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Abstract

Background/purpose. The aim of this study is to present classical and
robust alternatives for the validation of an instrument that assesses
critical thinking (CP). The Chilean adaptation of the Halpern Critical
Thinking Assessment Using Everyday Situations (HCTAES) test was
analyzed using three factorial models and a short-version model, with
two estimation methods: maximum likelihood (ML) and weighted least
squares (WLSMV). Internal consistency was examined with point and
interval estimation for different reliability coefficients.

Materials/methods. The sample consisted of 214 students from a
Colombian university. The instrument used was the Chilean adaptation
of the Halpern Critical Thinking Assessment Using Everyday Situations
(HCTAES), which assesses five dimensions of critical thinking through
open-ended and closed-ended items. For the psychometric analysis,
three-factor models and an abbreviated version were considered, using
Maximum Likelihood Estimation (MLE) and Weighted Least Squares
(WLS) as estimation methods. Internal consistency was evaluated using
reliability coefficients with confidence intervals, while construct validity
was examined using Confirmatory Factor Analysis (CFA),
complemented by convergent and discriminant validity indicators.

Results. The results indicate that the complete test and the open-ended
question factor exhibit satisfactory internal consistency (w=0.78 and
w=0.79, respectively). The confirmatory factor analysis using the robust
WLSMV estimator yielded better fit across the absolute, incremental,
and parsimony fit indices, corroborating Halpern's theoretical model.

Conclusion. It is concluded that the configural and open-format models
retain adequate psychometric properties, i.e., good fit and stable factor
configurations across the evaluated structures. The study contributes
methodological elements to the line of validation and evidence of
psychometric properties for PC, or serves as a reference for other
analogous constructs.
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1. Introduction

Critical thinking (CT) is a cross-cutting skill in higher education, as it is linked to comprehension,
logical reasoning, problem-solving, reflective judgment, and informed decision-making in the
complex contexts of modern life (Bezanilla, 2016). These skills are recognized as essential for training
professionals who can analyze social, economic, and environmental issues, thereby contributing
significantly to the construction of a more reflective and socially responsible society (Indrasiené et
al., 2021). Their development and assessment are important objectives in university educational
processes and pose a challenge for educators seeking to promote higher-order learning (Taseer et
al., 2023).

The Halpern Critical Thinking Assessment Using Everyday Situations (HCTAES) test has
established itself as a relevant tool for assessing CT, combining open-ended and closed-ended
questions that allow for inquiry not only into correct answers but also into underlying cognitive
processes (Halpern, 2016). Unlike other instruments that focus exclusively on multiple-choice items,
the HCTAES assesses the application of skills such as hypothesis testing, verbal reasoning, argument
analysis, decision-making, and uncertainty management, which are fundamental aspects for
measuring the complexity of thinking (Halpern, 2014).

The present study addresses the problem of insufficient psychometric evidence for validating the
HCTAES in the Colombian population, which limits its reliable use in educational research and
university teaching practice. Within this framework, the main objective was to present classic and
robust alternatives for validating the instrument, exploring three factorial models and a short version
differentiated between open and closed questions, using both classic and robust estimation
methods.

Although the Halpern Critical Thinking Assessment (HCTAES) has demonstrated validity and
reliability across various international contexts (Halpern, 2016; Butler, 2024), in Colombia there are
still no systematic studies analyzing its factorial structure and psychometric properties using robust
estimation methods. Most previous research on critical thinking in the Colombian university
population has relied on self-report instruments or partial adaptations of foreign scales without full
validation, which limits comparability of results and the application of theoretical models consistent
with empirical evidence. In this sense, the present study addresses an empirical and methodological
gap by providing a structural validity analysis of the HCTAES using descriptive and inferential statistical
procedures, thereby contributing to the consolidation of a relevant measure applicable across
different contexts for evaluating critical thinking in higher education.

The results indicate that the most appropriate estimation method for the Colombian case is
WLSMV, as it offers greater robustness to non-normality and is suitable for handling categorical
variables. Likewise, it was evident that model M1, which integrates open-ended and closed-ended
questions, presents the best levels of reliability and validity. As for the short version, using the open
format and adjusting items with lower factor loadings is recommended. These findings make two
important contributions: on the one hand, they broaden the methodological discussion on the
validation of instruments by integrating both classical and robust methods in the same study; and on
the other hand, they strengthen the line of research on critical thinking in Colombia by offering solid
psychometric evidence of the HCTAES in its five dimensions.

