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Critical thinking (CT), a higher-order cognitive skill, has gained urgency amid AI advancements.
Despite its recognized importance, cross-cultural assessments of critical thinking disposition
(CTD) remain scarce, particularly comparisons between non-Western and Western educational
contexts. This study addressed this gap by comparing CTD between Hungarian (N = 1090) and
Chinese (N = 1535) undergraduates using Confirmative Factor Analysis (CFA), Measurement
Invariance (MI), Item Response Theory, Differential Item Functioning (DIF) and descriptive sta-
tistics. Results revealed distinct correlation patterns: Hungarians exhibited strong inter-
correlations among self-efficacy, instant judgment, and habitual truth-digging (all p-values <
0.001), whereas Chinese students showed no self-efficacy—habitual truth-digging link (p > .05).
MI analysis indicated the acceptable configural and metric model (CFI and TLI > 0.90, SRMR <
0.08, and RMSEA < 0.10), but failing to achieve the scalar MI requirement (ACFI > 0.01),
partially attributable to DIF in specific items, specializing in habitual truth-digging (favoring
Hungarian respondents), self-efficacy (favoring Chinese respondents), and mixed pattern for
instant judgment. These findings challenge the assumption of CTD universality, suggesting that
cultural-educational systems (e.g., Hungary’s interdisciplinary focus vs. China’s rote-innovation
blend) may drive divergent CTD development, underscoring the need for context-specific peda-
gogical interventions.

1. Introduction

1.1. Framework of critical thinking

The modern concept of critical thinking (CT) was defined in the Delphi Report (Facione, 1990) as the deliberate and self-regulating
judgment that resulted in interpretation, analysis, evaluation, and inference, as well as an explanation of the evidentiary, conceptual,
methodological, criteriological, or contextual factors that underpinned that judgment, which was quite abstract and complex for
educational practice. Accordingly, the concrete CT framework was developed for its assessment.

As shown in Fig. 1, the development of the CT framework went through three stages (a, b, and c). The framework expanded as
society evolved, necessitating increasingly complex characteristics of competence for students to adapt to the new circumstances. The
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first phase, shown in Fig. 1 as section (a), began in the mid-to-late twentieth century (the 1960s to 1980s) when CT was uniquely
viewed as equal to critical thinking skills (CTS), meaning, CTS established the whole CT framework at the time (Lewis & Smith, 1993).

The second phase, section (b) in Fig. 1, updating from the first single-factor CT framework into a two-dimensional structure, laid a
solid foundation for almost all of the following frameworks. This phase began in the 1990s and ended in the 2010s with the publication
of the Delphi Report (Facione, 1990). CTS was related to cognitive skills while CTD was more connected to the tendency, inclination, or
habit of thinking critically (R.H. Ennis, 1996). Furthermore, CTS and CTD were placed on opposite sides of the balance, and the weight
of CTS was greater than that of CTD, the evidence of which was based on a review of literature showing that researchers thought CTS
was more important than CTD, and they preferred doing research on CTS (Bravo et al., 2020; Quinn et al., 2020; Sosu, 2013). Despite
receiving CTS, they are unlikely to be implemented in the absence of CTD (Valenzuela et al., 2011). It may be argued that, even though
CTD was interwoven within the CT framework throughout this time period, indicating its value, researchers still preferred CTS.

In addition, during the second phase, the PSs were removed from CT. Thus, with the openness and acceptance of the debates from
all researchers, the third period, section (c) beginning in the 2020s. As a consequence, based on the two-dimensional structure, the
framework for the third period was conceptually developed, incorporating PSs and instructional intervention perspectives into the
model (Liu & Pasztor, 2022a). As noted, CTS and CTD were positioned at the bottom of the recycling triangle model, with PSs at the
top, indicating that CTS and CTD were the primary inputs for CT development and PSs were the output genuine capacity to solve
practical everyday life challenges. As each ability increases, more talents emerge as a result of positive recycling. Meanwhile, effective
instructional interventions may be implemented in each step to improve the culture of each component, which will be considered as a

dynamic recycling CT cultivation framework (Liu & Pasztor, 2022b).

1.2. Framework of critical thinking disposition

As the attitudinal disposition had been included in the concept of CT by Dewey (1910), CTD was also brought into the CT
framework as aforementioned at almost the same time. However, this preliminary “CTD framework” only emphasized the disposition
of analyzing problems within one’s experience (Dewey, 1910) as a certain concept without any assessments for practice.

On the inspiration of this concept, the quite fundamental and vital CTD framework was put forward in the Delphi Report with 19
sub-dimensions. They were the disposition of prudence in judgments, persistence in difficulties, attention on concerns, reasonableness
in criteria, working with complexity, clarity in statements, views revision, diligence in judgments, honesty in facing biases, fair-
mindedness, flexibility in alternatives, understanding opinions, self-confidence, trust in reasoned inquiry, precision, alertness to use
CT, open-mindedness, well-informed judgments, and inquisitiveness (Facione, 1990). Later on, this 19-factor framework was induced
into seven general categories with the creation of the California Critical Thinking Disposition Inventory (CCTDI; Facione & Facione,
1992), which were the basis and reference of almost all the following CTD frameworks. The contents comprised analyticity, inquis-
itiveness, systematicity, open-mindedness, truth-digging, self-confidence, and maturity. With the development of CTD research, some
additional taxonomies of CTD (e.g., R.H. Ennis, 1996; Halonen, 1995; Halpern, 1998; Perkins et al., 1993) were unfolded but were not

developed as frameworks into instruments for assessments.
In addition, some later frameworks adapted that of CCTDI. For example, Yoon (2004) condensed and renamed the CCTDI
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framework into 27 measures that fall into seven categories: intellectual curiosity, systematicity, prudence, objectivity, self-confidence,
healthy skepticism, and intellectual fairness; Sosu (2013) used previous research to shorten and unify the seven factors into two di-
mensions (critical openness and reflective skepticism), with a total of 11 items, whereas the model fit of a one-factor model appeared
better than this two-factor model (Bravo et al., 2020; Yockey, 2016); and Quinn et al. (2020) integrated the intelligence from teachers
and students instead of just previous literature, setting up a CTD framework with open-mindedness, reflection, attentiveness, orga-
nization, intrinsic goal motivation, and perseverance.

However, these frameworks were built with the supports from literature, teachers, and students, without the perspectives of the
workforce. As undergraduate students are the fresh blood for the energy of the workforce, and there is a competence gap between the
outcome of university students and the need of the job market, a CTD framework with the need of the workforce is essential. Liu and
Pasztor (2022a), with the inspiration of previous studies, built a three-factor CTD framework under their designed
Employ-Employee-Supported Critical Thinking Disposition Inventory (2ES-CTDI) from the intelligence of both educators and students,
and employees and employers. As it is the newest and covered most of the angles, this study will adopt it as the assessment instrument.

