in CT
training

Self-development

Focus of learning activities

Likert 5

No evidence

No evidence
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3.4 Instruments used

As a result, the instruments associated with the studies in which they were used or created
and the process carried out are presented. The Hi-ACT Holistic CT Assessment [17]: Instrument
used to assess skills and attitudes in Indonesian university students. The P-CTS Programming-
Oriented Scale [16]: Developed to determine programming-oriented CT skills in university
students. The ATTA Algorithmic Thinking Test for Adults [48]: The development and validation
process of the instrument for adults was performed. The T-STEM CT tool is designed to assess
in-service teachers' confidence in their ability to teach computational thinking skills and
practices to students. This instrument was used in two investigations [39], [53]. The first
investigated the changes and the sources of these changes in Indonesian teachers' self-efficacy
to teach science and CT [39]. The second addressed the development and validation of an
instrument that measures in-service teachers' self-efficacy beliefs for teaching CT [53].

The test research instrument to measure the level of CT [49]: Measuring CT in third-year
students studying Computer Science at Baghdad University. The CT student questionnaire [15]:
Assessment of CT in prospective teachers in Thai universities. CT test [36]: Research using this
instrument developed a STEM-based game design project from teacher training to help
prospective elementary teachers acquire CT concepts. The CT content knowledge test [47]: The
objective of this study was to examine how a teacher development program changed the
content knowledge and collaborative participation of elementary school teachers.

The QCT CT Questionnaire [37]: The study aimed to explore the perspectives of STEM
teachers (Science, Technology, Engineering and Mathematics) on the integration of
information and communication technologies (ICT) into their teaching, with a particular focus
on incorporating CT into their lessons. The Computational Thinking Test (CTt), developed by
[3], was utilized for this purpose. In [33] was used this instrument to assess and illustrate the
outcomes of an educational robotic intervention designed to improve the CT skills of future
teachers. The CCTt [46]: This test examines the relationship between CT attitudes and the skills
of preservice teachers. The CCTt Callysto CT Test [46]: With this test, the relationship between
attitudes and CT skills for future teachers is examined.

The CTS Computational Thinking Scale authored by [59]: This instrument was the most
used, it was applied in nine investigations. In [32] the instrument was applied to compare the
CT skills of preservice and in-service teachers. The authors in [38] identified differences in CT
dimensions between disciplinary areas in undergraduate students of various disciplines at two
Mexican universities. In [50] was determined the relationships between learning self-efficacy
and teacher performance in training, CT skills, and metacognitive self-regulation.

In [65] it was proposed to use the instrument to examine the acceptance, self-development,
and CT skills of technology among teachers of various disciplines who participated in in-service
training in basic robotics coding in primary schools. In [52] was investigated the impact of
Socially Shared Regulation of Learning (SSRL) on CT, learning motivation, engagement, and
academic achievement among third-year university students at a public university in China, in
the context of Collaborative Learning through Teaching (CLBT). The authors in [43] explored
whether collaboration and critical thinking serve as mediators between other skills of the 21
century, such as algorithmic thinking, creativity, digital literacy, and effective communication,
and problem solving abilities in university students in various regions of Turkiye. Additionally,
[44] used the Korkmaz scale alongside the Mental Types Scale to explore the relationship
between cognitive styles and computational performance (CP) among mathematics teachers.
In [34] was proposed and tested a model that explains the knowledge of STEM of preservice
teachers (enrolled in the faculties of education of three state universities in different regions of
Turkiye) by examining CT skills, the media and technology use and attitudes, and demographic
variables, including gender, type of high school, and parental educational background. The
objective of this research was to find the impact of personality and motivation on CT skills
among computer science and engineering students [54].
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The Bebras Tasks: This instrument was used in two of the 27 publications analyzed. In [31] a
study was presented conducted among first-year software engineering students, who are in
the structured programming course looking to determine the correlation between the
student's test scores and the results of the structured programming course. The authors in [45]
examined the relationship between different forms of CT and two different measures of
programming quality for a group of teacher trainees. The CT Skills Test [40]: This test was used
to assess activities designed for online learning that developed the CT of first-year students
enrolled in a Bachelor of Education Program in Educational Technology and Communications
at King Mongkut's Thonburi University of Technology. The Self-Confidence Questionnaire on
CT Skills [51] was applied to analyze the confidence of prospective science teachers' in CT skills
from three aspects: first, self-confidence; second, differences in self-confidence; and third,
differences in self-confidence according to experience. The Questionnaire to Measure CT Skills
[47] focused on university students, emphasizing abstraction and its possible relationship with
other factors (modeling, decomposition, algorithmic thinking, representation, generalization,
evaluation and adjustment). The survey of knowledge and understanding about CT [55]
consisted of studying the need and problems in learning management that promote CP of
teachers at the junior high school level.