Finally, this work invites reflection on the instrument's pedagogical potential beyond its
evaluative nature, as its open-ended questions allow recognition of students' reasoning and create
opportunities for argumentation and the confrontation of ideas in the classroom. In this sense, the
validation of the test not only constitutes an advance in technical terms but also a contribution to the
design of educational experiences aimed at developing critical thinking as a core component of
university education.
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2. Literature Review

Critical thinking (CT), recognized as one of the fundamental competencies in higher education,
as it is linked to problem solving, informed decision making, and analytical skills in social and
professional contexts, continues to motivate research interest in different parts of the world
(Tarasova et al., 2025; Campo et al., 2023; Rivas et al., 2023).

In relation to international evidence on the validity of the Halpern Critical Thinking Assessment
Using Everyday Situations (HCTAES), studies conducted in Europe report evidence of adequate
validity and reliability of this test in different contexts and populations (De Bie et al., 2015; Butler et
al., 2012; Rodrigues et al., 2018; Nieto et al., 2009). These studies have shown that the HCTAES can
discriminate among levels of critical thinking performance and that its psychometric properties
remain stable across various educational settings. Additional research in the United States and Asia
has confirmed the usefulness of the HCTAES as a valid measure of CT, demonstrating acceptable
internal consistency and replicable factor structures across cultures (Ku, 2009; Liu et al., 2014;
Tiruneh et al., 2016). However, most of these studies do not report exploring other factorial models
that integrate open-ended and closed-ended questions and examine the different correlations
between them, nor do they explore short versions of the instrument.

In the Latin American context, and particularly in Colombia, evidence on the validity of the
HCTAES is even more limited and fragmentary. Some recent efforts have addressed this gap,
highlighting the need for more comprehensive validation processes to ensure the instrument's
cultural and psychometric relevance (Rodriguez et al., 2025; Maturana-Moreno & Lombo-Sanchez,
2020; Ortega-Quevedo et al., 2020; Saldafia et al., 2022). These initial studies have shown significant
progress in linguistic adaptation. However, they also warn of the need to explore alternative factor
models that account for the particularities of Colombian educational contexts (Gdmez-Velasco et al.,
2024).

In addition, studies published in high-impact journals indicate that the construct validity of critical
thinking tests depends not only on linguistic adaptation but also on cultural and pedagogical
coherence in each country (Ennis, 2018; Niu et al., 2013). Likewise, other studies have shown that
tests that include both open-ended and closed-ended questions, such as the HCTAES, have
advantages over multiple-choice instruments alone in capturing a broader range of cognitive skills
(Liu et al., 2020; Marin & Halpern, 2011). In this context, the application of relevant statistical
methods, such as confirmatory factor analysis and robust estimators, especially for ordinal variables,
is still required to obtain more accurate results in psychometric validation (Hair et al., 2021; Brown,
2015).

3. Methodology
3.1. Type of study

The study was carried out with a non-experimental descriptive quantitative methodological
approach, with an instrumental design, taking into account that the psychometric properties of a test
to measure critical thinking are analyzed (Ato et al., 2013), with adaptations in linguistic and cultural
aspects following the guidelines of Mufiz et al. (2013).

3.2. Participants

A sample of 214 students from the Psychology program at a private university in Barranquilla,
Colombia, was compiled, representing the second (33%), fifth (46%), and eighth (21%) semesters,
with a higher percentage of females (84%). The average age was 22 years (SD = 2.3), and the range
was 18-28 years. According to Ferrando and Anguiano (2010), an adequate sample size for obtaining
accurate estimates in the adjusted model should exceed 200.
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The selection of participants was made through non-probabilistic purposive sampling, aimed at
ensuring the inclusion of students representing different stages of the formative process in
Psychology. The second, fifth, and eighth semesters were considered since they correspond to
different stages of academic and professional development. This strategy made it possible to capture
diversity in perceptions and formative experiences, ensuring a broad coverage of the program.

It should be noted that the sample does not pretend to be representative of the general
population of university students and an imbalance is recognized in the distribution by sex, with 84%
of women; however, this work is conceived as an exploratory study focused on evaluating the
relevance, internal consistency and psychometric behavior of the instrument in a particular context,
which could serve as a basis for future applications in more diverse and representative samples.

