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ABSTRACT. The Cornell Critical Thinking Test (CCTT) level Z is a broadly applied
instrument for the measurement of undergraduate, gifted students’ and adults’
critical thinking abilities, however, there is a lack of studies in the literature
investigating its factorial structure. The test developers emphasize the
interpretation of the test results as a general critical thinking factor, including
different cognitive abilities, but also highlight the overlap between the items of the
subfactors. The aim of the study is the investigation of internal consistency, the
comparison of different factorial structures (unidimensional, correlated, and
hierarchical models), and gender invariance testing of the CCTT level Z. Hungarian-
speaking undergraduate students participated in the study (N = 825). For the
confirmatory factor analysis (CFA) the Mplus version 8.7, with weighted least
squares mean and variance adjusted estimation was used. Measurement
invariance of the test across genders was analyzed using Muthén’s two-step
procedure for dichotomous data. The results indicated that the correlated four-
factor and second-order structures of the test exceeded the acceptable model fit
criteria. Post hoc inspection was conducted on the second-order four-factor model,
indicating a shortened 22-item version of the test (with a general critical thinking
factor, including four subfactors: deduction, meaning and fallacies, induction,
assumption identification) with excellent fit indices [y2 (203) = 259.309, CF1=.967,
TLI = .963, RMSEA = .018, SRMR = .056]. Configural and scalar invariance of the
abbreviated Hungarian version of the test across genders were confirmed.
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1. INTRODUCTION

Critical thinking is a higher-order cognitive ability that also includes
critical thinking disposition, personality, and motivational and cognitive
characteristics that contribute to the application of critical thinking abilities
(Ennis, 2018; Facione, 1990a; Haber, 2020; Halpern & Sternberg, 2019). There
is no consensus in the literature regarding the definition of critical thinking.
Watson and Glaser (1980) emphasize five cognitive skills within critical thinking:
interpretation, recognition of assumptions, deduction, inference-making, and
evaluation of arguments. Furthermore, they also highlight the role of the
improvement of critical thinking for the increase of academic success (Aiyub et
al, 2021). Facione (1990a) differentiated six main critical thinking skills:
interpretation, analysis, evaluation, conclusion, explanation, and self-regulation.
Ennis (2018) grouped critical thinking abilities into four main categories
(problem clarification abilities, advanced clarification abilities, decision-making
abilities, and inference abilities), which include several specific subskills.
Halpern (1997) defined critical thinking as the totality of cognitive skills and
strategies applied in problem-solving, drawing conclusions, and decision-
making. The aim of the APA Delphi study was the unified definition of critical
thinking. As a result of this study, the researchers concluded that analysis,
evaluation, inference, interpretation, explanation, and self-regulation are the
basic critical thinking skills (Facione, 1990b).

Critical thinking, as a 21st-century ability, was examined in several
psychological areas. Educational psychology research concentrates on the role of
critical thinking in learning, teaching, and learning achievement, respectively on
its improvement in the case of students as well as in the case of teachers
(Bezanilla etal., 2019; Cruz et al,, 2019; D’Alessio et al., 2019; Janssen et al., 2019;
Renatovna, & Renatovna, 2021; Yuan et al,, 2022). Cognitive psychology studies
focus on the association between critical thinking and other cognitive processes
and also investigate the role of critical thinking in complex cognitive activities,
like problem-solving (Isiklar, & Abali-Oztiirk, 2022; Muhammad Raflee, & Halim,
2021; Sholihah, & Lastariwati, 2020; Song et al.,, 2022) and metacognition (Boran,
& Karakus, 2022; Danial et al.,, 2018; Deliligka, & Calfoglou, 2022; Jin, & Ji, 2021;
Marthaliakirana et al., 2022; Murtadho, 2021). In clinical psychology, it is mainly
the role of the maladaptive form of critical thinking, and self-criticism that is
studied in several mental disorders (Harman, & Lee, 2009; Moreira, & Canavarro,
2018; Moroz, & Dunkley, 2019; Wakelin et al., 2022). In personality psychology,
the relationships between critical thinking dispositions and personality traits
(Eshmirzaeva, 2020; Fitriana et al, 2018; Toker, & Akbay, 2022), as well as
effective personality (Merma-Molina et al.,, 2022) were measured.
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The level of development of critical thinking has an effect on individual
achievement, success, and prosperity in every stage of life (Evans, 2020; Franco
et al, 2018; van der Zanden et al,, 2019; Zivkovi¢, 2016) because critical thinking
abilities are cognitive processes that are indispensable instruments of learning,
problem-solving, and innovation (Culver et al., 2019; Ericson, 2022; Mujanah et
al, 2022; Muhammad Raflee, & Halim, 2021; Sari, & Wardhani, 2020; Song et
al,, 2022). Several studies demonstrated positive associations between critical
thinking skills and learning performance (Akpur, 2020; Fatmawati et al., 2019;
Ghanizadeh, 2017; Ibrahim et al. 2021; Ng et al,, 2022; Shahzadi et al., 2020).
After graduating, critical thinking also promotes fulfillment in the job market
and career success (Crosta, & Banda, 2022; Jebreen, & Nabot, 2021; Okolie et
al,, 2022; Saleh, 2019; Teng et al,, 2019).

