
Heliyon 9 (2023) e14664

Available online 20 March 2023
2405-8440/© 2023 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Research article 

Moderated mediating effects of gender among the components of 
critical thinking disposition in undergraduate students 

Yong Liu a,*, Attila Pásztor b,c,d 

a Doctoral School of Education, University of Szeged, Hungary 
b Institute of Education, University of Szeged, Hungary 
c MTA-SZTE Research Group on the Development of Competencies, Hungary 
d MTA-SZTE Digital Learning Technologies Research Group, Hungary   

A R T I C L E  I N F O   

Keywords: 
Moderated mediation 
Critical thinking disposition 
Gender difference 
Undergraduate students 

A B S T R A C T   

Critical thinking disposition (CTD), as a facet of the critical thinking (CT) framework, is regarded 
as the activation of critical thinking skills (CTS). Although studies regarding gender difference of 
CTD can be found, there is a scarcity of studies on the relationships among CTD components and 
their mediating effects concerning gender. Additionally, traditional gender comparison of latent 
means neglected the influence of scales, which leads to doubt about the results on whether the 
difference is caused by scales or gender characteristic distinction. Measurement invariance (MI) is 
suggested to be confirmed before performing comparisons. Previous research has had fewer MI 
results for CTD inventories. Thus, this study aims to analyze the gender equality of the 
Employer–Employee–Supported Critical Thinking Disposition Inventory (2ES-CTDI) as well as the 
moderated mediating effects of gender on the components of CTD among 661 Chinese un
dergraduates (Mage = 19.57; SD = 1.26) via MI and Partial Least Squares Structural Equation 
Modeling (PLS-SEM) by Mplus and STATA. The results found that (a) the scale has high reliability 
and validity for measuring undergraduates’ CTD. MI findings indicated that the configural and 
metric models were achieved, and the scalar model identified the partial invariance by freeing the 
intercepts of indicators A5, C7, and C8; (b) Girls have stronger self-efficacy and habitual truth- 
digging disposition, whereas boys have higher instant judgment; (c) Instant judgment has a 
negative influence on habitual truth-digging with self-efficacy as the competitive partial medi
ator, in which, gender moderated the relationship between instant judgment and self-efficacy. 
These findings, theoretically, proved the stability of the CTD framework of 2ES-CTDI, and 
practically, call for instructors to pay closer attention to the gender role in CTD cultivation.   

1. Introduction 

As a component of the critical thinking (CT) framework, critical thinking disposition (CTD) is defined as the activation of critical 
thinking skills (CTS) [1–3]. Without the foundation of CTD, CTS cannot be mastered well. However, most studies preferred doing 
research on CTS to CTD because of its lack of assessment instruments. Furthermore, although some studies on CTD can be found, there 
are few studies on the relationships between CTD components and their gender-mediated effects. The exploration of the gender role is 
vital, which is an asset in all fields including education. Instructors should know if the gender difference exists in CTD instead of just the 
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physiological difference to promote the CTD effectively. In addition, traditional group comparisons of latent means ignored the in
fluence of scales, casting doubt on whether the difference is caused by scales or gender characteristic distinction. Thus, before per
forming comparisons, measurement invariance (MI) should be confirmed. Previous studies found fewer MI results for CTD inventories. 
Therefore, this study plans to determine the gender role in the relationships between CTD components in undergraduate students on 
the basis of MI results via a newly developed CTD tool. 

2. Literature review 

2.1. Framework of critical thinking disposition 

CTD, the activation of the cognitive CTS [1–3], is the psychometric section of the CT framework. CTD can be regarded as the 
tendency, inclination, and willingness to think critically. Even while its framework varies throughout investigations, it largely 
maintains stability because practically all the CTD frameworks were drawn from the Delphi report [4] and the California Critical 
Thinking Disposition Inventory (CCTDI) [5]. 

Though there were some overlaps among them, the broader CTD framework was identified in the Delphi report with 19 fac
tors—namely, inquisitiveness, well-informed, open-mindedness, alternatives to use CT, precision, trust in reasoned inquiry, self- 
confidence, understanding opinions, flexibility in alternatives, fair-mindedness, honesty in facing biases, diligence in judgments, 
revise views, clarity in statements, working with complexity, reasonableness in criteria, attention on concern, persistence in diffi
culties, and prudence in judgments. As a result, the CCTDI, the first instrument for CTD evaluation, focused on seven dimensions that 
serve as the foundation for all subsequent frameworks: analyticity, inquisitiveness, systematicity, open-mindedness, truth-digging, 
self-confidence, and maturity. 

Pintrich, Smith [6] built the Motivated Strategies for Learning Questionnaire that contained the subscale of CT, the intensive 
framework of which consisted of applying previous knowledge to new situations and giving evaluations. In his CTD questionnaire, 
Ricketts [7] integrated the framework into innovation, maturity, and engagement. Yoon [8] made a few adjustments to the framework 
of CCTDI, setting the framework into objectivity, prudence, systematicity, intellectual curiosity, intellectual fairness, healthy skep
ticism, and self-confidence. Sosu [9] suppressed the framework into critical openness and reflective skepticism, establishing the critical 
thinking disposition scale (CTDS), and the adapted version of Bravo, Galiana [10] proved better with the combination of Sosu’s two 
domains into one factor. 