3.3. Instrument

The instrument submitted for validation was the HCTAES (Halpern Critical Thinking Assessment
Using Everyday Situations), designed by Halpern (1998, 2016), adapted to Spanish by Nieto et al.
(2009), and adapted to the Chilean population by Fuentes (2010). This test evaluates five critical
thinking skills: Verbal Reasoning (VR), Argument Analysis (AA), Hypothesis Testing (HT), Probability
and Uncertainty (PU), and Decision Making and Problem Solving (DMPS). It consists of 25 everyday
situations with open-ended and closed-ended questions. For each situation, the individual first
provides an open-ended response and then selects the option with which he or she most identifies
in the closed-ended format (Halpern, 1998, 2016).

The evaluation of the responses was conducted according to the criteria defined in the HCTA
manual, which specifies maximum scores for the total, for each ability, and for each question format.
The psychometric properties reported by the author indicate acceptable reliability: open format
(a=0.78), closed format (a=0.68), and overall (a=0.82), with a factorial structure of two correlated
latent variables and congruence between skills (Halpern, 2016).

3.4. Procedure

The author of the Chilean version of the HCTAES test used in this study was contacted and
approved, given that its distribution was not free. Initially, a pilot test was conducted with 17 students
and was evaluated by expert judges. Linguistic adaptation was proposed in the context of the
students, using terms that could pose comprehension difficulties, among them: "posture" for points
of view, "consensus" for agreement between the parties, and "tertulia" for conversation. The
administration of the test was conducted in a pencil-and-paper format, with voluntary participation
and informed consent, in accordance with the rules on habeas data and confidentiality. Instructions
on the instrument and the research's academic purposes were explained to them. The development
of the questionnaire took between 90 and 120 minutes.

The research protocol was entered and approved in the institutional research management
system of the Universidad Pedagdgica y Tecnoldgica de Colombia (SGI-UPTC) under project code SGI
2917, which certifies compliance with the ethical processes required by the institution.

3.5. Statistical analysis

The statistical analysis was conducted using descriptive measures and psychometric analyses.
The descriptive exploration was carried out by summing the items for each ability, using an open-
and closed-question format, and calculating the Pearson correlations between abilities. Mardia's
multivariate normality test suggests that the distribution is mesokurtic (skewness, p = .001; kurtosis,
p =.97); however, the normality assumption is not met (Cain et al., 2017), which implies the use of
robust estimation methods.
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Internal consistency was assessed using point and interval estimates (95%) for different reliability
coefficients; Cronbach's alpha was calculated because it is a measure reported in the literature that
allows comparisons. The values of the lower limit of the confidence interval were greater than or
equal to 0.70 and are therefore considered evidence of acceptable reliability. Due to the limitations
of the alpha coefficient regarding the uniqueness and multiplicity of item responses, increasing the
probability of not meeting the tau equivalence assumption (Dunn et al., 2014), the coefficient Omega
of McDonald's (w) (Sijtsma, 2009) was calculated with an acceptable result for values between 0.7
and 0.9 (Ventura & Caycho, 2017). Additionally, the Greatest Lower Bound (GLB) coefficient was
calculated, an appropriate estimator for a high proportion of asymmetric items. In this case, a GLB
value of 0.8 sets the lower limit of the interval, implying that the true reliability lies between 0.8 and
1 (Peters, 2018).

Total test-retest reliability was determined for each ability and for each question format. On the
grounds that the item scores are not equal across the HCTAES skills, the coefficients were calculated
using both the original and standardized scores.

The validation of this test was performed using AFC, employing the SEM (Structural Equation
Modeling) technigue, which provides adjustment alternatives and is recommended when items do
not represent perfect indicators and have low, non-zero weights in other factors (Marsh et al., 2020).
The SEM technique is suggested for testing theories and validating measurement instruments (Taseer
et al., 2023).

For comparative purposes, the classical maximum likelihood estimation method MV and the
robust weighted least squares method WLSMV were used, with WLSMV being the recommended
method in the case of non-compliance with the model assumptions (Lai, 2018), which, for the
purpose of validating an instrument with the characteristics of the HCTAES, made possible a favorable
spectrum for a good fit.