Due to the comprehensive applicability of critical thinking, the assessment
and development of this cognitive process have a critical role. Reliable measurement
of critical thinking abilities can provide relevant information about the level of
development of a student's critical thinking skills and which skills require further
development to achieve successful academic results. The Cornell Critical Thinking
Test Level Z is one of the most commonly used assessment tools in the academic
context to measure students' critical thinking abilities. However, there is no prior
research in the literature regarding the test's factorial structure. Furthermore, there
is no previously validated tool for measuring critical thinking among Hungarian-
speaking university students.

1.1. The measurement of critical thinking

Several instruments have been developed for the measurement of critical
thinking abilities and dispositions. For the assessment of critical thinking,
standardized tests are applied most frequently (Gunawardena, & Wilson, 2021;
Imperio et al., 2020). There are overlaps between the cognitive abilities that are
measured with different tests, but some assessed abilities differ in terms of the
theoretical models of the tests, so scientists defined the term of critical thinking
differently and emphasized different cognitive processes, or activities within
critical thinking. A further difference between the tests is that they could require
recognition or recall memory. Tests and exercises requiring recall memory have
shortanswers, or short essays as answers, while the tests calling for recognition
memory have a forced-choice question format (Butler et al., 2012).

One of the most frequently applied instruments for the assessment of
critical thinking is the Cornell Critical Thinking Test (Alias et al., 2022; Ennis et al.,
2005), which is based on the Cornell/Illinois model, and measures the deduction,
induction, credibility, observation, and assumption identification abilities within
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critical thinking (Ennis et al., 2005; Imperio et al., 2020). Another very widely
used, recognition-requiring tool for the assessment of adults’ critical thinking, is
the California Critical Thinking Skills Test, developed by Facione (1990b) based
on the conclusions of the Delphi report. The test measures critical thinking skills
(interpretation, analysis, evaluation, inference, explanation, except for self-regulated
learning) approved by the 46 experts contributing to the Delphi report (Alias et al.,
2022; Butler et al.,, 2012; Facione, 1990b).

The Ennis-Weir Critical Thinking Essay Test (Ennis, & Weir, 1985)
contains open-ended questions. The test taker reads a letter relating a fictive
problem-solving situation including a list of arguments, then the responder needs
to express their point of view supporting it with arguments in an essay format.
The responder needs to react, give an answer in every paragraph, and then needs
to explain their viewpoint regarding the whole text. They receive points for
identifying the strengths and weaknesses of the read arguments, and respectively
for the arguments that support their decisions. Compared with the forced-choice
format, the test assesses not only the evaluative function of critical thinking but
also the creative, productive characteristics of it, thereby it is a more holistic
instrument for the assessment of critical thinking. However, the subjectivity
resulting from the evaluation of the answers may lead to biases (Alias et al.,, 2022;
Butler et al., 2012; Ennis, & Weir, 1985; Werner, 1991). Another test requiring
recall memory for the measurement of critical thinking is the Watson and Glaser
Critical Thinking Appraisal (Watson, & Glaser, 1980) which examines critical
thinking during problem-solving. Initially, the test assessed five abilities within
critical thinking (recognition of assumptions, evaluation of arguments, deduction,
inference making, interpretation), later they operationalized the intercorrelated
interpretation, inference, and deduction abilities as one overall factor, which was
called conclusions. The abilities of recognition of assumptions and evaluation of
arguments were still treated as separate factors (Aiyub et al., 2021; Alias et al,,
2022; Butler et al.,, 2012; Watson, & Glaser, 2010).