This framework comprised the disposition of self-efficacy, instant judgment, and habitual truth-digging. As described in Liu and
Pasztor (2023), self-efficacy is a disposition that reflects students’ intrinsic motivation: self-confidence, self-regulation, persistence,
diligence, and maturity, which are connected to individual views about one’s ability to control motivation, cognitive abilities, and
behaviors (Bandura & Jourden, 1991). The extrinsic perception in the instant judgment is represented by using fairness, systematicity,
and open-mindedness to assess the statement swiftly and accurately—that is, to make rapid judgements. This capacity to make rapid
judgements may be handed on to educators as a safe bet when measuring critical thinking (Leslie & Moilanen, 2010). The tendency to
utilize CTS to seek truth avidly and ask questions objectively, for example, to think step by step, examine with evidence, assess ideas,
and so on, is referred to as habitual truth-digging (Facione et al., 1997).

1.3. CTD assessments in and between Hungary and China

The selection of China and Hungary as comparative cases is motivated by their contrasting educational philosophies, cultural
values, and limited representation in existing CT research. Chinese education, shaped by Confucian traditions, has historically
emphasized rote learning and examination success, though recent reforms aim to foster creativity and critical thinking (Xie et al.,
2025). In contrast, Hungarian education, influenced by Western pedagogical theories, prioritizes student-centered learning and in-
dependent reasoning (Fischer-Dardai & Kaposi, 2021). These differences provide a theoretically rich context for examining whether CT
is culturally universal or context dependent. Additionally, few studies have rigorously tested CT measurement invariance across
non-Western and Central European samples, making this comparison empirically novel.

CT gained interest in Hungary in the late 1990s with the practice of the Reading and Writing for Critical Thinking program (RWCT;
Klooster et al., 2001). However, only materials for teaching in schools were prepared in this program (Bardossy et al., 2002) without
any practical assessments. Later, an assessment on CTS was conducted for 7th and 11th-grade students showing poor performance of it
(Molnar, 2002). Other CT related researches were followed regarding critical reading (Toth, 2007), instructors’ perceptions on CT
instructions (Fabian, 2014; Kaposi, 2020), and domain-specific CTS assessment of history (Ersek, 2020). Besides, Hungary also
participated in the Organisation for Economic Cooperation and Development- Centre for Educational Research and Innovation
(OECD-CERI) project, in which, the CT learning disposition was assessed, demonstrating that Hungarian students had one of the
highest self-evaluations of CT among the participating countries (Vincent-Lancrin et al., 2019). To sum up, currently, CTS have been
introduced and conducted relatively widely in Hungary, only learning CTD was assessed by OECD, and these assessments were almost
for primary and secondary school students, which indicates that there is a dearth of CTD assessments in Hungary, especially in higher
education.

The concept of CT was introduced in China in the late 1980s while the first Chinese version of CTD assessment, the CCTDI, was
translated and adapted in 2001, confirming its basic suitability for Chinese undergraduates and making a comparison between Chinese
and American undergraduates that Chinese undergraduates’ CTD was lower (Luo & Yang, 2001). However, in view of the lack of
localization with cultural issues, another Chinese version of CCTDI (CCTDI-CV) was adapted showing the lower level of digging-truth
and systematicity than other dimensions (Peng et al., 2004). Despite its preliminary target was for undergraduates in nursing, even
currently, it was widely used in China for most fields. On its popularity, the CTD results regarding nursing undergraduates were
blossomed. For example, Yeh and Chen (2003) compared the nursing undergraduates’ CTD between China and America, and it showed
that six out of seven domains of Chinese students’ CTD were lower except inquisitiveness. The same tendency can also be found in the
study of a comparison between Chinese and Australian nursing students (Tiwari et al., 2003), and between Chinese and American
physical normal students (McBride et al., 2002). However, as reviewed by Fan and See (2022), no difference was found between
Chinese and American undergraduates in CTD (Dennett, 2014; Dennett & DeDonno, 2021). Meanwhile, a study on China, Japan, and
Samoa produced mixed results (Petrini & Kawashima, 2003). Specifically, this study found a difference between Japanese and Chinese
undergraduates in CTD, but no difference between Chinese and Samoan undergraduates. More details from the study showed that
Chinese undergraduates scored higher than Japanese undergraduates in overall CTD, as well as in the CTD subdimensions of sys-
tematicity, analyticity, and self-confidence. In contrast, Chinese undergraduates scored lower than Japanese undergraduates in the
CTD subdimensions of digging truth, open-mindedness, inquisitiveness, and maturity.

2. Research gaps, aims and questions

Despite advancements in CT research, CTD remains understudied relative to CTS, despite its foundational role in activating and
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sustaining skill development. While CTD frameworks have evolved through abstract conceptualization, validated tool development (e.
g., CCTDI), and multi-stakeholder refinement, cross-national assessments of CTD—particularly between culturally distinct regions like
Hungary and China—are scarce. Existing studies often neglect measurement invariance (MI) testing, risking culturally biased in-
terpretations of CTD structures and scores. Furthermore, Hungary lacks systematic CTD evaluation, while China’s localized assess-
ments suffer from inconsistent methodologies and limited cross-cultural validation. These gaps hinder a comprehensive understanding
of how CTD manifests across diverse educational systems and cultural contexts.

This study aims to address the aforementioned gaps by (1) validating the structural fit of the CTD framework in Hungarian and
Chinese undergraduate samples, (2) testing MI to ensure cross-cultural comparability of CTD assessments and comparing overall and
latent CTD mean differences between the two countries, (3) evaluating the extent to which the assessment tool endorses students’ CTD
across contexts and identifying country-specific CTD characteristics. By prioritizing CTD—a neglected yet essential component of
CT—this research seeks to establish a culturally robust foundation for future cross-national CT studies and pedagogical interventions.

To achieve these objectives, the following research questions (RQs) guide the analysis:

RQ 1: Does the CTD framework demonstrate acceptable model fit for Hungarian and Chinese undergraduate samples?

RQ 2: To what extent does the 2ES-CTDI scale demonstrate measurement invariance (configural, metric, scalar) across Hungarian
and Chinese samples, and how do overall and latent mean scores of CTD differ between the two countries?

RQ 3: How does the 2ES-CTDI assessment tool endorse students' critical thinking dispositions (CTD) in Hungarian versus Chinese
cultural contexts, and what distinct CTD characteristics emerge among undergraduates in the two countries?

