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Abstract

Objective

This study aimed to comprehensively evaluate the effect of PBL on problem-solving, self-
directed learning, and critical thinking ability of pharmaceutical students through a random-
ized controlled trial (RCT) and meta-analysis of RCTs.

Methods

In 2021, 57 third-year pharmacy students from China Pharmaceutical University were ran-
domly divided into a PBL group and a lecture-based learning (LBL) group. Mean scores
were compared between the two groups for problem-solving, self-directed learning, commu-
nication skills, critical thinking, and final exam grades. Students’ feedback on the implemen-
tation of PBL was also collected. A meta-analysis was subsequently performed. Two
authors independently conducted a comprehensive search of two databases (PubMed and
CNKI). Eligible studies with effective data were included and the valuable data were
extracted for analysis. Quality of involved studies was assessed by the Cochrane Collabora-
tion’s tool. All analyses of statistics were conducted using the ‘metafor’ package in R
software.

Results

The PBL group had significantly higher mean scores for problem-solving (8.43+1.56) and
self-directed learning (7.39+1.19) than the LBL group (7.02+1.72 and 6.41+1.28, respec-
tively). The PBL group also showed better communication skills (8.86+1.47) than the LBL
group (7.68+1.89). The mean level of critical thinking was significantly higher in the PBL
group than the LBL group (p = 0.02). The PBL group also had better final exam grades
(79.86+1.38) compared to the LBL group (68.1+1.76). Student feedback on PBL
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implementation was positive. The outcome of subsequent meta-analysis including 8 eligible
studies involved 1819 participants showed that the use of PBL significantly improved prob-
lem-solving ability (SMD = 1.12, 95% Cl = 0.25—-1.99) and PBL was also associated with bet-
ter performance in self-directed learning (SMD = 1.55, 95% CI = 0.64-2.45). However, there
was no significant difference in the final exam score in the PBL group compared to the LBL
control group (SMD = 0.23, 95% Cl = -0.08-0.53).

Conclusion

This study found that PBL is an effective teaching method for pharmacy students.

Introduction

Pharmacists have a unique position in providing healthcare provision and promotion, which
has been demonstrated to lead to favorable health outcomes and decreased overall healthcare
costs [1]. To be competent in personalized, flexible, and situation-specific problem-solving,
pharmacists require critical thinking and self-directed learning abilities. Critical thinking is a
process that involves clarifying, simplifying, organizing, and rationalizing ideas [2].

Problem-based learning (PBL) has been identified as a useful method for connecting theo-
retical learning with real-world clinical problems, requiring problem-solving skills, critical
thinking, effective communication, utilization of literature, and strong teamwork [3]. PBL is a
student-centered learning strategy that uses a problem as a starting point to facilitate learning.
PBL allows pharmacy students to collaborate in small groups with the goal of improving their
cognitive capacities and clinical and critical thinking skills. PBL has been applied in many
healthcare professional programs, including pharmacy, and has been found to improve stu-
dents’ learning and retention of material beyond the end of the course [4, 5]. Although phar-
macists have been shown to contribute their clinical expertise and services to healthcare teams
[6-8], challenges still exist regarding the acceptance of this expanded role by other medical
professionals [9]. The primary goal of pharmaceutical care is to transition pharmacists from
solely dispensing the correct drug to becoming more involved in the selection of optimal drug
therapy that is safe and efficacious [9]. In the United States, PBL in pharmacy education has
been shown to positively impact students’ abilities to problem-solve and apply a basic science
foundation to their clinical decision-making for healthcare treatment [10].

Several studies have investigated the effects of PBL on academic achievement in pharmacy
courses, including final examination and post-test scores, students’ grades, and GPA. Previous
meta-analyses have also assessed the impact of PBL on learning achievements in pharmacy stu-
dents [11, 12]. However, these studies have not evaluated the effect of PBL on critical thinking,
problem-solving, and self-directed learning ability. Moreover, many of these studies were not
randomized, which may introduce bias. To comprehensively evaluate the impact of PBL on
critical thinking, problem-solving, and self-directed learning ability in pharmaceutical stu-
dents, this study performed a randomized controlled trial. Additionally, a meta-analysis of ran-
domized clinical trials was conducted to assess the outcomes of PBL.