The goodness of fit of the model was evaluated with global fit measures, among which are: Chi-
square statistic (x2, p< .05) (Wood, 2008), Root Root Mean Squares Error Approximation index
(RMSEA<0.05) (Mulaik, 2009); in the case of incremental fit measures were: normed fit index- NFI;
comparative fit index-CFI- Comparative Fit Index and the Tucker-Lewis index-TLI (Xia & Yang, 2019),
measures with values that are usually bounded between 0 and 1, where 1 indicates that the fitted
model is faithful to the theoretical model.

As for the parsimony fit measures, the PNFI Normalized Fit Index was used, which relates the
constructs to the theory that underlies them, the closer it is to 1 the greater their relationship; PGFI
Parsimony Goodness of Fit Index, which constitutes a modification of the GFI and considers the
degrees of freedom available to test the model, where the magnitudes considered acceptable are in
the range of .5 to .7 (Mulaik, 2009).

Although Halpern's (1998) proposal consists of 5 skills each with 10 items, 5 with a closed
response format and 5 with an open or constructed response format, for the validation of the
formulated model (M1, M2 and M3) two factors correspond to the response formats (open or closed)
and the items that comprise them correspond to the five skills.

The analysis of the M1 model is presented in accordance with the theoretical proposal of
Halpern (1998), which hypothesizes that the scale scores on the five skills with constructed response
question load on the latent factor "PC Open-ended Question" (0Qo) and the scores on the five skills
with multiple choice question load on the latent factor "PC Closed-ended Question" (OQc); with
correlation between factors and between open-ended skills with closed-ended skills, as reported in
Halpern's (2016) manual and Rodrigues et al, (2018).
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Figure 1. Validated critical thinking models

Model M2 differs from M1 only in the inclusion of the correlation between the skill: problem
solving (TDRP), in open and closed formats, given the significant correlation between them. Model
M3 differs from M1 in that the latent factors are treated as completely separate traits, with the
correlation between them set to zero. For each model, estimates were obtained using the classical
(MV) and robust (WLSMV) methods, denoted as M1(MV), M2(MV), M3(MV), M1(WLSMV),
M2(WLSMV), and M3(WLSMV).

With the factor loadings obtained, the composite reliability coefficient was calculated; values
greater than .7 are considered acceptable (Green & Yang, 2015). To enable comparisons, the
calculation was also performed using the data from the reference studies. The convergent validity of
each factor was studied with the mean variance extracted SMV, which is acceptable if SMV>.5
(Joreskog et al., 2016). The discriminant validity between factors was assessed using two criteria:
Fornell-Larcker, which is satisfied if VME exceeds the square of the correlation between factors. The
heterotrait-monotrait ratio (HTMT) of correlations is considered met if HTMT < .85 (Henseler et al,,
2015).

Additionally, the psychometric properties of a model that provides a short version of the test, in
an open-ended question format (M4: five factors and a total of 25 items), were explored. A summary
of the techniques and measures used in the instrument's analysis is presented in Figure 2.

The analyses presented in the results were performed using the libraries Lavan, psych, semTools,
MBESS, and reshape? in the statistical program R version 4.0.2, and the program JASP version 0.17.2.
The figure of the standardized factor loadings (Figure 2) was elaborated with the program SPSS-AMOS
24,
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Figure 2. Techniques and measures for validation and reliability. Critical Thinking Test-HCTAES
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The descriptive measures for each ability and for the total score are presented in Table 1,
considering the open (a) and closed (c) formats, also specifying the maximum possible score in each
ability, for the test in general (50 items) and in each format, according to the test manual.

Table 1. Descriptive Measures by Abilities and Type of Questions

PME Skills M(DE) Min;Madx As Cu EE
(#items)
46 HT(10) 19.1 (5.1) 6; 30 .03 -51 35
19 HTo(5) 7.1(3.5) 0; 17 13 -26 24
27 HTc( ) 12.1(3.1) 3:19 -45 01 21
22 VR(10) 8.5 (2.8) 2; 17 25 -32 19
15 VRo(5) 5.2 (2.2) 1;12 54 -.04 15
7 VRC(S) 3.3(1.3) 0; 7 -18 -39 .09
41 AA(10) 16.5 (4.9) 5: 28 .05 -58 33
22 AAO(5) 6.9 (3.7) 0; 18 39 -39 25
19 AAcC(5) 9 6(2.9) 2:16 -.16 -38 20
24 PU(10) 8 (4.4) 0; 20 20 -.65 30
17 PUo(5) 9 (3.9) 0; 16 24 -73 27
7 Plc(5) 9 (1.3) 0; 6 .05 -46 .09
61 DMPS(10) 33 3(8.9) 0; 49 -1.38 2.98 61
22 DMPSo(5) 10.1 (4.7) 0; 19 -28 -.62 32
39 DMPSc(5) 23.2(5.8) 0; 33 -1.83 4.49 40
194 TOTAL(50) 87.3(19.7) 39; 132 -.40 -.30 1.35
95 Ta(25) 36.2 (13.3) 6; 66 -.08 -.83 91
99 Tc(25) 51.1(9.9) 18; 72 -.95 .79 .68

