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Extended Abstract

Introduction

The International Society for Technology in
Education (ISTE) identifies advanced
abilities such as  problem-solving,
collaboration, creativity, and critical
thinking as  essential  “21st-century
competencies” (Junpho et al., 2022). Among
these abilities, computational thinking has
received significant attention in recent years.
Wing (2011) defines computational thinking
as the mental processes involved in
formulating problems and solutions in ways
that allow an information-processing agent
to execute them. With the rapid
advancement of science and technology,
contemporary societies require human
resources equipped with skills different from
those of previous generations.
Consequently, computational thinking is
regarded as one of the essential
competencies of the 21st century (Baradaran
& Mahmoodi, 2020; Deng et al., 2020;
Ezeamuzie & Leung, 2022; Liu et al., 2021).
Computational thinking has a multifaceted
theoretical foundation and can be considered
a model of reasoning (Li et al., 2020). This
ability is strategically applied in solving
problems in mathematics, science, and
engineering (Hinterplattner et al., 2020) and
encompasses elements such as abstraction,
decomposition, generalization, algorithmic
thinking, and debugging (Angeli et al., 2016;
Hoyles & Noss, 2015; Lee et al., 2022).
Learning computational thinking through
abstraction as a core reasoning tool provides
a wide range of educational benefits that
strengthen cognitive skills and enhance
learning across subjects (Varelaetal., 2019).
Between 2006 and 2018, computational
thinking was incorporated into the curricula
of 52 countries, including Finland, Norway,
South Korea, Poland, and New Zealand
(Tikva & Tambouris, 2021; Tang et al.,
2020). Wing (2006) further argued that
computational thinking should be taught
alongside reading, writing, and arithmetic as
a fundamental analytical skill.

Several studies have  validated
computational thinking assessment tools.
For example, Kukul and Karatag (2019)
developed an 18-item scale; Relkin and Bers

(2021) introduced a 15-item scale; Zapata-
Céceres et al. (2020) proposed a 25-item
scale; and Korkmaz et al. (2017) presented a
comprehensive scale measuring creativity,
algorithmic thinking, interaction, critical
thinking, and problem-solving. Versions of
these scales have also been validated in
languages such as Chinese, Turkish, and
Thai (Junpho et al., 2022; Korkmaz & Bai,
2019; Sirakaya et al., 2020). Given the lack
of computational thinking measurement
tools specifically tailored for engineering,
the present study examines the psychometric
properties of the computational thinking
scale and investigates its validity and
reliability among Iranian engineering
students.

Method

This descriptive—survey study involved 400
engineering students (209 male and 191
female) from the University of Tabriz. The
sample included 200 third-year and 200
fourth-year students from eight engineering
disciplines selected through cluster random
sampling. Data collected from third-year
students were used for exploratory factor
analysis, while data from fourth-year
students were used for confirmatory factor
analysis. The research instrument was the
Computational Thinking Scale developed by
Korkmaz et al. (2017), consisting of 29 items
across  five  dimensions:  creativity,
algorithmic thinking, cooperation, critical
thinking, and problem-solving. Items were
scored on a five-point Likert scale. The scale
was translated into Persian and back-
translated, and its content validity was
reviewed by experts. Completing the
questionnaire required approximately 25
minutes. Data analysis was performed using
SPSS 26 and AMOS 24.

Results

Skewness and kurtosis values ranged
between -3 and +3, indicating a normal
distribution suitable for parametric statistical
analyses (Kline, 2005). Cronbach’s alpha
confirmed the instrument’s reliability: the
alpha value for the entire scale was 0.84, and
values for the subscales ranged from 0.78 to
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0.89, reflecting  acceptable internal
consistency (Tabachnick & Fidell, 2019).

The KMO index was 0.82, and Bartlett’s
test of sphericity was significant (y* =
2613.885, p < 0.001), confirming the
suitability of the data for factor analysis
(Bartlett, 1954). Exploratory factor analysis
extracted five factors with eigenvalues
greater than one (Kaiser, 1960; Meyers et al.,
2013)., accounting for 58.13% of the total
variance All 29 items demonstrated factor
loadings above 0.30, and the extracted
factors aligned with the structure proposed
by Korkmaz et al. (2017).