3. Methods
3.1. Research design

Based on the research aims and questions, this study will be conducted (see Fig. 2) with the data collected from both Hungary (HU)
and China (CN). After the administration of these datasets, the single-group confirmative factor analysis (CFA) of Hungarian and
Chinese samples will be checked to ensure the goodness of model fit for the further analysis. If each CFA model cannot be achieved, the
study should be stopped. Oppositely, if the model fit can be acceptable, the measurement invariance (MI) should be adopted to explore
the equality of the reflection of students on the used scale for the two countries. If MI cannot be established, the comparisons can be
made just regarding the test endorsement and students’ characteristics of each country separately, including the test and item suit-
ability and students’ ability of each country. However, if MI can be achieved, not only the overall and latent mean of each component
can be compared, but also the test endorsement and students’ characteristics of each country can be explored.

3.2. Data collection

3.2.1. Ethical approvals
The data collection consent of this study was approved by the university research committee (Approval committee: The

Research Design

Data Collection Data Analysis

| Hungary | | China | Single-Group
CFA
Y‘c% \\IAO
| Measurement Invariance | Cannot Compare
Anything
Yes No
Overall and Latent Test Endorsement
Mean Comparison Comparison
Students’
Characteristics
Comparison

Fig. 2. The flow of research design of this study.
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Institutional Review Board of the Doctoral School of Education, University of Szeged. Ethical approval number: 11/2021). All par-
ticipants in this study agreed to participate voluntarily and anonymously, and the data collected from them were only used for
research.

3.2.2. Participants

Table 1 demonstrates all the information of demographic characteristics of sample. The data collection in China was conducted
between the end of May and the beginning of June 2022, and that in Hungary was carried out between the end of August and the
beginning of September 2022. Participants were recruited via stratified convenience sampling from one university in Hungary
(University of X), a comprehensive public institution with strong emphasis on interdisciplinary education and critical thinking
development. Similarly, all Chinese participants were enrolled at four universities in Chongqing, China (University of A, B, C, and D).
These universities represent a mix of research-intensive, teacher-training, and medical institutions in a major urban center of
southwest China. Recruitment occurred through departmental announcements, academic advisors, and course instructors. These
procedures were all manipulated via the online questionnaire. The total samples of this study were 2625 undergraduate students from
Hungary and China, including 1090 Hungarian undergraduate students (Mean Age = 19.52, SD = 1.795) with 477 males (Mean Age =
19.61, SD = 1.833) and 613 females (Mean Age = 19.45, SD = 1.763), and 1535 Chinese undergraduate students (Mean Age = 20.89,
SD = 1.425) with 397 males (Mean Age = 20.82, SD = 1.728) and 1138 females (Mean Age = 20.92, SD = 1.302). Students from both
countries were specializing in various disciplines, such as social sciences and arts, natural sciences, medicine, and others. Inclusion
criteria required participants to be enrolled as undergraduate students, and fluent in the survey language. Exclusion criteria included
exchange students, prior participation in critical thinking training, or incomplete questionnaire responses.

3.2.3. Instrument

The instrument adopted in this study was the Employ-Employee-Supported Critical Thinking Disposition Inventory (2ES-CTDI)
which decreased the gap between the outcomes of schools and expectations of the workforce regarding undergraduate students’ CTD.
2ES-CTDI is a seven-point Likert scale (from strongly disagree to strongly agree) with 19 items distributed in three domains: self-
efficacy (five items), instant judgment (three items), and habitual truth-digging (11 items).

The original 2ES-CTDI was used in the Chinese context with a good reliability and validity (Liu & Pasztor, 2022a), and the vali-
dation in the Hungarian context was also done recently to confirm that this tool was also reliable and valid for assessing Hungarian
undergraduate students’ CTD (Liu et al., 2026). However, for broad and international use, it has been published in the English version
(Liu & Pasztor, 2022a). The Hungarian version this study adopted was translated from the English version. The forward-and-back
translation approach was carried out for its accuracy (O'Donald & Calia, 2025). Four experts in English-Hungarian translation
participated in this procedure, in which two were set as the forward translation from English to Hungarian, and then, two did the back
translation from Hungarian to English. Then, the consistency of the English version after this procedure was checked to ensure the
adequacy of the translation so that Hungarian students can understand the contents and expressions well.

The reliability and validity of this scale in this study were shown in Table 2, in which, it can be concluded that 2ES-CTDI was also
reliable (Cronbach’s alpha > 0.70) and valid (CFI and TLI > 0.90, SRMR < 0.08, and RMSEA < 0.10) in this study for further analysis.

3.3. Data analysis

3.3.1. Model fit of each single group

CFA, a facet of structural equation modelling, was adopted to ensure the model fit of the expected construct. The suitability of the
model can be investigated with the acceptance criteria of y2/df < 5 (Marsh & Hocevar, 1985), CFI and TLI > 0.90, and SRMR < 0.08
(Hu & Bentler, 1999), and RMSEA < 0.08 is considered good fit, 0.08 < RMSEA < 0.10 shows adequate fit, and RMSEA > 0.10 depicts
poor fit (Kenny et al., 2015). In addition, chi-square is sample size sensitive (Babyak & Green, 2010), and the estimator utilized in this

Table 1
Demographic Characteristics of the Sample.
Characteristic Hungarian Sample (N = 1090) Chinese Sample (N = 1535)
Mean Age (Years) 19.52 (SD=1.795) 20.89 (SD=1.425)
Gender Distribution
Males 477 (Mean Age=19.61, SD=1.833) (Mean Age=20.82, SD=1.728)
Females 613 (Mean Age=19.45, SD=1.763) 1138 (Mean Age=20.92, SD=1.302)
Field of Study
Social Sciences and Included Included
Arts
Natural Sciences Included Included
Medicine Included Included
Others Included Included
Recruitment Period End of May — Beginning of June 2022  End of August — Beginning of September 2022
Recruitment Stratified convenience sampling from  Recruited from four universities in Chongqing (University A, B, C, and D) via departmental
Method University of X announcements, academic advisors, and course instructors
Inclusion Criteria Enrolled as undergraduate students, fluent in survey language
Exclusion Criteria Exchange students, prior participation in critical thinking training, incomplete questionnaire responses
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Table 2
Reliability and validity of 2ES-CTDI in this study for HU and CN.
N Reliability $ df CFI TLI RMSEA SRMR
HU 1090 .784 921.167%** 149 .921 .909 0.069 0.044
CN 1535 .834 2029.220%** 149 .928 917 0.091 0.045

Notes: ***p < .001, CI = 95 %; ¥ = chi square; df = degree of freedom; CFI = Comparative Fit Index (Bentler, 1990); TLI = Tucker-Lewis index
(Tucker & Lewis, 1973); RMSEA = Root Mean Square Error of the Approximation (Steiger, 1990); SRMR = Standardized Root Mean Square Residual
(Bentler, 1995).

investigation was weighted least square mean and variance adjusted (WLSMV; Muthén, 1984). The WLSMV is a trustworthy estimator
that does not need normally distributed variables and is appropriate for modeling categorical or ordered data (Brown, 2015; Proitsi
et al., 2011), therefore chi-square comparison will not function under WLSMYV estimation. As a result, chi-square, and its ratio with df
will not be included as criteria in this study.