Note: PME: Maximum Expected Score. M: Mean. SD: Standard deviation. As: Asymmetry. Cu: Kurtosis. SE: Standard error.
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It can be seen that for each skill, the scores of the open part are lower with respect to its PME
than the scores of the closed part with respect to its respective PME. The analysis of skewness and
kurtosis across the different skills falls within an acceptable range (-1.5 to 1.5) (Ferrando & Anguiano,
2010), except for TDRP.

A correlational study was conducted on the different skills in open and closed formats (Table 2).
The skills in the open format are correlated, with correlations ranging from .37 to .57; the skills Pla
and TDRPa show the highest correlation, followed by PHa and Pla. High correlations are observed
between each open-format skill and the total (corrected) score for this format, indicating that the
open-format skills contribute to measuring PC.

Table 2. Table of correlations between skills

Abilty HTo VRo AAo PUo DMPSo Ta HTc VRc AAc PUc DMPSc
HTo

VRo A41x*

AAo A40** 7%

PUo A9x* - 39%k - AT7*H

DMPSo .42%* 41** 43** G57**

Ta S54%*  50**  54%*  66** 61**

HTc 23* 19* 12 19*  14* 23%*

VRc 28*% 23* 17* 19 27* 29%** 33

AAc 9% 17+ 13 25%* 26%*  26%* 28*%*  17*

PUc 26%* 16*  15*  29**%  23**%  20%*  19*  26** 23**

DMPSc .14* 11 13 26%*  36%*  34%* 34%*  20%*  27** 19

Tc 28% 4% 9% 36** AAXR A2¥* 0 A1R* AQ*¥*F 34%*  Q9**  4**

Note: Correlation significant at .01**. Correlation significant at .05*.

With respect to the correlation between the skills in the closed format, we observe that they are
low with values ranging between .19 and .34, the highest being between PHc and TDRPc; in the closed
format the correlations between each skill and the corrected total are lower than those obtained in
the open format, with the Probability and Uncertainty skill being the lowest (.29), that is, the one that
contributes the least to measuring PC. In addition, the correlations between the open- and closed-
format skills range from .13 to .29, indicating that all the skills contribute to measuring the construct
and are not redundant. Finally, the correlation between the total open- and closed-format scores is
also moderate (.423). It can be observed that the low correlations among the different skills support
the test's multidimensionality and the independence of the factors.

4.2. Reliability Analysis

Table 3 presents the reliability analysis for each ability, each question format, and for the total.
The different reliability indices (Cronbach's Alpha, Omega, and GLB) report values that are close to
each other, with a tendency toward higher values for the GLB index.

https://doi.org/10.22521/edupij.2026.22.47 Published online by Universitepark Press


https://doi.org/10.22521/edupij.2026.22.47

Gomez-Velascoet al. | g

Table 3. Reliability measures for each skill and the total

Ability o_Cronbach Omega GLB
(1C95%) (1C95%)
HT .51(.41, .62)a .51( 41, 61)a .67a
50(.39, .6)b 49(.4, .6)b .67b
VR .35(.22,.48)a  .34(.19, .48)a .49a
34(.21, .48)b  .35(.21,.49)b .49b
AA 42(.31,.54)a .45(.34, .56)a .6a
43(.32,.55)b  .39(.26,.53)b .6b
PU 55(.46,.65)a  .6(.52,.69)a .67a
52(.42, .61)b  .53(.42, .61)b .67b
DMPS 78(.73,.82)a  .79(.75, .83)a .85a
78(.74,.82)b  .78(.73,.82)b .85b
Ta .82(.78,.85)a  .82(.79, .86)a .9a
.81(.77,.85)b  .81(.77,.85)b .9b
Tc .73(.67,.79)a  .77(.72, .81)a .82a
.69(.63,.75)b  .69(.63,.75)b .82b
Total .84(.81,.87)a  .85(.8 8 Ja .83a
.83(.8, .86)b .83(8 86) .85b

Note: aunstandardized item. bstandardized item.

