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Abstract

The purpose of the study was to adapt and validate the Critical Thinking Disposition Scale (CTDS) in the
Peruvian context, based on the model developed by Sosu (2013). A total of 1,195 university students (508 men
and 687 women) from different professional schools participated in the study during the 2025-1 semester. The
adaptation followed international standards and was evaluated using exploratory and confirmatory factor
analysis, as well as a multigroup analysis that confirmed the equivalence of the scale between men and women,
as well as between academic areas. A bibliometric analysis was also performed using Bibliometrix and
VOSviewer, which allowed this study to be placed within the context of recent scientific production on critical
thinking. The results show that the adapted CTDS is a valid and reliable instrument for use with Peruvian
students, and that critical thinking has gone from being a historically neglected topic to becoming a priority
in higher education worldwide.

Keywords:Confirmatory factor analysis, exploratory factor analysis, measurement invariance, metacognitive
strategies, convergent validity.
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1. Introduction

One of the fundamental skills that students and professionals must develop to face the challenges of
the 21st century is critical thinking (Lopez M. et al., 2022). Beyond the academic realm, this skill helps
to train capable professionals and, at the same time, people who actively participate in their
community, with their own criteria and sense of responsibility (Vallejos et al., 2022). Critical thinking
in university life does not remain within the walls of the classroom. It appears in conversations, in
important decisions, and even in small everyday problems. A good student, in addition to using it for
their own judgment, knows how to motivate others to also stop and analyze information and reflect on
what is happening around them (Lépez R. et al., 2022).

In this context, various researchers and academics agree that the teaching of critical thinking
should be incorporated into curricula, both in basic and higher education. This will promote the
development not only of cognitive skills but also of the disposition to think critically and make timely
decisions (Vendrell, 2024). From this point of view, in order to train critical thinkers with a
comprehensive approach, both the development of skills and the promotion of positive attitudes
toward critical thinking must be taken into account, as it has been proven that the latter are key to the
success and holistic development of students (King & Datu, 2022).

Critical thinking integrates two complementary dimensions: cognitive skills and personal
dispositions (Facione et al., 1995; Sosu, 2013). The former constitute the ability to analyze, evaluate, and
infer information, while dispositions are related to the motivation, tendency, or intention to apply
these skills (Perea, 2017; Ibafiez, 2023). In other words, it is not enough to know how to think critically
if there is no intention or commitment to do so. Similarly, having the will without knowing how to act
is equally ineffective. Facione et al. (1995) argue that disposition should be developed prior to skills;
however, a more recent view suggests that both dimensions reinforce each other and should be taught
jointly and explicitly. Regardless of the approach, there is consensus that a strong disposition toward
critical thinking is essential to ensure its application beyond the academic context.

The ideal critical thinker possesses skills such as dispositions that can partially fit together and
reinforce each other (Ennis, 2005). These dispositions were first systematized in The Delphi Report,
the product of a consensus of experts convened by the American Philosophical Association (1990),
which identified 19 fundamental dispositions. Based on this proposal, various taxonomies emerged:
Facione & Facione (1994), Perkins et al. (1993), and Lopes et al. (2021) proposed seven dispositions;
Ennis (1996) proposed fourteen; Halpern (1998) proposed five; and Sosu (2013) proposed only two.
These taxonomies coincide in certain key aspects, such as open-mindedness, interest in knowledge,
and critical analysis, suggesting that some dispositions could be grouped conceptually (Sosu, 2013).

Despite its importance, the assessment of critical thinking disposition has faced significant
limitations due to the scarcity of specific and validated instruments (Sosu, 2013; Ibdfiez, 2023). The
most popular instrument in this area is the one proposed by Facione and Facione (1992), called the
California Critical Thinking Disposition Inventory (CCTDI). It assesses seven mental attributes:
curiosity, systematicity, analyticity, truth-seeking, open-mindedness, self-confidence in critical
thinking, and maturity. Its construction is based on the theoretical framework of the Delphi Report
and was validated through item analysis and factor analysis, with an overall Cronbach's alpha of 0.92.
This instrument is used from secondary education to postgraduate level, has been designed for
university students, and takes 20 minutes to complete. It also shows moderate correlations with its
complementary skills test (0.66 and 0.67). The CCTDI has been applied in various contexts, such as in
Nepal (Ojha, 2025), and elsewhere.

From a more synthetic perspective, Sosu (2013) developed and validated the Critical Thinking
Disposition Scale (CTDS), consisting of 1 items divided into two dimensions: critical openness and
reflective skepticism. Critical openness is the willingness to generate new ideas, evaluate them
critically, and modify one's own beliefs with solid arguments; meanwhile, reflective skepticism involves
learning from previous experiences and questioning the available evidence. Both domains are essential
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for a person to have a genuine disposition toward critical thinking (Sosu, 2013). Along the same lines,
Lopes et al. (2021) validated a scale for university students in Portugal, while Nguyen et al. (2023)
demonstrated that in Vietnam the CTDS maintains adequate properties, and Gerdts-Andresen,
Hansen, & Grgndahl, (2022) demonstrated in Norway that the scale is also valid in social work training,
thus ensuring the cross-cultural validity of the instrument (CTDS).

