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showed satisfactory convergent and discriminant validity.

Reliability, Validity

Background: Critical thinking disposition helps medical students and professionals overcome the effects of personal
values and beliefs when exercising clinical judgment. The lack of effective instruments to measure critical thinking
disposition in medical students has become an obstacle for training and evaluating students in undergraduate
programs in China. The aim of this study was to evaluate the psychometric properties of the CTDA test.

Methods: A total of 278 students participated in this study and responded to the CTDA test. Cronbach’s a coefficient,
internal consistency, test-retest reliability, floor effects and ceiling effects were measured to assess the reliability of the
questionnaire. Construct validity of the pre-specified three-domain structure of the CTDA was evaluated by explanatory factor
analysis (EFA) and confirmatory factor analysis (CFA). The convergent validity and discriminant validity were also analyzed.

Results: Cronbach’s alpha coefficient for the entire questionnaire was calculated to be 092, all of the domains showed
acceptable internal consistency (0.81-0.86), and the test-retest reliability indicated acceptable intra-class correlation coefficients
(ICCs) (093, p < 001). The EFA and the CFA demonstrated that the three-domain model fitted the data adequately. The test

Conclusions: The CTDA is a reliable and valid questionnaire to evaluate the disposition of medical students towards critical
thinking in China and can reasonably be applied in critical thinking programs and medical education research.

Keywords: Critical thinking disposition, Medical students, China, Critical thinking disposition assessment (CTDA),

Background

For decades, the importance of developing critical think-
ing skills has been emphasized in medical education [1].
As listed by the World Federation for Medical Education,
critical thinking should be part of the training standards
for medical students and practitioners [2]. Critical think-
ing is essential for medical students and professionals to
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be able to evaluate, diagnose and treat patients effectively
[3]. One major criticism of medical education is the gap
that exists between what students learn in the classroom
setting and what they experience in clinical practice [4].
Only a few students will analyze and employ critical think-
ing when they acquire knowledge during their education
[5]. Therefore, critical thinking has become increasingly
necessary for medical students and professionals [6].
Critical thinking is an indispensable component of eth-
ical reasoning and clinical judgment, and possessing rea-
sonable critical thinking abilities reduces the risk of
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clinical errors [7]. Adverse events that occur by human
error and preventable medical errors were frequently
caused by a failure of cognitive function (e.g., failure to
synthesize and/or take action based on information),
which was second only to ‘failure in technical operation
of an indicated procedure’ [8, 9]. Similar problems have
been reported in several countries such as the United
Kingdom, Canada and Denmark [10]. Therefore, medical
professionals need to exercise critical thinking, transcend
simple issues, and make sound judgments in order to
handle adverse medical situations [11]. Providing evi-
dence and logical arguments to medical students and
professionals is beneficial in order to support clinical
decision-making and assertions [12]. Lipman and Dea-
trick are of the same opinion; ie., critical thinking is a
prerequisite for sound clinical decision-making [13].
Therefore, medical students should be exposed to clin-
ical learning experiences that promote the acquisition of
critical thinking abilities that are needed to provide qual-
ity care for patients in modern complex healthcare envi-
ronments [14].

Currently, critical thinking is defined as a kind of rea-
sonable reflective thinking following the synthesis of
cognitive abilities and disposition [15]. The former in-
cludes interpretation, deduction, induction, evaluation
and inference, whereas the latter includes having an
open mind and being intellectually honest [16]. The crit-
ical thinking disposition (CTD) was described as seven
attributes including, truth-seeking, open-mindness, ana-
lyticity, systematicity, critical thinking self-confidence,
inquisitiveness and maturity [17]. A disposition to crit-
ical thinking is essential for professional clinical judge-
ment [18]. An assessment of the CTD in professional
judgment circumstances and educational contexts can
establish benchmarks to advance critical thinking
through training programs [4].

