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Previous studies have shown that the problem-based learning (PBL) is an effective approach for engineering education.

This research explores the impact of the PBL approach on engineering students’ critical thinking (CT) disposition. A

quasi-experimental design with quantitative and qualitative data analysis was used. An experimental class with 61

students was taught with the PBL approach, whereas a control class of 63 students adopted the traditional lecture-based

learning. A Chinese version of the California Critical Thinking Dispositions Inventory was used to evaluate the

participants’ CT disposition. Evidence collected from quantitative surveys and qualitative data indicates that: after a

semester of teaching circuit theory with PBL, the CT disposition survey scores of students from the experimental class had

significantly increased, while there were no significant differences between pre-tests and post-tests for the control class.
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1. Introduction

Innovation in science and technology is the driving

force for social and economic development, and

what is crucial to students’ innovation training is

critical thinking (CT) ability among other things.

With the social, economic, educational, environ-

mental and health challenges, the 21st century no

longer needs the teaching of soon-to-be obsolete

facts, but the fostering of the CT ability at all levels
of education [1]. To develop university students’ CT

ability is to cultivate their innovative spirits and

skills for the survival in the information era and to

eliminate superstition and blind faith for the

advancement in the digital era. In fact, the students’

critical thinking might affect their creative design

ability remarkably [2]. Generally, teaching higher

order cognitive abilities such as the CT ability has
always been the ultimate goal of education in the

world [3].

CT is a prerequisite in problem solving because it

is a ‘‘purposeful, self-regulatory judgment which

results in interpretation, analysis, evaluation, and

inference, as well as explanation of the evidential,

conceptual, methodological, criteriological, or con-

textual considerations upon which judgment is
based’’ [4]. In this context, CT can be considered

from two perspectives, namely skills and disposi-

tions. Researchers from different fields agree that a

critical thinker must possess both a set of thinking

skills and the habits of mind necessary to use those

skills. The latter could be called ‘‘critical spirit,’’ or

CT disposition. The ideal critical thinker can be

characterized not merely by her/his thinking skills
but also by how s/he approaches life and living in

general [5]. CT disposition can be evaluated

through surveys such as the California Critical
Thinking Dispositions Inventory (CCTDI).

CCTDI assesses how students feel when they

approach the seven qualities: truth-seeking, open-

mindedness, analytical tendencies, systematic ten-

dencies, CT self-confidence, inquisitiveness, and

cognitive maturity [6].

It is found that several ways may be used to

develop CT ability: (1) offering specialized courses
about CT; (2) embedding CT development into

regular classroom teaching; and (3) developing

hidden courses for CT. To effectively combine

discipline teaching and CT training is more helpful.

Studies have proved that teaching and learning

modes such as collaborative learning [7–9],

research-based learning [10, 11], Internet-based

learning [12], project/case-based learning [13–16],
inquiry-based learning [17, 18], and problem-based

learning (PBL) [19–24] can promote students’ CT

ability. CT in an engineering context is well

reported in the literature of teaching and learning

but they just focus on the theoretical and concep-

tual frameworks. How CT ability is better pro-

moted in engineering curricula remains unknown

[25].
Amongst the teaching and learning modes, PBL

is widely regarded as a successful and innovative

approach for engineering education [26]. PBL is

implemented by presenting students with a situa-

tion that leads to a problem for them to solve.

Rather than finding a single correct answer, stu-

dents interpret the question, gather additional

information, create possible solutions, evaluate
options, and present conclusions [27]. The key of

* Accepted 12 March 2023. 877

International Journal of Engineering Education Vol. 39, No. 4, pp. 877–885, 2023 0949-149X/91 $3.00+0.00
Printed in Great Britain # 2023 TEMPUS Publications.



PBL is to encourage students to ‘‘doubt’’ and

‘‘ask’’. In practice, the most important character-

istic of the PBL method is that it creates a good

learning atmosphere resulting in a positive attitude

towards what are learned in general [28]. Evidence

suggests that PBL enhances students’ transfer of
concepts to new problems, integration of concepts,

intrinsic interest in learning, self-directed learning

and learning skills [29].

Although PBL has been proved to effectively

enhance students’ CT disposition in course teach-

ing, the implementation processes of the PBL

approach varies widely. Literature did not come

to the similar conclusion [20, 25, 30–32]. Potential
factors, i.e., sample size, sample type, instruction

type, gender, maturity, instrument, nationality,

discipline, treatment duration, and group size may

impact on the effectiveness of the cultivation of CT

skills and disposition in light of PBL [20].