One of the disadvantages for educational institutions is not having valid and reliable instruments
to assess critical thinking readiness, because it limits their ability to diagnose and promote critical
thinking in their students. This situation is evident at the regional level and in Spanish-speaking
countries, because there are no culturally adapted and valid instruments for this purpose. In response
to this situation, the present study adapted and validated Sosu's Critical Thinking Disposition Scale
(CTDS) (2013) with the aim of providing a relevant instrument for assessing this competence in
university students.

1.1 Theoretical framework
1.1.1 Disposition as a pillar of critical thinking

It consists of attitudes, habits, and intellectual virtues that favor the interpretation of reality, the
development of arguments, and decision-making. Therefore, it is not enough to have the skills to think
critically; the willingness to do so is also necessary (Facione et al., 1995; Sosu, 2013).

Theoretical contributions and systematization of dispositions

Several authors researching critical thinking have proposed various taxonomies that outline
essential dispositions of critical thinking. The Delphi report by the American Philosophical Association
[APA] (1990) proposed nineteen basic dispositions, such as intellectual curiosity, open-mindedness,
impartiality, and persistence in the face of complexity. Subsequently, other proposals were presented,
synthesizing the dispositions without losing common elements. Thus, Facione and Facione (1992)
proposed seven dispositions, including systematicity, analysis, and cognitive maturity. On the other
hand, Perkins et al. (1993) incorporated metacognition and planning as essential elements. Ennis (1996)
proposed fourteen dispositions, highlighting the search for clarity, the use of reliable sources, and
sensitivity to the feelings of others. Halpern (1998) reduced the number to five, focusing on persistence,
self-control, and social awareness. Finally, Sosu (2013) synthesized the entire set into two key
dispositions: critical openness and reflective skepticism.

Table 1 shows a comparative summary of these proposals. As can be seen, many of these
taxonomies coincide on essential aspects. y dispositions such as open-mindedness, intellectual
curiosity, and a tendency to analyze information are repeated in several proposals, suggesting the
possibility of grouping them into minimal dimensions due to their conceptual similarities (Sosu, 2013).
This theoretical convergence provides support for adopting more simplified models that maintain the
richness of the construct.

Table 1. Main proposals on dispositions for critical thinking by classical and contemporary authors

Author(s) Year Proposed dispositions
APA - Delphi | 1990 Curiosity, open-mindedness, intellectual honesty, perseverance,
Report confidence in reasoning, maturity, search for truth, among others (19

dispositions in total).
Facioneand | 1992 Veracity in inquiry, open-mindedness, flexibility, confidence in reasoning,

Facione systematicity, pursuit of clarity, maturity in judgment.
Perkinsetal. ' 1993 Tendency to plan, metacognition, interest in reasoning, openness to
contrary evidence.
Ennis 1996 Clarity, precision, use of reliable sources, sensitivity to context,
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willingness to change one's mind, search for valid reasons, consideration
of consequences.
Halpern 1998 Persistence, cognitive flexibility, attention to detail, self-control,
sensitivity to social context.
Sosu 2013 | Critical openness (willingness to consider new ideas and change beliefs in
light of evidence) and reflective questioning (deep reflection based on
experience).

Note: Adapted from various theoretical sources cited in the theoretical framework. The proposed
dispositions have been systematized for comparative purposes.

1.2 Conceptualization of the dimensions of the adapted scale

The disposition toward critical thinking constitutes a set of attitudes, intellectual virtues, or mental
habits that manifest the way a person reasons, argues, and makes decisions by expressing openness to
think critically and engage in reflective questioning (Sosu, 2013).

Openness to critical thinking, a predisposition to remain receptive to new ideas, evaluate them
analytically, and adjust one's own beliefs when presented with convincing evidence.

Reflective questioning, a predisposition to learn from previous experiences, generate reflection,
critically analyze and examine available information, and achieve a deep understanding in order to
think critically.

2. Methodology
2.1 Research design

The research was designed using a quantitative, instrumental, cross-sectional approach. This design
allows the functioning of the instrument to be analyzed without being affected by the environment in
which it is applied (Ato & Benavente, 2013). In this case, the aim was to examine a scale designed to
assess critical thinking, a skill that students can use in different aspects of their learning. By collecting
the data at a single point in time, it was possible to observe whether the scale is clear, coherent, and
appropriate for the target group, and thus to objectively examine the structure and internal consistency
of the instrument.

2.2 Participants and selection criteria

The study initially included 1,209 Peruvian university students, regularly enrolled in the 2025-I
semester, from different academic professional schools. The sample was obtained by applying a two-
stage random cluster sampling: first, some schools were selected, and then, within these schools,
complete groups of students were chosen. This procedure allowed for a more representative sample of
the target population.

