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A B S T R A C T   

Even though the framework of critical thinking (CT) comprises both skills and disposition, many 
studies have placed more emphasis on evaluating CT skills than disposition, probably because of 
the paucity of disposition instruments. On the contrary, CT disposition (CTD) is more frequently 
mentioned in the workforce than CT skills. Furthermore, prevalent disposition instruments are 
mostly based on the literature and suggestions from educators, rather than employers’ or em-
ployees’ perspectives. The purpose of this study is to design and validate the Employer-Employee- 
Supported Critical Thinking Disposition Inventory (2ES-CTDI) for college students to evaluate 
CTD. Intelligence accumulation (IA) was employed to synthesize the ideas from the literature, 25 
employers, 43 employees, and a seven-person expert group. The interpretative structural model 
(ISM) was used to build the potential inventory. Validation data were collected from 661 Chinese 
undergraduate students (328 males, 49.6 %, Mean = 19.22, SD = 1.20 and 333 females, 50.4 %, 
Mean = 19.91, SD = 1.23) in 2021. Explorative factor analysis (EFA) was conducted for con-
sistency between the conceptual framework and data. Confirmative factor analysis (CFA) and the 
common method variance (CMV) were adopted to check the model fit and structural validity. 
Partial least squares structural equation modeling (PLS-SEM) was used to identify the mediating 
effects among CTD components, and item response theory (IRT) was utilized to evaluate the test 
endorsement and item discrimination. Finally, a three-factor seven-point CT disposition inventory 
was confirmed. This newly-developed scale can be used to assess college students’ CTD as ex-
pected by the job market. While the inventory has been validated in this study, its contents are 
limited to intelligence obtained from the participants from some Chinese job markets. Further 
validations need to be carried out and implications for wider applications need to be considered.   

1. Introduction 

The outbreak of the COVID-19 pandemic has caused a sharp decline in the global economy. This has been followed by increasing 
conflicts and slanders in politics, economy, and culture. Moreover, younger generations have been trapped by fake news. “The world 
needs critical thinkers now more than ever before, and not only is the sheer amount of information available to us undeniably 
overwhelming, but the accuracy of the information is suspect” (Butler & Halpern, 2020, p. 152). Accordingly, assessing critical 
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thinking (CT) to cultivate critical talents is imperative. In addition, employers throughout the world have been in search of those who 
exhibit CT (World Economic Forum, 2016). Ignorance at schools has resulted in inconsistency between students’ CT outcomes and 
labor market needs (Lane & Oswald, 2016; OECD, 2017). Cruz et al. (2021) found that CT disposition is more frequently mentioned 
(69%, and 39% respectively) in the workforce than CT skills. Furthermore, employees, as the core of the labor market, have a clear 
understanding of dispositions of the market needs. However, there is a lack of instruments for assessing CT dispositions (Quinn et el., 
2020). Moreover, consultation between employers and employees has not led to the development of such instruments. Consequently, it 
is crucial that a CT disposition assessment instrument be developed in accordance with employers’ and employees’ perceptions. 

1.1. The framework of CT 

Critical thinking, a general term with the complexity and uncertainty of its definition, experienced three phases in the framework 
development: one-dimensionality of only cognitive skills included, two-dimensionality of both cognitive skills and psychometric 
disposition, and a comprehensive model with skills and disposition as its input and problem-solving as its output. 

In the first phase (the 1960s to 1980s), three shifts have been witnessed in the scope of cognitive skills in CT (Lewis & Smith, 1993): 
CT equaled problem-solving skills (Kemp, 1963), CT consisted of evaluation and judgment (Quellmalz, 1987), and CT combined 
problem-solving with evaluation (Ennis, 1987). 

In the second phase (the 1990s to 2010s), the scope of CT skills has been extended broadly, with the disposition embedded into CT 
(Elder & Paul, 2020; Ennis, 2011; Facione, 1990b; Halpern, 1998; Ku, 2009). Accordingly, the two-component structure (skills-dis-
position model) starts. CT skills have been broadly defined as a facet of higher-order thinking skills (Lewis & Smith, 1993), reasoned 
and reflective thinking ability (Ennis, 2011), evaluative competence on accounts (Lawson, 1999), and scientific reasoning skills 
(Schmaltz et al., 2017). Although the scope is inconsistent, CT skills were summarized into six main dimensions: interpretation, 
analysis, evaluation, inference, explanation, and self-regulation as seen in Table 1 (Facione, 1990a). Subsequent classifications have 
included these six dimensions as well as verbal reasoning (Halpern, 1998), creative thinking, and mathematical problem-solving skills 
(Perkins et al., 1993). 

CT disposition, a type of consolidated intellectual habit (Paul & Binker, 1990; Salomon, 1994) with the attributes of inclination, 
propensity, tendency, and willingness, is a prerequisite process that can activate CT skills (Ennis, 2011; Norris, 2003; Perkins et al., 
1993). Despite the inconsistent contents of CT disposition, the basic seven dimensions are dominant. They are analyticity, inquisi-
tiveness, systematicity, open-mindedness, truth-seeking, self-confidence, and maturity (Facione & Facione, 1994; Facione & Facione, 
1992) as shown in Table 2. The following studies on its scope are all inspired by this (see Table 3). 

Despite the acceptance of the scopes of both CT disposition and skills of the two-component structure and the effectiveness of the 
cultivation of CT via some teaching methods (Liu & Pásztor, 2022), due to the complexity of the world and the focus on students’ 
learning outcomes, a theoretical framework to assess CT disposition and skills is not enough. Educators should know whether students 
can use CT to solve problems in daily life (practical implementation). Therefore, at the beginning of the third phase (the 2020s -), a 
comprehensive framework of CT was developed to clarify the relationships among all these components (Fig. 1). CT is not static but 
rather a dynamic process in which the disposition encompasses the means to ignite the acquisition of skills. In conjunction, both can 
strengthen the scenario problem-solving competence of the workforce. During this procedure, various interventions can be employed 
to enhance students’ CT ability. This process comprises three steps, which are repeated as experience is accumulated. 