Methods
Study subjects

In the present study, a total of 57 third-year pharmacy students from China Pharmaceutical
University were randomly assigned to either a PBL group or a lecture-based learning (LBL)
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group in 2021. All participants had no prior experience with PBL. Informed consent was
obtained from the participants after providing them with a detailed explanation of the study.
The data collection instrument was a questionnaire divided into three sections: (1) demo-
graphic characteristics, (2) a standard questionnaire assessing student behavior, including
problem-solving, self-directed learning ability, communication skills, and critical thinking,
and (3) a standard questionnaire assessing student attitudes towards PBL, including students’
role, lecturer role, and the effectiveness of the unit from the students’ viewpoint. The fourth
section of the questionnaire included researcher-developed questions aimed at investigating
students’ feedback on the implementation of PBL. At the end of the course about two hours a
week for 17 weeks, all participated students were required to complete the questionnaire and
take a theoretical examination. The scores of the examination were calculated on a percentage
basis.

Ethics approval

The protocol was approved by the Committee on Research Ethics of China Pharmaceutical
University under the approval number 2021XION14. All participants provided verbal consent
to participate in this trial.

Search strategy and selection for meta-analysis

A total of two databases, PubMed and CNKI, were searched for related studies from inception
until October 10, 2024. The search keywords used were "pharmacy OR pharmacology" AND
"PBL OR problem-based learning". The systematic search and data extraction were conducted
according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines (Supplementary Table 1 in S1 Appendix).

To minimize differences between studies, we imposed the following methodological restric-
tions for the inclusion criteria: (1) studies must provide the minimum necessary information
about the number of students and related mean and standard deviation of behavior scores; (2)
to avoid selection bias, the sample size of each study should be more than 10; (3) the median
study time for PBL should be more than one month. If more than one article was published
using the same population, we selected the most recent or informative report. Two researchers
(Yi-Jing Zhao and Tu Chen) independently assessed the retrieved studies according to the pre-
specified criteria, and any discrepancies were resolved by another investigator.

Data extraction and quality assessment for meta-analysis

The following information was collected for each included study: first author, publication
year, country, number of students, mean and standard deviation of behavior score, and study
type. Data extraction was performed independently by two authors (Yi-Jing Zhao and Tu
Chen) and cross-checked for accuracy.

Risk of bias assessment

Quality of totally eight involved studies with effective data, including entire selection bias, per-
formance bias, detection bias, attrition bias, reporting bias, also with other bias was assessed
using Cochrane Collaboration’s tool by two authors individually.

Statistical analysis

Descriptive statistics for continuous variables were reported as mean and standard deviation,
while frequencies and percentages were used to describe categorical variables. The
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heterogeneity was evaluated using a statistical analysis model based on the P and I values in
the meta-analysis. When the p-value of the Q’ test was greater than 0.05 or I? was less than
50%, the fixed-effect model was applied; otherwise, the random-effect model would be
employed. Heterogeneity among studies was assessed using the y test and I statistic. Sensitiv-
ity analysis was performed by sequentially removing each study to assess the stability of the
results. Begg’s funnel plot and Egger’s test were used to evaluate the presence of publication
bias. Statistical significance was set at a two-sided p-value of less than 0.05. All analyses were
conducted using the ‘metafor’ package in R software (version R-3.5.1).

Results
Evaluating the effect of PBL in ourself cohort

In this randomized controlled trial, a total of 57 students were recruited and randomly
assigned to either the PBL group (n = 28) or the LBL group (n = 29). The groups were compa-
rable in terms of age and gender distribution. Results showed that the PBL group had signifi-
cantly higher satisfaction and interest levels in the course compared to the LBL group (both

p <0.001, Table 1).