The aforementioned frameworks were all influenced by earlier ideas, and two new frameworks were established that were not only 
based on literature but also input from students and teachers and employers and employees, respectively. Quinn, Hogan [11] tested the 
framework in the Student–Educator Negotiated Critical Thinking Dispositions Scale, including reflection, attentiveness, 
open-mindedness, organization, perseverance, and intrinsic goal motivation. Liu and Pásztor [12] set up the framework of 
self-efficacy, instant judgment, and habitual truth-digging in their Employer–Employee–Supported Critical Thinking Disposition In
ventory (2ES-CTDI), which is the newest scale. The dimensions in this framework were obtained from the perspectives of employers 
and employees on the basis of previous frameworks with the expectation to know what kind of graduates the workforce needs on CTD. 
The disposition of self-efficacy shows students’ intrinsic motivation: self-confidence, self-regulation, persistence, diligence, and 
maturity, which are related to individual beliefs on the ability to manage motivation, cognitive skills, and actions [13]. Using fairness, 
systematicity, and open-mindedness to judge the statement quickly and accurately, —that is, to make quick decisions—represents the 
extrinsic perception in the instant judgment. This ability to make quick decisions may be passed on to educators as a prudent trust 
when assessing critical thinking [14]. Habitual truth-digging focuses on the inclination to use CTS to seek truth eagerly and ask 
questions objectively, for example, to think step by step, analyze with evidence, evaluate ideas, and so on [15]. 

In conclusion, the CTD framework showed variation, but the foundation of them is distinct. They all got inspiration from CCTDI. 
Therefore, even though the overall CTD results were obtained under different frameworks from different scales, they can still be taken 
into account collectively. However, since they have different subdimensions within the overall scale, the relationships among each 
subdimension will be completely distinct. Therefore, given the significance of the exploration of these relationships, this study will 
carry out the analysis within the newest scale 2ES-CTDI regarding the interactions among self-efficacy, instant judgment, and habitual 
truth-digging. 

2.2. Gender difference in CTD among undergraduates 

Most studies adopted CCTDI as the instrument to assess CTD for undergraduates. Walsh and Hardy [16] used CCTDI to summarize 
that females performed better in open-mindedness and maturity of CTD than males. Yenice [17] found that there was no difference in 
the overall CTD, but females scored higher in open-mindedness, whereas Elkoca [18] got the reverse result on open-mindedness in 
nursing students. According to Biber, Tuna [19], there was no gender difference in the overall CTD, although girls outperformed for the 
subdimension of analyticity. Partial similarity existed in Bilen, Ercan [20]’s study that there was a difference in overall CTD and for the 
subdimension of analyticity, females performed better. Du, Emmersen [21] and Mwalongo [22] obtained the same tendency for 
open-mindedness and inquisitiveness. In contrast, males are more systematic and inquisitive, and there was no difference in their 
open-mindedness, according to the opposing conclusions [23]. The findings of Fitriani, Asy’ari [24] in prospective teachers demon
strated mixed opinions that females scored higher in inquisitiveness and maturity, whereas males performed better in self-confidence 
and open-mindedness. However, there was no difference between Whitney, Aleksejuniene [25]’s study on dental students and Ding 
[26]’s study on students studying English as a foreign language in any of the subdimensions. 
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In addition to these subdimensions of CCTDI, Bers, McGowan [27], Kirbaslar and Ozsoy-Guneş [28], and Li [29] found the overall 
CTD of females was still higher than males. However, Najafi, Motlagh [30] obtained the opposite results for medical students. Dennett 
and DeDonno [31] compared college students from America and China and found that American girls tended to be more open-minded 
than boys, although this was not the case for Chinese students. However, Koyunlu Unlu and Dokme [32], Demirbag, Unisen [33], 
Özyurt [34], Kilic, Yazici [35], and the meta-analysis of Liu and Pásztor [36] found no difference across gender on CTD. 

Some studies used other scales for CTD assessment. Shida, Osman [37] and Mousazadeh, Momennasab [38] adopted the Ricketts’ 
critical thinking disposition questionnaire [7] on polytechnic and nursing students respectively, and the results showed no statistical 
difference among gender in overall CTD. However, females scored higher significantly in the subdimension of engagement [38], and 
no difference in the subdimensions [37]. Park [39] used Yoon’s critical thinking disposition scale [8] on nursing students, finding the 
reverse result that males performed better in CTD. 

Stupnisky, Renaud [40] adopted the Motivated Strategies for Learning Questionnaire [6] as the CTD scale to compare gender 
differences under the comparison between the baseline model and path coefficients constrained model without a detailed MI test, 
concluding that there was no significant difference across gender. With only a one-factor model, Bravo, Galiana [10] conducted the MI 
across gender on the adapted Critical Thinking Disposition Scale [9], which showed that girls have greater CTD than boys but that the 
one-factor model was not the best. Álvarez-Huerta, Muela [41] used the adapted Critical Thinking Disposition Scale [10] to determine 
the gender difference in CTD without the investigation of MI on this scale generating the same conclusion that girls’ CTD is higher than 
boys. However, Liu and Pásztor [42] used 2ES-CTDI without MI showing that no difference was found across gender. 