The students who agreed to participate completed the questionnaire without leaving any questions
blank. The data were then reviewed to identify incomplete responses, inconsistencies, or outliers. If
any unusual data appeared, it was critically reviewed and, if necessary, eliminated to ensure the quality
of the information. In this process, 14 outliers were detected and eliminated using Mahalanobis
distance (p < 0.001), resulting in a final sample of 1,195 participants.

This number far exceeded the recommended number for both confirmatory factor analysis (CFA)
and multigroup analysis. This calculation was based on a power criterion using the RMR index,
comparing a close fit (0.05) with a non-close fit (0.08), with a significance level of 0.05 and a statistical
power of 80%. For a two-factor model with 1 items (df = 43), a minimum of 210 participants per group
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was estimated. The distribution of the sample allowed for invariance analyses by gender (508 men and
687 women) and by academic area (834 in sciences and 361 in humanities) with adequate power. Due
to the smaller size of one of the cells (n = 132), the invariance analysis was performed independently by
gender and by area, thus avoiding the reduction in power that could occur in an analysis with four
groups.

2.3 Instrument

The instrument analyzed consisted of an u1-item scale, distributed across two dimensions associated
with critical thinking: Openness to Critical Thinking and Reflective Questioning. Each item was
answered on a five-point Likert scale (1 = Strongly disagree, 5 = Strongly agree). To assess content
validity, ten experts in areas related to the construct, such as educational psychology, psychometric
evaluation, didactics, neuroeducation, and instrument design, were consulted. The specialists
evaluated each item according to criteria of clarity, relevance, and representativeness of content. The
evaluation was carried out using an ordinal scale assessment matrix, supplemented with qualitative
comments. Table 2 presents the CTDS instrument adapted for Peruvian university students.

Table 2. Critical Thinking Scale (CTDS) adapted for university students

Dimension and items Item statement
Dimension 1:
Openness to critical
thinking
Item 1 I often maintain the general idea of a topic during a discussion.
Item 2 I often use new ideas to vary the way I do things.
Item 3 I use more than one reliable source to find the information I need.
Item 4 I often search for new ideas.
Item 5 I often encounter an argument that challenges one of my deeply held
beliefs.
Dimension 2:
Reflective questioning
Item 6 I consider it important to understand other people's different points of
view on a given topic.
Item 7 I consider it important to justify my decisions when faced with an issue
or problem.
Item 8 I often draw on my experience to learn from it.
Item 9 I usually verify the credibility of the source of information before
making a judgment.
Item 10 I usually consider the possible consequences before making a decision.
Item 11 I often reflect on my actions with the aim of improving or correcting
them.

Note: The scale uses a 5-point Likert format ranging from "Strongly disagree" to "Strongly agree."

2.4 Procedure

To conduct the study, the guidelines of the American Educational Research Association (AERA), the
American Psychological Association (APA), and the National Council on Measurement in Education

(NCME) (2014) were followed. Before beginning data collection, authorization was requested and
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obtained from the principals of the professional schools included in the sample. The questionnaire was
administered in person at pre-agreed times, ensuring that students could respond in a quiet
environment without interruptions. Before beginning the study, students received a digital informed
consent form detailing the research objectives and guaranteeing confidentiality in the handling of their
data. Participation was entirely voluntary, individual, and without a set time limit. Data collection took
place over four weeks, which allowed for an adequate participation rate to be achieved.

Likewise, the recommendations of the AERA, APA, and NCME (2014) were followed for the
adaptation and validation of the instrument. Since the CTDS was originally created in English, it was
translated into Spanish with the support of three teachers specializing in foreign languages from the
Faculty of Education at the National University of Truyjillo. In order to preserve the original meaning of
the items, a comparative format was developed that included the English statement and two possible
Spanish versions. The teachers evaluated both translations and chose, in each case, the one that best
maintained the meaning.

The translated version was then reviewed by ten expert judges, educational psychologists, and
clinicians with teaching experience, who analyzed each item in terms of clarity, relevance, and
representativeness. Aiken's V coefficient was used to quantify these assessments, and the results
showed satisfactory content validity for all items (V = .80).

Before final application, a pilot comprehension test was conducted with five university students.
This stage confirmed that the statements were clear and did not generate ambiguities. Finally, the scale
was applied to a larger pilot sample to examine its psychometric properties, including internal
structure, reliability, and relationship to another theoretically associated external measure.

2.5 Bibliometric analysis

In order to understand the evolution of scientific work on critical thinking in higher education and to
identify the topics that have been most frequently addressed in this field, this research process on
psychometric adaptation was initiated through a bibliometric analysis of related publications in
different languages within the scientific community from 1990 to the present. For this purpose, the
specialized programs Bibliometrix and VOSviewer were used.

2.6 Statistical analysis methods

Before beginning the analysis, the database was reviewed using Mahalanobis distance. This procedure
allowed us to detect unusual responses that could alter the results and thus ensure the reliability of the
information. Subsequently, an exploratory factor analysis (EFA) was performed using the principal axis
method with Oblimin oblique rotation, given that the dimensions of critical thinking, as in many other
psychological constructs, tend to be interrelated (Muiiiz & Fonseca-Pedrero, 2019). This analysis made
it possible to identify how the items were grouped and to verify whether this organization was
consistent with the reference theory.