To summarize, although CT skills have dominated through the whole first phase, disposition is regarded as the basis of skills. 
Despite mastering CT skills, it is unlikely that they can be used without disposition (Valenzuela et al., 2011). However, studies have 
revealed the presence of the cognition-preferred bias that most scholars employ to assess CT skills rather than disposition, which may 
result from the paucity of CT disposition assessment instruments (Bravo et al., 2020; Quinn et al., 2020; Sosu, 2013). 

1.2. CT disposition scales 

CCTDI (Facione & Facione, 1994; Facione & Facione, 1992) was the first CT disposition assessment instrument. The developers, 
through item and factor analysis, generated seven broader and unified dimensions from the 19 scales (see Fig. 2) of the Delphi Report 
(Facione, 1990b). However, in most studies, the reliability and validity of the original version appear to be inconsistent with the 
preliminary results. A literature review of these studies (Table 4) indicates: (a) When the original version was used, although the 
overall reliability can be acceptable, that of subscales was quite low, and by the factor analysis, the modifications of combining di-
mensions and shortening the number of items were put forward in most studies. (b) When they adopted the adapted version, although 

Table 1 
Contents of six main dimensions of CT skills.  

Dimensions Contents 

Interpretation To comprehend and present the category, meaning, and significance 
Analysis To check ideas, find out arguments, and analyze their components 
Evaluation To evaluate statements and arguments 
Inference To question evidence, infer choices, and make conclusions 
Explanation To demonstrate results, procedures, and arguments 
Self-regulation Self-evaluation and self-modification  
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the reliabilities of both overall scale and subscales were good, they, based on the results of factor analysis, also suggested combining 
dimensions and shortening the number of items to get a better validity. Researchers have also summarized the overlaps among the 
dimensions and lack of demographic information and factor loadings of CCTDI (Walsh & Hardy, 1997; Walsh et al., 2007). Despite its 
disadvantages, CCTDI contains recommendations for subsequent instruments and discussions on disposition dimensions. However, 
suitable adaptation and further exploration are essential. 

Based on CCTDI, Yoon (2004) developed the YCTD scale for Korean nursing students. The dimensions are similar to those in the 
Delphi Report, including 27 items in the following seven subscales: objectivity, prudence, systematicity, intellectual curiosity, intel-
lectual fairness, healthy skepticism, and self-confidence. Although the initial reliability was measured as .84, construct validity and 
measurement invariance were not assessed. Subsequently, Shin et al. (2015) confirmed Cronbach’s Alpha was .84. Once items were 
deleted, Cronbach’s Alpha ranged between .83 and .85. The model fit by Confirmative Factor Analysis (CFA) and measurement 
invariance was both acceptable. This instrument appears to be an adaptation of CCTDI, thus supporting the notion that disposition 
instrument adaptation and improvement are both crucial. 

Accordingly, Sosu (2013) developed and validated CTDS whose dimensions were constructed under the Delphi Report and CCTDI 
as well as the taxonomies related to CT dispositions and two other researchers’ advice. The initial item bank comprised 98 items on all 
the dimensions in previous taxonomies. After discussions, 46 items were retained. Subsequently, a pilot study on these 46 items 
revealed flaws in several items. To ensure validity, 24 items were finalized for the main study. Explorative Factor Analysis (EFA) and 
CFA recommended 11 items to formulate two factors, namely, critical openness and reflective skepticism, with a good model fit. 
However, the model checks Bravo et al. (2020) and Yockey (2016) conducted revealed that although the model fit of Sosu’s two-factor 

Table 2 
Contents of CT disposition dimensions.  

Dimensions Contents 

Analyticity Anticipate potential results or outcomes 
Inquisitiveness Curiosity to know things even though not instantly or obviously beneficial 
Systematicity Solve problems in a disciplined and organized way 
Open-mindedness Accept different opinions and bravely speak out on own 
Truth-seeking Use reason and evidence to understand any situations and avoid bias or preconceptions 
Self-confidence Trust your reflective thinking to make decisions and solve problems 
Maturity Recognize the complexity of problems and make mature decisions  

Table 3 
The taxonomies of CT disposition in the literature.  

Scholar Taxonomy 

Perkins et al. 
(1993) 

The inclination: (1) to be broad and adventurous; (2) to possess curiosity; (3) to clarify and build understanding; (4) to make plans and be 
strategic; (5) to be intellectually careful; (6) to seek and evaluate reasons; (7) to be metacognitive 

Halonen (1995) The disposition to be: (1) tentative; (2) a skeptic; (3) tolerant of ambiguity; (4) indulgent of individual differences; (5) careful of ethical issues 
Ennis (1996) The tendency to (be): (1) seek alternatives and be open to them; (2) well-informed; (3) endorse a position when it is justified to do so; (4) 

consider others’ viewpoints; (5) clear about intended meaning; (6) determine and maintain focus on the conclusion or question; (7) seek and 
offer reasons; (8) take into account others’ feelings and level of understanding; (9) reflectively aware of own beliefs; (10) discover and listen 
to others’ view and reasons; (11) take into account the total situation; (12) concerned about others’ welfare 

Halpern (1998) The tendency in: (1) habitual use of plans and the suppression of impulsive activity; (2) willingness to engage in and persist in a complex task; 
(3) flexibility or open-mindedness; (4) willingness to abandon non-productive strategies in an attempt to self-correct; (5) awareness of social 
realities so that thoughts can become actions  

Fig. 1. The framework of CT.  
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model was not superior to the one-factor model, it was acceptable. Cronbach’s Alpha demonstrated the reliabilities of the two-factor 
models were .78 and .79 respectively, which may be regarded as acceptable. However, because this model of CT disposition does not 
appear to be stable, an in-depth discussion is important. 