To sum up, just a few studies performed MI before comparing latent means, indicating the absence of MI testing in this sector, 
whereas most of the earlier studies investigated the gender difference in CTD without taking the MI into account, yielding a variety of 
results. Additionally, although there have been instances of inconsistencies, most studies have found that females performed better on 
both the sub-dimensional and overall CTD. 

2.3. Mediating and moderating effects among CTD components in undergraduates 

For the mediating effects on CTD, for example, Dökmecioğlu, Tas [43] concluded that metacognitive self-regulation strategies 
mediated the relationship between constructivist learning environment perceptions and CTD. Kim, Seo [44] found that disaster 
recognition has a significant relationship with CTD with the major satisfaction as the mediator. Cheng and Wan [45] concluded that 
the classroom learning environment had a stronger relationship with CTD than CTS with CTD as the mediator in this relationship. 
Song, Lee [46] generated that self-directed learning mediated the relationship between CTD and problem-solving ability in nursing 
undergraduate students. Álvarez-Huerta, Muela [41] found that openness to diversity and challenge mediated the positive relationship 
between CTD and undergraduate students’ creative confidence beliefs. 

For the moderating effects of gender on CTD, for example, Orhan [47] found that gender moderated one’s decision-making process 
based on 48 alpha values from 39 studies in a meta-analysis. Sk and Halder [48] found that emotional intelligence has a positive effect 
on CTD without the moderation of gender. Ali and Awan [49] and Fong, Kim [50] concluded that gender moderated the relationships 
between CTD and academic achievement. While Abiogu, Ede [51] and Liu and Pásztor [36] had negative results that gender was not 
the moderator of the relationships between cognitive-behavioral reflective training or problem-based learning and CTD respectively. 

In conclusion, almost no studies explored the moderated mediating effects among the component of CTD with gender as the 
moderator. On the mediating and moderating effects among CTD components in undergraduate students, few studies have been 
conducted. Most earlier studies concentrated on how teaching strategies, psychological variables, or other abilities affected CTS and 
the overall CTD. In addition, previous studies demonstrated that emotional factors can affect human behavior so for a behavioral 
disposition [52]; the directions of these influences are different, positive or negative. Stedman and Andenoro [53] found significant 
associations between emotional intelligence skills and CTD in undergraduate leadership students. Thus, this study assumed that the 
emotional factor (self-efficacy) could be set as the mediator among the components of CTD. 

3. The current study 

In light of the literature review, the current study intends to identify the gender role in the whole and subdimensions of CTD via the 
instrument 2ES-CTDI based on MI. Accordingly, considering the necessity of the check of MI before gender difference and influence 
analyses, this study aims to investigate the reliabilities and model fits on the overall scale and across gender, determine the gender 
equality of the scale that was employed, explore the variation in latent CTD means across gender based on MI, and figure out the 
moderated mediating effects of gender across the CTD components. The research questions are as follows: 

Research question 1. Are the overall reliabilities and model fit, and those across gender acceptable? 

Research question 2. Can this study establish the full scalar invariance or strict invariance model across gender? 

Research question 3. Can this study identify the latent difference across gender based on the MI model? 

Research question 4. Does gender moderate the relationships among the components of CTD? 
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4. Method 

4.1. Research design 

The study design consists of two phases: data collection and data analysis. The data collection was carried out in October 2021 in 
southwestern China. Four universities agreed to participate in this project. The selected scale was sent to the correspondent student 
counselors who are in charge of delivering the questionnaire to students via email, social media applications, or on-site in the 
classroom by scanning the QR code. The total distribution was around 800 undergraduate students, and 661 were submitted back. The 
rate of recovery was around 83%. The collected data then were retrieved from the online system for analysis. 

Based on the research purpose regarding the gender role among the components of CTD, the data analysis procedure started from 
the exploration of the gender equality of the adopted scale via the MI method. While the invariance was obtained, the latent difference 
was investigated as the foundation of the moderating role of gender in the mediating effect model. Then, the mediating effect model 
was established and the influence of the moderator of gender was checked on each path. 

4.2. Data collection 

4.2.1. Participants 
For the recruitment of students, student counselors at four universities in southwestern China were contacted to distribute online 

questionnaires. Participants and the university research committee both gave their consent by ethical standards (Approval committee: 
The Institutional Review Board of the Doctoral School of Education, University of Szeged. Approval number: 11/2021). Finally, 661 
undergraduate students voluntarily and anonymously participated in the assessment (Mage = 19.57; SD = 1.26). The detailed de
mographic information is listed below in Table 1. Specifically, there were 328 boys (49.6%; Mage = 19.22; SD = 1.21) and 333 girls 
(50.4%; Mage = 19.91; SD = 1.24). Based on their majors, two categories were set including 274 undergraduates in Humanity, Arts, and 
Social Sciences, while 387 in Natural Sciences. Among them, 159 are vocational college students of all three grades, and 502 from all 
four grades of universities. 