Contrary to the Cornell Critical Thinking Test and the California Critical
Thinking Skills Test, which have forced-choice questions, respectively the
Ennis-Weir Critical Thinking Essay Test and the Watson-Glaser Critical Thinking
Appraisal, which require recall memory, the Halpern Critical Thinking Assessment
combines recall and recognition memory, contains open-ended and also forced-
choice questions regarding the read situations (Butler et al,, 2012; Gunawardena, &
Wilson, 2021; Alias et al., 2022). The test measures the following critical thinking
abilities: verbal reasoning, argument analysis, skills in thinking (hypothesis testing),
using likelihood and uncertainty, decision-making, and problem-solving (Halpern,
1997; Butler et al., 2012).
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1.2. The internal structure of Cornell Critical Thinking Test Level Z

The Cornell Critical Thinking Test rests on the Cornell/Illinois model
(Gunawardena & Wilson, 2021; Imperio et al., 2020; Ling & Loh, 2020). Ennis
differentiated three cognitive abilities within critical thinking: induction,
deduction, and value judgment, and four methods applied during these cognitive
processes: assumptions, inferences, observations, and statements (Ennis, 2018;
Ennis et al.,, 2005; Ling & Loh, 2020). The model based on the interaction of
these cognitive abilities and methods provided the basis of the Cornell Critical
Thinking Test (Ennis et al., 2005; Ling & Loh, 2020). Two versions of the test were
developed for the measurement of critical thinking in two different age groups.
The Cornell Critical Thinking Test Level X was developed for the measurement
of critical thinking of middle school and high school students (4-12 grades),
while the Cornell Critical Thinking Test Level Z is applicable for the measurement of
critical thinking abilities of advanced and gifted high school students, college
students and adults (Ennis et al., 2005). Both tests have a forced-choice question
format and dichotomous items. The Cornell Critical Thinking Test Level Z has
52 items and measures cognitive abilities such as deduction, induction, observation,
credibility, meaning, and assumption identification (Gunawardena & Wilson, 2021;
Ennis et al.,, 2005; Verburgh et al,, 2013). The CCTT is a domain-general instrument,
the results are independent of domain-specific knowledge.

The CCTT Level Z is a widely used instrument for the measurement of
students’ critical thinking in educational, cognitive psychology studies (Bataineh, &
Zghoul, 2006; Beavers et al, 2017; Frost et al., 2019; Heidari, 2020; Kusumoto,
2018; Saud, 2020). However, there is a lack of empirical studies in the literature
investigating the factorial structure of the CCTT Level Z. The instrument contains
seven subtests: deduction, meaning and fallacies, observation and credibility of
sources, induction: hypothesis testing, induction: planning experiments, definition,
and assumption identification. As seen in the enumeration above, the induction
ability is composed of two subscales. The test measures the application of induction
in hypothesis testing and planning experiments. Similarly, the test contains two
sections for the measurement of assumption identification ability (Ennis et al.,
2005). The test authors emphasize the interdependency and overlap of the
measured cognitive abilities. Due to the reduced number of items assessing the
separate cognitive abilities, the test authors suggest taking into consideration the
total score for concluding individual differences in critical thinking. In the manual
of the Cornell Critical Thinking Test, the reliability results of the instrument
regarding undergraduate and graduate student samples are reported. The Kuder-
Richardson reliabilities ranged between .50 and .76, and the split-half reliabilities
were between .49 and .80 (Ennis et al., 2005; Verburgh et al.,, 2013).
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1.3. The aims of the study

