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Abstract Background/purpose: Critical thinking skills might be influenced by culture. There
has been no published research to date, on the critical thinking skills of Asian undergraduate
students and so this study’s purpose was to explore the critical thinking skills of Thai under-
graduate dental students to elucidate their level and whether there might be need for training
to improve their critical thinking.
Materials and methods: Participants were second- (n Z 63) and fifth-year (n Z 51) undergrad-
uate dental students in the 2023 academic year at Naresuan University, Thailand. A question-
naire was distributed, which included questions on demographic information and a Thai version
of the California Critical Thinking Skills Test (CCTST).
Results: The response rate was 100 % and the overall mean CCTST score of the students was
15.34 (SD 3.6). There were no statistically significant differences between the two years
(P > 0.05), and “Induction” was not manifested. There was no significant correlation between
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GPA and all the domains of the CCTST scores; however, there was a significant correlation be-
tween students’ frequency of critical thinking use and overall CCTST score (P Z 0.047,
r Z 0.187) and what students thought about the importance of critical thinking and their fre-
quency of critical thinking use (P < 0.01, r Z 0.337).
Conclusion: The critical thinking skills scores of all the undergraduate Thai dental students
were found to be moderate indicating a need for interventions aimed at improving all the do-
mains of critical thinking skills in particular the domain of “Induction” in the undergraduate
curriculum.
ª 2025 Association for Dental Sciences of the Republic of China. Publishing services by Elsevier
B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.
org/licenses/by-nc-nd/4.0/).
Introduction

Person-centred care takes into consideration not only the
patient’s rights but also those of the care team overseeing
the patient as well as placing importance on patient-staff
relationships.1,2 This therefore necessitates that the pa-
tient’s healthcare team is both culturally-sensitive and has
effective team-working skills so that the care provided is
relevant and meets the patient’s expectations.2,3 These
factors could be considered core values for a healthcare
worker and require the application of critical thinking skills
to evaluate all the available evidence before arriving at a
diagnosis and delivering care, which would help ensure the
healthcare professional has a comprehensive understanding
of the nature of the patient’s particular health condition.4

Moreover, critical thinking is a crucial element of complex
problem solving, which will facilitate the delivery of clinical
care with appropriate professional behavior and is now
considered to be a very important element of dental
education.5

An ability to think critically should be fostered during
undergraduate dental training in a learning environment
that supports its’ development rather than encouraging the
reciting of facts verbatim.5 However, unless an under-
graduate dental student is willing to cultivate critical
thinking, this skill would not be useful in practice. Previous
research on critical thinking among undergraduate dental
students at a Canadian dental school using the California
Critical Thinking Disposition Inventory (CCTDI) and the
California Critical Thinking Skills Test (CCTST), found that
those students with an ability to think critically and a
disposition to do so, were likely to exhibit these same at-
tributes towards the end of their training.5 Moreover, those
students who exhibited the highest grades at graduation
also recorded the highest critical thinking scores both at
the beginning and end of their training.5 On the other hand,
our previous study, which investigated the critical thinking
disposition of Thai undergraduate dental students using the
CCTDI, found that open-mindedness, inquisitiveness,
analyticity and confidence in reasoning sub-scales gave high
scores whereas truth-seeking, systematicity and maturity
of judgement sub-scales scored lower and the results did
not guarantee a correlation with academic outcomes.6

These research findings indicate that there might be dif-
ferences among undergraduate students at different dental
schools and with different cultural backgrounds with
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regards to a disposition towards critical thinking, which
might also be the case for critical thinking skills and
therefore further research on these is indicated.

Several studies have described the introduction of tools
into an undergraduate curriculum in order to improve
critical thinking skills and their assessment with dental
educators recommending the introduction of training pro-
grams to develop these skills.7e10 However, there is no
consensus among educators on the pedagogy for teaching
critical thinking.10 As with critical thinking disposition,
critical thinking skills acquisition might be influenced by
the characteristic of the students and their attitude, and/
or academic performance might be a factor in their
development. However there have been no investigations
on critical thinking skills among Thai undergraduate dental
students and assessing students’ critical thinking skills will
help educators better understand their students’ perfor-
mance, which might be situation dependent.