As presented in Table 2, the PBL group had significantly higher mean problem-solving
scores (8.43 £ 1.56) compared to the LBL group (7.02 + 1.72) (p = 0.002). The PBL group also
had significantly higher self-directed learning scores (7.39 + 1.19) compared to the LBL group
(6.41 + 1.28) (p = 0.004). Additionally, the PBL group had significantly better communication
skills (8.86 + 1.47) compared to the LBL group (7.68 + 1.89) (p = 0.01). The mean level of criti-
cal thinking was also significantly higher in the PBL group compared to the LBL group
(p = 0.02). Furthermore, the PBL group obtained a significantly better final exam grade
(79.86 £ 1.38) compared to the LBL group (68.1 + 1.76).

After participating in the PBL, students in the PBL group were surveyed using a 9-question
survey with five-point Likert ratings (ranging from 1 = strongly disagree to 5 = strongly agree)
to provide feedback. The survey had a participation rate of 100% and was voluntary and confi-
dential. Results from the survey indicated that students perceived the value of PBL for their
current or future practices (3.82 + 0.12) and in collaborating with a team to solve problems
(3.93 £ 0.17). Additionally, students perceived that PBL increased their knowledge of how to
utilize practice guidelines to support evidence-based recommendations (4.18 + 1.15) and how

Table 1. Demographics of third-year pharmacy students in a study comparing problem-based learning (PBL) and
lecture-based learning (LBL) in Authentication of Chinese Medicines.

Student Demographic PBL group (n = 28) LBL group (n = 29) P
Gender (%) 0.85
Male 9 10
Female 19 19
Age (mean + SD) 21.21+1.24 21.17+1.36 0.91
Satisfaction with this course (%) 0.0005
High 22 8
Middle 5 18
Low 1 3
Interest with this course (%) 0.001
High 23 10
Middle 3 15
Low 2 4

https://doi.org/10.1371/journal.pone.0314017.t001
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Table 2. The mean score of behaviors for the comparing problem-based learning (PBL) and lecture-based learning (LBL).

Behaviors

Mean
Problem-solving 8.43
Self-directed learning 7.39
Communication skills 8.86
Critical thinking 7.96
Final exam score 79.86

https://doi.org/10.1371/journal.pone.0314017.t1002

PBL (n =28) LBL (n =29) p
Sd Mean Sd
1.56 7.02 1.72 0.002
1.19 6.41 1.28 0.004
1.47 7.68 1.89 0.01
1.55 6.84 1.96 0.02
1.38 68.1 1.76 < 0.001

to collaborate with a team of pharmacy students to solve problems (3.00  0.26). The aggregate
data from the survey are presented in Table 3.

Meta-analysis for the effect of PBL

A total of 4473 articles were searched in the literature search (S1 Table in S1 Appendix). After
removing duplicates, 4388 targets were considered for further screening. Following the
abstract review, 4039 articles were excluded, and 349 remaining studies were subjected to full-
text assessment. After this assessment, 341 studies were excluded based on the following rea-
sons: no available data (n = 305), non-randomized controlled trial research (n = 14), review

(n = 8), small sample size (n = 6), and letter and comments (n = 3). Finally, 8 randomized con-
trolled trial articles were included in this meta-analysis (Fig 1) [13-20].

As presented in Supplementary Table 2 in S1 Appendix, the 8 studies included in this
meta-analysis were published between 2002 and 2021 and involved 1819 students from 2
countries. The sample sizes of the included articles ranged from 12 to 1320, and the interven-
tion durations varied from 0.6 to 2 years. The quality assessment of the articles indicated a low
or medium risk of bias.

The meta-analysis showed that the use of PBL significantly improved problem-solving abil-
ity (SMD = 1.12, 95% CI = 0.25-1.99; Fig 2A) but had a high heterogeneity (I = 87%, Pretero.
geneity < 0.01). PBL was also associated with better performance in self-directed learning
(SMD = 1.40, 95% CI = 0.56-2.25; Fig 2B) and critical thinking (SMD = 1.55, 95% CI = 0.64-

Table 3. Students feedback on the implementation of problem-based learning (PBL) (N = 28).