To investigate and assess the CTD in medical students,
a reliable and valid tool is indispensable. Several CTD
measurement tools are available, such as the California
Critical Thinking Dispositions Inventory (CCTDI),
Yoon’s Critical Thinking Disposition (YCTD) and the
Critical Thinking Disposition Assessment (CTDA). The
CCTDI was developed to evaluate the CTD in normal
adults. It had good reliability and validity in western cul-
tures, however, it had low reliability and validity for
Chinese nursing students in previous studies [19, 20].
Yoon created the YCTD, which was based on the
CCTD], for nursing students in South Korea [21]. Ac-
cording to the literature review and other measures of
critical thinking disposition, Yuan developed the CTDA
in English version. They used it to measure the CTD for
medical students and professionals. In his study, the
Cronbach’s alpha for the entire assessment was 0.94
[22]. The CTD for the CTDA were defined as
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“systematicity and analyticity”, “inquisitiveness and con-
versance” and “maturity and skepticism”. The “systema-
ticity and analyticity” portion is the cognitive component
of the CTD and measured the tendency towards organ-
izing and applying evidence to address problems. Being
systematical and analytical allow medical students to
connect clinical observations with their knowledge to
anticipate events that are likely to threaten the patient’s
safety [23]. The “inquisitiveness and conversance” is the
motivation component of the CTD. It measures the de-
sire of medical students for learning whenever the appli-
cation of the knowledge is inconclusive and is essential
for medical students to expand their knowledge in clin-
ical practice [24]. The “maturity and skepticism” is the
personality component of the CTD which measured the
disposition to be judicious in decision making and how
often it leads to reflective skepticism. This disposition
has particular implications for ethical decision making,
particularly in time-pressured clinical situations [25]. All
the domains have a tight connection to one another. In
adapting to the Chinese version, we followed the transla-
tion and cross-cultural adaptation of the guidelines set
forth by the WHO [26]. The steps listed by the WHO
are as follows: forward translation, expert panel review,
back translation, pretest and cognitive interviews, and
formulation of the final version. As such, the CTDA
may be especially valuable for institutes or universities in
Asian countries or with an Eastern culture for assessing
critical thinking disposition in medical students. Given
the lack of effective instruments to assess the CTD in
undergraduate medical programs in mainland China, the
objective of this investigation was to evaluate the psy-
chometric properties of the CTDA.

Methods

Sample sizes

According to Kline’s recommendation, it is necessary to
note that the sample size should base on the principle of
a 1:10 item to participant ratio [27]. The total number of
items in the CDTA is nineteen and so the sample size
should be at least 190 students. Therefore, using this
guideline, with a sample size of 300 students, this re-
search exceeds the recommended minimum.

Participants and procedures

Students of clinical medicine in China must undergo
5 years of medical training. Years 1 and 2 are dedicated
to the basic sciences, years 3 and 4 to clinical medicine,
and year 5 is the clinical internship. This study involved
stratified-cluster random sampling. Firstly, the partici-
pants were recruited from different academic years. Two
classes were selected randomly from each year. There
were approximately 30 individuals in one class, with 300
medical students enrolled in this study in total. The
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sample of the study for test-retest reliability to assess the
ICCs is 14 [28]. Forty-nine respondents were randomly
selected to finish the online survey 2 weeks later and 43
participants completed it.

Three hundred medical students completed the online
survey between March and June 2019. Respondents pro-
vided written consent to participate in the study. A self-
administered questionnaire was applied in the survey.
The anonymity of participants was guaranteed and all of
students voluntarily took part in the study. It took ap-
proximately 15 to 20 min to submit the questionnaire.

Instrument

The questionnaire consisted of two components: part A
which included sociodemographic characteristics (e.g.,
age, gender, and academic year) and part B which con-
tained the CTDA. The CTDA assessed the CTD of med-
ical students and professionals and was comprised of 19
items in three domains as follows: “systematicity and an-
alyticity”, “inquisitiveness and conversance”, and “matur-
ity and skepticism”. Items were rated on a seven-point
Likert scale ranging from 1 to 7 (1 for very strongly dis-
agree and 7 for very strongly agree) [22]. Each domain
was computed to the sum of its item score and the total
CTDA was calculated by the sum of its domain scores.
Higher scores signified higher CTD.

Statistical analysis

Reliability

We computed Cronbach’s a as a measure of internal
consistency along with the means, standard deviation,
skewness, kurtosis, ceiling and floor effects of the ques-
tionnaire and its domains. Absolute values of skewness
and kurtosis higher than 3 and 10 respectively showed
significant deviance from a normal subject’s distribution
[29]. Student’s F-test was performed to determine the as-
sociation between the academic year and domains of the
CTDA. The ceiling and floor effects were considered ab-
normal when the highest/lowest scores were higher than
20% [30, 31]. Following Kline’s recommendations, a
Cronbach’s alpha above 0.70 was considered satisfactory
[27]. The test-retest reliability was good if the ICC was
higher than 0.70.