To rectify these imperfections, Quinn et al. (2020) developed and validated SENCTDS in an endeavor to address the limitations of 
other instruments that failed to consider students’ perceptions. This development procedure, which comprises four collective intel-
ligence (CI) sessions (Dwyer et al., 2016), employed an interactive management methodology (Warfield & Cárdenas, 1994) and 
generated 13 categories with 101 items initially for validation. Six dimensions with 21 items emerged after EFA and CFA had been 
conducted, namely, reflection, attentiveness, open-mindedness, organization, perseverance, and intrinsic goal motivation. While the 
overall reliability is .77, that of its subscales ranges from .59 to .82 with an acceptable model fit. The convergent and predictive validity 
of SENCTDS is positive. However, despite these positive attributes, there are overlaps in the inventory. Although attentiveness is 
unique, it may be regarded as a form of perseverance. Intrinsic goal motivation, as a broad subscale, is grouped with subscales that 
have a narrow scope, thus resulting in conceptual vagueness. Although student participation was emphasized in the development 
process, young students with little knowledge of CT tend to choose skills that they may lack but not need in the future. 

Fig. 2. Dimensions of Delphi report and CCTDI on CT disposition.  

Table 4 
The summary of research on CCTDI in previous studies.  

Researchers Context Initial Adaptation Initial Reliability Cronbach’s 
Alpha 

Necessity for Improvement Suggested after Factor 
Analysis 

Overall Subscales Unify Dimensions Shorten Items 

Ip et al. (2000) China No .85 .34–.76 No No 
Walsh and Hardy (1997) USA No .91 .57–.78 Yes Yes 
Bondy et al. (2001) USA No .89 .39–.77 No Yes 
Bondy et al. (2001) USA No .90 .49–.79 No Yes 
Kakai (2001, 2003) USA No .89 .59–.77 Yes Yes 
Walsh et al. (2007) USA No .91 .53–.84 Yes Yes 
Yeh (2002) China No .71 .34–.73 Yes Yes 
Yeh (2002) China No .71 .52–.73 Yes Yes 
İskifoğlu and Ağazade (2013) Turkey No .87 .81–.90 Yes Yes 
Wang et al. (2019) China Yes .92 .82–.86 Yes Yes 
Peng et al. (2004) China Yes .90 .54–.77 Yes Yes 
Kokdemir (2015) Turkey Yes .88 .61–.78 Yes Yes  
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In brief, the dimensions in Delphi Report formed the basis of the CT disposition from which subsequent instruments were borrowed. 
However, ongoing discussions on components of CT dispositions are still prevalent. Differences related to categories of sub-dimensions 
and structure are evident. Although progress in the field has been made, the availability of reliable and valid CT disposition in-
struments remains limited. The procedure to develop CT disposition inventory can generally be divided into three perspectives: 
literature-based, educator-based, and educator-student-based. While the first two perspectives have been dominant, instruments 
developed in consultation with employers and employees are lacking. 

Accordingly, the purpose of this study was to design and validate a new CT disposition scale: The Employer-Employee-Supported 
Critical Thinking Disposition Inventory (2ES-CTDI). Based on the aforementioned gaps and aims, the research questions in this study 
are:  

(a) What kind of CTD framework will be identified by the expert group based on the intelligence from the literature, employers, and 
employees?  

(b) Is the conceptual framework consistent with the statistical data?  
(c) Is the 2ES-CTDI reliable and valid for assessing undergraduate students’ CTD?  
(d) What is the relationship among the components of CTD?  
(e) What is the endorsement of the 2ES-CTDI and its items according to item response theory? 

2. Materials and methods 

2.1. Participants 

The participants in this study included three groups: employers and employees, Interpretative Structural Model (ISM) group, and 
college students. The expected dispositions for college students from a total of 25 employers and 43 employees in different fields in 
China (Table 5). The classification of economic activities was based on the theories of the European Statistical Office (2008). The ISM 
group comprised seven persons: two scholars who were professionals in CT research, one coordinator in charge of organization and 
ISM technical issues, one employer from the field of human resources and one from the education system, and two employees from the 
education system. Finally, 661 college students from four universities in southwest China voluntarily and anonymously participated in 
the assessment (Mean = 19.57; SD = 1.26). Specifically, there were 328 male (49.6 %; Mean = 19.22; SD = 1.20) and 333 female 
students (50.4 %; Mean = 19.91; SD = 1.23). 

The recruitment of employers, employees, ISM members, and undergraduate students was up to a non-probability sampling 
approach. Employers were recruited via volunteer sampling. A human resource company was invited to release the online survey to all 
employers and employees who cooperated with it. ISM members were purposely selected since we should find two experts, one who 
can use ISM software, two employers who can know much about most fields, and two employees who have much experience in their 
jobs. For the recruitment of college students, we asked student counselors in some universities to release online questionnaires to their 
students. 

2.2. Procedure 

This study comprised two phases: first, the finalization and item development phase, and second, the statistical study validation 
phase (Fig. 3). An in-depth elucidation of these phases follows. 

Table 5 
The distribution of employers and employees.  

Economic Activities No. of Participants Proportion 
Main Category Sub-Category Employer Employee  

Education Primary Education 0 3 63.2% 
General Secondary Education 6 6  
Tertiary Education 3 6  
Other Education (Cramming School) 9 10  

Social Sciences, Journalism and Information Sociology and Cultural Studies 0 1 7.4% 
Restaurants and Mobile Food Services 2 2 

Business, Administration, and Law General Public Administration 0 1 22% 
Foreign Affairs 0 2 
Landscape Services 0 2 
Central Banking 1 1 
Non-life Insurance 0 1 
Risk and Damage Evaluation 1 2 
Real Estate Agencies 1 1 
Human Resources Administration 1 1 

Information and Communication Technologies (ICTs) Computer Programming 1 4 7.4% 
Total 68 25 43 100%  
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• Phase I 

Step 1: A literature review. Given all the disposition assessment tools that have been based on the dimensions recommended by the 
Delphi Report, although this instruction for disposition subscales was followed, additional ones from employers and employees were 
accepted in this study. Furthermore, the items from previous instruments were collected for evaluation. 