4.2.2. Instrument 
For evaluating CTD in undergraduate students, the 2ES-CTDI (see Appendix) has been found to have strong reliability, acceptable 

content, and convergent and discriminant validity [12]. It is a 7-point Likert scale (from strongly disagree to strongly agree) consisting 
of three dimensions: self-efficacy (five items), instant judgment (three items), and habitual truth-digging (11 items), which were 
adapted from CCTDI, CTDS, SENCTDS, and the scale developers. It is an online questionnaire, including 19 items in total, that can be 
delivered via link or QR code, and the duration for filling out this scale can be about five to 8 min. Besides, at the end of the ques
tionnaire, some demographic information questions are listed, such as gender, grade, and major. The collected data will be recorded 
automatically in the account and can be downloaded in the format of Excel or SPSS for further analysis. 

4.3. Data analysis 

4.3.1. Measurement invariance and latent mean difference 
MI, the premise of the latent mean comparisons [54,55], is an approach to ensure if there is a significant difference among groups, 

contexts, and time series in the relationships between their latent factors and indicators based on a scale [56]. MI test has a specific 
order requirement: configural (baseline), metric (weak), scalar (strong), and strict invariance model [57]. However, as shown in Fig. 1, 
a single-group CFA test should be conducted before MI to investigate the model fit in each group. 

Maximum likelihood robust (MLR), as opposed to maximum likelihood (ML), which is utilized for data with a normal distribution, 
was the estimator used in this investigation. However, in most cases in the real study, the data cannot achieve normality, and ML is not 
suitable for ordinally scaled data [58]. Thus, MLR [59] with robust corrections to standard errors and chi-square goodness of fit 

Table 1 
The demographic information of the sample.  

Demographic information Sub-category N Percentage (%) Age Mean ± SD 

Gender Boy 328 49.6 19.22 ± 1.21 
Girl 333 50.4 19.91 ± 1.24 

Major Humanity, Arts, & Social Sciences 274 41.5 20.02 ± 1.26 
Natural Sciences 387 58.5 19.24 ± 1.16 

Gradea Vocational 1 108 16.3 18.77 ± 1.04 
Vocational 2 21 3.2 19.76 ± 0.83 
Vocational 3 30 4.5 20.53 ± 1.80 
Bachelor 1 149 22.5 18.66 ± 0.91 
Bachelor 2 196 29.7 19.66 ± 0.82 
Bachelor 3 138 20.9 20.58 ± 0.87 
Bachelor 4 19 2.9 21.14 ± 1.91 

Note: a. Vocational level and bachelor level both belong to the university level in China. 
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statistics was adopted. 
In addition, as the traditional chi-square difference test cannot be used for MLR estimation, the Satorra–Bentler scaled chi-square 

difference test [60] was introduced. The calculation equation is listed below, in which, C0 and C1 represent the scaling correction factor 
for the null model and alternative model, respectively; D0 and D1 are their degrees of freedom (df); X0 and X1 indicate that their 
Satorra–Bentler adjusted chi-square values; and T represents the chi-square with the df difference of D0 and D1. After calculation, the 
significance of the p-value (CI = 95%) for the distributed T can be checked in the chi-square table. 

T =
(X0*C0 − X1*C1)*(D0 − D1)

(D0*C0 − D1*C1)

The model fit for CFA can be shown by the Root Mean Square Error of the Approximation (RMSEA) [61], the Standardized Root 
Mean Square Residual (SRMR) [62], the Comparative Fit Index (CFI) [63], and the Tucker–Lewis index (TLI) [64,65] with the 
acceptance criteria of CFI and TLI >0.90, and RMSEA and SRMR <0.08 [66]. The MI test can begin once this fit has been made. 
Otherwise, it is not permitted to compare hidden means. However, the chi-square test for the model comparisons is sensitive to the 
sample size, which could result in bias. Thus, the insensitive ΔCFI, ΔRMSEA, and ΔSRMR will also be calculated in the MI phase of this 
study. The criteria for these values are ΔCFI ≤0.01, ΔRMSEA ≤0.015, and ΔSRMR ≤0.03 for the metric invariance test, and ΔCFI 
≤0.01, ΔRMSEA ≤0.015, and ΔSRMR ≤0.01 for scalar and strict invariance test [67]. 

The configural model which is the baseline model without any equality constraints to compare the factor structure fit simulta
neously across groups rather than single-group CFA is the initial MI model that needs to be evaluated. The metric model can be used if 
the goodness of fit is satisfactory; otherwise, the comparison of the latent means is not supported. 

The metric (weak) invariance model requires constraining factor loadings of each indicator across groups equally, which is af
terward to make a comparison with the configural model. The full metric invariance model will be developed if the p-value of the chi- 
square is non-significant. If not, a partial metric model with loading restrictions can be tried. The weak invariance paradigm, however, 
is not acceptable for latent means comparison. Thus, whether a partial metric invariance model was built or not, it cannot be used for 
further latent comparisons [68,69]. 

The scalar (strong) invariance model, with the equally constrained intercepts based on the full metric model, can be evaluated by 
comparisons with the full metric invariance model. If the difference is insignificant, the full scalar invariance model can be reached, 
which leads to two options: checking the strict invariance or performing the comparison of the latent means, for which the scalar 
invariance model serves as the foundation [68,69]. However, if the difference is significant, the partial scalar model can be constructed 
by freeing some variant indicators. If the partial scalar was achieved, the comparison of the mean can also be manipulated [70,71]. 