The reliability of the different skills ranges from .34 to .79, as measured by both Cronbach's a
and McDonald's w. The lowest value was obtained in the RV skill, and the highest in TDRP. The open-
ended questions reported satisfactory reliability value (o and w > .8) and the closed-ended questions
acceptable reliability (.7<a and w<.8). The test-retest reliability value is good, with a test total close
to .85 (with the different coefficients). Likewise, it is observed that, both in the standardized and
unstandardized data, the reliability values do not differ significantly.

4.3. Construct Validation

The content validation process was carried out using models M1, M2, and M3, which involve two
factors, each with 5 items, corresponding to the skills: Factor 1: OQ open-ended questions (CQo) and
Factor 2: PC closed-ended questions (CQc). The factor structure was analyzed using CFA.

Table 4 presents the global, incremental and parsimony fit measures, for the comparison of the
three models under the classical maximum likelihood estimation (MV) and weighted maximum
likelihood robust estimation (WLSMV) methods, denoted by: M1(MV), M2(MV), M3(MV) and
M1(WLSMV), M2(WLSMV) and M3(WLSMV).

Table 4. Measures to assess model adequacy

Overall fit Adjustment Adjustment
incremental Parsimony
MODELS x2/gl p RMSEA  NFI RFI IFI TLI  CFI  PNFI  PGFI

M1(MV) 32.41/29 .30 0.02 0.93 0.89 099 098 0.99 0.60 0.51

M2(MV) 37.24/33 .28 0.02 0.92 0.89 099 098 0.99 0.68 0.58

M3(MV) 68.3/30 <.001 0.08 0.86 0.79 0.92 0.87 0.91 0.57
M1(WLSMV)  15.26/29 .98 0.00 098 0.97 0.99 099 0.99 0.63 0.52
M2(WLSMV)  18.45/33 .98 0.00 098 0.97 0.99 099 0SS 0.73 0.59
M3(WLSMV) 167.7/30 <.001 0.15 0,79 0.80 0.82 0.72 0.82 0.53
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In general, the global fit, incremental fit, and parsimony measures yield better results for the M1
and M2 models with the WLSMV estimation method than with the MV method. Although, in terms
of parsimony, the values are not very close to unity, they do exceed the value of .5, which implies an
acceptable fit. For the M3 model the classical estimation method reported slightly better fit values.

When comparing the M1 and M2 models using the WLSMV method, there are no major
differences in measures of global fit or incremental fit, but there are major changes in measures of
parsimony, with favorable results for M2.

The measures indicate that the M1 model fits the data well. It should be noted that although M2
presents a similar fit, its structure links the correlation between the open and closed formats to only
one skill. The fit measures show that model M3 does not meet the specifications for good fit. Figure
3 presents the standardized factor loadings and structural relationships in model M1, which
corresponds to Halpern's (2016) configural model.

DMP5So

B
\ PUo

Figure 2. Standardized factor loadings of the HCTAES M1 Model, WLMSV method

The M1 model (Figure 3) shows that all skills have high factor loadings (greater than .4), i.e., the
coefficients representing the degree of relationship between the construct (Critical Thinking) and
their respective indicators (Skills assessed) are appropriate.

The internal consistency of M1, as measured by the composite reliability index, is adequate for
the open-ended question (a) format (.79). At the same time, it is low for the closed-ended question
(c) format (0.58). The factors did not exhibit convergent validity because values greater than .5 were
not reached (VMEa=.45 and VMEc=.28), as evidenced by factor loadings not exceeding .7 for each
factor. With the Formell-Larcker criterion, it is observed that the scale presents discriminant validity,
with the values of the square root of the SMV being greater than the correlation between the factors
(.67 >.42 and .52> .42). With the criterion of the value of HTMT, the discriminant validity between
the factors is confirmed (HTMT=.59) given that the value is less than .85.
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4.4. Psychometric properties of the short version (M4)

The short version is a proposal for this study, which uses only the open format; hence, the M4
model consists of five factors with five items each. The results of the model exploration using the
WLSMV estimation method are reported in Table 5. Fit that is improved by removing variables with
saturations less than .3 (Joreskog et al., 2016), denoted as M4(*).