3.3.2. Measurement invariance and latent mean comparison

MI, the prerequisite of latent mean comparisons (Joreskog & Goldberger, 1975; Sorbom, 1974), is a method for determining if there
is a substantial difference between groups, settings, and time series in the connections between their latent variables and scale-based
indicators (Xu, 2018). MI tests must be performed in the following order: configural (baseline), metric (weak), scalar (strong), and
strict invariance models (Chen, 2008; Sorrel et al., 2021). In regard to the estimator used for CFA, the analysis approach of the MI
model comparison this study adopted was still the estimator of WLSMV.

Since the sample sizes in this study for both countries are large, more stable values will be adopted additionally to avoid the bias
caused by the sample size. These values are the differences of CFI, RMSEA, and SRMR (ACFI, ARMSEA, and ASRMR). The cut points are
ACFI < 0.01, ARMSEA < 0.015, and ASRMR < 0.03 for the metric invariance model, and ACFI < 0.01, ARMSEA < 0.015, and ASRMR
< 0.01 for scalar and strict invariance models (Chen, 2007).

3.3.3. Test endorsement and construct characteristics identification
The test endorsement in this study consists of the exploration on the suitability of the difficulty of the scale coordinated with the
ability of students, the item characteristics of the whole scale, and these issues in each dimension. To achieve this goal, the single- and
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multi-dimensional partial credit models (PCM; Masters, 1982) of Rasch analysis based on item response theory (IRT) will be employed.

The infit MNSQ provides an evaluation of the sensitivity of people's reaction patterns. While the MNSQ outfit represents the ex-
amination of the sensibility of the response with difficulty away from people. Although MNSQs are more dependent on sample size, it is
effective for measurements in the 0.5 to 1.5 range (Linacre, 2002). Besides, some strict cut points can also be seen, such as 0.7 to 1.3
(Mok et al., 2006; Zhu & Cole, 1996) and 0.8 to 1.4 (Wolfe & Chiu, 1999). To be more accurate, this study will adopt the strictest one.
Discriminations with a value > 0.4 are considered acceptable, whereas those with a value greater than 0.2 are considered borderline
(Ebel, 1954).

The identification of constructs’ characteristics of students will be analyzed by unidimensional and multi-dimensional PCM ana-
lyses for students’ CTD characteristics in the whole construct and its sub-dimensions. In addition, the dispositional features were
explored by the descriptive percentage of frequency of item options to show the preference on negative or positive sides of CTD, and a
simple t-test will also be deployed to demonstrate the statistical difference of means of each item between two countries.

To examine potential measurement bias across cultural groups, the Differential Item Functioning (DIF) analysis was conducted
using logistic regression models (Magis et al., 2012). Uniform DIF was tested by comparing nested models with and without group
membership, while non-uniform DIF was evaluated by including an interaction term between group and ability. Items were flagged for
DIF if the group effect reached statistical significance (p < .05) and the effect size (McFadden's pseudo R?) exceeded 0.02. Items with
effect sizes > 0.10 were classified as exhibiting severe DIF, warranting special attention in cross-cultural interpretation. The Chinese
sample was specified as the reference group (coded 2), and the Hungarian sample as the focal group (coded 1). The resulting odds
ratios (OR) indicate the relative likelihood of Hungarian students endorsing a higher response category compared to Chinese students
of equal ability level. An OR > 1 indicates the item favors Hungarian respondents, while an OR < 1 indicates it favors Chinese
respondents.

4. Results
4.1. Model fit of each group

The model fit of each group (Cronbach’s alpha > 0.70, CFI and TLI > 0.90, SRMR < 0.08, and RMSEA < 0.10) indicates an
acceptable model construction for both HU and CN, which sets a robust basis for the exploration of the MI between them. In addition,
Fig. 3 showed the correlations among each sub-domain of CTD and factor loadings of each item to the latent variables of both countries
generated from CFA. Based on CFA models of two countries, the significantly positive correlations among each component of CTD (a:
self-efficacy; b: instant judgment; c: habitual truth-digging; ***p< .001) for Hungarian undergraduates could be seen (all p-values <
0.001), whereas those for Chinese, it seemed that there was no correlative path between a and ¢ (p > .05), whereas b positively
correlated with ¢ and a positively correlated with b (both p-values < 0.001), indicating that for Hungarians, all factors of CTD influence
each other actively in this positive cycle, while for Chinese, the opposite interaction exists in the relationship between self-efficacy and
habitual truth-digging, and self-efficacy may interact with habitual truth-digging via instant judgment, which may arouse the interest
to explore the mediating role of instant judgment in further study. Besides, the factor loadings of item C5 for Hungarian samples
seemed lower, which leads the deeper analysis of this item later.

4.2. Measurement invariance across each country

On the basis of the established single-group CFA models of both countries, the check on MI between HU and CN starts. Table 3
showed the comparisons by nation among configural and metric models. It can be concluded that the configural and metric MI models
could be achieved with acceptable model fits (CFI and TLI > 0.90, SRMR < 0.08, and RMSEA < 0.10). Despite the ignorance of the
significance of chi-squares comparisons because of its sensitivity of sample size, the MI requirements cannot be fully achieved. The part
of the differences between configural and metric models are within the criteria (ARMSEA < 0.015 and ASRMR < 0.03), but the
distance between the CFIs of both models is out of the required range (ACFI < 0.01). These results demonstrated that undergraduates
from HU and CN may reflect the construct of the scale differently despite the existence of the acceptable reliability and validity, and
some distinctions behind may exist and need to be explored, such as the cultural issues, the degree of the CTD instructional devel-
opment, the maturity of the CTD assessment, and so on. Thus, the comparison of the overall CTD and their latent means between both
countries cannot be conducted without the at-least partial scalar invariance model.

In addition to the MI analysis, a partial MI analysis was conducted to identify specific items that may contribute to the lack of full
ML The partial scalar model allowed for certain item intercepts to vary freely between the two groups while constraining others to be
equal.