The (partial) strict invariance model is not often assessed in studies since it requires constraining residual variances equally on the 
basis of the full scalar invariance model, which is not easy to reach and is not the premise to compare latent means [68,72]. 
Accordingly, the strict invariance model will not be considered in this study. 

The latent mean difference can be explored with at least two scalar invariant indicators in each factor [72]. In this study, the latent 
means were compared using the partial scalar invariance model, with boys’ zero means serving as the reference group. 

Fig. 1. The procedure and techniques of measurement invariance.  
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4.3.2. Moderated mediating effects analysis 
On the basis of the invariance model and latent mean comparison results, the further influence of gender difference on paths will be 

assessed to explore the moderator role of gender in the relationships among the components of CTD. The foundation of a relationship 
with moderated mediating effects is the existence of a mediating effect first, followed by the moderator’s ability to change the routes in 
this relationship. Thus, the first exploration is whether the mediating effect exists. If so, the moderation role will be followed. Thus, in 
this study, based on previous studies, we hypothesized that self-efficacy will be the mediator (Me), instant judgment (X) is the in
dependent latent variable, and habitual truth-digging (Y) will be the dependent latent variable in the mediation investigation process. 
If this process is established, the gender (Mo) will be set as the moderator in these three paths as shown in Fig. 2. This process will be 
conducted with the Partial Least Squares Structural Equation Modeling (PLS-SEM) via STATA 17.0. 

For the mediating effect investigation, Baron and Kenny’s tests [73], and Sobel’s tests [74] are the traditional ones. Baron and 
Kenny suggested testing the following three regressions (equations 1–3). They are as follows: the regression of Me on X (1), the direct 
regression of Y on X without Me as a mediator (2), and the regression of Y on X and Me (3). The mediation effect will be achieved if all 
three regressions are significant. Accordingly, Sobel’s z-score test was introduced to test the significance of the indirect path a × b 
(equation 4). 

Me= μ1 + aX + e1 (1)  

Y = μ2 + c
′

X + e2 (2)  

Y = μ3 + cX + bMe + e3 (3)  

z=
a*b

̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅

a2*S2
b + b2*S2

a

√ (4) 

However, Zhao, Lynch Jr [75] concluded that these two methods were not exact and powerful compared to the bootstrap approach 
by Preacher and Hayes [76]. Thus, to provide a comprehensive picture, this study conducted all three types of investigations on 
mediating effect, and the mediation will be evaluated using the tree diagram instructions [75] together with statistical results, shown 
in Fig. 3, including the procedure (a) and (b). 

The moderation exploration will be established based on the mediating model. When a third variable has a considerable influence 
on the relationship between the predictor and the outcome, this third variable is referred to as the moderator [77]. In the moderated 
mediating effect model like Fig. 2, the moderator (Mo) may affect the regression paths a, b, or c, separately, partly, or simultaneously. 
The relevance of the interactive relationship between the predictor and the moderator will be examined in the analysis of the 
continuous moderator using the equations mentioned below (equations 5–7). If the coefficient A, B, or C is significant, then moderation 
will be established. 

Me = μ1 + aX + a’Mo + AXMo + e1 (5)  

Y = μ2 + bMe + b’Mo + BMeMo + e2 (6)  

Y = μ3 + cX + c’Mo + CXMo + e3 (7) 

However, in this study, the moderator is the dichotomous variable. As a result, we directly included the group variable in the PLS- 
SEM model to examine the significance of the difference in the moderating effects between boys and girls on each path. If the difference 
in the effects across gender significant, then the moderation can be concluded. 

5. Results 

5.1. Reliabilities and the baseline model fit 

The good reliabilities of the scale in this study are the overall Cronbach alpha = .826, Cronbach alphaboy = .861, and Cronbach 

Fig. 2. The hypothesis model of the moderated mediating effects of gender.  
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alphagirl = .777. Table 2 shows the factor loadings, descriptive statistics of items, and factor correlations. All factor loadings were 
significantly acceptable, and the correlations between instant judgment and self-efficacy and between self-efficacy and habitual truth- 
digging were significant, but the correlation between instant judgment and habitual truth-digging was not significant, indicating that 
self-efficacy acted as a mediator between them. The acceptable overall model fit and model fit among gender are listed in Table 3 with 
CFI and TLI >0.90, and RMSEA and SRMR <0.08, which is the basis for further analysis. 

5.2. Measurement invariance and latent mean comparisons 

Table 4 lists the results of the MI test on comparisons between configural, metric, scalar, and partial scalar models divided by 
gender. 

The model fit of the configural (baseline) model (Model 1) with no constraints was acceptable, which indicated that the configural 

Fig. 3. Building mediation classifications and implications for theory [75].  
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MI was achieved. 
The model fit of the metric (weak factorial) invariance model (Model 2) was good. The comparisons between the metric and 

configural model were nonsignificant, and the differences in values (ΔCFI, ΔRMSEA, and ΔSRMR) were all within the criteria, showing 
that the full metric invariance model was established. 