Table 5. Measures for assessing M4 and M4(*) fit

Overall fit Fit Adjustment
Incremental Parsimony

MODELS x2/gl p RMSEA NFI RFl IFl TLI  CFlI  PNFI  PGFI
M4 305.98/265 .04 .03 .84 82 97 97 97 74 77
M4 (*) 138.12/129 .27 .02 S0 88 99 99 99 .76 73

Note: (*) Model with items eliminated due to saturation less than .3.

The short version proposal from the open-format questions (model M4) presented, in general,
good fit in the three sets of measures, which are improved with M4 (*) in all incremental fit measures
and some parsimony measures (PNFI), but not with respect to those of global fit, as in the RMSEA.
The modification was obtained by eliminating 7 items with saturations less than .3 from the skills
Hypothesis Testing (1), Argumentative Analysis (1), and Verbal Reasoning (5). This short version
reports satisfactory reliability (a = 0.82 and w = 0.82).

It was proposed to analyze the psychometric properties of the short version based on the closed-
format questions; however, the model presented convergence problems, which is why a satisfactory
solution was not found, possibly explained by the very low correlations within the same factor (Table
1) or by slightly high correlations of items from one factor with other factors (Basto & Pereira, 2012).

5. Discussion

The study validated the HCTAES instrument to assess critical thinking in university students,
through three factorial models according to Halpern's (2016) configuration and a short version
model, with the application of two estimation methods: the method that is classically applied, that
is, maximum likelihood-MV and the proposal from a more robust method, called Weighted Least
Squares-WLSMYV, as reported in recent studies Acosta & Torres (2025).

The descriptive analysis reported a mean score for PC of 87.3, lower than those given in studies
with Portuguese university students (n=333, mean 113) (Rodrigues et al., 2018), Dutch population
(n=240, mean 108.23) (De Bie et al., 2015), or Spanish-speaking adult population (n=355, mean 106)
(Halpern, 2016). The low average in Colombia may be associated with the educational gap between
Latin American and European countries (Hill et al., 2008).

From the descriptive results, it was identified that the highest score in the closed-response items
privileges the ability to recognize the good use of PC skills over the active use of these, as supported
by Halpern (2016). Furthermore, the hypothesis that open-format scores are correlated with closed-
format scores is corroborated by a statistically significant result.

The internal consistency for the overall test and for each question format was evaluated through
three coefficients: Cronbach's a, McDonald's w, and GLB, with the direct and standardized scores.
With Cronbach's a, satisfactory values were obtained, close to the reference values in the manual
(0=.88; a_open=.83 and a_closed=.77) (Halpern, 2016) and comparable to the version adapted to
the Dutch population (a=.75; a_open=.61 and a_closed=.64) (De Bie et al., 2015). Reliability, as
measured by coefficient w, yielded higher values than those reported for the Portuguese population.
(w=.75; w_open=.70 and w_closed=.58) (Rodrigues et al., 2018). Regarding the GLB coefficient,
comparisons cannot be made because it is not reported in the reference studies; however, given that
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it is an appropriate coefficient for tests with a high proportion of asymmetric items, as in this case,
higher reliability values were found in all subscales of the test, compared to Cronbach's alpha and
McDonald's w.

Regarding reliability by skills, similar results were observed to the Spanish population (Nieto et
al., 2009) and the Dutch population (De Bie et al., 2015) with lower values in the Verbal Reasoning
skill (a<.40). In this study it is highlighted, in contrast to previous studies, that the Problem Solving
skill presents satisfactory reliability values (a>.70).

The composite reliability for the open-ended question format was adequate (>0.7), whereas it
was not for the closed-ended format. This result contrasts with the values calculated from the HCTA
manual's factor loadings (Halpern, 2016), in which both formats yield acceptable composite
reliability. Regarding the Portuguese and Dutch case (De Bie et al., 2015; Rodrigues et al., 2018), for
both formats, the values are below .7.