Confirmatory  factor analysis also
indicated acceptable fit indices (GFI = 0.85,
AGFI = 0.82, CFI = 0.87, RMSEA = 0.06,
w?/df = 2.59), suggesting a good model fit
(Hair et al., 2022). Additionally, correlations
between factors were below 0.85, supporting
discriminant validity (Cheung et al., 2024).
Overall, the results confirmed appropriate
construct differentiation and validated the
scale.

Discussion and Conclusion

Findings from this research align with those
of Korkmaz et al. (2017), who empirically
validated the five-factor structure of the
computational thinking scale—creativity,
algorithmic thinking, collaboration,
problem-solving, and critical thinking. The
internal structure of the Persian version
provides strong evidence for the validity of
this instrument in assessing computational
thinking among engineering students.
Confirmatory factor analysis supported the
five-factor, 29-item model.

The first factor, creativity, reflects students’
capacity to generate innovative ideas—an
essential component of solving complex
technical problems. The second factor,
algorithmic thinking, captures the ability to

approach problems systematically and
sequentially. The third factor, collaboration,
emphasizes the importance of working
effectively with others. The fourth factor,
problem-solving, relates to identifying and
implementing solutions, while the fifth
factor, critical thinking, involves analytical
judgment and evaluation. All five factors
demonstrated satisfactory internal
consistency, and together they explained
58.13% of the total variance, indicating a
stable and coherent structure.

Computational thinking is a foundational
component of effective learning in science,
technology, engineering, and mathematics.
Although this scale has been validated in
several languages, such as Chinese
(Korkmaz & Bai, 2019) and Thai (Junpho et
al.,, 2022), variations in retained items
underscore the influence of educational level
and cultural context.

Overall, the results provide strong
evidence for the validity and reliability of the
Persian version of the computational
thinking scale for engineering students. This
instrument can serve as a practical and
robust tool for assessing computational
thinking skills. Despite cultural differences,
integrating computational thinking into
engineering curricula may enhance students’
analytical abilities, problem-solving skills,
and readiness for complex real-world
challenges. Future studies are encouraged to
extend this validation to other academic
disciplines and to compare computational
thinking skills across diverse fields.

Keywords: computational thinking,
confirmatory factor analysis, exploratory
factor analysis, validation
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2, Computational Thinking Scales (CTS)



£\ QUL{“A}‘jsw/‘;w.,\;.@a«:_ijol.i_}?;:.}l:):ép@ﬁm@ﬁ_ﬂﬂd\))awwfjﬂ

Bt NP

obie (Gl 5 ) bl G S (o OF Ss 5 Sl (ilog = o5 5 5l 15l Shasy
3 2 ol pdign 5 (23 Olpmtils IS (Rasgy nl QBTSS0S 18 ol Sl Saa 53 Sl S
e U 5 aged 3l b 4 S el Sl 5 Rash Coabe 4 a5 L aS W VETSVEY Lass JL
Ol gtils cpl Ole 5 s Slstl 5,5 oKl wkige 5 (33 Ol samils 518 Foo 5l IS0t (gl sal ol gad
plil sslas (glad > D e (S S sl .mﬁpLRJL,,J(,LYH)JQJWHFJLU\(J;LYH)W
e SO wdige o kg Jald ani) A (edlige 5 (8 laedSils Ol Sl 4SOy sl 4t
LAl ORIl (65 5US g 5 S aelS pedige B p pelige (S e lige (Gl padE pwldige Ol e
VEFVEf S VEY VY e ladl s Jlaess 3 4 o5l 5 o Il Ol gty casdy a5 s
Shele w6l (VFer (635559) £ 3 Il Ol smiils . 6us Ol dslal &) sty (s g Joad 4 J sl
b gmtils (s 8 513 eslial 3550 (sl Jlale o sl (1WA (35)5) o5ler Il Ol il 5 LS
(Ao ,3)0/T0) i £ slas o3 (Ao ys FA) L5 V4N 5350 (Ao 3 OF) L5 To4 sliad o imss cpl 55 ediS S 8
AT Ol e pwdige (Lo ys Yo/0) L& AY (S wdige (Ao )3V V/Y0) &8 ¥O (pand pwdige (g2 lils
S0 O ke (Ao )2V4/0) LB VP (i pwdige (Lo 38/Y0) 8 YO ()15 palds pwdige (Lo ,5V/YO)
A3 g (65 alES ke (Aoys A) 8 VY 500 5ulS wdige (Lo )5 VY/0)