Step 2: Employers’ and employees’ subscale item finalization by ISM. Employers and employees wrote additional suggestions on a 
document in which the subscales from the Delphi Report and the aforementioned scales were described. Specifically, the employers 
and employees described the dispositions they expected graduates to possess. In accordance with these expectations, the ISM process, 
combined with the intelligence accumulation (IA) approach was conducted to finalize the retained dimensions and items.  

• Phase II 

Step 1: Inventory construction and data collection. After comparisons, discussion, and finalization, the inventory was integrated 
into the online survey and sent to participants by email or social applications via a QR code or link. It is estimated participants need 
approximately five to ten minutes to complete the inventory. Furthermore, the data, recorded automatically online, anonymously, and 
confidentially, can be downloaded at a later stage for data analysis. 

Step 2: Statistical computation. EFA was first conducted to explore the factor loadings and content validity of the matches between 
the ISM framework and data. CFA and the common method variance (CMV) were subsequently conducted with acceptable matches of 
ISM’s taxonomy to identify the best model and its model fit. Then, the basic scale reliability was checked via Cronbach’s Alpha, and the 
additional structural validity (the convergent and discriminant validity of the identified model) was examined. Partial Least Squares 
Structural Equation Modeling (PLS-SEM) was further employed to specify the inner effects among the factors. In addition, Item 
Response Theory (IRT) was utilized to investigate inventory endorsement and item discrimination when examining the causes of the 
ineffective items. 

2.3. Data analysis techniques 

2.3.1. Subscale finalization and item development techniques 
The term IA was coined in this study. IA is a review technique employed to collect experience from previous or current intelligence, 

including the prevalent literature, questionnaires, and/or interviews with scholars and/or correspondent subjects, and experimental or 
natural phenomena, so as to synthesize and compare the results that could be employed in the present study. It can be used as a basic 
theory to support later research. IA was utilized in the first two steps of Phase I, namely, the literature review and the collection of 
employees’ and employers’ intelligence (i.e., their expert knowledge and information about the matter). 

Warfield (1973a, 1973b) detailed the conceptual and theoretical interpretations of ISM. ISM, one of the qualitative-oriented 
analysis approaches in modern system engineering, can be employed to simplify a complex system into subsystems with hierarchi-
cal levels by employing people’s experience and knowledge as well as computers. Currently, it is frequently used in the research of 
educational sciences research (e.g., Quinn et al., 2020). The steps conducted in ISM help one to classify and explore the relationships 
among sub-dimensions generated from studies and expected by employers (Fig. 4). The ISM intelligence group can comprise technical 
experts, an organizer or coordinator, and other intelligence participants. The correlations of each factor should be listed in both the 
column and row in a table: while one depicts that one factor has a direct relationship with the other one, zero indicates no direct 
relationship. The adjacency matrix and accessibility matrix are used to explain the one-level and two-level relationships among factors, 
respectively. These two methods were employed to check the content validity of the inventory. 

2.3.2. Statistical techniques 
The degree to which an assessment instrument is relevant to and representative of the specific construct it is supposed to evaluate is 

referred to as content validity (Rusticus, 2014). This was evaluated from three perspectives: domain definition, domain representation, 
and domain relevance (Sireci, 1998). This was fulfilled previously when the literature reviewed dimensions and items generated from 
previous studies and representatives of the ISM group. EFA was employed to check the consistency between ISM and dimension 

Fig. 3. The technical procedure employed.  
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Fig. 4. The steps of conducting ISM.  
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structure (domain relevance) and monitor the rotated factor loadings, retaining those above 0.4 (Worthington & Whittaker, 2006). In 
addition, the Kaiser-Meyer Olkin (KMO) test (Kaiser, 1970) and Bartlett’s test (Snedecor & William, 1989) were conducted to examine 
the common variance and homogeneity of the variances of the data, respectively. 

The common-method variance (CMV, Podsakoff et al., 2003), which may be employed to explore if the structure is influenced by 
indicators, instruments, and other factors, often requires combining all the items into one construct and comparing the fit between the 
one-factor model and the target model. If the one-factor model fit is less superior to the target model, the credibility of the latter may be 
concluded. In addition, CFA, a component of the Structural Equation Model (SEM), can be deployed to examine the model fit. 
Chi-square (Pearson, 1900), the Root Mean Square Error of Approximation (RMSEA; Steiger, 1990), the Comparative Fit Index (CFI; 
Bentler, 1990), and the Tucker–Lewis index (TLI; Bentler & Bonett, 1980; Tucker & Lewis, 1973) were employed for this purpose. 

Cronbach’s Alpha (Fornell & Larcker, 1981), evidence of internal consistency, is often employed to indicate scale reliability. Two 
aspects of construct validity, proposed by Campbell and Fiske (1959), have been regarded as powerful evidence that CFA can collect to 
further confirm the model fit:  

(a) Convergent validity, which indicates to what degree the construct has been measured by indicators, can be determined by 
average variance extracted (AVE) and composite reliability (CR). A value above .50 is acceptable for AVE, which captures the 
variance level of construct versus measurement error. A level of more than .70 is regarded as acceptable for CR. Dillon- 
Goldstein’s rho (DG), another type of CR was tested by employing the PLS-SEM approach, which is more dependable because it 
is generated by the weight of each indicator. Chin (1998) noted that the value level should be higher than .70.  

(b) Discriminant validity, which signifies the level of non-relation among different indicators, can be assessed by the square root of 
AVE (Fornell & Larcker, 1981) and the Heterotrait-Monotrait ratio of the correlations (HTMT; Henseler et al., 2015). The value 
of the square root of the AVE of each indicator should be larger than their correlations (Fornell & Larcker, 1981). Although the 
HTMT value should be less than .90 (Teo et al., 2008), it is recommended that it is less than .85 (Kline, 2011). 

To enhance the validity of the model and avoid the influence of the possible non-normality of the data, PLS-SEM (Wold, 1985) was 
employed to examine the mediation effect among factors in conjunction with CFA. However, although classical test theory was 
employed in many studies to identify the validity of the instrument, it can just output the fit between model and data instead of among 
model, data, test, and student’s ability. Thus, IRT (Samejima, 1969) was employed to determine inventory endorsement (information 
that the test can provide and the match between the scale and students’ competence), item discrimination, the predictive direction, and 
the path for further inventory modification. 