Thus, the adequacy of this structure was verified through a confirmatory factor analysis (CFA)
conducted in AMOS using the Unweighted Least Squares (ULS) estimator on a Pearson correlation
matrix. This method is suitable for large samples and five-point Likert-type items, as it does not assume
multivariate normality (Rhemtulla et al., 2012). In addition, a robustness check was performed in R
(lavaan) using the DWLS estimator on a polychoric matrix, obtaining convergent results (RMSEA <
.06; CFI/TLI = .95; SRMR =< .08),and all loadings were significant. Model fit was evaluated using
incremental and parsimony indices (CFI, TLI, RMR, and SRMR) following international psychometric
guidelines (AERA, APA, & NCME, 2014). Factor invariance was also examined by gender (male and
female) and by academic area (sciences and humanities) to verify whether the instrument was
interpreted consistently across the subgroups (Milfont & Fischer, 2010).

Internal consistency was assessed using Cronbach's alpha and McDonald's omega, as both provide
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a complementary view of the reliability of the instrument. Finally, to test convergent validity,
correlations between the new scale and the Metacognitive Strategies Questionnaire by Vallejos et al.
(2012) were analyzed. The hypothesis was that both measures shared common elements, such as self-
regulation and reflection, aspects highlighted in the works of Pintrich (2002) and Flavell and (1979). In
this sense, finding significant correlations would provide empirical evidence to support this theoretical
relationship (Hair et al., 2019).

2.7 Ethical considerations

In this study, special care was taken with the well-being of the participating students. From the outset,
the purpose of the research was clearly explained, emphasizing that the data collected would be used
only for the purposes of the study and that, if they deemed it necessary, they could withdraw at any
time without consequence. Only those who freely and voluntarily agreed to participate continued with
the questionnaire.

To ensure confidentiality, responses were stored securely and without data that could identify the
students. Similarly, the project was authorized by the relevant academic authorities and was carried
out with respect and consideration for each student in accordance with national scientific research
regulations (CONCYTEC, 2021) and the international principles of the Declaration of Helsinki.

3. Results
3.1 Bibliometric analysis

Figure 1. Evolution of publications on critical thinking in higher education (1990-2025)

Articulos

1
1
1
2017
1

Figure 1 shows how academic interest in critical thinking in higher education began to emerge timidly
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in the late 1960s and remained almost invisible for several decades. It was not until 2000 that steady
growth began to be noticed, accelerating significantly after 2015. The peak was reached in 2024, with
unprecedented output. This historical trajectory reflects how what was once a marginal topic has now
become one of the priorities of university research globally.

Likewise, when looking at the evolution over time, it is clear that in the 1990s, only a few studies were
published each year. At that time, the topic was just taking its first steps. Over the years, especially
after 2010, interest began to grow steadily. In the last five years, this growth has become even more
evident, exceeding 300 articles in 2024 (see Figure 1). This trajectory shows how critical thinking has
gone from being an emerging interest to becoming an increasingly valued skill within universities, now
occupying a central place in student education.

Figure 2. Map of keyword co-occurrence in studies on critical thinking
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Note: In the map, the size of the nodes reflects frequency, and the colors distinguish thematic clusters.

On the other hand, in Figure 2, the co-occurrence analysis revealed ten thematic groups that show
how critical thinking in higher education is linked to different fields of study. Some clusters highlight
its link to academic performance, curriculum, and assessment, confirming the need for valid
instruments to measure this competency. Others focus on fields such as engineering, applied sciences,
and STEM areas, where critical thinking is presented as a key resource for problem solving. More recent
lines related to artificial intelligence and digital technologies are also emerging, including ChatGPT
and educational robots, along with trends toward autonomous learning, metacognition, and distance
education, which mark the new scenarios of university education.

Finally, topics such as accreditation, pedagogical innovation, and educational quality have
emerged, demonstrating how critical thinking has become a cross-cutting theme in higher education.
Overall, the results reinforce the relevance of adapting and validating the CTDS in the Peruvian
context, as they confirm that assessing critical thinking skills is essential in a constantly evolving field
of study.

3.2 Exploratory data analysis
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Data analysis began by cleaning the database and evaluating the conditions for applying the models to
be used. In terms of data cleaning, 14 students were identified with response patterns that were unusual
compared to the rest of the sample. These participants showed significant deviations that suggest a
response structure different from the general group, and were therefore considered multivariate
outliers. Their exclusion improved the accuracy and stability of the results of the factorial model
analyzed.

3.3 Exploratory factor analysis

Once the outliers were excluded, exploratory factor analysis (EFA) was performed to examine how the
items of the instrument were organized in the sample evaluated. Although the original questionnaire
already had an established structure, it was important to verify whether this structure was maintained
in the new group. Previously, the relevance of the data was evaluated: Bartlett's sphericity test was
significant, the KMO index showed an adequate value, and the determinant of the correlation matrix
was low, confirming the existence of relationships between the items. These results supported the
application of EFA with this sample.