The model fit of the scalar (strong) invariance model (Model 3) is achieved. The Satorra-Bentler scaled chi-square difference test, in 
contrast, indicated that the difference between scalar and metric models is substantial. Further, ΔCFI was not within the acceptable 
range, which indicated that the full scalar invariance model cannot be obtained. As a result, a partial scalar invariance model (Model 4) 
was evaluated for releasing the intercepts of indicators A5, C7, and C8 based on the modification indices. The model fit of the partial 
model was good enough, the Satorra–Bentler scaled chi-square difference test between the partial scalar and metric model is 
nonsignificant, and ΔCFI, ΔRMSEA, and ΔSRMR are all within the range, illustrating that the partial scalar invariance model was built, 
and further group comparisons could be performed. 

Table 2 
Factor loadings and descriptive statistics of items in the baseline model.  

Items Standardized Coefficients Descriptive Statistics 

Boys (N = 328) Girls (N = 333) Boys Girls 

Mean SD Mean SD 

A1 .601*** .470*** 4.00 1.72 4.29 1.66 
A2 .706*** .691*** 3.69 1.73 3.96 1.78 
A3 .659*** .684*** 4.04 1.68 4.35 1.77 
A4 .597*** .527*** 4.23 1.64 4.57 1.61 
A5 .689*** .531*** 3.70 1.68 4.37 1.68 
B1 .830*** .785*** 2.77 1.81 2.23 1.66 
B2 .756*** .776*** 3.25 1.68 2.76 1.82 
B3 .657*** .741*** 3.31 1.89 2.70 1.88 
C1 .758*** .602*** 5.30 1.56 5.68 1.20 
C2 .724*** .522*** 5.01 1.51 4.98 1.47 
C3 .719*** .556*** 4.95 1.55 5.10 1.41 
C4 .747*** .555*** 5.12 1.42 5.34 1.22 
C5 .598*** .433*** 5.04 1.54 5.26 1.41 
C6 .632*** .460*** 4.78 1.50 4.82 1.53 
C7 .736*** .568*** 4.97 1.45 4.97 1.44 
C8 .665*** .460*** 4.85 1.51 4.65 1.48 
C9 .696*** .552*** 4.90 1.50 5.25 1.28 
C10 .587*** .548*** 4.92 1.50 5.20 1.34 
C11 .672*** .485*** 5.12 1.39 5.41 1.30 
INSJ with SF .811*** .614***     
SF with HTD .175** .137*     
INSJ with HTD .017 − .038     

Notes: ***p < .001, **p < .01, *p < .05, confidence interval (CI) = 95%, INSJ = Instant Judgment, SF = Self-Efficacy, HTD = Habitual Truth-Digging. 

Table 3 
Overall and single-group CFA model fit.  

Model χ2 df SCF CFI TLI RMSEA SRMR 

Overall 341.988*** 149 1.3197 0.935 0.925 0.044 0.048 
Boys 290.015*** 149 1.4007 0.924 0.913 0.054 0.055 
Girls 256.540*** 149 1.1666 0.910 0.896 0.047 0.060 

Notes: ***p < .001, CI = 95%, CFA = confirmatory factor analysis, SCF = Scaling Correction Factor for Maximum Likelihood Robust (MLR). 

Table 4 
Comparisons by gender among Configural, metric, scalar, and partial scalar models.  

Model χ2 (Δχ2) df CFI TLI RMSEA SRMR ΔCFI ΔRMSEA ΔSRMR 

1. Configural 549.608*** 298 0.919 0.907 0.051 0.058    
2. Metric 574.806*** 314 0.916 0.908 0.050 0.061    
1 VS 2 23.209 16     .003 .001 .003 
3. Scalar 624.915*** 330 0.905 0.901 0.052 0.064    
1 VS 3 81.015*** 32     .014 .001 .006 
2 VS 3 55.662*** 16     .011 .002 .003 
4. Partial Scalar 597.121*** 327 0.913 0.909 0.050 0.062    
2 VS 4 21.907 13     .003 .000 .001 

Notes: ***p < .001, CI = 95%. 
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Based on the partial scalar model with the freedom of intercepts of three items, the comparisons of the three latent means, with the 
zero mean of boys as the reference, showed that girls have stronger self-efficacy (standardized meangirl difference = 0.289, SE = 0.099, 
p < .01) and habitual truth-digging (standardized meangirl difference = 0.316, SE = 0.100, p < .01) disposition than boys, whereas 
boys have a higher instant judgment (standardized meangirl difference = − 0.400, SE = 0.111, p < .001). 

5.3. Moderated mediating effects 

The results of the test for mediating effects (see Fig. 4) showed that the significant path coefficients of the regressions between the 
mediator L1, independent latent variable L2, and dependent latent variable L3 were found. Meanwhile, the path direction from L2 to 
L3 is significant with a negative path coefficient and the indirect effect is significant in Table 5, which indicates that there seems to 
have a partial mediation (competitive mediating effect) of self-efficacy (L1) between instant judgment (L2) and habitual truth-digging 
(L3). 