In this research, we take the course entitled

Circuit Theory in Shanghai Jiao Tong University

(SJTU) as a case and try to investigate how the PBL
approach impacts on students’ CT disposition. The

research questions are: Can PBL promote the

development of engineering students’ CT disposi-

tion in teaching the course of Circuit Theory? What

should be paid attention to when implementing

PBL approach for Circuit Theory teaching? The

research hypothesis is: PBL approach for Circuit

Theory teaching can promote the development of
students’ CT disposition significantly.

2. Research Process

2.1 Research Description

A quasi-experimental research with pre- and post-
tests of experimental and control classes was imple-

mented. The course of Circuit Theory is for sopho-

mores, offered in the first semester to students in

School of Electronic Information and Electrical

Engineering, SJTU. The course is mandatory with

4 credits, and 12 classes were offered to cover over

800 participants annually. Students were from

engineering majors, i.e., Electrical Engineering,
Information Engineering, Electronic Science and

Technology, Computer Science and Technology,

Network Security Engineering, Automation,

Microelectronics, Measurement and Control Tech-

nology and Instrument. Every student takes part

in one Circuit Theory class freely according to his/

her major, time available for class, recognition of

instructors, etc.
Two classes were selected as the research subjects.

Although these classes were taught by different

instructors, the teaching materials, teaching con-

tents and teaching progress were the same. One

class adopted the PBL approach, while the other

adopted the traditional lecture-based teaching

methods. The instructors of the two classes were

experienced professors and they had taught the

course for over 20 rounds. They all understood

the course contents very well.

The independent variable of the research is
teaching methods, i.e. PBL method and traditional

lecture-based method. The dependent variable is

students’ CT disposition.

2.2 Instrument Tools

A Chinese version of CCTDI (CTDI-CV) was used

to evaluate the participants’ CT disposition. It was
localized from CCTDI by Peng [33] and was widely

used to measure Chinese students’ CT disposition

[34, 35]. CTDI-CV retains seven sub-scales as

CCTDI with 10 items per sub-scale, including 30

positive items and 40 negative items. All responses

to the items were rated on a six-point Likert scale

ranging from one point for ‘‘strongly disagree’’ to

six points for ‘‘strongly agree.’’ The content validity
index (CVI) of CTDI-CV is 0.79, with the sub-scale

CVIs ranging from 0.6 to 1. The overall Cronbach

alpha is 0.90 with sub-scale alphas ranging between

0.54 and 0.77. The reliability and validity of CTDI-

CV is higher than the translational version of

CCTDI. Thus, CTDI-CV can more suitably reflect

the CT disposition of Chinese students.

2.3 Teaching Design of the Experimental Class

The summary of PBL activities for the experimental

class is shown in the Fig. 1. The PBL approach

followed the basic procedure of PBL according to

Maastricht model [36]. As shown in Fig. 1, we had

arranged five tasks in the implementation of PBL

approach:

(1) PBL group forming. At the beginning of the
semester, the instructor solicited unanimous consent

of the experimental class for applying PBLapproach

to the course. 61 students in this class freely chose

their PBL group partners. Ten PBL groups had been

set and every group had six or seven members with

one chair and one scribe recommended by the group

members. Group formation was finished in the end

of the third week of the semester.
(2) Chair and scribe training. Good organization

of the PBL activity is the guarantee of achieving

reasonable learning results. The chair directs the

interaction between group members to enable an

effective discussion with respect to both process and

content and the scribe supports the chair. Before the

PBL approach starts, the instructor trained all the

chairs and scribes for skills of correctly applying the
PBL approach, such as organizing, structuring,

summarizing and noting the discussion. This work

was done by the instructors before the end of the

fourth week.
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(3) Problem determining. The problems to be

discussed were selected out from the problems

provided by the instructor or self-constructed by

the students before the eighth week. All the pro-

blems are new to the students. Group members
could have one or two times of meeting to discuss

and choose a problem of interest. If the problems

from the instructor are out of the group’s interest,

the group can determine a new problem through

literature reading. Ten problems selected by the

groups are shown in Table 1. All the problems are

related closely with the circuit theory, i.e., the

content of the course.
(4) Discussing with instructor. The problems

selected by students may be inappropriate for PBL

approach, i.e., theymay be too easy, or too difficult,

or good structured, or close-ended. Each group

should report the contents and tasks of the problem

to the instructor. The instructor consults with the

members to decide on the contents and tasks of the

problem together. An appropriate problem for PBL
approach could be determined through this step.