The main aim of the study was the translation into Hungarian language
of the first instrument that measures the critical thinking abilities of high school
students, gifted students, and adults. Due to the lack of earlier studies investigating
the factorial structure of the Cornell Critical Thinking Test Level Z, based on the
recommendations of the authors of the test (Ennis et al., 2005), besides the
unidimensional model, our aim was to test and compare several correlated and
hierarchical factorial models (two-factor models: deductive reasoning, inductive
reasoning; three-factor models: deduction, induction, meaning and fallacies;
four-factor models: deduction, induction, meaning and fallacies, assumption
identification) translated into Hungarian language. Our further aim was the
invariance testing of the CCTT across genders.

2. METHODS
2.1. Participants

825 Hungarian-speaking undergraduate students from Babes-Bolyai
University participated in the study. The participants had given their written
consent to voluntary participation in the research and the anonymous use of
their data. There were no multiple outliers identified, based on the Mahalanobis
distance. 78.3% of the participants were females, with a mean age of 21.76
years (SD = 7.12). The youngest person was 18, and the oldest was 64 years old.
The majority of participants were first-year (85%), 13.9% of them were third
year and only 1.1% of the participants were second-year undergraduate
students. 86.7% of the participants were full-time students, and 42.2% of them
studied at the Faculty of Psychology and Educational Sciences. The detailed
Faculty distribution of the participants is presented in Table 1.

Table 1. Faculty-based distribution of the participants

Faculty N %
Psychology and Educational Sciences 348 42.2
Geography 70 8.5
Mathematics and Computer Science 68 8.2
Physical Education and Sport 62 7.5
Letters / Humanities 58 7.0
Biology and Geology 40 4.8
Reformed Theology and Music 32 3.9

10
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Faculty N %
Sociology and Social Work 30 3.6
History and Philosophy 29 3.5
Chemistry and Chemical Engineering 21 2.5
Political, Administrative and Communication Sciences 19 2.3
Economics and Business Administration 19 2.3
Physics 9 1.1
Theatre and Film 7 8
Law 6 7
Roman Catholic Theology 4 .5
Environmental Science and Engineering 3 4

2.2. Instrument

The Cornell Critical Thinking Test Level Z was applied for the measurement
of students’ higher-order thinking abilities (Ennis et al., 2005). The CCTT
contains 52 items and seven sections: deduction (1-10), meaning and fallacies
(11-21), observation and credibility of sources (22-25), induction (Hypothesis
Testing) (26-38), induction (Planning Experiments) (39-42), definition and
assumption identification (43-46), assumption identification (47-52). The CCTT
is a multiple-choice test, has a forced-choice question format, and dichotomously
scored items, the answer for an item can be correct or incorrect. The retranslation
method was applied for the translation of the instrument into Hungarian language,
executed by two experts. The participation in the study was preceded by
the informed consent of the participants, the test was completed in Google
Forms.

2.3. Data analysis

For the CFA analysis, we applied the Mplus version 8.7 with weighted
least squares, mean, and variance-adjusted estimation (WLSMV; Muthén et al.,
1997; Muthén & Muthén, 2021). The following absolute fit indices were used to
evaluate model-data fit: Chi-squared, Root Mean Squared Error of Approximation
(RMSEA), and Standardized Root Mean Square Residual (SRMR). Some relative
fit indices, like the Comparative Fit Index (CFI), and Tucker-Lewis Index (TLI)
were also applied. Acceptable model-data fit criteria included CFI > 0.90, TLI >
0.90, RMSEA < 0.05, SRMR < 0.08 (Awang, 2012; Hu & Bentler, 1999; Kline, 2015),
while models having CFI and TLI values greater than .95 indicate excellent fit
(Hu & Bentler, 1999; Kline, 2015). The relative fit of the alternative factor structures
was compared based on the difference between CFI values. Post hoc inspection was

11
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conducted on the best-fitting model, and the following item retention criteria
were applied: items with significant factor loadings and items with factor loadings =
0.32 (Costello & Osborne, 2005; Leach et al., 2020).