The assessment of CT using measurement instruments has been addressed at all
educational levels. The aim of this systematic review of the literature was to identify
instruments that have been used in the adult population. Twenty-seven investigations
were identified that assessed CT in the adult population; 17 measurement instruments were
extracted from these publications. According to the results, it was identified that most of the
studies focused on CT evaluation in university students with a representation of 68% of the
studies, 29% are made up of teachers, and 3% are adults, which demonstrates the importance
of having instruments that allow objective CT evaluation in the teaching population. It is
highlighted that research using instruments to evaluate CT in the adult population is on the
rise with 74% of research in the years 2021, 2022, and 2023, taking into account that now the
interest of the scientific community is oriented towards aspects related to the development of
new assessment tools and their relationship with learning [19]. The countries that contribute
the greatest amount of research are Turkiye with 32%, followed by Indonesia with 12%, Thailand,
China, and Spain with 8% each, and finally Switzerland, Iraqg, Taiwan, Lithuania, Mexico, the
United States, Australia, and Canada with 4% of investigations each. This agrees with what was
stated in the reviews of the literature proposed by [18], [19], [22]. The publications have high
guality standards considering the high representativeness of the publications in the Q1 and Q2
quartiles, for the selected sources. The evidence of psychometric properties for the use of the
instruments shows that reliability is presented in 80% of the studies, with respect to validity
only 48% presented this evidence. The absence of a description of the procedures to
demonstrate these psychometric properties in research is highlighted. The instrument
proposed by [59] stands out, which was used in 9 investigations.

This review of the literature makes it evident that information on validity testing must be
collected in future studies; which is consistent with the findings obtained by [20] and [23].
Significant progress has also been shown in the past two years with respect to the growth of
publications evaluating CT. With respect to the variables most assessed in the instruments,
algorithmic thinking, abstraction, and decomposition stand out, which is consistent with the
reviews presented by [23] and [I18]. The target population for this review was the adult
population, very similar to the population addressed in the proposed scoping review [18] that
focuses on post-secondary education. In this review, the authors evaluated 33 articles, where
most assessment tools are designed for undergraduate students in computer science and
engineering or for in-service teachers in these subjects.

In the analysis of the 27 articles, it was identified that the instrument most frequently used
was the Computational Thinking Scale CTS proposed by [59]. The variables assessed most
frequently agree with those found in other reviews [18], [23], unlike the review by [20], where
the variables related to programming were the most frequently assessed. With respect to
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evidence on reliability and validity analyses, future research is required to present in more detail
the procedures and specify the methods used to determine these properties.

In relation to teaching practice in the university context, there is a highlighted need to
strengthen formative assessment processes of computational thinking. Currently, there is
limited evidence on the psychometric properties of instruments reported in literature,
highlighting the urgent need to develop and validate tools that serve as formal resources to
support the evaluation of computational thinking at this level of academic training. Having
valid instruments will enable instructors to objectively identify computational thinking skills,
allowing for the adjustment of learning resources and pedagogical practices. The findings
reveal opportunities for future research in the Latin American context, where instruments
should consider cultural and social characteristics, as well as attitudinal elements that can
influence the development of computational thinking.