Therefore, the aims of this study were to investigate the
critical thinking skills of undergraduate dental students in
different years of training in a dental school in Thailand to
elucidate their levels and whether there was indication for
interventions to improve their critical thinking skills.

Materials and methods

This study was approved by the Institute of Education Ethics
Committee of Tokyo Medical and Dental University (TMDU),
Tokyo, Japan (No. C2022-029), and the Naresuan University
(NU) Institutional Review Board, Phitsanulok, Thailand (IRB
No. P1-0002/2566).

All second- (n Z 63) and fifth- (n Z 51) year under-
graduate dental students studying at NU in January 2023,
were invited to participate this study and if they con-
sented, were asked to complete an anonymous question-
naire. Participation was voluntary and only the data of
those who consented to participate in the study were
collected. For the second-year students, the data collec-
tion was taken after they completed the professional
development subjects, which introduced the concept of
critical thinking; and for the fifth-year dental students, the
data were collected while they were in clinical training at a
dental hospital.

The questionnaire consisted of demographic data,
questions about their tendency for critical thinking, and the
Thai version of the California Critical Thinking Skills Test
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(CCTST).11 Demographic questions were about their gender,
age, school year, grade point average (GPA: The course
grade is interpreted in NU as excellent (4.00), very good
(3.50e3.99), good (3.00e3.49), fairly good (2.50e2.99),
fair (2.00e2.49), poor (1.50e1.99), very poor (1.00e1.49),
and failed (below 1.00).), and the questions about critical
thinking were: “to what level do you think critical thinking
skills are important (a 5-point Likert scale from 1 indicating
“not important” to 5 “very important”)” and “how often do
you use critical thinking skills for learning in dental school?
(from 1 indicating “never” to 5 “very frequently”)”. The
CCTST measures all the core reasoning skills needed for
reflective decision making. There are 34 engaging,
scenario-based questions that require 45e55 min to com-
plete.11 The instruments contain five metrics which are
“Analysis”, “Inference”, “Evaluation”, “Induction”, and
“Deduction”.11 The statements for the metrics and quali-
tative interpretation of the scale scores are shown in Table
1. The “Overall” score reflects a person’s overall ability to
use reasoning for making reflective judgments about beliefs
and actions. To achieve a high score, individuals need to
demonstrate strong, sustained, and cohesive application of
“Analysis”, “Inference”, “Evaluation”, “Induction”, and
“Deduction”. This score calculated by an integration of the
five-scale serves as an indicator of one’s potential for suc-
cess in educational or professional environments that
require rational decision-making and careful problem-
solving. The equation for the overall score is not publicly
available and is calculated and returned from the devel-
oper. The overall score recommended performance as-
sessments are divided into five categories: 0e7: not
manifested, 8e12: weak; 13e18: moderate; 19e23: strong;
and 24e34: superior.11
Statistical analysis

Statistical analyses were conducted using IBM SPSS Statis-
tics for Windows� (version 26.0, IBM Corp., Armonk, NY,
USA). The normality of the data was evaluated using a
histogram, a QeQ plot and was further assessed with the
ShapiroeWilk test and was found to be not normally
distributed. The two-sided ManneWhitney U test was
selected to compare CCTST scores, between the scores of
second- and fifth-year students, age, and questions about
critical thinking. The ChieSquare test was selected to
compare their gender and GPA; and for a correlation
analysis between the CCTST scores and their demographic
Table 1 California Critical Thinking Skills Test (CCTST) metric

CCTST
metric

Statement

Analysis “Accurate identification of the problem and decision
Inference “Drawing warranted and logical conclusions from rea
Evaluation “Assessing credibility of claims and strength of argum
Induction “Reasoned judgment in ambiguous, risky, and uncert
Deduction “Reasoned judgment in precisely defined, logically r

Source: California Critical Thinking Skills Test: User Manual and Reso
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data, Spearman’s rank correlation test was used. All tests
were two-tailed, with the significance level set at
a Z 0.05.