We also tested measurement invariance across genders with Muthén’s
(2013) two-step procedure for dichotomous data (Leach et al., 2020). We have
tested configural and scalar invariance models because metric invariance
testing is not allowed for binary variables. The configural model was applied to
determine if the four-factor structure existed across the two groups, without
applying equality constraints. In the scalar invariance model, the factor loadings
and intercepts were constrained as equal across groups (Leach et al., 2020;
Muthén, 2013; Muthén & Muthén, 2017). Due to our relatively large sample size
and the sensitivity of the absolute Ay2 to sample size, ARMSEA and ASRMR were
used for testing the change in model fit, values < .015 and < .01 indicated no
difference between the models (Chen, 2007; Meade et al., 2008).

3. RESULTS

The descriptive statistics of the CCTT Level Z items are presented in
Table 2. Item means varied substantially with values ranging from .11 (Item 18)
to .80 (Item 8), and standard deviations ranged from .30 (Item 18) to .50 (Items
4 and 29). These values reveal that several items were very difficult (e.g., [tems
12, 18, 32, 37), while other items were easier (e.g., Items 2, 8, 17, 26, 46).

Table 2. Means and Standard Deviations of CCTT level Z Hungarian version items

Item M SD Item M SD
1 45 49 27 .58 49
2 74 43 28 72 45
3 .30 45 29 51 .50
4 .50 .50 30 45 49
5 .65 47 31 27 44
6 42 49 32 12 32
7 40 49 33 .64 48
8 .80 40 34 .64 47
9 37 48 35 40 49
10 73 44 36 .56 49
11 .60 49 37 15 .36
12 15 .35 38 .36 48

12
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Item M SD Item M SD
13 .30 45 39 32 46
14 .16 .36 40 46 49
15 .28 45 41 35 47
16 .28 44 42 .53 49
17 74 44 43 .39 48
18 11 .30 44 .57 49
19 25 43 45 .36 47
20 .16 .36 46 .79 40
21 17 .38 47 51 .50
22 31 46 48 .58 49
23 43 49 49 72 44
24 46 49 50 .61 48
25 .36 48 51 43 49
26 74 43 52 27 44

3.1. The comparison of several factorial structures of the CCTT Level Z
in Hungarian

Based on the recommendations of the test authors (Ennis et al., 2005),
beside the unidimensional model, several correlated and hierarchical models
[(two-factor models: deductive reasoning (Items 1-25, 43-52), inductive
reasoning (Items 26-42); three-factor models: deduction (Items 1-10, 43-52),
meaning and fallacies (Items 11-21), induction (Items 26-42); four-factor
models: deduction (Items 1-10), meaning and fallacies (Items 11-21), induction
(Items 26-42), assumptions (43-52)] were also tested. The analysis of the
observation and credibility of sources as a discrete factor and the items
belonging to this factor were excluded from the CFA analysis due to the
insignificant factor loadings of all four items and negative covariances, residual
variances with other latent variables. Due to the overparameterized factor
structure, negative covariances, and residual variances, the items belonging
to the induction-hypothesis testing and induction-planning experiments
subscales were treated as the induction factor, similarly, the definition-
assumption identification and assumption identification subscales were also
treated as a single factor. The results of the tested CFA models are presented in
Table 3.