4. CONCLUSIONS

From the review protocol, three elements associated with the variables under study, and
the research questions, were proposed. How have the publications in the sample evolved with
respect to the bibliometric variables? According to the analysis of bibliometric variables, the
distribution over time of the research has increased since 2021. Regarding the authors in
Figures 4 and 5 the relationships that exist between the authors are presented, where the
coupling network emerges in 2019 and the author leading the network is Ata [34]. In relation
to the geographical location where the research was carried out, Europe and Asia have the
highest participation, and only one research is presented in Latin America. Regarding the
classification of the journals based on the Scientific Journal Rankings (SJR) and Journal Citation
Reports (JCR), 15% of the publications found in SCOPUS and 22% of those found in WOS were
not classified into any quartile. It can be concluded that research on CT assessment in the adult
population or university students has had greater application in university students, presenting
deficiencies in the measurement of this construct in the teaching population, who play a
leading role in teaching it to students. More research is needed in Latin America according to
educational and cultural contexts.

What are the instruments that have been proposed to measure Computational Thinking in
the adult population? Analysis of instruments designed to measure CT in adult populations,
particularly among in-service and preservice teachers, reveals a diverse range in their design
and focus. Although Bebras Tasks are used with university students, explicit evidence on their
variables evaluated, reliability, and validity is lacking in the presented literature. In contrast, the
Computational Thinking Scale (CTS) and the CT Questionnaire (QCT) are more consistently
applied with preservice and in-service teachers, primarily assessing skills and, in some cases,
attitudes such as creativity and cooperativeness. These instruments typically use Likert scales
and report evidence of reliability (Cronbach's Alpha, Kuder Richardson) and validity (content,
criterion, construct).

Other instruments, such as the CTt, the CT skills test, and the CT Test, focus on evaluating
aptitudes and knowledge through multiple-choice formats. It is noteworthy that self-
confidence in CT skills and teacher self-efficacy are key variables assessed by instruments such
as the Self-confidence questionnaire on CT skills and the T-STEM CT. This highlights the
importance of attitudinal and pedagogical factors in the integration of CT. The CCTt Callysto CT
Test stands out for its broader approach, which evaluates skills, concepts, and practices, in
addition to technological and data literacy. Although many instruments provide evidence of
reliability and validity, gaps still exist, especially in the explicit reporting of all evidence for each
adaptation or use of the instruments, as observed in some cases for Bebras Tasks and the T-
STEM CT.

What are the constructs or variables evaluated? The most frequently found skill is
algorithmic thinking present in 36% of the instruments, followed by abstraction with presence
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in 28%, then decomposition with a frequency of 24%, evaluation with 20%, and finally problem
solving with 16%. Two instruments evaluated specific programming variables (loops,
conditionals, operators, basic directions, repeat, repeat until, if, if/if not, while, and simple
functions). Variables related to personal and social practices were also examined, including
competencies such as teamwork, communication, spiritual intelligence, personal belief
systems, teaching effectiveness, beliefs regarding anticipated teaching outcomes, the ability
to analyze and manage data, apply information to problem-solving, design appropriate
interventions, produce and assess work artifacts, identify underlying causes analytically,
collaborate effectively, as well as attributes such as self-confidence in critical thinking,
expectations, general self-confidence, optimism, resilience, and professional experience. The
presence of variables that value CT from a domain other than the cognitive domain is
highlighted.

What are the psychometric properties of the instruments and what statistical methods
were used for the analysis of the psychometric properties? It was identified that 21 studies
presented evidence of reliability, highlighting the use of Cronbach's Alpha. Regarding validity,
12 studies showed evidence, and the most used method was confirmatory factor analysis (CFA).
In the information collected, there is an absence of studies that evaluate CT in teachers
considering approaches other than the assessment of the cognitive component, for example,
evaluations that consider competencies to propose classroom practices that strengthen the
development of CT in the classroom; furthermore, no studies were found in Latin America and
the evidence of validity of the studies is scarce.

In the future, research can be proposed to evaluate CT with measurement instruments that
are exclusive to the teaching population and address not only cognitive aspects, but also to
propose instruments that assess attitudes and aptitudes related to programming. Finally, this
review contributes to future research processes, making evident the progress in the
assessment of CT from measurement instruments in the adult population. It is necessary to
continue deepening proposals that allow for the assessment of CT from perspectives additional
to the cognitive domains.
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