Table 3
Comparisons by nation among configural and metric models.
Model ¥ (ar) df CFI TLI RMSEA SRMR ACFI ARMSEA ASRMR
a. Configural 2944.72%** 298 1932 922 .082 .044
b. Metric 3437.31%** 314 910 .900 .087 .053
aVSb 419.28*** 16 .022 .005 .009

Notes: ***p < .001, CI = 95 %.
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Partial scalar analysis revealed that while the full scalar MI model could not be achieved, several items demonstrated strong
measurement invariance. Specifically, items related to self-efficacy (e.g., A1, A2, A3) and instant judgment (e.g., B1, B2) showed
consistent factor loadings and intercepts across the two groups, indicating that these items function well in both cultural contexts.
However, certain items within the habitual truth-digging domain (e.g., C5, C11) exhibited significant differences in intercepts, sug-
gesting that these items may not perform equally well in both samples.

The partial MI model fit statistics indicated an improvement over the configural and metric models, with a decrease in chi-square
values and an increase in CFI and TLI values. Specifically, the partial scalar MI model yielded a chi-square value of 1563.420 (df = 318,
p < .001), a CFI of 0.898, and a TLI of 0.890. Although these values do not meet the stringent criteria for full MI, they suggest that
partial MI can be achieved by allowing certain item intercepts to vary.

4.3. Test endorsement and construct characteristics within each country

To figure out the endorsement of the inventory, Fig. 4 showed the comparison of relationships between students’ ability and ex-
pected score, in which, with the increase of students’ ability level, the expected scores increased, indicating the scale can reflect the
students’ CTD level exactly with higher ability level students obtaining higher expected scores.

Besides, Fig. 5 depicted the degree of information provided by the scale with students’ ability, in which, the most information the
scale can provide was for the ability level around —2 students for both countries, indicating this scale is more suitable for students with
lower-average level and this inventory may be a little easier for students.

Digging into the endorsement of items (see details in Appendix, Table S1), all the infit and outfit MNSQs for both countries were
within the strictly productive range of 0.8 to 1.4 (Wolfe & Chiu, 1999), showing the sensibility of the participants’ reflection and items’
difficulty was not fluctuated largely, and the items were dependable. Although the discriminations of items for Chinese samples were
acceptable, that of one of the items (C5) in Hungarian samples was not good enough with the value of 0.18, indicating this item cannot
differentiate the students’ CTD level. If the assessment is a test, this low discrimination cannot be allowed. However, the assessment in
this study was an inventory used to collect the disposition. The same tendency of students can also provide valuable information on
students’ CTD characteristics. For item C5 “I prefer raising doubts while others are in a calm mood”, most students chose “slightly
agree”, proving that they may be consistent with this statement for questioning while others were calm.

Besides, to combine the characteristics of items and participants together, in Fig. 6, the item-person map can show both the
overview and the detailed information about the scale and items. The left side of the item-person map listed the distribution of
participants, and the right side distributed the items. The ability of students and the difficulty of items decreased from the top to the
bottom of the map.

Therefore, according to Fig. 6, the distributions of Hungarian and Chinese students approximate a normal curve, indicating that the
2ES-CTDI scale effectively differentiates students’ CTD levels. From the perspective of the distribution of items, most of the items in
both Hungarian and Chinese samples located at the bottom, indicating that items for undergraduates of two countries were easy to
solve, and it will need more harder items for the higher-level CTD students.

Furthermore, the difficult items for Hungarians were items 5, 3, 13, and 1, and those for Chinese were items 1, 2, 3, 4, 5, most of
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Fig. 4. The comparison of relationships between students’ ability and expected score.
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Fig. 6. The item-person maps of HU and CN.

which for both countries were items of self-efficacy, indicating the scores of self-efficacies in Hungarian and Chinese students were low
and they lacked CTD self-efficacy. However, the items of instant judgment and habitual truth-digging for Hungarian distributed widely
at the lower part, indicating they are easier for Hungarians, and Hungarians’ instant judgment and habitual truth-digging levels may be
similar but better than self-efficacy. While for Chinese, items (6, 7, and 8) of instant judgment were listed at almost the lowest part than
those of habitual truth-digging, showing the lower disposition exists in Chinese undergraduates to make fast judgment adequately than

digging truth habitually.

This conclusion can also be found in the item function curves in Fig. 7 that items B1, B2, B3 (items 6, 7, and 8) can provide more
information for lower-level students for Hungarians and Chinese, demonstrating that they were the easiest items. Besides, the most
degree of information was provided by item B3 (item 8) for lower ability students, also depicting item 8 was the easiest for students of

both countries.
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Fig. 7. The degree of information provided by items with students’ ability.

In addition, Fig. 8 demonstrated the comparison of the level of CTD components in both countries, in which, the Hungarian samples
distributed on the left, Chinese samples located on the right, and dimension 1, 2, and 3 represented self-efficacy, instant judgment, and
habitual truth-digging, respectively.

Fig. 8 showed that for Hungarian undergraduate students, most of the persons in the dimension 2 distributed at the upper part of the
scale, and most of them in dimension 3 sat at the middle part, while those locations in dimension 1 were almost at the bottom,
indicating that the disposition level of instant judgment of Hungarians was, to some extent, higher than self-efficacy and habitual truth-
digging, and habitual truth-digging was a little better than self-efficacy, which was similar as the previous results. In addition, for
Chinese samples, the persons of self-efficacy and instant judgment distributed almost same but self-efficacy was a little upper than
instant judgment, and those in habitual truth-digging located at the top part, indicating that the dispositional habitual truth-digging
level was higher than other two, and self-efficacy may be a bit stronger than instant judgment for Chinese undergraduate students.

Furthermore, to figure out the dispositional characteristics of students from both countries, the percentage of the frequency of
positive and negative selections and mean difference of each item were calculated (see details in Appendix, Table S2). The options of 1
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Fig. 8. The multi-dimensional Rasch analyses of Hungarian and Chinese samples.
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to 7 represent strongly disagree, disagree, slightly disagree, neutral, slightly agree, agree, and strongly agree. Besides, for items Al to
B3, they were reversed items, thus, their scores were reversed for the calculation of means. In addition, to figure out the negative and
positive sides clearly, options 1 to 3 were categorized as negative and 5 to 7 as positive, and option 4 was omitted because of its no
meaning.

Digging into each item, for those in self-efficacy, the large quantity of Hungarian students chose the negative side except item A5,
while the large portion of Chinese students showed the positive tendency to it except item A2, indicating that Hungarian un-
dergraduates were self-confident and persistent to think critically.

For items in instant judgment, the majority of students of both countries tended to choose the negative side proving that most of
them were facilitated with exactly instant judgment of CTD and could be open-minded and fair for everyone.