For example, Group one proposed the problem

‘‘How to design an electric mosquito swatter cir-

cuit?’’ To solve this problem involves circuit devices

and circuit design methods which are beyond the

course content, so the instructor suggested to

modify the problem as ‘‘Howdoes electricmosquito

swatter work?’’ which is relatively more suitable for

solving. The work of discussing with instructor was

done before the end of the ninth week.
(5) Group activities. Group activities aim to

solve the problems. Seven steps involved in the

PBL activities are shown in Fig. 1 according to

the Maastricht PBL model. The steps can be

summarized into three major stages: the prelimin-

ary discussion stage during which PBL groups are

committed to get ‘‘what to know’’, ‘‘what not to

know’’ and further ‘‘what need to know’’, the self-
study stage during which groupmembers search for

relevant literature that can answer the questions in

the learning goals, and the reporting stage during

which students prepares for a project presentation

and assessment.

Two rounds of group activities were organized

during weeks 10–16. The first round was held

during a 45 minutes lecture in the tenth week. The
instructor would observe the discussion process of

the groups and guide and promote the effectiveness

of the discussion. All groups were required to finish

the first five steps of the PBL approach, i.e., the

learning goals should be formulated. During the
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discussions, the chairs and scribes would be respon-

sible for organizing and recording. In the next two

weeks, all the members would finish self-study out-

side the class. They could hold meetings for discus-
sion. The instructor joined the QQ or WeChat1 of

each group and answered students’ questions aris-

ing from self-studying on the line. The second

round, which was somewhat similar to the first

round was finished in the thirteenth to fifteenth

week. In this round the discussion focused on self-

studying outcomes to form more accurate problem

solutions and preparing for report writing and
presentation. Outcomes of PBL approach were

demonstrated and evaluated in the sixteenth week.

Regardless of being in-class or after-class activ-

ities, the instructor encouraged students to think

carefully and listen to others’ views before raising

questions. The instructor also encouraged students

to exchange views mutually. From the beginning to

the end, the instructor was positioned as the obser-
ver, discoverer, guider and promoter, not just as the

knowledge imparter.

3. Results

3.1 CT Disposition

The CTDI-CV questionnaire was used to investi-
gate possible changes in the experimental and the

control classes. Table 2 shows the basic information

of the questionnaire data. When the student ID

number is the same in the pre-test and post-test, the

two questionnaires will be effectively paired.

The results of the participant’s CTdisposition are

shown in Tables 3 and 4. The paired sample t-test

results indicate that the pre-test mean score (317.82)
is significantly higher than that of the post-test

(303.47) for the experimental class. By contrast,

the paired sample t-test results indicate that no

significant CT disposition difference was found in

the control class. These results indicate that apply-

ing PBL approach in Circuit Theory teaching has

significantly improved the students’ CT disposition.

She-Ping Tian et al.880

1 QQ and Wechat are social media platforms widely used in
China. They have more functions than Facebook, Twitter and
Instagram.

Table 1. Brief Summary of Group Discussion

Group Initial Title Final Title Problems Group size

1 Design of electric mosquito
swatter

Analysis and simulation of
electric mosquito swatter

How does electric mosquito
swatter work?

6

2 Design of negative resistor
with operational amplifier

Same as initial title What is negative resistor and
how to design it?

6

3 Research on nonlinear first
order RC circuit

Analysis of nonlinear first
order RC circuit

How to analyze a nonlinear
first order RC circuit?

6

4 Realization and application of
negative resistor

Same as initial title How to realize a negative
resistor and how to apply it?

6

5 Realization of two-port circuit Realization of two-port circuit
based on operational amplifier
and its application

How to realize a two-port
circuit and how to apply it?

6

6 Discussion on capacitor and
inductor using duality

Same as initial title How to comprehend capacitor
and inductor using duality?

6

7 Analysis of ADC and DAC
circuits

Same as initial title How do ADC and DAC
work?

6

8 Analysis and application of
gyrator

Same as initial title How does gyrator work and
how to apply it?

7

9 Exploring the mystery of two-
port circuit

Same as initial title What are the properties of the
two-port circuit and how to
apply it?

6

10 Design of programmable
amplifier circuit with arbitrary
step attenuation

Same as initial title How to design a
programmable amplifier
circuit?