The results of this study are consistent with international evidence supporting the validity of the
Halpern Critical Thinking Assessment (HCTA) across different contexts. Several reviews and meta-
analyses have highlighted its predictive and criterion-related validity. For example, Butler (2024)
reports that higher scores on the HCTA are associated with fewer negative events in everyday life,
which reinforces its ecological validity and relevance for assessing critical thinking in real-world
situations. Similarly, cross-cultural studies have documented significant associations between HCTA
scores and academic performance, as well as consistent generalization patterns across countries
(e.g., comparisons between China and the United States), providing robust evidence of convergent
validity. In this framework, the results of the present work contribute to extending such evidence in
the Colombian context by offering an updated psychometric analysis that strengthens the
instrument's use in national higher education.

For the construct validity of the M1 and M2 models the maximum likelihood estimation method
loses generality and relevance according to the measures of absolute, incremental and parsimony
fits, results that are notably improved with the robust WLSMV method that solves the problem of
slight violations in the assumption of normality and offers better estimates for modeling categorical
variables, furthermore, it performs acceptably with relatively small sample size (close to 200) and for
two- and four-factor scales, independent of factor loading size (Liang & Yang, 2013).

The M1 model for the Colombian case presented fit measures higher than those reported in
other studies (De Bie et al., 2015; Halpern, 2016; and Rodrigues et al., 2018). The model retained the
two-factor structure and the open-ended and closed-ended question formats, with correlations
similar to those reported in the HCTAES test manual (Halpern, 2016). The correlation of skills showed
a more defined structure in the open format and lower values in the closed format, which could
indicate a weaker structure in the closed format.

Model M2 loses strength compared to M1 by considering only the correlation between one skill
and ignoring that the skill assessed by open-ended question and closed-ended question share the
same question statement as indicated in Halpern (2016). Model M3 by presenting weak measures of
fit is not recommended for PC analysis. The M4 model arises from the motivation to provide evidence
of psychometric properties of a short version of the test, based on the open question format of the
HCTAES instrument in the measurement of critical thinking, seeking to solve the limitation of the
length and application time of the test (Halpern, 2016). This model presented satisfactory reliability
levels and with global, incremental and parsimony adjustment measures, adequate under the
WLSMV estimation method, therefore, its use can be recommended with the foresight of revising
some items that showed low factor loadings. On the other hand, the test with open-ended question
allows more opportunities for argumentation which favors constructs such as critical thinking (Saiz et
al., 2022).
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6. Conclusion

The exploration of the short version model with a closed-ended question format yielded
acceptable levels of reliability; however, it did not pass the validity indexes due to convergence
problems. Therefore, it is suggested to continue exploring the Halpern test with this question format
in other populations. It is concluded that for the adjustment models the recommended estimation
method is WLSMV because it is more robust against the non-compliance of the normality assumption
and appropriate for modeling categorical variables. Regarding the models that jointly include open
and closed format, better results were obtained with M1 because in general it has better levels of
reliability and validity for the case of Colombia. In relation to the proposal to have a short version of
the HCTAES, the open format version is recommended, with the precaution of eliminating items with
low factor loadings, as identified in this study.

From the results found in this research, two contributions to the academic research community
are emphasized: initially, in the line of instrument validation, where a diversity of alternative and
robust statistical measures are included in a single document, which can serve as a reference for
other studies; proposing validation from classical methods and advancing to non-classical methods.
On the other hand, it contributes to the evaluation of PC in Colombia, where this research validates
the HCTAES instrument across its five dimensions. The test proved to be a useful diagnostic
instrument, serving as a reference for reflection and analysis of intervention processes in the
classroom, rather than limiting itself to its results, both for teachers and for programs with this
purpose. The students' answers to the open questions and the examination of their logic serve as a
tool for creating dialectical exercise scenarios that confront arguments to achieve more coherent
reasoning. As limitations of this study, the need for an appropriate space and time is observed, which
favor the student's concentration to obtain results that account for their thinking, given that in this
population a longer time than the average time proposed in the initial test was required, which could
suggest great complexity in the problems posed, as well as inattention due to the length of the test.

7. Suggestion

Given the importance of positive provisions for developing critical thinking, future studies should
expand the sample to include other population groups (students from other areas of knowledge and
different regions of the country) to obtain more powerful estimates, validate linguistic adaptations,
and apply the digitized test to facilitate evaluation. In addition, research into relationships with other
constructs, such as academic performance or tests that measure disposition, could guide learning
processes, addressing the need to integrate, into professional training, the motivation to learn to
learn, to think critically about reality, and future social responsibility. In this sense, structuring
classroom experiences that enable argumentation, confrontation, and dialectical exercise will add
value to educational initiatives.
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