Results

All 114 students agreed to participate in the study giving a
response rate of 100 % with 59.6 % of female. Their GPA was
mostly in the range of 3.51e4.00 (57.9 %), and seconded in
the range of 3.00e3.49 (31.6 %). The participants consid-
ered critical thinking to be either “very important” (78.8 %)
or “important” (15.8 %) and in their opinion regarding the
frequency of using critical thinking, they thought that they
“always” (45.6 %) or “often” (43.9 %) used critical thinking.
The participating students were homogeneous in that all
the students’ cultural backgrounds were Thai.

California Critical Thinking Skills Test (CCTST)

The overall mean CCTST score of the students was 15.34 (SD
3.6). The CCTSTscores of the second- and fifth-year students
showed similar patterns (Table 2) and could be interpreted as
follows: Analysis was “Moderate” (score period 3e4); Infer-
ence was “Moderate” (score period 6e11); Evaluation was
“Moderate” (score period 4e7); Induction was “Not man-
ifested” (score period 0e5); and Deduction was “Moderate”
(score period 6e11).

The mean scores of second- and fifth-year students
showed no statistically significant differences between the
years (P > 0.05).

The Spearman’s rank correlation test was used to
analyze the relationship between the CCTST scores and the
demographic information (Table 3). The analyses showed
no significant correlation between GPA and all the domains
of the CCTST scores; however, there was a significant cor-
relation between students’ frequency of critical thinking
use and overall CCTST score (P Z 0.047, r Z 0.187) and
what students thought about the importance of critical
thinking and their frequency of critical thinking use
(P < 0.01, r Z 0.337).

Discussion

Previous research has highlighted that while it is now
accepted that critical thinking teaching must be integrated
into healthcare education, there are multiple challenges to
statements and qualitative interpretation of scale scores.

Qualitative interpretation
of scale scores

Not manifested Moderate Strong

-critical elements” 0e2 3e4 5 or more
sons and evidence” 0e5 6e11 12 or more
ents” 0e3 4e7 8 or more
ain contexts” 0e5 6e11 12 or more
igorous contexts” 0e5 6e11 12 or more

urce Guide.11



Table 2 Comparisons of the demographic data, California Critical Thinking Skills Test (CCTST) mean and median scores of
second- and fifth-year students.

2nd year 5th year Mean difference P-value

Number of participants 63 51
Gender Female n (%) 22 (35) 21 (41) e 0.435a

Male n (%) 38 (60) 30 (59) e

No answered n (%) 1 (2) 0 (0) e

Other n (%) 2 (3) 0 (0) e

GPA <1.50 n (%) 0 (0) 0 (0) e 0.000a

1.50e1.99 n (%) 0 (0) 0 (0) e

2.00e2.49 n (%) 0 (0) 3 (6) e

2.50e2.99 n (%) 1 (2) 8 (16) e

3.00e3.49 n (%) 11 (17) 25 (49) e

3.50e4.00 n (%) 51 (81) 15 (29) e

Age Median (minemax) 21 (19e25) 23 (22e25)
Mean (SD) 21.1 (1.8) 23.3 (1.0) 2.2 0.000b

Importance Median (minemax) 5 (3e5) 5 (3e5)
Mean (SD) 4.7 (0.6) 4.8 (0.4) 0.1 0.114b

Frequency Median (minemax) 4 (2e5) 4 (3e5)
Mean (SD) 4.4 (0.8) 4.3 (0.6) 0.1 0.533b

CCTST scores Overall Median (minemax) 16 (6e24) 14 (8e23)
Mean (SD) 15.6 (3.8) 15.1 (3.4) 0.5 0.339b

Analysis Median (minemax) 5 (0e8) 4 (1e8)
Mean (SD) 4.5 (1.7) 4.5 (1.7) 0.0 0.799b

Inference Median (minemax) 7 (1e10) 7 (2e9)
Mean (SD) 6.6 (1.8) 6.3 (1.6) 0.3 0.384b

Evaluation Median (minemax) 4 (0e8) 4 (0e9)
Mean (SD) 4.5 (1.7) 4.3 (2.1) 0.2 0.571b

Induction Median (minemax) 5 (1e9) 4 (0e9)
Mean (SD) 5.7 (1.8) 4.3 (2.1) 0.1 0.704b

Deduction Median (minemax) 8 (1e14) 6 (1e11)
Mean (SD) 8.5 (2.7) 5.6 (2.1) 0.6 0.184b