In regard to habitual truth-digging, most of students in both countries selected the positive side, indicating the majority of them had
the disposition to think logically, reasonably, and systematically. However, for item C5 in Hungarian samples, the proportions of
choosing negative and positive sides were almost same, depicting that most of Hungarian undergraduates would not care about others’
mood when proposing doubt, which was quite different from Chinese undergraduates who tended to question others when they were
calm rather than when they were in anger.

DIF analysis revealed substantial cross-cultural measurement variance across several items (Table S3 in Appendix). Severe DIF
(effect size > 0.10) was identified in multiple items, with particularly pronounced effects in the Habitual Truth-Digging dimension.
Most notably: Item C10, OR = 17.05, strongly favoring Hungarian respondents (p < .001); Item B1, OR = 0.012, strongly favoring
Chinese respondents (p < .001); and Item Al, OR = 0.14, moderately favoring Chinese respondents (p = .0003).

The Item Characteristics Curves (ICC, Figure S1 in Appendix) visually demonstrate these disparities, with Hungarian respondents
showing substantially higher probabilities of endorsing highest ratings on C10 across all ability levels (Fig. 9), while Chinese re-
spondents display the reverse pattern for B1 (Fig. 9). Non-uniform DIF was also observed in items B2, B3, and C8, indicating that group
differences vary across ability continua.

Item C5 exhibited a complex pattern of severe DIF. It demonstrated extreme uniform DIF favoring Chinese respondents (OR =
0.052, p < .001), indicating they were substantially more likely to endorse this item. Furthermore, a significant non-uniform DIF effect
was detected (p < .001), suggesting that the magnitude of this cross-cultural difference varied across the ability continuum. This item
also showed low discrimination within the Hungarian sample in the Rasch analysis, aligning with its unstable measurement properties
across groups.

Patterns varied significantly by dimension (Table 4). Self-Efficacy was the most stable (40 % DIF), Instant Judgment showed a
complex mixed pattern (100 % DIF), and Habitual truth digging was the most culturally sensitive, with 82 % DIF strongly favoring
Hungarian respondents. The results indicate that while DIF is widespread across the scale, its nature and severity are dimension-
specific.

These DIF findings align with and elaborate upon the measurement invariance results, suggesting that scalar non-invariance arises
from specific item-level cultural biases rather than general construct incomparability.

5. Discussion

The primary aims of this study are to investigate the CTD framework model fit and the MI models between HU and CN (RQs 1 and
2). The follow-up purposes are: if both of them could be achieved, the overall and latent CTD mean comparisons could be carried out
(RQ 2); if these models cannot be obtained, the test endorsement and students’ characteristics between two countries will be explored
(RQ 3). Thus, based on these research objects and the obtained results, the expected research questions will be discussed below:
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Table 4
DIF Patterns by Dimension.
Dimension Total Items  Items with DIF  Severe DIF Items  Primary Key Characteristics
Direction
Self-Efficacy 5 2 (40 %) 2 (40 %) Favors China Al and A4 show uniform DIF favoring Chinese respondents

Moderate to small effect sizes
Relatively stable cross-culturally
Instant Judgment 3 3 (100 %) 1(33%) Mixed pattern B1 shows extreme DIF favoring China (OR=0.012)
B2 and B3 show non-uniform DIF
Dimension shows complex cross-cultural functioning
Habitual Truth Digging 11 9 (82 %) 8 (73 %) Favors Hungary 8 items favor Hungarian respondents
C10 shows extreme DIF (OR=17.05)
Only C5 favors Chinese respondents
Most culturally sensitive dimension
Overall 19 14 (74 %) 11 (58 %) Mixed Widespread DIF across the scale
Habitual Truth Digging most affected
Self-Efficacy most invariant

5.1. Discussion on model fit (RQ 1)

The model fits of each country were acceptable enough to show the stability of the structure of 2ES-CTDI, which is the basis for any
further analyses, especially for MI exploration. These results were similar to the previous studies regarding the this instrument used in
Chinese and Hungarian samples (Liu & Pasztor, 2022a; Liu et al., 2026).

The results of the preliminary comparison between Chinese and Hungarians demonstrated that no correlation between instant
judgment and habitual truth-digging for Chinese students while positive significance of that for Hungarians. For Chinese students, it
may be influenced by the Chinese Golden Mean thoughts that students did not make rash decisions and did not hesitate, which
demonstrated a balanced inclination to think critically. However, for Hungarians, CT has been introduced since the very early period as
many western countries did, which strengthened students' CT in almost all aspects, including nearly all facets of CTD. Thus, they have
both stronger truth-digging tendencies and the inclination to make fast decisions. This phenomenon can also be explained by Hof-
stede’s cultural dimensions theory (Hofstede & Bond, 1984), which includes power distance, uncertainty avoidance, individualism
versus collectivism, and masculinity versus femininity, offer a structured framework for examining cultural influences on cognitive
dispositions. For example, high power distance cultures may emphasize respect for authority and conformity, potentially influencing
students' inclination towards critical thinking and their openness to questioning established norms. In contrast, low power distance
cultures may encourage more independent thinking and challenge to authority, fostering a stronger disposition towards critical
thinking.

5.2. Discussion on MI and means comparisons (RQ 2)

Although the configural and metric MI models could be achieved, the difference between them was not fulfilled the requirement,
which causes the terminal of the overall and latent means comparison between countries. Despite a recent study illustrated that MI was
not the basis for latent means comparisons (Robitzsch & Liidtke, 2023), it violated the common sense, and the conclusion will need
more evidence to be supported in the future. Thus, this study still adopted the thought that MI was the prerequisite of latent means
comparison.

The findings from the partial scalar analysis provide important clues about the cross-cultural functioning of the CTD inventory. The
consistency of self-efficacy and instant judgment items across the two groups suggests that these constructs are relatively stable and
can be reliably measured in both Hungarian and Chinese undergraduate students. This stability may be attributed to the universal
nature of these cognitive dispositions, which are less influenced by cultural differences.

In contrast, the variability observed in certain habitual truth-digging items highlights the potential impact of cultural factors on
students' approaches to seeking and evaluating information. The differences in item intercepts may reflect cultural norms, educational
practices, or societal expectations that influence how students engage in critical thinking processes. For instance, the item "I prefer
raising doubts while others are in a calm mood" (C5) showed significant differences between the two groups, indicating that cultural
context may affect students' willingness to challenge others' viewpoints.