The EFA revealed a structure composed of two well-differentiated factors, which explained 44.0%
of the total variance, exceeding the minimum threshold of 40% recommended in validation studies
(Hair et al., 2019). The procedure applied included principal axis factorization and an oblique rotation
(Oblimin), which facilitated a better interpretation of the groupings. Items 6 to 11 loaded on one factor,
while items 1 to 5 loaded on another (see Table 3). The correlation between the two factors was 0.73,
supporting the use of an oblique rotation. Although this organization does not entirely coincide with
the original proposal, it allows for a clearer grouping of items and better reflects the logic of the content.

Table 3. Factor loadings of the Exploratory Factor Analysis structure matrix (EFA structure)

Dimension 1 Dimension 2
Openness to critical thinkin; Reflective questioning
Item [tem [tem Item Item [tem Item Item Item Item Item
1 2 3 4 5 6 7 8 9 10 1
0.54 0.60 0.61 0.78 0.53 0.64 0.65 0.72 0.70 0.68 0.74

In the original version of the Critical Thinking Disposition Scale (CTDS), developed by Sosu (2013), the
Critical Openness dimension consisted of seven items (3, 2, 3, 4, 5, 6, and 7) and Reflective Skepticism
consisted of four items (8, 9, 10, and 11). However, exploratory factor analysis in this sample revealed
that the most coherent and parsimonious configuration grouped five items (1, 2, 3, 4, and 5) in
Openness to Critical Thinking, conceived as the predisposition to remain receptive to new ideas,
evaluate them analytically, and adjust one's beliefs in the face of convincing evidence; and six items (6,
7, 8, 9, 10, and 1) in Reflective Questioning, which involves learning from experience, generating
reflection, critically examining information, and achieving a deep understanding in order to think
critically.

The items were rearranged because two of them corresponding to the original dimension of
Critical Openness had low or cross factor loadings, a phenomenon already reported in international
adaptations such as that of Yang et al. (2016). The decision to relocate items was based on psychometric
and conceptual criteria (Kline, 2023; Brown, 2015), maintaining the original theoretical essence and
optimizing construct validity in the Peruvian university context.

3.4 Confirmatory factor analysis
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Subsequently, a confirmatory factor analysis (CFA) was performed, the results of which made it
possible to verify whether the items were grouped as expected around the proposed dimensions of
critical thinking and to check whether the structure found in the EFA remained consistent.
Figure 3. Confirmatory factor analysis (CFA) model of two dimensions of critical thinking.

Item1 Itemb
/'Item7
Item2 0.56 0,62 v
'\ %
0.59 0.66 —
/ tem
Hem3 @ 069 \ " on—>
s Dim1 DImZ ; 0.7
072/ 3“’ Item9
&
tem4
0.5
/ \‘I:emlo
Item5S
Item11

Note. Standardized factor loadings and correlation between dimensions. Dimi: Openness to critical
thinking; Dim2: Reflective questioning.

The results in Figure 3 show that the items are organized into two clear dimensions: the first groups
items 1 to 5, and the second groups items 6 to 1. Standardized factor loadings ranged from 0.50 to 0.73
for the Openness to Critical Thinking dimension (items 1-5) and from 0.62 to o0.72 for Reflective
Questioning (items 6-11), indicating a consistent association between each item and its respective
dimension. Likewise, a high correlation was identified between both dimensions (r = 0.83, p < 0.01, 95%
CI: 0.81-0.85), which reinforces the theoretical relationship proposed between the components of
critical thinking. Complementarily, a sensitivity analysis was performed in R with the lavaan package
using the DWLS estimator with a polychoric matrix. The results showed that the RMSEA and
incremental fit indices were within acceptable ranges (RMSEA < .06, CFI/TLI = .95, SRMR < .08), all
loadings were significant, and the structure showed stability, reinforcing the robustness of the results.
On the other hand, at a general level, a significant correlation was identified between dimensions 1 and
2 (r = 0.83), which demonstrates the theoretical consistency of the critical thinking model assumed.

3.5 Assessment of factorial invariance
The factorial invariance of the critical thinking scale was evaluated according to gender (male and

female) and academic area (humanities and sciences) in order to assess whether the structure of the
model remains stable between these groups.

3.6 Factor invariance by gender
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The fit indices were high in all the models evaluated, with values above 0.97 in the GFI (Goodness of
Fit Index), AGFI (Adjusted Goodness of Fit Index), NFI (Normed Fit Index), TLI (Tucker-Lewis Index),
and PNFI (Parsimonious Normed Fit Index). Although a slight decrease in values was observed when
adding restrictions, these remained within acceptable ranges (see Figure 4).