Table 6 
Subscales generated from IA.  

Subscales No. of Choices Proportion Final Choice 

From the Literature    
Well-informed 51 75% Yes 
Precision 37 55% Yes 
Self-confidence 44 65% Yes 
Understand opinions 51 75% Yes 
Flexibility in alternatives 20 30% No 
Fair-mindedness 24 35% No 
Honesty in facing biases 34 50% Yes 
Diligence in judgments 44 65% Yes 
(Self-)Revise views 41 60% Yes 
Clarity in statements 27 40% No 
Reasonableness in criteria 24 35% No 
Attention to concerns 41 60% Yes 
Persistence in complexities 37 55% Yes 
Prudence in judgments 34 50% Yes 
Systematicity 51 75% Yes 
(Self-)Reflection 51 75% Yes 
Objectivity 47 70% Yes 
Analyticity of possible results 24 35% No 
Healthy skepticism 34 50% Yes 
Careful about ethical issues 41 60% Yes 
Concern for others’ feelings 27 40% No 
Concern for others’ benefit 14 20% No 
Awareness of social realities 44 65% Yes 
From Employers and Employees    
Cooperation and collaboration - - Yes 
Independent thinking - - Yes 
Retaining original aspiration - - Yes 
Global insights - - Yes  
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3. Results 

3.1. Construction of the inventory 

To avoid repeated choices from employers, ISM group members synthesized the Delphi Report and scales of other instruments and 
deleted the duplicates. Finally, 23 sub-dimensions were approved (Table 6). The collection of the employers’ and employees’ ex-
pectations demonstrated that all the dispositions from studies had been referred to and four additional CT dispositions, namely, 
cooperation and collaboration, independent thinking, keeping original aspirations, and global insights proposed. Subsequently, those 
with 50% or more of the employers’ and employees’ expectations were chosen as the potential subscales. Although the four dispo-
sitions that were proposed by employers and employees were retained, they were not supported by theory. Finally, 20 subscales were 
approved. Through discussion and modeling in the ISM group, the initial CT disposition framework was developed (Fig. 5). It 
encompassed two scopes: the mindedness-oriented disposition, which included intrinsic motivation (self-efficacy) and extrinsic 
perception (instant judgment), and skill-oriented disposition (habitual truth-digging). 

In accordance with the CT Disposition framework, the ISM group selected and adapted the suitable items from the item bank of the 
previous instruments to be employed in the 2ES-CTDI. It comprises 12 items for critical-mindedness-oriented disposition, specifically 
eight items for the intrinsic motivation dimension and four for extrinsic perception as well as eight items for the critical skill-oriented 
disposition (Table 7). In addition, given the response designs of the previous questionnaires in which CCTDI employed a 6-point scale, 
YCTD and CTDS a 5-point scale, and SENCTDS a 7-point scale, a 7-point Likert scale was deemed suitable to assess participants’ true 
evaluations in a wide-scale without forcing them to choose one side (Finstad, 2010; Taherdoost, 2019), ranging from 1 (strongly 
disagree) to 7 (strongly agree). Some reverse items were applied to check students’ concentration. The English version was then 
translated into Chinese by two professional interpreters who had been certified by the China Accreditation Test for Translators and 
Interpreters. 

3.2. Empirical examinations of the inventory 

3.2.1. Examining the content validity 
After the finalization of the inventory, data were collected from 678 respondents. We deleted the data of 67 respondents because of 

missing values and inconsistent answers between positive and negative items. Therefore, data from 611 respondents were analyzed. 
EFA with principal component analysis was conducted to determine the relevance between the theoretical framework and statistical 
data. The results revealed the KMO was .925 and Bartlett’s test: χ2 = 7163.071, df = 325 (p < .001), thus indicating the EFA was 
reliable and additional EFA could be conducted. The initial eigenvalues suggested three factors with a 50.75% variance. The varimax 
rotated component matrix which is consistent with our theoretical framework developed by the ISM group is displayed in Table 8. A 
good AVE score requires almost each factor loading and communality to be more than .70 and .20, respectively. Accordingly, to ensure 
an enhanced structure, the items with factor loadings below .6 were to be deleted: A1, A3, A6, B4, C6, and C8. Moreover, some items 
such as B4 and C3 were also to be deleted because of the higher factor loadings listed in other factors that were inconsistent with the 
expected ones and high cross-loadings. Interviews with some participants revealed that the descriptions of these items were related to 
two factors, which may have misled the participants. For example, while Item A6, I believe in my ability to make rational and informed 

Fig. 5. Initial CT disposition structure generated by ISM.  
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Table 7 
Items finalized by ISM.  

IDs Items Adapted 
Source 

Critical Mindedness-Oriented Disposition 
Intrinsic Motivation: Self-Efficacy (L1) 
A1 I would not like to spend time exploring the truth without any benefit to me. (R) ISM 
A2 If, for one thing, most people agree with the conclusion and few reject it, I tend to choose to agree. (R) CCTDI 
A3 Although I have found the evidence violating my thoughts, I tend to persist in mine. (R) CCTDI 
A4 When dealing with complicated issues, I often tend to give up. (R) CCTDI 
A5 I’m easily distracted when dedicated to a task. (R) SENCTDS 
A6 I believe in my ability to make rational and informed judgments. SENCTDS 
A7 When making judgments, I am easily influenced by ethical values while ignoring reasoning thinking. (R) ISM 
A8 When making decisions, I tend to be impulsive. (R) CCTDI 
Extrinsic Perception: Instant Judgment (L2) 
B1 The decisions of people with power will be right. (R) CCTDI 
B2 In my mind, critical thinking focuses on criticizing others’ opinions. (R) ISM 
B3 When discussing in a group, if someone’s opinion is regarded as wrong by others, he should not have any chance to express his thoughts. 