SD, standard deviation; Importance, the extent to which participants believe critical thinking skills are important; Frequency, how often
participants use critical thinking skills for learning in dental school; GPA, grade point average; CCTST scores, California critical thinking
skills test scores.
Analyzed by a the Chi-Square test; and b the two-sided Mann-Whitney U test.
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bring this about successfully.5,12 Pedagogy maybe influ-
enced by culture, and recent published research has
emphasized cultural differences in the construction and
teaching of critical thinking between Western and Eastern
education systems particularly in higher education.12,13

Previous research has investigated western and eastern
thinking and reported that East Asians are holistic, consider
the entire surroundings, assign causality and rather than
using categories or formal logic, rely more on “dialectical”
reasoning, however a different approach tends to be
preferred in Western cultures.14 A study looking at possible
cultural differences towards critical thinking in interna-
tional higher education reported that Asian students ten-
ded to display more self-reported dialectical thinking to
solve problems than their Western peers, however, while
academic performance was predicted by critical thinking
skills, it was not susceptible to the influence of culture.15

The researchers indicated that because critical thinking
involves different cognitive skills and dispositions, further
research on the relationship between skills, dispositions
and behaviors and how culture might be related to critical
thinking skills was indicated.15
1625
The results of the CCTST in this study, which involved
Thai undergraduate dental students studying at a university
in Thailand, revealed that both the second and fifth-year
students displayed similar patterns of scoring for the
different critical thinking skills. However, while the CCTST
for both years revealed “Moderate” critical thinking skills
levels for “Analysis”, “Inference”, “Evaluation” and
“Deduction”, “Induction” was “Not manifested” and there
was no significant correlation between academic perfor-
mance with all these domains. Without inductive thinking,
students might find it more challenging to question as-
sumptions, evaluate evidence, and form reasoned argu-
ments. Recognizing this, Thai education has identified the
issue and should actively work to develop thinking skills.
The learning environment could be transformed to
encourage students to ask more questions. This shift
prompts them to engage in discussions and debates with
their peers to find the best solutions.16

Previously published research on the critical thinking
skills of undergraduate dental students using the CCTST
found that students recorded the highest scores for
“Inference” and the lowest scores for “Analysis” although
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the level of critical thinking (not manifested, weak, mod-
erate, strong, superior) as indicated in the CCTST was not
reported.5,11 Moreover, the cultural backgrounds of the
undergraduate students attending the dental school in the
previous study were not reported.5 The findings of the
present study therefore indicate that there might be dif-
ferences with respect to “Induction” with previously pub-
lished research and that further research is indicated on
whether a dental student’s cultural background or “adop-
ted” culture has an influence on the level of particular
critical thinking skills.

Previously published research using the CCTST shows
variability in the scores, and therefore creates a dilemma
as to how to interpret such findings.5,17e22 In addition, the
mean CCTST scores of this study (15.3, SD 3.6) were lower
than the optimal CCTST scores (17.1, SD 5.0) reported by
the developer.11 and were less than a previous study’s
mean CCTST scores for undergraduate dental students
(24.7, SD 4.0).5 Therefore, introducing critical thinking
assessment into Thai dental education seems essential but
how to develop students’ optimal critical thinking skills
remains a conundrum.

In healthcare such as medicine and dentistry, clinical
reasoning is used to assess and analyze a patient’s medical
and dental status then make a diagnosis in order to plan and
deliver the appropriate care.23 Clinical reasoning can be
classified as two types “inductive/forward and deductive/
backward”,23,24 and in the case of inductive reasoning,
several facts are considered together and then a conclusion
is arrived based on these facts, however if all the relevant
facts are not observed, then it’s possible that the incorrect
conclusion will be drawn.23 In the deductive reasoning
process, a mental model for solving particular problems is
built based around solid principles and this is used to draw a
particular conclusion.23 These different types of reasoning
will have different roles when it comes to solving complex
problems and in regards to delivering healthcare, it is
thought that an inductive approach is effective for actions
that do not have a defined goal such as planning and
designing, whereas a “deductive approach is more helpful
for a diagnostic task”.23 The type of reasoning likely to be
used by both novices and experts has also been discussed
and it was reported that experts used an inductive
approach when tackling simple, straightforward problems
and a deductive approach for more challenging and com-
plex problems, whereas novices were recommended to use
deductive reasoning for problem solving because they have
a lower level of prior knowledge.23 This has led to the
conclusion that critical thinking skills necessary for clinical
reasoning should be taught in medical schools.23