Validity

With the purpose of assessing construct validity, the ori-
ginal three-factor structure of the CTDA was applied for
explanatory factor analysis (EFA) and confirmatory fac-
tor analysis (CFA). Factor analysis using principal com-
ponent analysis with direct oblimin rotation was used
and a factor load >0.4 was considered as acceptable
[32]. Domains of the instrument was assessed based on
selected criteria through the following indexes: a)
CMIN/DF < 3; b) RMSEA< 0.08; ¢) AGFI> 0.80; d) the p

Page 3 of 8

value should be significant [33, 34]. Pearson’s correlation
coefficient between each domain of the CTDA was used
to test the inter-correlation of the scale.

The convergent and discriminant validity of the ques-
tionnaire was measured by computing item-domain
Pearson’s correlations. If the former was more than 0.4,
it indicated that the items and their domains were ac-
ceptable [35]. The latter was considered satisfactory if
items showed correlations with other domains that were
lower than those with their own domains. The CFA was
conducted with AMOS 21 and other statistics were cal-
culated with SPSS 23. Ten students checked the face val-
idity. Each item received positive feedback from students
indicating that the CTDA had good face validity.

Results

Basic characteristics of the study sample

Of the total number of 300 students participating in the
research, 278 (92.67%) completed the study. The mean
age of the 278 individuals was 20.88 + 1.76 years (SD);
within the study sample, 113 of the participants (40.64%)
were male. Additionally, 54 of the individuals (19.42%)
were first year students and 55 of the students (19.78%)
were fifth year students.

Score distributions

Across domains, “systematicity and analyticity” obtained
the highest score (43.93 £ 5.71), whereas “maturity and
skepticism” scored the lowest (28.41 + 3.96). The skew-
ness and kurtosis coefficients of the entire questionnaire
were acceptable, with the former ranging from - 0.98 to
- 0.32 and the latter ranging from - 0.13 to 2.05. There
were no floor effects in the three domains. However,
items 12, 18, and 19 showed significant ceiling effects
ranging from (20.14—23.74%).

Reliability

The overall Cronbach’s «a coefficient of the CTDA was
good (0.92) and showed good internal consistency. The
three domains were considered to have shown accept-
able internal consistency (0.81-0.86). The overall split-
half reliability coefficient of the CTDA was acceptable
(0.89). The retest response rate was 83.67% (41/49), and
the test-retest reliability (0.93) revealed statistically sig-
nificant ICCs for the three domains. In addition, the
Pearson’s correlation coefficients of all domains were ac-
ceptable. The results are reported in Table 1.

Validity
Construct validity

EFA The Kaisex-Meyer-Olkin test result was 0.92 and
Bartlett’s test of sphericity yielded a p <0.05, signifying
that the gathered results indicated that factor analysis
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Table 1 Reliability of the CTDA
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Cronbach’s a coefficient(n =278)

ICCs (95%Cl) (n =43)

Domains
Systematicity and analyticity 0.86 0.72(0.36-0. 79)
Inquisitiveness and conversance 0.81 71(0.34-0.81)
Maturity and skepticism 0.85 0.79(0.39-0.85)
CTDA 092 079(034-081) ™
“p <001

ICCs intraclass correlation coefficients, CTDA the critical thinking disposition assessment

could be performed. The EFA revealed factors with ei-
genvalues greater than 1, accounting for 57.13% of the
variance. A three-factor solution based on the results
was reported in the rotated component matrix (Table 2).

CFA We performed a CFA of the three-factor structure
with 19 items to demonstrate that the structure showed
an acceptable fit with the data (x2=410.75, df=149,
CMIN/DF =2.76, CFI1=0.90, AGFI=0.83, p<0.05,
RMSEA =0.08 [90% CI: 0.07 to 0.09]). Factor loadings
were higher than 0.40 and ranged from (r= 0.50-0.85),
as illustrated in Fig. 1.

Correlation analysis between CTDA domains
The CTDA showed significant correlation between any
of the two assessment domains (r= 0.61-0.72), with p

Table 2 Rotated component matrix

values less than 0.01. The correlations between assess-
ment domains based on Pearson’s correlation are shown
in Table 3.