(R) 
CCTDI 

B4 Facing inconsistent issues, I tend to agree with the one who is the last to give me advice. (R) CCTDI 
Critical Skill-Oriented Disposition 
Habitual Truth-Digging (L3) 
C1 If I need to reject others’ opinions, I tend to propose my reasons for such. CCTDI 
C2 Whenever I read or hear an assertion or conclusion, I tend to think about possible alternatives. ISM 
C3 When I hear or read international news in my mother tongue, I tend to search for the original version to confirm my opinion. ISM 
C4 Before deciding, I tend to search for all the potentially relevant materials. CCTDI 
C5 I tend to consider the social context and reality when dealing with problems. ISM 
C6 When in group work, I am ready to cooperate with others well. ISM 
C7 I prefer proposing suspensions while others are in a calm mood. ISM 
C8 I tend to question conclusions I hear or read to decide if they are convincing. ISM 
C9 I like to analyze any statements or opinions rather than just read and let them go. ISM 
C10 I like to deal with problems logically (step by step or with a good plan). CCTDI 
C11 When judging others’ statements, I tend to use reasonable evidence or criteria rather than basing them on my own experience. ISM 
C12 I like to reflect on my own or others’ thinking procedures. CTDS 
C13 When I find myself or others using less-persuasive evidence to support opinions, I tend to drive myself or them to adjust the evidence. ISM 
C14 I am accustomed to predicting possible results when I solve problems. CTDS 

Note: R = reversed scoring. 

Table 8 
The Varimax rotated component matrix.  

Item Communalities Factor One Factor Two Factor Three To be Deleted 

A1 .204 .349   yes 
A2 .460 .659    
A3 .302  .348  yes 
A4 .637 .785    
A5 .512 .700    
A6 .375   .599 yes 
A7 .470 .659    
A8 .519 .713    
B1 .657  .617   
B2 .630  .665   
B3 .681  .754   
B4 .521 .513   yes 
C1 .632   .777  
C2 .544   .727  
C3 .577  .641  yes 
C4 .609   .752  
C5 .543   .730  
C6 .304   .543 yes 
C7 .417   .604  
C8 .330   .477 yes 
C9 .526   .661  
C10 .607   .756  
C11 .471   .614  
C12 .567   .724  
C13 .513   .680  
C14 .588   .707   
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judgments, demonstrated both the self-confidence and inclination to judge rationally. Item A9, I prefer proposing suspensions while others 
are in a calm mood to anytime, included questioning others’ opinions and self-control when caring for others emotionally. 

3.2.2. Examining the model fit, reliability, and construct validity 
To ensure the model fit that EFA identified, CFA on this three-factor model was also examined (Table 9, first row, EFA Model). After 

the deletion of Items A1, A3, A6, B4, C3, C6, and C8 based on the aforementioned reasons, in accordance with the theoretical 
framework, to test CMV, the model fits of the one-, two-, and three-factor model were compared with one another (Table 9). The results 
showed that the three-factor model was the best, with X2/df < 5, RMSEA < .08, CFI and TLI > .90, SRMR < .08, and almost the smallest 
AIC and BIC. 

As shown in Table 10, all the Cronbach’s Alphas of each dimension and overall inventory are more than .70, indicating the good 
internal consistency and good reliability of the inventory. Besides, the factor loadings of nearly all the items were above .70, CR and DG 
values were more than .7, and all the AVEs were above .5, thus signifying the inventory has strong convergent validity. 

The discriminant validity was shown in Table 11. While HTMT values between every two latent variables were listed at the top right 
corner with all values < .85, the correlations between the variables were in the bottom left corner with all values <

̅̅̅̅̅̅̅̅̅̅
AVE

√
s, which 

demonstrated that the three indicators, to some extent, were separate from each other, thus ensuring discriminant validity. 
Subsequently, the model was developed (Fig. 6). The model illustrates that the correlations between L2 (instant judgment) and L1 

(self-efficacy) as well as between L1 and L3 (habitual truth-digging) were significant. However, the correlation between L3 and L2 was 
not significant. To analyze the insignificant correlation between L2 and L3, IRT was conducted for all the items. The results revealed 
that all the items in L2 had low item discrimination (B1, Coef. = − .14; B2, Coef. = .03; B3, Coef. = .03 respectively, all p-values > .05). 
This indicated that with regard to instant judgment (L2), most students tended to judge without deep thought but expected positive 
results. 

3.2.3. The mediating effects among the components of CTD 
Subsequently, the PLS-SEM model (Fig. 7) was developed to explore further relationships (Table 12) via the paths L2, L1, and L3 as 

well as L3, L1, and L2. It may be concluded that (a) the strong disposition to make a correct instant judgment (L2) will accelerate the 
level of self-efficacy (L1). In addition, although strong self-efficacy will promote the tendency of habitual truth-digging (L3), enhanced 
instant judgment has a significantly negative effect on habitual truth-digging, with self-efficacy as the competitive partial mediation 
(path coefficient − .197, p < .01; indirect effect p < .001, z > 1.96). Thus, the strong instant judgment disposition may decrease the 
tendency to uncover truth habitually by a partial influence of self-efficacy. (b) In contrast, for the second path, habitual truth-digging 
has a positive effect on self-efficacy, which may also have a positive effect on the enhancement of instant judgment. However, habitual 
truth-digging has no significant effect on instant judgment (path coefficient p > .05) but can influence the instant judgment disposition 
via the complete mediation of self-efficacy (indirect effect p < .01, z > 1.96). Similar results were obtained from IRT analysis. For 
instance, in Fig. 8, the Item B1 category characteristic curves were generated from IRT to demonstrate the relationship between the 
probability to obtain scores and students’ CTD level, indicating that while the students with a CT disposition level of θ < − 16.5 (a 
lower-level ability) are likely to acquire seven points (a higher-level of instant judgment), those with θ > − 6 (a higher-level ability) will 
probably obtain one point (a lower-level of instant judgment). This also shows that the habitual truth-digging inclination will be cut 
down by the increase of instant judgment tendency. 