This study cannot make an exact and adequate explanation of these distinctions based on previous studies due to the complexities of
identifying the influencing factors between countries, which is not the focus of this study. However, the reasons why Hungarians and
Chinese reflected the scale differently need to be unfolded with a plausible explanation stated here. Fan and See (2022) provided a
structured review of existing evidence comparing Chinese students' CTD with other international cohorts and highlighted both sim-
ilarities and differences, attributing some of the variations to cultural factors such as educational philosophy and societal expectations.
Wu (2019) and Wu and Molnar (2021) conducted cross-national studies on Chinese and Hungarian primary students’ inductive
reasoning and problem-solving skills, respectively, showing that the differences between these two countries were, besides the cultural
distinctions between the East and West, probably caused by learning and teaching strategies, methods, and focuses. Although their
participants were primary students, they provided some clues for the interpretations of the results in this study that these, including
cultural distinctions, may the factors have affected students’ cognition on CTD. Besides, the differential item functioning (DIF) is also a
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potential factor. Although the focus of this study is not on the item-level adaptation of the instrument, the possible clue for further
study can be shown on this issue. Even so, the construct’s manifestation difference is also the effect of different cultures.

5.3. Discussion on endorsement and dispositional characteristics (RQ 3)

The scale endorsement was good enough for both Hungarians and Chinese, which is consistent with the previous validity results
adopting 2ES-CTDI in Hungarians and Chinese (Liu & Pasztor, 2022a; Liu et al., 2026). It can be explained that despite the existence of
outliers (such as item C5 for Hungarian version), it will not affect the scale’s function and the difficulty and discrimination of the whole
scale and items are acceptable for future use. To make it clear, item C5 was originally designed to assess students' willingness to
challenge ideas or situations even when it might be socially uncomfortable or when others are not expecting dissent. In the Hungarian
educational context, which emphasizes independent reasoning and student-centered learning (Fischer-Dardai & Kaposi, 2021), this
disposition is relevant. Although the item showed low discrimination in our sample, it might still capture important nuances of CTD
that are culturally specific. Besides, Hungarian classrooms often encourage debate and critical engagement, even if it means ques-
tioning authority or prevailing norms. Item C5 could reflect this cultural tendency to speak up regardless of the social context, which is
a valuable aspect of CTD. In addition, the item aligns with the broader theoretical framework of CTD, specifically the dimension of
"habitual truth-digging," which involves a persistent and systematic pursuit of truth. The willingness to propose suspensions or
challenge ideas in uncomfortable situations reflects a deep-seated habit of seeking truth, regardless of the social context. Retaining this
item allows this study to capture a wider range of behaviors associated with habitual truth-digging, even if those behaviors are less
common or more context-dependent.

Self-efficacy was weak for both, instant judgment was higher than other two for Hungarians, and habitual truth-digging was
stronger than other two for Chinese. The similar trends can be found in previous studies despite the use of different inventories. For
example, the study (Huang et al., 2021) for Chinese medical undergraduates showed the CTD mean scores in inquisitiveness and
analyticity were higher than other domains (no statistical difference results, just descriptive map). Although truth-digging score in that
study was low, the habitual truth-digging in this study includes truth-digging, inquisitiveness, and analyticity, and if integrated, the
CTD means in this domain will also be higher than other two subdimensions, which is also, to some extent, echoed in the study of Ma
(2021). The plausible explanation on these results regarding Chinese undergraduates is that they may dig truth habitually with cu-
riosity and enthusiasm but without persistence and self-confidence to reach the destination (Zhang et al., 2009). Besides, Fan and See
(2022) found that Chinese students often exhibit lower levels of self-efficacy in CTD compared to their Western counterparts,
potentially due to cultural values emphasizing humility and collective harmony over individual assertion. In contrast, Hungarian
students, influenced by Western pedagogical theories prioritizing independent reasoning (Fischer-Dardai & Kaposi, 2021), may
demonstrate stronger self-efficacy and instant judgment in CTD.

In addition, although a study explored the educational culture in CT in Hungary showing that individuals will not be able to
practice critical thinking in class due to the classroom learning environment's dominance of collectivist elements, and students will not
have many opportunities to see critical thinking behaviors in action (Fabian, 2015), and a validity assessment on CTD conducted for
Hungarians (Liu et al., 2026) showing the suitability of CTD assessment in Hungary, no studies explored the CTD components and the
comparisons in Hungarian undergraduates. Thus, the results in this study were the basic overview on Hungarian undergraduates’ CTD
level and characteristics.

Hungarian undergraduates appeared to exhibit higher levels of self-confidence and persistence in critical thinking compared to
their Chinese counterparts. However, both groups of students demonstrated open-mindedness and fairness in their interactions.
Additionally, the majority of students from both countries showed a disposition towards seeking truth in a logical, reasonable, and
systematic manner. Although some studies (e.g., Bixler et al., 2015; Tiwari et al., 2003; Yeh & Chen, 2003) made the comparisons
between Chinese and other countries without MI said that the Chinese undergraduates’ CTD may be weaker or lower than Western
students, this study just did the in-line comparisons between two countries to show the feathers of each country instead of the
cross-national comparisons to show difference between both since the MI models cannot be achieved. Even so, the fruitful conclusions
can also show a better map in terms of undergraduates’ CTD levels of each country.

The DIF analysis provides granular insight into which specific aspects of CTD manifest differently across cultures. The extreme DIF
observed for item C10 (OR=17.05) suggests that habitual truth-digging may be more culturally valued or linguistically salient in
Hungarian educational contexts, which emphasize independent inquiry (Fischer-Dérdai & Kaposi, 2021). Conversely, item B1's strong
favoring of Chinese respondents (OR=0.012) may reflect culturally instilled values of rapid, harmonious decision-making aligned with
Confucian educational traditions (Fan & See, 2022). Importantly, DIF was not uniformly distributed across dimensions. The habitual
truth-digging dimension contained the highest concentration of severe DIF items, suggesting this construct may be particularly sen-
sitive to cultural interpretation. In contrast, self-efficacy items showed more moderate DIF, indicating greater cross-cultural consis-
tency in self-assessment of critical thinking capabilities. These item-level analyses complement the MI findings by identifying specific
measurement points requiring cultural adaptation while preserving the overall structural validity of the 2ES-CTDI framework.