Convergent validity and discriminant validity

Based on item-domain correlations, the scores of each
item correlated with their own domain to an acceptable
degree (r= 0.65-0.86, p <0.01), and the convergent val-
idity of the CTDA was acceptable. In addition, whole
items showed a higher correlation with their own do-
mains than with other domains and the discriminant
validity was satisfactory, as shown in Table 4.

Dose-response analysis
The relationship between the academic year and do-
mains of the CTDA is reported in Table 5. It indicated

Item Factor
Systematicity and analyticity Inquisitiveness and conversance Maturity and skepticism

1 0.64 0.17 0.1
2 0.76 0.06 0.30
3 0.66 032 0.17
4 0.50 0.34 033
5 0.59 033 0.14
6 0.63 0.06 025
7 0.62 0.08 040
8 0.65 0.23 0.30
9 0.04 0.77 0.18
10 031 0.51 049
" 0.28 0.71 0.35
12 0.56 0.44 0.22
13 037 0.60 0.03
14 042 0.42 046
15 023 023 0.58
16 0.27 0.11 0.82
17 0.24 0.11 0.79
18 0.16 0.13 0.74
19 024 0.20 0.75

Items are bolded per column to indicate the relevant factor in which they belong
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Fig. 1 The model of the CTDA based on CFA. CTDA, the critical thinking disposition assessment
Table 3 Correlations between the CTDA domains(n = 278)
Domain Systematicity and analyticity Inquisitiveness and conversance Maturity and skepticism
Systematicity and analyticity - 072" 061"
Inquisitiveness and conversance 072" - 061"
Maturity and skepticism 061" 061" -
“p <001

CTDA the critical thinking disposition assessment
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Table 4 Convergent and discriminant validity of the CTDA (n=278)
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Domain Correlation coefficient range Convergent validity Discriminant validity
Convergent validity Discriminant validity Success/total Percentage (%) Success/total Percentage (%)
1 066-0.79" 036-0.58" 8/8 100 8/8 100
2 065-081"" 027-063" 6/6 100 6/6 100
3 072-086" 044-055" 5/5 100 5/5 100
“p <001

CTDA critical thinking disposition assessment

that there were significant differences among the 5 years
on the CTDA score and domains. The year 2 students
obtained the highest of the CTDA (107.88 +11.34) and
the year 1 students scored 107.20 + 12.14. Surprisingly,
the year 5 students reported the lowest level at (98.91 +
12.52). Among the 5 years, the year 2 students had the
highest score (45.32 +5.01) in “systematicity and analy-
ticity” and the year 1 students obtained the highest score
(33.76 £4.59) in “inquisitiveness and conversance”.
Moreover, the highest scores overall were the year 3 stu-
dents’ in “maturity and skepticism” at 29.16 + 3.47. On
the other side, the year 5 students had the lowest scores
in all of the domains.

Discussion

The psychometric properties of the questionnaire were
satisfactory. Results demonstrated that the CTDA is
good, reliable, and valid for Chinese medical students. In
addition, all items and domains showed acceptable kur-
tosis and skewness coefficients. Our results were similar
to those of previous studies conducted in Ireland and
Iran using other critical thinking disposition instruments
[36, 37]. However, three items showed a significant ceil-
ing effect, above the accepted threshold of 20%. This re-
sult was comparable to that reported in two critical
thinking studies which showed evidence of a ceiling

effect in overall scores in the United States and China
[38, 39]. The ceiling effect might be attributable to the
population distribution at schools or universities [39].

It is clear that the domains of the CTDA showed
rationally acceptable reliability when evaluating the
CTD of medical students. The satisfactory Cronbach’s
a coefficient values of the domains demonstrate the
high internal consistency of the entire questionnaire.
Our results are in line with other studies conducted
in Asian countries, as seen by the Cronbach’s a reli-
ability of the CCTDI of 0.87 in Turkey by Iskifoglu
[40] and 0.80 in Iran by Gupta [41]. Our study
showed the Cronbach’s alpha of the CTDA was 0.92,
which was similar to the value reported in the ori-
ginal study [22]. Therefore, the Cronbach’s a indicates
that the whole internal reliability of the CTDA test is
satisfactory.