3.2.4. Examining the test endorsement 
The micro model fit with IRT was checked concerning test characteristics and item information. Fig. 9 shows the relationships 

between students’ CTD level and expected inventory score, which may be noted that with the students’ CT disposition level (θ) 
increasing, the expected score increased, thus indicating that the inventory was reliable and could be used to examine students’ real CT 
disposition level. 

In relation to the item information plot (Fig. 10), it shows the relationship between the amount of item information and students’ 
CTD level. Most parts of the curves are located on the negative sides (θ = 0) of the students’ level (θ). The two peaks, θ = − 2 and 1, 
illustrate that the test can provide more information for low-level students, and it is more suitable for students with the CT disposition 
level θ between − 2 and 1. One can conclude from the second plot that for average-level students, the information provided by the test is 
somewhat lower than that for students in the range. This may suggest that, if the aim is to test average level, it is preferable to add more 
items for average level students. Furthermore, all the items in L1 (As) and L2 (Bs) provided less information than those in L3 (Cs), thus 
indicating that the critical-mindedness-oriented disposition may not be essential in CT disposition components. However, one may 

Table 9 
Comparisons of model fits.  

Model X2 X2/df RMSEA CFI TLI SRMR AIC BIC 

EFA 1417.97*** 4.79 .076*** .839 .823 .097 55521 55885 
One- 2358.32*** 15.52 .148*** .587 .535 .161 41432 41688 
Two- 885.26*** 5.86 .086*** .863 .844 .071 39961 40221 
Three- 583.18*** 3.91 .066*** .919 .907 .054 39663 39932 

Note: 
*** p < .001 
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deduce that the inventory is dependable and informative. 

4. Discussion 

4.1. Discussions on research questions a, b, and d related to CTD framework 

Research questions a, b, and d are related to the CTD framework identified by the ISM group based on the intelligence from the 
literature, employers, and employees, its consistency with statistical data, and the relationship among these components. 

The three-factor (instant judgment, self-efficacy, and habitual truth-digging) framework, though, tested consistent with statistical 
data, is different from those in previous studies. Those in previous studies were mostly comprised of self-efficacy and habitual truth- 
digging disposition without any explorations of instant judgment. However, the ISM group identified this factor by the ISM approach to 
be discussed in this study. 

Instant judgment, which was generally ignored previously, was a new perspective employed in the inventory. While most studies 
(e.g., Holloway et al., 2021) have examined the positive relationship between CT and decision-making, which may be regarded as a 
form of habitual judgment in general, this type of decision-making was divided into two parts as suggested by Rutter and Brown (2019) 
and Kahneman (2011) in this study: instant and habitual ones. The conclusion that instant judgment is necessary to reflect on issues 
quickly but more thought is needed to specify the nature of these judgments was arrived at in this study (Rutter & Brown, 2019). The 
inclination of habitual truth-digging is necessary to weaken such. This procedure also proves CT is a form of competence to find a 
balance to solve problems well and make the right decision but is neither a short- nor long-term thinking process. These mutual re-
strictions between instant judgment and habitual truth-digging were also identified in this study. However, self-efficacy was found to 
have a mediating effect on these restrictions, which means it can be used to keep the balance for students’ CTD improvement. 

Besides, although the inclusion of self-efficacy was also in dispute in previous studies, any CT disposition inventories, which have 
also examined self-efficacy and skill-oriented disposition, obtained similar results to those of this study, namely, self-efficacy did not 
appear linked to the CT disposition (Quinn et al., 2020) and was thus deleted from the inventory. However, conclusions were drawn 
from the perspective of low factor loadings without any powerful correlation and regression evidence. However, IRT and PLS-SEM 

Table 10 
Reliability and convergent validity of the inventory.  

Item Mean ± SD Factor Loadings Cronbach’s Alpha CR DG AVE 
L1 L2 L3 

A2 4.12 ± 1.57 .608   .796 .831 .859 .50 
A4 3.79 ± 1.63 .762       
A5 4.13 ± 1.56 .709       
A7 4.34 ± 1.44 .700       
A8 4.05 ± 1.49 .738       
B1 2.56 ± 1.71  .740  .824 .814 .859 .60 
B2 3.03 ± 1.67  .782      
B3 3.05 ± 1.79  .787      
C1 5.32 ± 1.37   .759 .905 .919 .919 .51 
C2 4.89 ± 1.34   .732     
C4 4.88 ± 1.34   .770     
C5 5.03 ± 1.24   .730     
C7 4.99 ± 1.34   .602     
C9 4.66 ± 1.31   .690     
C10 4.83 ± 1.31   .781     
C11 4.59 ± 1.31   .650     
C12 4.95 ± 1.27   .733     
C13 4.87 ± 1.27   .680     
C14 5.07 ± 1.26   .704     
Overall Cronbach’s Alpha .858        

Note: L1: Intrinsic Motivation: Self-Efficacy; L2: Extrinsic Perception: Instant Judgment; L3: Habitual Truth-Digging; CR: Composite Reliability; DG: 
Dillon-Goldstein’s rho; AVE: Average Variance Extracted 

Table 11 
Correlations among latent variables, square root of AVE, and HTMT.   

L1 L2 L3 

L1  .66 .24 
L2 .669  .03 
L3 .210 .008  
̅̅̅̅̅̅̅̅̅
AVE

√ .706 .770 .713 

Note: L1: Intrinsic Motivation: Self-Efficacy; L2: Extrinsic Perception: Instant Judgment; L3: Habitual 
Truth-Digging; AVE: Average Variance Extracted 
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Fig. 6. Structural model of the inventory (L1: Intrinsic Motivation: self-efficacy; L2: extrinsic perception: instant judgment; L3: habitual truth- 
digging). 
Note: ***p < .001 

Fig. 7. PLS-SEM mediate effect model (L1: Intrinsic Motivation: Self-Efficacy; L2: Extrinsic Perception: Instant Judgment; L3: Habitual Truth- 
Digging). 
Notes: **p < .01; ***p < .001 

Table 12 
Bootstrapping mediation effect test.  