6

Table 2. Summary of CTDI-CV Survey

Class size

Valid QNRs/
total QNRs
(pre-test)

Valid QNRs/
total QNRs
(post-test)

Valid paired
QNRs Pre-test date Post-test date

Exp. class 61 59/61 56/61 56 2021/09/13 2022/01/05

Con. class 63 54/63 53/63 51 2021/09/13 2022/01/05

Table 3. Mean Scores and SD of Paired Samples of the Experi-
mental and Control classes

Experimental class Control class

Pre-test Post-test Pre-test Post-test

Mean 303.47 317.82 302.41 303.42

SD 25.01 25.23 31.87 36.78



We further computed the scores of the seven

aspects of CT disposition of the experimental

class. As shown in Table 5, for the experimental

class, the CT disposition qualities of truth-seeking,

open-mindedness and cognitive maturity had no

significant difference between the pre-test and post-

test, while there were significant differences in the

other four qualities.

3.2 Teaching Observation

We observed teaching activities from different

angles to probe if the teaching and learning is

successful or not. Feedback on the courses was

collected by asking the students to complete a

questionnaire on the Internet anonymously. At

the end of the semester, a survey was conducted in
the experimental and control classes. The question-

naire includes six scale questions and one fill-in-the-

blank question as shown in Table 6. Question 1 to 4

were common to the experimental and control

classes while question 5 to 7 were only for the

experimental class.

The responses to these queries, shown in Table 6,

indicate that the PBL students are slightly more

satisfied. Students in experimental class gave a

higher grade to the course than that of the control
class. The PBL students do not think they have

made an undue effort for the course while the

control students even think a little bit less work

have been put in for the course. Students in both

classes feel well in learning the coursematter but the

PBL students feel a bit better than the control

students. The mean score of the experimental class

for question 5 is 4.27, indicating that the PBL
students are motivated. Consequently, the PBL

students had a learning experience with more fun

(mean score 4.01) than the control students (mean

score 3.81). The results of question 6 are a measure

of the degree of motivation. The mean score here is

3.61. This result can be interpreted to mean that the

students feel that the PBLmethod drives them to be

more active and involved in the course.
Forty three students have answered question 7.

The open feedback shows that the vast majority of

students feel that they have gained a lot from the

course and have had a good learning experience.

For example, some students said, ‘‘Group discus-

sion is more fruitful. We invite the teacher to join
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Table 4. Paired Sample t-Test for CT Disposition (� = 0.01)

t df p

99% confidence
interval

Lower Upper

Exp. class 5.812 55 0.000 7.95 21.45

Con. class 0.115 50 0.911 –20.44 22.32

Table 5. CT Disposition Quality Difference between Pre-test and Post-test of the Experimental Class (� = 0.01)

CT disposition qualities

Pre-test Post-test Paired t test (�=0.01, df= 39)

Mean � SD Range Mean � SD Range t p

truth-seeking 39.43� 4.65 29–51 41.55� 6.35 24–52 2.577 0.014

open-mindedness 45.43� 5.54 34–56 46.78� 3.81 37–53 1.618 0.114

analytical tendencies 45.30� 4.51 34–53 48.08� 4.47 38–56 4.229 0.000

systematic tendencies 39.93� 5.22 29–51 42.23� 4.97 33–50 3.413 0.002

CT self-confidence 40.20� 6.31 29–53 42.73� 5.50 33–57 3.623 0.000

inquisitiveness 48.30� 6.69 35–60 50.58� 5.45 36–59 3.125 0.003

cognitive maturity 44.57� 5.43 33–55 46.00� 6.21 31–58 1.564 0.124

Table 6. Questionnaire on course and the results

No. Questions Scales

Results (M�SD)

Exp. Class Con. Class

1 What overall grade would you give this course? 1 = ‘‘poor’’
5 = ‘‘excellent’’

4.20� 0.69 3.91� 0.78

2 How much work did you have to put in for this course? 1 = ‘‘too much work’’
5 = ‘‘too little work’’

3.02� 0.65 2.80� 0.60

3 How well did you feel you learned the course matter? 1 = ‘‘very badly’’
5 = ‘‘very well’’

4.33� 0.79 4.11� 0.67

4 How was your learning experience? 1 = ‘‘boring’’
5 = ‘‘fun’’

4.01� 0.77 3.81� 0.73

5 How motivating do you feel the group discussion was? 1 = ‘‘not motivating’’
5 = ‘‘very motivating’’

4.27� 0.65

6 How much harder did you work than usual? 1 = ‘‘much lazier’’
5 = ‘‘much harder’’

3.61� 0.78

7 Give some words to your experiences about the course if
possible.

None – –



our WeChat group, and ask the teacher for advice

if we do not understand.’’ ‘‘Our online and offline

discussions are active, and we have gained a lot,

broadened our horizons and deepened our learn-

ing.’’ ‘‘The discussion activity is a kind of cultiva-

tion of innovation and comprehensive ability. The
teacher follows up on each project carefully and