SNt Al ge O 5 45 YA glyls S 54 (2017) Korkmaz etal. slosls S el dbaesls 55515 5 15!
el 48 sl (5 7) s > 5 (455 0) galinl S (45 F) ol (458 7) an ) S S5 (5 A)
2l el eds ~1b (Y= 8 Y= Cpla = Syl a8 f= UL 0= aiws) slas S0 o S il
poe PLEOE 5 eSO i 3 5101 Ll gmn slzel nd S ol3l s3lweslal Ligy 55 Shassy,
3 Oleabl [ shiteay e 5 A e 5 B 0L 4 elide SO A Ll OIS )5 s s sl o
Cillas Lol 1o b s a5 Sl S 0L5 ol)lS 53 Lo g OV b e dbdar 5 Ces
A 15 O (Slyme 5 pke ablS 5 aalsl s 55 a3l lgh e B A5 e 5 o)l 43 Todomn 5 s el
Aoalil Jsb 4 433 YO s d Sl [ ba QSIS 5 a5 e JroSS s S

Laidl

-

oLasy Jj.u,-);uw,ﬁvﬁﬁhﬁwduu&u&;ﬁ@y&u—@Lﬁm;\;o;y_k}uf PRV

RGO IS AP K



OF =VY laamino A oLy VY Ol 5 50l e oslad eadds o) 50 (sl Slal 5 elon] r}l.p ales) Jﬁfé\ﬂﬁg}f‘},}‘i Sladlas 7Y

Sl S5 gl g w by Rz 5 (S8 glajasls Ny

S S48 odl 5o
“\/hV s D
Y2 — Y oS S
— /A Y Jolss
— /%) — /YA NENR
—/0Y YA ool S
—ory ‘A4 Js

I3 JB o3l 53 Slalos So glaadje olas sl (Ko 5 (SAeiS palie o das o 0L o 08
ol Sl bl sla Jdos gl 0T 0351 clin 5 Laosls Jlo i w35 Sl oS cijls L3 (HY 6 )
UAE) elide IS (gl 0T Sldie 5 s S eslinal FlissS GWT 5l wlds oLL s 2 (8l Cwemen (Kling, 2005)
J= 5 (0= 2 /AY) okl S& o= 2 /A) ol (o= 2+ /A0) ez SIS (0= +/AY) 3 slaad go 5 (0=
Syt pskae UL S lnl sl clsg SNL oV 5l ol s Sl wa 5 b ds S alows (0= 2 /VA) aliess
.(Tabachnick & Fidel, 2019) s,

il Sl amslr 5 O gladd ge 0 Jlitle LT aSol 5 gloslons S elide Jole sl ooy ) shiions
A eslinal sled Cs ST a5 L edolb Jle Lo 5 BLast Jele Ll 5y 5l et boagls el
plowil (1 aosls 035 oo "l s S 05a51 51 Sl e lS (5 S 503 S liS g1 Sl eslinal L
FS o548 ol s g ATl Sl e S 05051 e 28 8 S1E e 2550 BLST Jlels Lo
Cardy ol &S (P < +/00)) 35 s gme (K= YEVWAAD) iyl s S Osesl Slie 5 (Cl o/Ve
Bartlett, ) <ol Jole Lo plowil (5l i2S LB Laulsy 352y 5 Jule Jod (5l baesls s aasOlss
(1954

= 8 S Sl s Jale ol pend gl 5 eSlasls i s ol glaadl e i) 5l e Jals ol sl 6l
LS S VL T ey B0 Dlie @ a5 L Jule s bl i esliad e S Sl sal 5 eil8
OO ¢ samen 53 oS dol s w0 Jole O slaws w5 o (Kaiser, 1960; Meyers et al., 2013) 5 55 o s

.0 JQ)JBOL’:J A)«a\Jw\}:«&l_}'&g\)J.aLcO ;ﬁjﬂ.’-aj-_iji;,.u)b}u'gjbjl.xsﬁ&xd."\)wilﬁ)bm);

!, Kaiser-Meyer-Olkin (KMO) test
2, Bartlett’s Test of Sphericity
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!, Comparative Fit Index (CFI)
2. Normed Fit Index (NFI)
3. Root Mean Square Error Approximation (RMSEA)
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!. Adjusted Goodness of Fit Index (AGFI)
2, Goodness of Fit Index (GFI)
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