Statement Mean * SD | Strongly Disagree |Neutral |Agree |Strongly
disagree agree
(%) (%) (%) (%) | (%)

Prior to PBL, I had very little knowledge of how to find problems related to drug 3.57+0.23 | 7.1 14.3 17.9 357 |25.0

identification

Prior to PBL, I had very little knowledge of how to use practice guidelines to support 3.32£0.24 | 10.7 14.3 25.0 321 | 179

evidence-based recommendations

Prior to PBL, I had very little knowledge of how to collaborate with a team to solve 3.00£0.26 | 17.9 214 214 214 | 179

problem

PBL increased my knowledge of how to find problems related to drug therapy 3.83+0.20 |3.6 7.1 214 357 321

PBL increased my knowledge of how to use practice guidelines to support evidence-based | 4.18+0.15 |0 3.6 14.3 429 393

recommendations

I see the value in collaborating with a team of pharmacy students to solve problem 3.93+0.17 | 3.6 3.6 10.7 60.7 |21.4

I would be interested in continuing to participate in PBL in my future as a student/ 4.01x0.14 |0 3.6 17.9 53.6 |25.0

pharmacist

I see value in applying the information learned in PBL to my current or future practice 3.82+0.12 |0 0 28.6 60.7 | 10.7

I found the Pharmacy-Based Learning experience to be innovative and enjoyable 3.89+0.16 | 3.6 3.6 14.3 57.1 |214

https://doi.org/10.1371/journal.pone.0314017.t003
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Fig 1. Study selection. RCTs, randomized clinical trials.

https://doi.org/10.1371/journal.pone.0314017.g001

2.45; Fig 2C) but with high heterogeneity (both P < 0.01). However, there was no significant
difference in the final exam score between the PBL group and the LBL control group
(SMD = 0.23, 95% CI = -0.08-0.53; Fig 2D).

A sensitivity analysis was conducted to assess the robustness of the meta-analysis results by
removing each study in turn. The pooled results for problem-solving (Supplementary Fig 1A
in S1 Appendix), self-directed learning (Supplementary Fig 1B in S1 Appendix), critical
thinking (Supplementary Fig 1C in S1 Appendix), and final exam scores (Supplementary
Fig 1D in S1 Appendix) were not materially changed by any of the removed studies. Further-
more, no significant asymmetry was observed in the funnel plot (Supplementary Fig 2A-2D
in S1 Appendix). These findings suggest that the present meta-analysis is stable and reliable.

Risk of bias assessment in meta-analysis

Risk of bias graph, generally in low risk including unclear selection bias, low performance bias,
detection bias, attrition bias as well as reporting bias, was revealed in assessment. Additionally,
other bias of eight included studies was not mentioned (Fig 3).
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Fig 2. Meta-analysis for the effect of PBL compared with LBL group. (A) Problem-solving, (B) Self-directed learning, (C)
Critical thinking, (D) Final exam score. PBL, problem-based learning; LBL, lecture-based learning.

https://doi.org/10.1371/journal.pone.0314017.9002

Discussion

Our study found that problem-based learning (PBL) significantly improves the performance
of pharmacy students in problem-solving, self-directed learning, and critical thinking. The stu-
dents’ feedback suggested that the pharmaceutics course based on PBL left them with broad
knowledge that they were able to access long after the course ended. They also stated that the
course encouraged the collaborative nature of the "real world," self-directed learning orienta-
tion, and stimulated critical thinking. Subsequent meta-analysis confirmed our findings, indi-
cating that PBL enhances students’ learning ability.