According to the mediating effect model, only the path L2 to L1 found a significant moderated effect of gender, and the effect of 
boys is a bit stronger than that of girls (see Fig. 5 and Table 6). This depicts that, if they have the same level of instant judgment, boys 
will generate more self-efficacy in their minds than girls. In other words, boys may acquire self-confidence more easily than girls on the 

Fig. 4. Mediating effects among the components of CTD. 
Note: L1: self-efficacy; L2: instant judgment; L3: habitual truth-digging; **p < .01; ***p < .001. 

Table 5 
Sobel’s testing of indirect effects.  

Method Model Path Indirect Effect S.E. z 95% CI Direct Effect Total Effect RIT RID 

Low Up 

Sobel L2-L1-L3 .147*** .025 5.865 .098 .196 − .186 .039 3.753 .790 
Delta .147*** .025 5.865 .098 .196 
Bootstrap .147*** .034 4.364 .089 .216 

Note: L1: Self-Efficacy; L2: Instant Judgment; L3: Habitual Truth-Digging; bootstrap replications: 1000; RIT = Ratio of indirect and total effect; RID =
Ratio of indirect and direct effect. 

Fig. 5. Moderated mediating effect of gender among the components of CTD. 
Note: L1: Self-efficacy; L2: Instant judgment; L3: Habitual truth-digging; **p < .01; ***p < .001. 

Y. Liu and A. Pásztor                                                                                                                                                                                                 



Heliyon 9 (2023) e14664

10

level of instant judgment, indicating that gender moderated the relationships between instant judgment and self-efficacy in the 
mediating effects model between instant judgment and habitual truth-digging with self-efficacy as the competitive mediator. 

6. Discussion and conclusion 

The procedure and the aim of this study are to test MI, investigate the latent comparisons across gender, and explore the moderated 
mediating effects of gender across the components of CTD. The technical explanation of MI on CTD assessment will therefore be 
covered first. This study is not intended to minimize the value of the studies that do not test MI before latent mean comparisons; rather, 
it is intended to highlight the significance of MI for determining whether the influence of the scale contributed to the difference to 
eliminate one influencing factor of gender difference. Thus, for the comparisons among different groups, contexts, and time series, the 
MI test ahead is a must. Further, from the perspective of the model estimator, some studies adopted the default ML estimator without 
testing the normality of data, which is not acceptable since the underlined logic of MI is accurate for the estimation of normal dis
tribution data. As a result, the normality test step can be conveniently skipped when MLR is implemented. It should also be noted that 
the Satorra-Bentler scaled chi-square difference test must be used in place of the conventional chi-square difference test while per
forming the MLR estimation. 

Furthermore, for the partial scalar invariance model, the three items were further analyzed on the reason why they were variant 
across gender, for example, item A5 “When making decisions, I tend to be impulsive.” Item C7 “I like to deal with problems logically (step by 
step or with a good plan).” Item C8 “When judging others’ statements, I tend to use reasonable evidence or criteria rather than basing them on 
my own experience.” These items tend to be either impulsive or mildly temperamental, which may be noticed as a difference between 
most girls and boys. It has been discovered that these traits are relatively extreme. Thus, the significant variance can be 
understandable. 

As a result, for the latent mean comparison across gender, it is acceptable to acknowledge that boys and girls have different 
personalities in some educational contexts because they differ from one another in terms of both physiological and psychological 
phenomena. Although some studies (e.g., [32–36]) showed no difference in CTD across gender, most studies (e.g., [16,27–29]) and the 
only one study with MI test [10] reached to the agreement that females scored higher than males in overall CTD and subdimensions. 
Thus, even though this study was the first to test the MI of 2ES-CTDI, the same tendency was generated as previous studies, which is 
also, to some extent, a kind of evidence of the validity of this scale. Furthermore, a plausible explanation for the findings in this study 
that girls have a stronger disposition in self-efficacy and habitual truth-digging while having a lower disposition in instant judgment 
could be the reason that the characteristics of girls, in general, are dedication, carefulness, and cautiousness. These can direct 
self-confidence and efficacy, which explains why boys are, somewhat, impulsive, more active, and do not pay more attention to details, 
such that they have a higher instant judgment disposition. The same results, as Lighthall, Sakaki [78] generated, that boys showed fast 
decision speed under judgment stress. In addition, Reiter [79] found that when facing a familiar situation, boys will make decisions 
more quickly than girls, whereas, in an unfamiliar environment, no difference will be shown. Besides, men seem to be overconfident 
and make decisions fast and alone, while women are sensitive and make decisions in groups [80]. In general, males have stronger 
decision-making than females [81]. However, the real explanations should be explored in-depth on the brain mechanism across gender 
in future studies. 

The results of the moderated mediating effects also showed a similar tendency of latent difference. First, from the overall 
perspective, this study got the same trends in the relationships among instant judgment, self-efficacy, and habitual truth-digging. Self- 
efficacy, a certain kind of inner self-confidence, is often stimulated by self-satisfaction which can be cumulated by instant judgment 
positively and vice versa [14,82]. Self-efficacy is positively connected with routine truth-seeking as a motivator, and higher 
self-efficacy may foster a high-level tendency to seek the truth [83]. Habitual truth-digging is the process of seeking truth, including 
asking questions, finding evidence, analyzing step by step, and evaluating, which is a “time-consuming” procedure, and, theoretically, 
will be contrary to instant judgment, and fast decision-making. Kahneman [84] concluded that there are both fast and slow thinking in 
human-mind, and they fight with each other to get the balance, which is also shown in this study that there was a negative relationship 
between instant judgment and habitual truth-digging with self-efficacy as the competitive mediator. 