responsibly.’’ ‘‘More communication with team

members improves teamwork and communication

skills.’’ ‘‘Although I think the content of the

course is very large and often feel stressful, the

teacher can always inspire me a lot of thinking.’’

‘‘Group discussions not only trained our oral and

written communication skills, but also allowed us
to gain friendship.’’ These remarks lead to the

conclusion that the PBL learning experience was

very positive.

The teaching experiences of the experimental

class also gave the instructor a deep impression on

online and offline interaction with students. The

whole class had a QQ group. Every discussion

group had its own QQ or WeChat group. The
class QQ group mainly focused on the discussing

problems encountered in classroom teaching and

students’ learning, such as how to understand a

concept and how to solve a problem. The QQ or

WeChat discussion groups mainly focused on the

PBL activities of the group, such as problem selec-

tion, literature review, activity coordination, report

writing, etc. The Email is also a useful tool for
course teaching and learning. The email sent by

students mainly involved suggestions on course

teaching, confusion and perception in learning,

etc. If online interaction were insufficient, the

face-to-face conversation or discussion would

follow after class. Students can make an appoint-

ment and meet the instructor during every week’s

office hour for more in-depth exchanges of views.
The instructor also participated in the group dis-

cussion during off-class time. As one member of the

discussion, the teacher’s participation can not only

ensure the normal implementation of discussion

activities, but also greatly promote the effect of

discussion.

For example, one student in the experimental

class found the views about Thevenin’s theorem in
a published paper was inconsistent with what was

learned in class. The student sent an email to the

instructor to raise his doubts. After careful analysis,

it was found that the viewpoint of this paper was

wrong. The instructor then exchanged views with

the student face to face in the office, encouraged the

student not to blindly believe in authority and to

think independently about the causes of contra-
dictory views. Finally, the student gave a correct

explanation for the so-called ‘‘contradictory phe-

nomenon’’.

4. Discussion

In this research we found that the PBL approach

could promote students’ CT disposition, but the

scores of the seven aspects of CT disposition of the

experimental class which were shown in Table 5

showed that among the CT disposition qualities,

truth-seeking, open-mindedness and cognitive
maturity had no significant difference while analy-

tical tendencies, systematic tendencies, CT self-

confidence and inquisitiveness had significant dif-

ferences between the pre-test and post-test. The

possible reasons are as follows:

(1) The qualities of truth-seeking, open-mind-

edness and cognitive maturity belong to the

higher stage in the cognitive development of
individuals. These qualities are related to the

individual’s age, long-term education experience,

development level of abstract thinking, and self-

esteem development level [37]. Young adults with

high self-esteem are also more willing to take

responsibility and have a higher sense of control

over life and career [38]. According to Piaget’s

theory, the abstract thinking of individuals does
not appear until the age of 11 to 15, but many

individuals have not developed to this stage in

their lives [39]. Learning experience has a great

impact on individual cognitive development. Lisi

& Staudt’s research found that the abstract

thinking ability of college students in tasks

related to their professional courses may not

have the same performance in other tasks [40].
Sternberg found through his research on college

students that the individual’s analytical ability is

positively correlated with the various challenges

accepted in the process of individual growth [41].

It can thus be seen that the higher level of

cognitive development cannot be achieved over-

night.

(2) The qualities of analytical tendencies, sys-
tematic tendencies, CT self-confidence and inquisi-

tiveness can be quickly possessed by short-term

cultivation and training. In particular, the seven-

step problem solving method itself is a good think-

ing skill to improve the analytical ability and

systematic ability of problem solving. Once this

skill is mastered, the problems will be solved

according to these steps, which will naturally
increase the individual’s qualities of analytical

tendencies, systematic tendencies, CT self-confi-

dence, and inquisitiveness. As found by Facione,

Facione and Sanchez, the level of CT self-confi-

dence is positively correlated with the proficiency of

CT skills [42]. Our research results also indicate that

the qualities of analytical tendencies, systematic

tendencies, CT self-confidence and inquisitiveness
can be improved by mastering CT skills.
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5. Implications