The steps of PBL include: (1) identifying the problem, (2) exploring prior knowledge, (3)
generating potential theories, (4) identifying learning needs, (5) individually gathering
research, (6) re-evaluating and applying new knowledge to the problem, and (7) reflecting on
the learning process [21]. PBL has been introduced into pharmacy education to prepare future
pharmacists to meet the challenging requirements of the pharmacy profession [22, 23]. For

Random sequence generation (selection bias) | |

Allocation concealment (selection bias) - |

Blinding of participants and personnel (performance bias) _:I
Blinding of outcome assessment (detection bias) _:l
Incomplete outcome data (attrition bias) _

Selective reporting (reporting bias) _

Other bias l I

0% 25% 50% 75%  100%

. Low risk of bias |:| Unclear risk of bias . High risk of bias

Fig 3. Risk of bias assessment for included studies using the cochrane collaboration’s tool.

https://doi.org/10.1371/journal.pone.0314017.9g003
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our course in the China Pharmaceutical University, Authentication of Chinese Medicines, it is
an applied discipline that aims to identify and study the varieties and quality of Chinese medi-
cines, formulate standards for Chinese medicines, and find and expand new sources of medi-
cines. Based on the inheritance of traditional Chinese medicine heritage and traditional
identification and its application experience, this course applies modern scientific knowledge,
techniques, and methods to research and focus on the theories and practices of the sources,
properties, microscopic characteristics, physical and chemical identification, quality standards,
and resources and sustainable utilization of Chinese medicines. The study of this course will
lay the foundation for students to engage in authenticity identification, variety sorting, quality
evaluation, development, and application of Chinese medicine after graduation, and ensure
the safety and effectiveness of clinical medication. Because of the constantly evolving nature of
the pharmacy profession, the skills acquired from PBL are necessary, as career opportunities
have expanded to incorporate pharmacists as a pivotal partner for patient care.

In our cohort, we observed that PBL significantly increased the score of final exams. How-
ever, this conclusion was not supported by the meta-analysis. One possible reason for this dis-
crepancy is that our score included the normal performance score, which was higher in the
PBL group due to the students’ enthusiastic speech and active participation in answering ques-
tions. Nonetheless, for problem-solving, self-directed learning, and critical thinking abilities,
both our results and the meta-analysis demonstrated a significant improvement in the perfor-
mance of pharmacy students who underwent PBL. These skills are more essential for future
work than the final exam score.

The current research about the impact of PBL on students’ abilities presents varied perspec-
tives. While some findings showed no statistically significant changes in students’ critical
thinking skills or metacognitive awareness within the PBL group [24-26], the majority of
other research suggests that PBL enhances critical thinking skills [27-31]. Several factors
might have influenced these divergent findings:(1) in the study by Choi E et al., most partici-
pants were female, highlighting the need to consider gender balance in research outcomes
[24]. (2) the use of different assessments for critical thinking ability, where the validity and reli-
ability of these instruments significantly impact outcomes; (3) variations in participants’ edu-
cational backgrounds. Nonetheless, our findings and those of the meta-analysis similarly
observed a positive correlation with PBL. In addition, students in the PBL group showed the
perception that they had developed the critical thinking abilities, which may benefit them
much longer than their final examination scores after participating in the research. As a prob-
lem-oriented teaching method, PBL encourages students, who are often passive in traditional
classrooms, to actively engage in questioning and problem-solving, thereby improving their
learning skills. Summarily, the implementation of PBL effectively enhances students’ learning
skills.

Some limitations of the meta-analysis in this study should be mentioned. Firstly, we limited
the search of our meta-analysis to studies in few databases, it may possibly lead to selection
bias and influence the reliability of the combined data. Secondly, the random effects model
was applied to assess the effect of the PBL in the meta-analysis on the basis of the p-value
(p<0.05) and P (P >50%). As the sample size of the part of problem-solving, self-directed
learning and critical thinking were relatively less, it was supported that a larger sample size
may be more convincing using random-effects model. Last but not least, upon the circum-
scribed search strategy, the included studies in the meta-analysis have only been comprised by
the articles in English and Chinese language. On the other hand, the strength of our study is
that this is the first research combining original randomized controlled trial with the meta-
analysis to prove the effectiveness of PBL on improving problem-solving, self-directed learn-
ing, and critical thinking ability for the pharmacy students.
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In conclusion, our study provides evidence that PBL is an effective teaching method for
pharmacy students in Chinese Pharmaceutical University, enhancing their problem-solving,
self-directed learning, and critical thinking abilities. The impact of PBL on the career of a med-
icine student maybe profound and long-lasting.
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