Figure 4. Heat map of the fit indices of the gender-invariance factor model

B - - -
0.98
Measurement weights 0.986
0.96
—0.94
Structural covariances 0.986
=0.92
Measurement residuals 0.985
-0.90
& & & P &
G v(.ﬁ < &

Note: The more intense colors indicate higher values of the fit indices at different levels of restriction.
The RMR (Root Mean Square Residual) values ranged from 0.024 to 0.030, indicating a good fit of the
model in males and females, as the differences between what the model predicts and what is observed
are very small. These results are complemented by the comparative values presented in Table A1, which
details the differences between the models evaluated and the changes or variations in the fit indices.

3.7 Factor invariance by academic area

As can be seen in the heat map (Figure 5), all the models evaluated had high overall fit indices, with
values above 0.97 in GFI, AGFI, NFI, TLI, and PNFI. Although the indicators decrease slightly when
more restrictions are applied, the fit remains within ranges considered satisfactory, which supports the
stability of the model at different levels of invariance.

Figure 5. Heat map of the fit indices of the factorial invariance model by academic area
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Note: The more intense colors indicate higher values of the fit indices at different levels of restriction.
The RMR showed a progressive increase as restrictions were added, going from o0.025 in the
configurational model to 0.036 in the residual model. However, all values remained below the
recommended threshold of 0.05, indicating an acceptable fit in each model evaluated. In practical
terms, this means that the scale performs stably among science and arts students.

This information is complemented by the data presented in Table Az of the Appendix, which
summarizes the comparisons between models and the changes in fit indices according to academic
area.

3.7.1 Invariance by gender and academic area

In general, the analyses show that the critical thinking disposition scale retains a consistent factorial
structure when applied to groups differentiated by gender and field of study. The results confirm the
validity of the instrument for making meaningful comparisons between men and women, as well as
between science and arts students. Table 4 presents a general summary of the changes in the fit indices,
showing that, in all cases, the variations were less than 0.01, confirming the metric, scalar, and residual
invariance for both groups analyzed.

Table 4. Summary of changes in fit indices for factor invariance models.

Comparison | ANFI | AIFI | ATLI Conclusion
Gender <0.01 | <0.01 | <0.01 | Invariance accepted
Academic area | <0.01 | <0.01 | <0.01 | Invariance accepted

Note: Changes in ANFI, AIFI, and ATLI remained below o.01 in all cases, indicating factorial stability of
the model, allowing valid comparisons between gender groups and academic areas. Detailed
information is presented in Appendix A (Tables A1 and A2).

3.8 Convergent validity

In order to examine the convergent validity of the critical thinking disposition scale, its scores were
correlated with those of the metacognitive strategies inventory in university students. Positive and
significant correlations were obtained between the global critical thinking scale and the metacognitive
strategies inventory (r = 0.67, p < 0.01, 95% CI: 0.64-0.70), as well as with its two dimensions: Openness
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to critical thinking (r = 0.62, p < 0.01, 95% CI: 0.58-0.65) and Reflective Questioning (r = 0.61, p < 0.01,
95% CI: 0.57-0.65). These results support the convergent validity of the instrument, as they reflect
strong associations with a theoretically related construct.

3.9 Reliability

Before analyzing other properties of the instrument, its reliability was evaluated using two
complementary indicators: Cronbach's alpha and McDonald's omega. In both cases, the results were
satisfactory. Overall, the scale showed adequate internal consistency with high values for both omega
(w = 0.89) and Cronbach's alpha (« = 0.87, 95% CI: 0.86-0.88), indicating good internal consistency.
When looking at the dimensions separately, acceptable coefficients were also obtained: in Openness to
Critical Thinking, Cronbach'’s alpha was 0.75 (95% CI: 0.73-0.77) and McDonald's omega reached the
same value, reflecting acceptable consistency among the items. In Reflective Questioning, reliability
was higher, with an alpha of 0.84 (95% CI: 0.83-0.85) and an omega of the same level. These results
suggest that the items in each dimension are coherently and consistently related to each other. The
values obtained are presented comparatively in Figure 6.

Figure 6. Reliability coefficients of the critical thinking scale
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4. Discussion

The purpose of this study was to adapt the Critical Thinking Disposition Scale (CTDS) for Peruvian
university students, based on the original theoretical framework (Sosu, 2013) and adapting it to the
language and culture of our country. The results obtained establish that the adaptation achieved is
relevant, similar to the original model, and also consists of two dimensions: Openness to critical
thinking and Reflective questioning. Assessing this disposition is important because it helps students
not only analyze what they hear or read, but also know how to decide correctly what to think or how
to act (Ennis, 2005; Facione et al., 1995). In college, fostering these attitudes is very important for their
complete education and to better prepare them for professional challenges (Vendrell, 2024).

An additional contribution of this work was the bibliometric analysis, which allowed us to observe
how critical thinking, initially considered a marginal topic, has become a central theme in higher
education. Although some recent studies reveal differences linked to countries' levels of development
(Hajmasi et al., 2025), there has also been a marked increase in scientific production on this construct
(Castafio et al., 2022). The findings show its connection to core areas such as teaching, curriculum,
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assessment, and pedagogical innovation. At the same time, emerging lines of research are linked to
digital technology and artificial intelligence, such as the use of ChatGPT in English language teaching
to promote critical thinking (Liang, 2024), or to autonomous and virtual learning environments
involving metacognition and distance education. Today, with so many changes and innovations in
education, it is necessary to use instruments that are adjusted to the cultural reality. In this sense,
adapting the CTDS to the Peruvian context is a fundamental step, especially since it has already shown
good results in recent studies (Martinez-Huaman et al., 2025).