13
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Table 3. Goodness of fit statistics of the tested CFA models

90% CI

Model X2 df p RMSEA———SRMR CFI TLI
LI Ul

Unidimensional 1557.576 1267 <.001 .017 .014 .019 .064 .860 .854

Two-factor correlated 1508969 1266 <001 .015 .012 .018 .063 .883 .877
Two-factor second-order |{1508.969 1266 <.001 .015 .012 .018 .063 .883 .877
Three-factor correlated |1255.214 1071 <.001 .014 .011 .018 .062 .906 .901

Three-factor second- 1255.214 1071 <.001 .014 .011 .018 .062 .906 .901
order

Four-factor correlated 1247415 1068 <.001 .014 .010 .018 .061 .909 .904
Four-factor second-order|{1248.971 1070 <.001 .014 .010 .018 .061 .909 .904

Four-factor second-order|{259.309 203 .005 .018 .011 .025 .056 .967 .963
abbreviated model

The CFA results of the tested models revealed that the four-factor
correlated [y2 (1068) = 1247.415, CFI = .909, TLI = .904, RMSEA = .014,
SRMR =.061] and the four-factor second order models [x2 (1070) = 1248.971,
CFI =.909, TLI = .904, RMSEA = .014, SRMR = .061] exceeded the minimum
criteria for acceptable model fit on the majority of fit indices (Awang, 2012; Hu &
Bentler, 1999; Kline, 2015).

3.2. The abbreviated Hungarian version of the CCTT Level Z

Due to the very similar statistical fit indices of the two four-factor
models, for post hoc inspection the second-order four-factor model was chosen
based on the theoretical approach of the test developers, who suggest the
interpretation of critical thinking as a construct involving subfactors (Ennis et
al, 2005). Based on the post hoc inspection of the four-factor second-order
model, items loaded insignificantly to the deduction factor (3, 4) were not
retained. Similarly, three items were identified (13, 15, 19) that were not loaded
significantly to the meaning and fallacies factor, two items with insignificant
factor loadings to the induction factor (39, 40), and one item (43) that loaded
insignificantly to the assumption identification factor. Within the deduction
subfactor five items were identified, (1, 2, 6, 9, 10) within the meaning and
fallacies subfactor five items (12, 14, 16, 20, 21), within the induction subfactor
five items (31, 35, 38, 41, 42), and within the assumptions subfactor four items
(44, 45, 51, 52) with factor loadings < .32. After the exclusion of items with

14
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insignificant and lower than .32 factor loadings (Costello, & Osborne, 2005;
Leach et al., 2020), the abbreviated version of the test included 22 items, three
items (5, 7, 8) loaded significantly to the deduction factor, four items (11, 17,
18, 20) to the meaning and fallacies factor, ten items (26, 27, 28, 29, 30, 32, 33,
34, 36, 37) to the induction factor and five items (46, 47, 48, 49, 50) to the
assumption identification factor. The abbreviated 22-item four-factor second-
order model indicated excellent fit indices [y2 (203) = 259.309, CFI = .967,
TLI=.963, RMSEA =.018, SRMR =.056]. The factor loadings of the abbreviated
model are presented in Table 4.

Table 4. Standardized factor loadings of the abbreviated
Hungarian 22-item four-factor second order model

Standardized
Item Factor -

Estimate SE RV
5 Deduction 417 .062 .826
7 Deduction 332 .060 .890
8 Deduction .576 .069 .669
11 Meaning and fallacies 429 .060 .816
17 Meaning and fallacies 456 .067 792
18 Meaning and fallacies -370 .082 .863
20 Meaning and fallacies -341 .074 .884
26 Induction 485 .050 .765
27 Induction 567 .048 .678
28 Induction .668 .045 .554
29 Induction 403 .050 .837
30 Induction .578 .048 .666
32 Induction -371 .063 .862
33 Induction 322 .054 .897
34 Induction .535 .048 714
36 Induction .506 .049 744
37 Induction -407 .064 .834
46 Assumption identification .631 .057 .601
47 Assumption identification .343 .056 .883
48 Assumption identification .340 .056 .885
49 Assumption identification 514 .056 .735
50 Assumption identification .616 .053 621

Notes. SE = Standard Error; RV = residual variance

15
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Table 5 presents the descriptive statistics of the abbreviated 22-item
four-factor second-order model.

Table 5. Descriptive statistics of the CCTT level Z Hungarian version

Factor M SD Min. Max.
Deduction 1.85 .86 0 3
Meaning and fallacies 1.59 77 0 4
Induction 5.11 2.00 0 9
Assumption identification 3.21 1.30 0 5
Total critical thinking 11.77 3.23 2 19

The internal consistency of the 22-item Hungarian version of the test
was acceptable (a =.601).