Model Path Indirect Effect S.E. z CI 
Low Up 

L2-L1-L3 .179*** .039 4.565 .109 .261 
L3-L1-L2 .125** .037 3.347 .053 .198 

Notes: L1: Intrinsic Motivation: Self-Efficacy; L2: Extrinsic Perception: Instant Judgment; L3: Habitual Truth-Digging 
** p < .01; 
*** p < .001; 
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were employed in this study to demonstrate that the critical-mindedness-oriented disposition has less of an effect on CT disposition 
than skill-oriented ones. However, its mediating effect was strong enough to demonstrate that this removal was not adequate to assess 
CT disposition because the model fit and test characteristic curve showed that what was tested was what was required and thus, 
self-efficacy was retained in the inventory. 

4.2. Discussions on research questions c and e related to the inventory and its items 

Research questions c and e are related to the endorsement of the overall inventory and its items. The previous studies on the 
validation of scales were mostly based on EFA, CFA, and classical test theory (CTT), which can also demonstrate the model fit and test 
endorsement, but not enough. The basic results generated from EFA, and CFA cannot further explore if the inner factors gather and 
separate from each other well. Thus, additional convergent and discriminant validity checks were employed. Besides, CTT, considering 
individual true scores as the expected ones, cannot generate dependent assumptions (Rusch et al., 2017). Thus, this study made an 
additional IRT analysis on the whole inventory and items to show more details on the endorsement. 

Reliability, EFA, and CFA results indicated the inventory was reliable and valid for assessing undergraduates’ CTD, though as noted 
previously, some items were deleted because of low factor loadings and high cross-loadings, which concurs with previous studies. 
However, IRT showed some unexpected results on item discrimination. Although items with low discrimination are regarded as 

Fig. 8. The relationship between the probability of obtaining scores and students’ CTD Level of Item B1.  

Fig. 9. The relationships between students’ CTD level and expected inventory score.  
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ineffective in tests, it is preferable to have items with good discrimination in inventories, and thus, emphasis is placed on students’ 
inclination. Consequently, despite their low discrimination, items B1, B2, and B3 were not removed because of the information they 
provided on students’ instant judgment tendencies. 

Overall, the three-factor framework, identified by the ISM group based on intelligence from the literature, employers, and em-
ployees, is consistent with statistical data. The relationship among these components demonstrates the solution to mediate the re-
strictions between instant judgment and habitual truth-digging by self-efficacy. The statistical reliability, validity, and test and item 
endorsement enhanced the truth that this new inventory is ready to be used for assessing undergraduates’ CTD. 

5. Limitations, educational implications, and future recommendations 

5.1. Limitations 

Although this study demonstrated positive results for the model fit and acceptable 2ES-CTDI content, it has several limitations. 
First, the sampling method used in this study is a non-probability sampling that, though having advantages, does have drawbacks in 
that it can have selection bias and cannot estimate the sampling errors. Second, the framework was subjective. Despite most of the 
subscales being selected from classical frameworks in previous studies, some parts of the content of our CT disposition framework were 
a combination of intelligence from employers and employees in China. Furthermore, the framework was developed by the ISM group. 
Thus, different intelligence groups’ contributions to the various categories of the framework should be considered critically. Third, in 
relation to a theoretical foundation, none of the previous studies that were consulted examined the instant judgment factor. Although 
this is a new perspective, it lacks firm theories that can be employed to explain it, even though its good model fit and clear relationship 
with CT disposition were evident. Fourth, although the inventory provided more information for the disposition level θ between − 2 
and 1 (lower than average), which may be the most effective for the level of students within this interval, if the target participants are 
different, the validity may vary. Finally, the quality of items needs to be enhanced in relation to discrimination, for example, the instant 
judgment items. 

Fig. 10. The relationship between the amount of item information and students’ CTD Level 
Note: As, Bs and Cs represent the items in L1, L2, and L3. 
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5.2. Educational implications 

This inventory, with a good model fit, can be employed to assess students with lower-average CT disposition levels effectively. This 
will provide information on students’ CT disposition and assist instructors and administrators to enhance their teaching focus and 
policies, respectively. Furthermore, with regard to the relations among instant judgment, self-efficacy, and habitual truth-digging, it is 
imperative that teachers guide students to consider a balance of the three factors to realize an optimal CT disposition level. Moreover, 
this study can be employed to assist educators to develop and test inventories (using ISM) as well as explore the reliability and validity 
of their instruments with IRT and PLS-SEM. 

5.3. Future recommendations 

First, in relation to the limitation that the IA and ISM group members were from one part of China, it is recommended that in future 
studies, participants should include other age groups such as middle school students from other parts of China as well other countries. 
Second, since the effects of instant judgment are not consistent, it is recommended that future studies place more attention on this issue 
to determine the relationship among the factors. Third, untraditional approaches such as IRT and PLS-SEM were introduced to enhance 
the instrument’s validity rather than only EFA and CFA. Thus, it is proposed that future studies also use these to provide more evidence 
for the validity of instruments. Finally, this study is a preliminary study on the instrument. It is recommended that future studies 
employ this inventory to assess students’ CT disposition level but also explore the potentially influential factors such as some de-
mographic factors on CT disposition as well as the relationship with CT skills and outcomes in accordance with the proposed 
framework in Fig. 1. 

6. Conclusions 

Intelligence was gathered from employers and employees and the newly developed CT disposition instrument 2ES-CTDI was 
designed and validated in this study by employing IA, ISM, EFA, CFA, PLS-SEM, and IRT. The results revealed that the content and 
construct validities, as well as the model fit, were suitable for future use. The results further revealed that the inventory was appro-
priate to assess lower-average students’ disposition. In addition, although the correlations between instant judgment and habitual 
truth-digging were not significant, they were mediated by self-efficacy. It is, however, recommended that future studies should place 
more attention on developing a reliable and valid instrument, balancing the competitive mediating effect, and what the influential 
factors of CT disposition are. 
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