Exploratory factor analysis showed that the most coherent way to organize the scale was to leave
five items in the Openness to Critical Thinking dimension and six in Reflective Questioning. Although
this does not exactly match the original version, which had seven in the first and four in the second,
the change helped the scale work better and be more consistent in our context, without losing its
original meaning (Kline, 2023; Lopes et al., 2021). Changes like this are common when adapting a scale
to another culture, because the aim is to maintain its original meaning while ensuring that it works
well in measurements (AERA, APA, & NCME, 2014); Hambleton et al., 2004; Muiiiz et al., 2013).

The change in the names of the dimensions was intended to use clearer language that is closer to
reality, so that students can understand the scale without difficulty. This decision is in line with
international recommendations for the cultural adaptation of psychometric instruments (Hambleton
et al., 2004; Muiiz et al., 2013), which indicate that terminology should be adjusted as long as the
original meaning of the categories is preserved. When done carefully, these types of modifications not
only maintain the validity of the construct but also make it easier for those being evaluated to interpret
the items. It should be remembered that the disposition toward critical thinking can be influenced by
cultural and educational context, so international comparisons should be made with caution. Similar
experiences have been reported in recent studies of critical thinking scales in Latin America, where
clear language has led to more consistent responses and greater acceptance of the tool (Salviejo et al.,
2024). In the case of Peru, the adaptation developed by Martinez-Huamadn et al. (2025) shows that this
procedure is essential to maintain the psychometric value of the CTDS in adolescent populations and
indicates that it can be used at different educational levels.

Content validity was verified by ten experts, who checked that each item was clear, appropriate,
and accurately represented the theoretical dimensions. This process followed methodologies widely
recognized in the literature (Maldonado-Sudrez & Santoyo-Telles, 2024). For its part, confirmatory
factor analysis supported the adjusted two-dimensional structure, showing satisfactory fit indices and
in line with what other studies have found that have adapted critical thinking instruments in speech
contexts (Bravo et al., 2020; Martinez-Huaman et al., 2025; Bakhtiari-Dovvombaygi et al., 2024).
Similarly, convergent validity was supported by significant correlations with the Metacognitive
Strategies Inventory validated in the university population of Peru (Arias et al., 2025). This coincides
with what Pintrich (2002) and Flavell (1979) had already pointed out about the strong relationship
between self-regulation, reflection, and critical thinking. This evidence corroborates the robustness of
the model and its applicability in educational research, as well as for institutional diagnostics. Similarly,
the reliability coefficients obtained (a = 0.87; w = 0.89) demonstrate the internal stability of the
instrument. These results are consistent with international adaptations of the CTDS (Nguyen et al.,
2023; Bakhtiari-Dovvombaygi et al., 2024), confirming that the scale also performs consistently in the
Peruvian university context.

In the comparison by gender and field of study, the multigroup analysis showed that the factor
structure and meaning of the items were stable across all groups. This coincides with international
findings that highlight the consistency of critical dispositions in diverse university populations (Orhan,
2023; Payan-Carreira, 2022). However, a joint analysis of gender and area was avoided to prevent loss
of statistical power, given the lower representation in one of the subgroups. Likewise, according to Liu
and Pasztor (2022), no evidence was found that gender and area of specialization influence the
development of critical thinking dispositions. Therefore, the adapted CTDS is useful for assessing the
level of critical thinking in different contexts, areas of specialization, and genders, and for evaluating
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whether educational programs stimulate this disposition.

The results are similar to studies conducted in other countries. In the Philippines, Salviejo et al.
(2024) showed that qualities such as open-mindedness and perseverance, central elements of critical
thinking disposition, are directly related to better performance in mathematics. Also in that country,
Bastida (2024) analyzed how interaction on social media can enhance this disposition, highlighting the
value of developing information skills in students. In China, Liu (2023) found that critical disposition
not only has a direct influence, but also improves academic performance mediated by self-efficacy,
evidencing a large indirect effect of magnitude. Complementarily, Lansangan and Orleans (2024)
identified that, among Filipino students, openness to new ideas is the most frequent characteristic of
critical thinking, especially in practical aspects such as science lab classes. On the other hand, Alvarez-
Huerta et al. (2022), in a study conducted in Spain, found that university students with a disposition
for critical thinking demonstrate a predisposition to be open to new ideas and to perceive themselves
as having a stronger creative self-concept. Finally, Bakhtiari-Dovvombaygi et al. (2024) confirmed in
Iran that the two-dimensional structure of the Critical Thinking Disposition Scale (CTDS) remains
consistent among nursing students, confirming that it is also valid in cultures other than the original
one.