Our findings indicated that the EFA of the CTDA con-
ducted with medical students and professionals yielded a
three-domain model. The EFA model of our study was
the same to the previous study [22]. Our CFA results in-
dicated that the three-factor structure (“systematicity
and analyticity”, “inquisitiveness and conversance” and
“maturity and skepticism”) of the CTDA (AGFI=0.83,
RMSEA =0.08) showed an acceptable fit with the data.
It is likely that the differences in the domains depend on
the different theoretical models [42]. The domains of the

Table 5 Relationship between the academic year and domains of the CTDA (n=278)

Variable N(%)  Systematicity and F Inquisitiveness and F Maturity and F CTDA F
analyticity conversance skepticism
Academic year®
1 54 4489 + 533 3.79% 3376 £ 4.59 3.98* 2856 + 3.85 379% 10720 £ 12.14 470*
(194)
2 59 4532 £ 501 3349 + 484 29.07 £ 3.16 10788 + 11.34
(21.2)
3 55 4395 + 544 3242 £ 431 29.16 £ 347 10553 +11.23
(19.8)
4 55 43.87 + 648 3295 + 442 2860 + 4.52 10542 + 13.83
(19.8)
5 55 4155 + 567 30.71 £ 4.30 26.65 = 4.31 9891 £ 1252
(19.8)

* p<0.05
?One-way ANOVA
CTDA the critical thinking disposition assessment
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CTDA test were similar to those reported in other stud-
ies conducted in Asian countries like Turkey, Japan and
Korea based on the theoretical model of Facione. Yoshi-
nori reported that the CFA of the CTD Scale displayed
four subfactors, similar to our study [43]. Shin noted
that the CFA of the YCTD revealed a seven-domain
model, and three of the domains (systematicity, intellec-
tual eagerness/curiosity, and healthy skepticism) were
similar to those of our study [44]. However, Zuriguel-
perez reported that the CFA of the Critical Thinking
Questionnaire completed by Spanish students yielded a
four-factor model (personal, intellectual and cognitive,
interpersonal/self-management and technical), based on
the Alfaro-LeFevre theoretical model [45].

Similar results were found by Yuan and Wang’s studies
in the critical thinking disposition inventory for Chinese
medical students [6, 22]. Our research offers a plausible
explanation for the high correlations between the do-
mains. “Inquisitiveness and conversance” could be taken
to mean that the students have the desire for learning
and are intellectually curious while “systematicity and
analyticity” could mean that students use reason and evi-
dence to address problems with systemic thinking. Both
of them have a tight connection with one another.

Our research demonstrated that the convergent valid-
ity and discriminant validity of the CTDA were satisfac-
tory and all items displayed a higher correlation with
their own domain than with other domains. Therefore,
no items need to be modified or reassigned to another
domain. Other studies conducted in China have reported
similar results in terms of convergent and discriminant
validity of the CTD instrument [46, 47].

We reported that the CTD scores of the year 5 med-
ical students were lower than those of the year 1 stu-
dents. The explanation could be that employment
pressure and the stress of internship for the fifth-year
students may have made their CTD worse. In addition,
Ip suggested that the CTD scores of the younger Chin-
ese nursing students were higher than the older stu-
dents, especially in the domain between inquisitiveness
and confidence [19]. Similar result was found by Kim in
Korean nursing students. They found that the domain
scores between intellectual integrity and truth seeking in
year 1 were higher than year 4 [48]. However, Hunter
found that the CTD were the highest during the year 4
for nursing students [49].

The CTDA shows promise as an instrument for future
studies on the CTD by medical students in China. How-
ever, certain limitations of our research should be ac-
knowledged. First, the medical students were recruited
from a single medical institution in China, so the sample
representativeness was limited. Second, due to time con-
straints, the findings of our study were limited by the
size of the study population. Future studies could
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increase the representativeness of the study population
by expanding sample diversity and size. Third, the con-
current validity of CTDA was not tested due to the lack
of a widely used CTD scale. Fourth, the CTDA could
only measure the dispositions or traits of critical think-
ing which cannot assess for critical thinking skills.

Conclusions

Our findings demonstrate promising applicability of the
CTDA, since the questionnaire is of good reliability and
validity to measuring the CTD amongst Chinese medical
students. The results may be valuable to other institu-
tions involved in assessing critical thinking disposition in
students.
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