3.3. Measurement invariance across genders of the Hungarian
version of the CCTT level Z

Measurement invariance across genders (males and females) of the 22-
item abbreviated version of the Cornell Critical Thinking Test Level Z was tested
using configural and scalar models. The models showed acceptable model fit
indices for both genders at every level of invariance. The configural model
indicated the 22-item four-factor structure for males and females. The scalar
model indicated that item loadings onto the factors and item intercepts are
similar across gender groups. The changes in fit indices (ACFI and ARMSEA)
indicated no significant differences in relative model fit between the configural
and the restrictive model, which confirms the configural and scalar invariance
of the instrument across genders. Table 6 presents the fit indices for configural
and scalar invariance models across genders for the 22-item solution.

Table 6. Results of Measurement Invariance between genders
(n females= 64'5; N males = 179)

Model X2 (df) Ax?2 CFI  ACFI RMSEA 90% CI ARMSEA
Configural 450.724 (402)* 968 .017 .002 -.025

15.341 .001 <.001
Scalar 466.065 (416)* 967 .017 .003-.025

Notes. * p <.05.

16
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4. DISCUSSION

The main aim of the study was the translation into Hungarian and the
investigation of the factorial structure of the CCTT Level Z with confirmatory
factor analysis. Due to the lack of studies investigating the factorial structure of
the test, we analyzed several factorial models (unidimensional, two-factor
correlated, two-factor hierarchical, three-factor correlated, three-factor
hierarchical, four-factor correlated and four-factor hierarchical) based on the
recommendations of the test authors (Ennis et al., 2005).

The results of the CFAs indicated that the four-factor correlated, and the
four-factor hierarchical models exceeded our criteria for acceptable model fit,
except for the 2 indicator (Awang, 2012; Hu & Bentler, 1999; Kline, 2015). Post
hoc inspection was also conducted for the detection of insignificantly loading
items to the factors and for the exclusion of items with factor loadings = 0.32
(Costello, & Osborne, 2005; Leach et al.,, 2020). From the two four-factor models
(including the induction, meaning and fallacies, deduction, and assumption
identification factors), the second-order model was chosen for post hoc
inspection, based on the theoretical framework of the test authors (Ennis et al.,
2005), who defined critical thinking as a higher order cognitive construct
including different critical thinking abilities. The abbreviated 22-item four-
factor second-order Hungarian version of the CCTT exceeded our criteria for
excellent model fit (Hu, & Bentler, 1999; Kline, 2015).

The internal consistency of the shortened version of the test is similar
to the findings of test authors (Ennis et al., 2005), who examined the CCTT’s
internal consistency in the case of several undergraduate and graduate samples,
revealing Kuder-Richardson reliabilities between .50 and .76. The current
internal consistency indicator (.601) exceeds the reliability of the original version
of CCTT applied in the study of Verburgh et al. (2013), who found a lower
Cronbach alpha indicator (.52) in the case of Belgian Educational Science students.

The results regarding the measurement invariance test of the 22-item
Hungarian version of the CCTT indicated configural and scalar invariance
across genders, with the two tested models having acceptable fit indices for
both the male and female groups. The configural model demonstrated the 22-
item four-factor structure for both genders, and the scalar model showed that
item loadings and item intercepts are similar across the two gender groups.

Based on our results, the 22-item four-factor second-order version of
CCTT is reliably applicable in the case of Hungarian-speaking undergraduate
students. Our findings support the approach of the test developers concerning
the interpretation of the results (Ennis et al., 2005), indicating the presence of
a general factor that can be used for the comparison of the critical thinking of
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students, adults from different groups; but also highlight the existence of different
cognitive abilities (deduction, meaning and fallacies, induction, assumption
identification) within critical thinking that can be interpreted separately in the
case of Hungarian-speaking students population.