6. Educational implications

Cross-national study on the CTD of undergraduate students from Hungary and China might provide important insights into the
educational systems, pedagogical approaches, and cultural impacts on students' CT. (a) Having identified the differences may be
caused by cultural differences and instructional methods. CTD is influenced by cultural variables, which must be understood. Learning

preferences, communication preferences, and collectivism versus individualism differences can all have an impact on how students
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develop their CTD. When developing curricula and pedagogical strategies, educators should take these aspects into account. (b) Ed-
ucators can tailor the curriculum to address the specific strengths and weaknesses of students from each culture in light of the study's
findings. For instance, if Chinese students show less inclination toward CTD self-efficacy and instant judgment, curriculum designers
might introduce more tasks into the coursework for the improvement of these two factors. Specifically, teachers could assign weekly
debate sessions where students must quickly formulate and articulate their viewpoints, gradually building their self-efficacy and
instant judgment inclinations. (c) Cross-national studies can be included into teacher preparation programs to better equip educators
to teach CTD while taking into account the particular requirements and traits of students from various cultural backgrounds. For
example, during teacher training, workshops could be conducted where participants engage in simulated cross-cultural classroom
scenarios, practicing how to adapt their teaching styles to accommodate diverse student needs. (d) The findings can lead to a
reevaluation of assessment methods. If the two countries’ students are found to excel in specific types of CTD but struggle with others,
assessments can be designed to provide a more comprehensive picture of CTD. Teachers could implement a portfolio assessment
system that includes a variety of tasks, such as essays, group projects, and oral presentations, to capture a broader range of CTD. (e)
Educational institutions in both countries can engage in cross-cultural collaboration to share best practices and learn from each other.
Exchange programs, joint research projects, and collaborative initiatives can be established to promote cross-cultural understanding
and enhance critical thinking development. For instance, a joint seminar could be organized where students from both countries
present their research findings on a shared topic, fostering cross-cultural dialogue and critical thinking. (f) The study's findings may
highlight the importance of promoting diversity and inclusion in educational settings. Encouraging diverse perspectives and experi-
ences can enrich CT outcomes. At the classroom level, teachers can implement “diversity days” where students are encouraged to share
their cultural backgrounds, traditions, and viewpoints, creating an inclusive environment that stimulates critical thinking through
exposure to different perspectives.

7. Limitations

Despite positive results obtained in this cross-national comparison study, drawbacks can also be found. (a) Generalizability con-
straints. The gender imbalance between groups (e.g., higher proportion of Chinese female participants) may introduce unmeasured
confounding. Besides, the Hungarian sample’s homogeneity (all from University of A) may limit generalizability but ensures peda-
gogical consistency. In contrast, the Chinese sample’s diversity (four universities) captures variations in educational approaches,
which could explain the wider dispersion in critical thinking scores. (b) Item-level challenges. A notable limitation concerns Item C5,
which exhibited lower discrimination in the Hungarian sample. Despite revisions to reduce translation ambiguity, residual cultural
differences in interpreting may persist. This could attenuate the reliability of the subscale in Hungarian respondents, particularly for
those with lower educational attainment. (c) Plausible explanations. The differences identified between Hungarian and Chinese un-
dergraduates can be essential, but the deeper reasons behind this observed presentation cannot be unfolded in this study. We
acknowledge that these explanations remain somewhat speculative and require further empirical validation. The cultural mechanisms
proposed are based on theoretical frameworks and limited cross-cultural CTD studies, necessitating caution in interpreting these
findings as definitive. (d) Inconsistence of analysis. Even though some research showed no MI was needed for group comparison, this
conclusion was discussed hotly on the table without consistence. Accordingly, the scale used in this study cannot reach the required
(partial) scalar model for the comparison of overall and latent means between two countries, especially for identifying the specific
items functioning differently across cultures. If other scales can fulfill the requirement, the comparison results will be more significant,
but item-level differences may exist and recommend caution when interpreting specific item scores across cultures. In addition,
although MI was regarded as the prerequisite of group comparisons, t-test and ANOVA results might provide plausibly overall and
latent mean results between countries. (e) The presence of severe DIF in several items, particularly within the habitual truth-digging
dimension, indicates that cross-cultural comparisons of raw scores may be influenced by measurement bias. While we have identified
and reported these DIF effects, future applications should consider item refinement or calibration procedures to enhance cross-cultural
measurement equivalence.

8. Conclusion

This study compared CTD between Hungarian and Chinese undergraduates using CFA, item response theory, MI, descriptive
statistics, and DIF. Results showed Hungarian students exhibited significant correlations between self-efficacy and both instant
judgment and habitual truth-digging, whereas Chinese students demonstrated no correlation between self-efficacy and habitual truth-
digging. Although the invariance model confirmed comparable factor structures, latent mean comparisons remain provisional until
scalar invariance is established, as cultural response biases may distort item functioning—particularly for instant judgment and
habitual truth-digging. Both groups showed similar openness; however, these cross-cultural differences require validation through
culturally adapted measures to distinguish true score variations from measurement artifacts. Notably, weak self-efficacy in both
samples highlights the need for cross-culturally validated CTD instruments.

9. Future directions
Based on the limitations identified, some potential future directions need to be stated. (a) Methodological refinements for enhanced
generalizability. To mitigate sampling biases observed in the current study, future research may adopt stratified multi-site sampling

across both countries. Additionally, longitudinal designs tracking students across multiple academic years or even throughout their
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entire undergraduate programs would clarify whether score dispersion in the Chinese sample reflects developmental trajectories or
institutional variability. (b) Item-level optimization through cultural adaptation. The cultural misalignment of Item C5 underscores the
need for cognitive interviewing protocols to identify culturally loaded phrases. Furthermore, applying alignment optimization tech-
niques may enable partial scalar invariance analysis despite non-invariant items, preserving statistical power for cross-group com-
parisons. (c) Theoretical expansion of cross-cultural mechanisms. The observed differences in CTD between Hungarian and Chinese
undergraduates warrant deeper theoretical exploration. Future studies should employ mediation analysis to examine whether cultural
dimensions such as Hofstede’s power distance or uncertainty avoidance mediate CTD scores. Moreover, extending the research to other
cultural contexts beyond Hungary and China, such as including samples from East Asian, Western European, or North American
countries, would allow for a more comprehensive understanding of how cultural factors universally or differentially impact CTD. This
cross-cultural expansion would help identify both universal and culture-specific mechanisms underlying critical thinking develop-
ment. (d) Advanced measurement invariance strategies. applying Bayesian structural equation modeling could estimate approximate
invariance, providing more nuanced insights than traditional frequentist approaches. If scalar invariance remains unattainable, re-
searchers could adopt latent mean difference testing with measurement invariance constraints to validate between-group comparisons.
Transparent reporting of all invariance tests (configural, metric, scalar) would align with best practices. Future studies should employ
mixed methods (e.g., cognitive interviews) to unpack why items like C10 and B1 function so differently. Longitudinal designs could
examine whether DIF diminishes with intercultural education. Extension to other cultural contexts would clarify whether observed
patterns reflect broader East-West differences or specific Hungarian-Chinese contrasts.
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