Backing to the moderator of gender, based on the results of latent mean differences that discussed the cut-off points of gender 
difference on each factor, the moderating effects discussed the influence on the relationship paths; however, there may be some 
potential correlations between the latent difference and moderation process. This study discovered no gender moderation in the links 
between instant judgment and habitual truth-digging, and between self-efficacy and habitual truth-digging, but in the path of instant 
judgment and self-efficacy, and the gender differences in each factor. No such previous studies can be found for these non-significant 
moderation effects, but the gender differences discussions have been stated in previous studies like what this study discussed before. 
When the gender impacts on the links between instant judgment and habitual truth-digging and self-efficacy and truth-digging are 

Table 6 
Moderation of gender across relationships of CTD components.  

Structural Effect Global Boy Girl Absolute Difference z p 

L2-L1 .524 .651 .479 .172 2.695 .007 
L1-L3 .280 .310 .274 .036 .385 .700 
L2-L3 − .186 − .181 − .288 .106 1.147 .252 

Note: L1: Self-Efficacy; L2: Instant Judgment; L3: Habitual Truth-Digging. 

Y. Liu and A. Pásztor                                                                                                                                                                                                 



Heliyon 9 (2023) e14664

11

combined for discussion, boys may acquire more self-efficacy through the degree of instant judgment. However, girls have a stronger 
disposition for self-efficacy and habitual truth-digging while lower in instant judgment. The same significant gender influence can be 
found as Lighthall, Sakaki [78] showed that boys easily decided fast leading to sharp increasing satisfaction, which has given evidence 
of the stronger moderating effect of boys on this path. However, despite having a higher level of instant judgment and a steeper 
growing slope, boys have lower self-efficacy than girls, which can be explained by the fact that boys can readily get and dismiss 
self-efficacy, proving the prior result that they are impulsive. 

Limitations still exist in this study. Although the partial scalar invariance model was achieved, the comparison of the latent means 
and the moderated mediating effects showed plausible results, and the full scalar invariance model and the full strict model could not 
be established. Additionally, the comparisons of subdimensions of CTD across gender were conducted based on 2ES-CTDI. Varying 
scales may attain different levels of MI, contain different latent components, and produce different findings. Moreover, although the 
theoretical framework of this scale dividing CTD into instant judgment, self-efficacy, and habitual truth-digging was proved stable, this 
framework was newly built, which needs more future studies to explore this theory in different contexts. Furthermore, while the results 
showed that the cause of the distinct tendencies of boys and girls in CTD is not the scale but the gender difference in personality, the 
samples are all Chinese from southwestern China, and the disposition may vary between cultures. Finally, this study aims to figure out 
the MI, latent means comparison, and gender moderation, and the in-depth explanations of the reason why the differences existed 
across gender cannot be given. 

Similar to earlier research, this study found that girls fared better than boys on CTD and several subdimensions. However, some 
contradictory results have been found in prior studies, which could be attributed to the diverse student backgrounds in terms of 
nations, majors, and instruments. Thus, in addition to considering the natural distinction between boys and girls, the future educa
tional practice of assessing CTD for undergraduates should consider both these results and their situations to analyze if there is MI in 
their scale and if there is a gender difference in their context, and then take the correspondent actions that are suitable for their 
students. Furthermore, the three variant items can be evaluated in future studies to see if they are invariant, or they may be eliminated 
in subsequent studies to avoid the variance when comparing the gender difference in latent mean level. 

The directions for instructional focus on the assessment and cultivation of undergraduate students’ CTD are: (a) gender differences 
and the moderating effect should be paid more attention to. Since boys’ CTD self-efficacy and habitual truth-digging levels are lower, 
instructors can maintain their self-efficacy by encouraging or praising and cultivating their patience to solve complex problems 
logically and persistently. (b) While together with mediating effect results, self-efficacy has competitive effects on the relationship 
between instant judgment and habitual truth-digging, indicating more instant judgment and self-efficacy may decrease habitual truth- 
digging. Thus, teachers should monitor this frequently to find a balance among them for the promotion of students’ CTD. 

To conclude, the 2ES-CTDI has a partial scalar function on the equality of CTD assessment across gender, which provides evidence 
that the gender difference among the latent factors (self-efficacy, instant judgment, and habitual truth-digging) and the components of 
CTD is not caused by the scale but by the different personality inclination of boys and girls. In addition, self-efficacy partially mediated 
the relationships between instant judgment and habitual truth-digging, and boys may acquire self-confidence more easily than girls on 
the level of instant judgment, necessitating educators to pay more attention to this distinction in gender in their educational practice on 
undergraduates’ CTD propensity. 

Appendix. Employer-Employee-Supported Critical Thinking Disposition Inventory (2ES-CTDI). 
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