The Implications of this research are as follows:

(1) Sufficient time should be allocated to the

implementation of PBL. The group forming stage

lasted for three weeks. Students had enough time

and possibilities to understand each other in this

stage. In this way, members of each group can
understand each other well and have the willingness

to cooperate altogether, thus laying a good founda-

tion for the group activities. The problem determin-

ing stage lasted for four weeks and ended before the

eighth week. There are two reasons for this arrange-

ment. One is that the solving of the circuit problems

needs prerequisite course knowledge and the funda-

mental concepts, principles and methods are not
covered until midterm. The other is that enough

timemust be reserved for each group to understand,

be familiar with, select, discuss and determine what

problem is to be solved. Furthermore, each group

could discuss with the instructor to promise the

problem to be appropriate for PBL approach in one

week. Finally, ‘‘seven steps’’ PBL method was used

as an instructional model in this research. ‘‘Seven
steps’’ are cores of the PBL approach in which

critical thinking ability is possibly nurtured [43].

Two rounds of discussion instead of one are

arranged in the ‘‘seven steps’’ of PBL implementa-

tion stage to leave more opportunities for students

to improve problem solving skills and critical

thinking ability.

(2) The PBL process must be conducted care-
fully by both the teacher and students. The instruc-

tor should act as a guide, a facilitator, and an

observer and provide flexible learning environ-

ments for the students during the PBL treatment.

Firstly, the instructor should premeditate to embed

the PBL approach into the course teaching, i.e.,

design PBL teaching steps in which what tasks

should be finished and how much time to take.
For example, how long will the PBL implementa-

tion last? What time of the semester will the PBL

process be embedded? etc.

Secondly, the instructor could prepare observa-

tion forms in advance to record the process of

PBL. There are two types of record forms. One is

used to record the performance of students and

problems raised during the PBL implementation.
The other is for student scribes to record the

process of PBL discussion, including the problems

discussed, the statements made by members, and

the conclusions formed. The instructor can

improve the PBL implementation and guide stu-

dents’ learning in the subsequent stages by reading

these records.

Thirdly, the instructor should give some instruc-
tions for unexpected issues that may occur in the

process of PBL implementation. For example, the

instructor should provide necessary help when

some students find no PBL groups to participate

in. When the group members cannot reach con-

sensus during discussion, the instructor should

intervene to coordinate the views of the group
members. In particular, the instructor should

respond as quickly as possible to any problems

encountered by PBL groups and always encourage

students to think independently and critically.

(3) The instructor should create a comfortable

atmosphere for group discussion. This atmosphere

should be conducive to students’ activities and

thinking. For example, during the discussion the
instructor may say: ‘‘Your idea is new and original,

is there any other ones?’’ ‘‘Please think about

whether there are solutions to this problem?’’

‘‘What do you think of your partner’s idea?’’ etc.

(4) Generally, each group evinces different learn-

ing quality during the PBL process. Some groups

are very devoted to the PBLmeeting and discussion

while some other groups are not. The instructor
should observe the PBL process carefully and

continuously, participate in the inefficient groups’

discussion, and help the groups to formulate a

positive atmosphere for discussion.

6. Conclusion

Evidence in this study shows that, after a semester

of teaching circuit theory with PBL, the CT dis-

position scores of students have significantly

increased. It may be concluded from this study

that the PBL approach can significantly promote

the CT disposition of engineering students, and

their qualities of analytical tendencies, systematic

tendencies, CT self-confidence and inquisitiveness
can be improved by mastering CT skills. Students

have gained a lot from the course and have had a

good learning experience with the PBL-based

approach. The students became more active and

involved in the course, and their oral and written

communication skills have been improved.

However, only the general impact of PBL on

engineering students’ CT disposition has been
observed in this study. As a case study whose results

are far from being universal, empirical studies are

still needed to assess the impact of PBL on CT

disposition in general. Many variables such as

sample size, sample type, instruction type, gender,

maturity, instrument, nationality, discipline, treat-

ment duration, and group size should be considered

for the effects when implementing PBL. Also, the
course teaching hours, PBL mode, problem design,

etc. may be considered for PBL-based teaching. The

influence of PBL on CT disposition is a very

complicated process. Every component of PBL
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such as discussion, brainstorming session, debate

session, interaction, reflection, and feedback can

stimulate students’ meta-cognition and enhance

their CT disposition. These should be studied in

the future.
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