This is the first study that aimed at the comparison of different factorial
structures of the CCTT level Z. Similarly, there is a lack of instruments in
Hungarian language measuring students' and adults’ critical thinking. The
results of this study, the translated and validated Hungarian version of the CCTT
level Z, are very important for the empirical measurement of critical thinking skills
in education, and in different work environments. The empirical measurement of
students’ critical thinking provides information about their level of thinking skills
and promotes the identification of those skills that require further development
in the educational context.

4.1. Limitations and future directions

One of the limitations of our study is that the instrument was applied
only to Hungarian-speaking undergraduate students, so our results cannot be
generalized to Romanian-speaking and other language-speaking students. Our
further aim is the application of the test and the investigation of its factorial
structure on other undergraduate student samples, including other universities,
the translation and validation of the test into Romanian, besides the Hungarian
language version to increase the generalizability of the results and the literature
regarding the CCTT’s internal consistency and its factorial structure.

Another limitation of the study is a consequence of the convenience
sampling method, that is the unequal distribution of participants based on their
socio-demographic characteristics. The majority of participants were first-year
undergraduate females, who studied at the Faculty of Psychology and Educational
Sciences, so the social science academic discipline was overrepresented compared
to other academic disciplines, like humanities, natural sciences, sports, and arts. In
the future, it would be meritorious to apply the cluster sampling method for the
equal representation of students based on gender, academic discipline, and academic
year. Additionally, our aim is the application of the CCTT to master students,
besides undergraduate students.

[t is very important to continue to analyze the psychometric properties,
validity, and reliability of the test on different samples, due to the reduced
number of studies providing empirical evidence regarding these characteristics
of the CCTT level Z. The measurement invariance of the test across genders was
conducted on an unequally distributed gender sample, the number of female
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participants was almost four times higher than that of male participants. Future
studies should focus on the analysis of the measurement invariance of the test
across genders on samples with balanced gender distribution. It would also be
worth to assess the test’s measurement invariance across other important socio-
demographic (e.g. age, parents’ educational level) and academic variables (e.g.
academic achievement, earlier academic degree, academic discipline) of students
that could influence their critical thinking level, and the factorial structure of
the test could change across different groups of students.

5. CONCLUSION

The CCTT is an extensively used instrument for the measurement of
critical thinking in different psychological areas, but there is a lack of earlier
studies in the literature investigating its factorial structure and reliability. Due
to the questionable factorial structure of the test and the absence of instruments
assessing adults’ critical thinking abilities, the aim of the current study was the
translation of the test into Hungarian language and the analysis of different factorial
structures proposed by the test developers (Ennis et al., 2005). Comparing the
unidimensional model with different correlated and hierarchical factorial structures,
our results revealed that the four-factor structure of the test, including four higher-
order cognitive abilities within the general critical thinking factor, namely the
deduction, meaning and fallacies, induction and assumption identification factors, is
the most applicable, reliable and valid model for the measurement of the level of
critical thinking of undergraduate Hungarian-speaking students. Post hoc inspection
of the four-factor second-order structure indicated a 22-item shortened version of
the test with excellent fit indices.

Additionally, invariance testing of the instrument across genders was
conducted. The results revealed configural and scalar invariance across genders
of the 22-item four-factor structure Hungarian version of the CCTT, confirming
that the test has similar factorial structure, item loadings, and intercepts in the
case of both male and female groups. The internal consistency of the abbreviated
test is similar to other results regarding the reliability of the test (Ennis et al,,
2005; Verburgh et al.,, 2013).

Based on the limitations of the study, for future research it is recommended
to evaluate the factorial structure and reliability of the instrument on older master
students, on samples with balanced gender, academic discipline, and academic
year distribution, replacing the convenience sampling method with the cluster
one. Similarly, it would be beneficial to translate and validate the test into other
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languages, its measurement invariance analysis between groups formed based
on socio-demographic and academic characteristics of students, to complete
the literature with additional results regarding the factorial structure and the
reliability of the test.

Statements and declarations. Declaration of competing interest. None.
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approved the submitted version.
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