Students from various academic schools participated in this study, in sufficient numbers to lend
strength to the conclusions. This variety enriched the data and allowed for more representative results.
Another relevant point was the use of a multigroup comparison analysis, which is not very common in
validation studies, along with careful linguistic adaptation and review of each item by experts to ensure
clarity and relevance. Even so, the fact that the sample focused solely on university students limits the
possibility of generalizing the results to other educational or institutional levels. Attitudes toward
critical thinking do not develop in a vacuum: they can be influenced by cultural, pedagogical, and social
factors that vary by region and type of institution. Therefore, it would be valuable for future studies to
include larger and more diverse samples to explore the stability of the instrument in different contexts.
Furthermore, as this is a cross-sectional study, it is not possible to see how these dispositions change
over time or to establish cause-and-effect relationships. Conducting longitudinal studies in different
contexts would allow for a better understanding of these processes and reinforce the external validity
of the scale, thus expanding its application in various educational settings.

This study provides valuable insights for teaching. More than just confirming that the scale is
valid and reliable, its results encourage us to look at education from another perspective. Having an
instrument that allows us to measure critical thinking disposition in a clear and contextualized way
opens the door to improving how we teach and how our students learn. This information is not limited
to numbers: it can be used to plan classes that promote reflection, in-depth analysis, and meaningful
debate, as well as to strengthen teacher training. As Halpern (1998) and Perkins et al. (1993) rightly
point out, teaching critical thinking is not limited to transmitting techniques or strategies. It involves
creating spaces where students can dare to question, establish relationships between ideas, debate, and
defend their own positions. From this perspective, the validated scale is not only a methodological
contribution, but also a practical tool for strengthening more reflective and meaningful educational
experiences.

In the future, it would be useful to adapt and apply this scale to secondary school students to
detect their readiness for critical thinking early on and see how it relates to their academic
performance, information management, and community participation. It would also be useful to assess
whether these dispositions change after implementing specific educational programs. Similarly,
conducting comparative studies between different regions of Peru and with countries that speak
different languages would help to better understand which aspects of the construct are universal and
which respond to cultural particularities, thus strengthening its theoretical basis and its use in different
educational realities.
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5. Conclusions

The adaptation of the Critical Thinking Disposition Scale confirmed that it is possible to have a brief
and reliable tool to assess this competency in the Peruvian university context. The process required
careful adjustments: reorganizing the items involved analyzing how well they fit with the way our
students understand and experience critical thinking. The result was a two-dimensional structure that
preserves the essence of the original model but is more clearly interpreted in our reality. The analyses
demonstrated consistency and stability, even when comparing groups by gender and academic area,
which gives confidence in its widespread use. Furthermore, the correlation with self-regulation and
reflection offers evidence of convergent validity and reminds us that critical thinking is not limited to
applying logic, but requires a willingness to question and learn. This finding reinforces the usefulness
of the CTDS scale not only as a research tool but also as a practical resource for universities interested
in diagnosing and strengthening this capacity in their students, and paves the way for future
applications at other levels and in other contexts.
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Appendix A. Technical details of factorial invariance analysis
A.1. Comparison of models by gender
Table A1. Comparative analysis of factorial invariance by gender

Comparison of Models DF CMIN p ANFI AIFI ARFI ATLI
Metric and Configural 9 5.917 0.001 0.001 0.001 0.000 0.000
Scale and Configural 12 6.860 0.002 0.002 0.002 0.000 0.000
Residual and Configural 23 12.426 0.003 0.003 0.003 0.000 0.000
Scalar and Metric 3 0.943 0.000 0.000 0.000 0.000 0.000
Residual and Metric 14 6,508 0.002 0.002 0.002 0.000 0.000
Residual and Scalar u 5.566 0.001 0.001 0.001 0.000 0.000

Note: The differences in the fit indices are minimal, which supports factor invariance between genders.
Although significant differences are evident in the invariance models, the changes in the ANFI, AIFI,
ARFI, and ATLI indices were less than o.o1 in all cases, suggesting that the model maintains an
equivalent factor structure between men and women.
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A.1. Comparison of models by academic area
Table A2. Comparative analysis of factor invariance by academic area
Comparison of Models DF CMIN p ANFI AIFI ARFI ATLI
Metric and Configural 9 13.545 0.003 0.003 0.003 0.002 0.002
Scalar and Configural 12 28.759 0.007 0.007 0.007 0.006 0.006
Residual and Configural | 23 34.214 0.008 0.008 0.008 0.005 0.005
Scalar and Metric 3 15.215 0.004 0.004 0.004 0.004 0.004
Residual and Metric 14 20.669 0.005 0.005 0.005 0.003 0.003
Residual and Scalar 1 5.454 0.001 0.001 0.001 -0.001 -0.001

Note. The differences in the indices are very small (A < o.01), which gives consistency and stability to
the factor invariance model, confirming metric, scalar, and residual invariance between academic
areas. This suggests that the model maintains a consistent structure between groups, allowing not only
the relationships between factors to be compared, but also the latent means with confidence.
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