The CCTSTwas chosen to investigate the critical thinking
skills of the undergraduate dental students as this tool has
been previously validated.5 The utilization of the CCTST in-
strument requires consideration of potential language or
cultural barriers when interpreting assessment items. The
Thai version of the CCTST, developed and authorized by the
instrument developer team in collaboration with interna-
tional scholars, addresses this need.5 Nevertheless, to
ensure it accurately measures the critical thinking skills of
dental students, the instrument’s psychometric properties
should be revised and specifically evaluated for this
population.
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The results of this study indicate that with regards to
teaching critical thinking skills to undergraduate dental
students studying dentistry, in particular Thai undergradu-
ate students, interventions aimed at improving all the do-
mains of critical thinking skills should be delivered and that
the domain of “Induction” might need to be particularly
focused on. Recently, a dental critical thinking model has
been introduced using the concept of the expert’s thought
processes which have become critical thinking skillsets to
guide student learning and for measuring their thinking.7

Also, previous research using the CCTST has reported on
the benefit of teaching “concept mapping” to medical
students taking an anatomy course to improve critical
thinking skills.25 It was found that those medical students
who were taught through concept mapping exhibited an
increase in the CCTST scores compared to those who were
not.26 It is considered that constructing maps helps stu-
dents develop clinical reasoning skills through the stimu-
lation of analysis, interpretation and evaluation thinking
skills and therefore the enhancement of their critical
thinking skills.25,26 In NU, at the beginning of the dental
program, pre-clinical students engage in problem-based
learning (PBL) by working on basic science problems
designed to encourage group discussions and collaboration.
During the clinical phase, PBL is applied to problems
related to clinical cases, allowing students to engage in
more in-depth discussions and practice evidence-based
decision-making. Concept mapping is predominantly uti-
lized in students’ research projects, which are a mandatory
component of their clinical training. This tool enables stu-
dents to visually organize their ideas, identify relationships
between concepts, and systematically plan their work. It is
particularly valuable for presenting research findings in a
clear and structured manner. However, further research on
the educational benefits of introducing concept mapping
into Thai undergraduate dental training to improve their
critical thinking skills is indicated.

In the present study, dental students perceived critical
thinking to be important and were willing to practice
critical thinking. Similar findings were also observed in
our previous study in that although their dispositions
were positive, this may not equate to a high skill level.6

Therefore, a learning environment should be created to
reinforce and challenge them to practice critical
thinking.27 Educators are encouraged to be aware of the
influence of learning environment disruption,28 that in-
tegrates effective instructional approaches,29 in which
the selection of learning strategies together with appro-
priate course design as an instructional institution inter-
vention should also be focused on.30 In such learning
environments, previous research indicated the immersion
and infusion-based instructional interventions based on
five instructional design principles, which are problem-
centered, activation, demonstration, application, and
integration, would foster the acquisition of critical
thinking skills.31

In NU, while teaching methods including PBL, team-
based learning, reflection, and active learning have been
implemented, and the results of this study have provided
information on the level of the critical thinking skills of
different years of undergraduate students and indicate that
interventions to improve critical thinking skills should be
1627
developed further and implemented in their undergraduate
curricula. Further research on the critical thinking skills of
Thai undergraduate students in different dental schools in
Thailand and at institutions overseas, is also indicated to
determine if the findings of the present study can be
applied more widely.

It is important that pedagogies for improving the critical
thinking skills are introduced into undergraduate dental
curricula worldwide as critical thinking is essential for
delivering dental care successfully and it is important that
critical thinking skills learnt during undergraduate training
are practiced after graduation.32 Specifically assessing un-
dergraduate dental students’ critical thinking skills using
tests such as the CCTST provides useful information on
whether pedagogies, which were considered to teach crit-
ical thinking, are actually doing so in practice.
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