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Abstract

Purpose To investigate the effectiveness of problem-based learning (PBL) and case-based learning (CBL) teaching
methods in clinical practical teaching in transarterial chemoembolization (TACE) treatment in China.

Materials and methods A comprehensive search of PubMed, the Chinese National Knowledge Infrastructure (CNKI)
database, the Weipu database and the Wanfang database up to June 2023 was performed to collect studies that
evaluate the effectiveness of problem-based learning and case-based learning teaching methods in clinical practical
teaching in TACE treatment in China. Statistical analysis was performed by R software (4.2.1) calling JAGS software
(4.3.1) in a Bayesian framework using the Markov chain-Monte Carlo method for direct and indirect comparisons. The

R packages ‘gemtc’, “rjags’, ‘openxlsx’, and “ggplot2” were used for statistical analysis and data output.

Results Finally, 7 studies (five RCTs and two observational studies) were included in the meta-analysis. The
combination of PBL and CBL showed more effectiveness in clinical thinking capacity, clinical practice capacity,
knowledge understanding degree, literature reading ability, method satisfaction degree, learning efficiency, learning
interest, practical skills examination scores and theoretical knowledge examination scores.

Conclusions Network meta-analysis revealed that the application of PBL combined with the CBL teaching mode in
the teaching of liver cancer intervention therapy significantly improves the teaching effect and significantly improves
the theoretical and surgical operations, meeting the requirements of clinical education.
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Introduction

Hepatocellular carcinoma (HCC) is one of the leading
causes of cancer-related death worldwide, and newly
diagnosed cases increase annually [1]. More than 50% of
newly diagnosed patients are reported in China, with an
age-standardized incidence rate of 8.6 per 100,000 indi-
viduals annually [2]. China is a country with a high bur-
den of hepatitis, which indicates that HCC is one of the
main focuses of medical investment in China. According
to Western and Eastern experts’ consensus and guide-
lines [3-5], transarterial chemoembolization (TACE), an
interventional method that embolizes the tumor-feeding
vascular with embolization materials and chemotherapy
drugs, is considered the first choice for most patients
with advanced-stage HCC, providing opportunities for
surgery. In addition, clinical evidence has also confirmed
the effectiveness of TACE and its related protocol in dif-
ferent clinical settings [6].

With the rapid development of medical education,
therefore, cultivating excellent medical professionals
is particularly crucial. In clinical education, traditional
lecture-based teaching has shortcomings; for exam-
ple, teachers place too much emphasis on knowledge
and passive student learning [7], resulting in low learn-
ing efficiency, insufficient clinical thinking ability, and
poor clinical practice ability for students. Moreover, the
teaching of interventional radiology, including TACE
and other related disciplines, is highly specialized, with
relatively few class hours and relatively short internship
times, making it difficult to master the outline knowledge
in a short period of time. Therefore, to improve teach-
ing effectiveness, it is necessary to break the constraints
of traditional teaching methods and strive to find more
effective teaching methods.

The problem-based learning (PBL) teaching method
emphasizes students’ active learning as the main focus,
rather than the traditional lecture-based teaching
method. It is based on a student-centered education
approach, guided by teachers and based on questions, to
introduce relevant basic knowledge [8]. Through group
discussions, students independently collect data and dis-
cover and solve problems, and this teaching model can
cultivate students’ active learning and innovation. The
case-based learning (CBL) teaching method is based on
typical cases, using real cases from clinical work in teach-
ing. Before the teacher systematically explains, students
are asked to contact the patient themselves in advance
and carefully inquire about their medical history and
clinical examinations [9]. Then, relevant information is
collected based on the patient’s specific situation (such

as similar patient onset factors, diagnosis and treat-
ment plans, treatment clinical reactions, and posttreat-
ment effects). Finally, a preliminary treatment plan will
be formed by students, and teachers will continuously
improve treatment plans and apply relevant theoretical
knowledge for analysis.

Regarding the use of PBL and CBL for TACE teach-
ing, only several Chinese studies found that PBL and
CBL could benefit the students and trainees, as TACE
teaching requires mastery of various benign and malig-
nant tumors of the liver, including atypical cases, and
interspersed with different teaching contents. Besides,
TACE is a discipline that requires not only solid theoreti-
cal knowledge, but also high mastery and proficiency in
practical operational skills. Therefore, the requirements
for teaching methods should also be increased [10].

Although some published randomized controlled tri-
als and observational studies have examined CBL and
PBL in clinical education in TACE, there is currently no
consensus on the advantages or disadvantages of these
two methods. With our study, We hope to provide the
optimum educational method for TACE. Therefore, in
this study, we conducted a high-quality Bayesian net-
work meta-analysis and systematic review to explore the
effectiveness of the PBL and CBL methods in the clini-
cal practical teaching of TACE in China, with the aim of
providing a new perspective for the clinical education of
TACE.

Methods

Study design

In this study, the Bayesian network meta-analysis was
performed following the Preferred Reporting Items for
Systematic reviews and Meta-analyses statement [11].
We used a Bayesian network meta-analysis because of its
superiority in accounting for the pooled effect and pro-
viding precise calculations for related data.

Data sources and search

A comprehensive search of PubMed, Chinese National
Knowledge Infrastructure database (CNKI), Weipu
database and Wanfang database up to June 2023 was
performed. Table S1 lists the search strategy, inclusion
criteria, and exclusion criteria.

Data extraction and risk of bias assessment

Two independent reviewers carried out the research and
data extraction, and any disagreements were resolved by
a third author. Data on study details (first author, study
design, year of publication, study population and sample
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size.) and primary outcomes were extracted into an Excel
sheet. We also extracted data on the performance of the
difference teaching method. We used the methods of the
Cochrane Handbook for Systematic Reviews of Inter-
ventions to assess the risk of the randomized controlled
trials [12]. In addition, the Newcastle—Ottawa scale was
adopted to evaluate observational studies [13].

Data synthesis and statistical analysis

We conducted the network meta-analyses for theoretical
knowledge examination scores, practical skills examina-
tion scores, and the questionnaire entry using a random-
effect model in a Bayesian framework.

Statistical analysis was performed by R software (4.2.1)
calling JAGS software (4.3.1) in a Bayesian framework
using the Markov chain-Monte Carlo method for direct
and indirect comparisons. The R packages “gemtc’,
“rjags’, “openxlsx’, and “ggplot2” were used for statistical
analysis and data output. Parameter settings: the number
of chains was 6, the initial value was 2.5, the number of
adaptation (or tuning) iterations was 50,000, the number
of simulation iterations was 200,000, and the thinning
factor was 10.

The network plot and funnel plot were drawn using
Stata software (version 16).

Furthermore, statistical heterogeneity and inconsis-
tency were evaluated using the Q test and the statistic
inconsistency index (I%). An I? value greater than 50% is
generally considered to indicate a substantial level of het-
erogeneity, which consequently initiates sensitivity anal-
ysis to identify the source [14]. Discontinuous data in a
Bayesian framework were calculated with the risk ratio
(RR) and its 95% confidence interval (CI), and the natu-
ral logarithm of RR (LnRR) was used to estimate the out-
comes. Continuous data in a Bayesian framework were
calculated with the mean difference (MD) and its 95% CI.
Accordingly, we performed a pairwise meta-analysis on
comparisons on the basis of the frequentist approach to
compare with the corresponding pooled results from the
Bayesian framework. We used a line diagram to calculate
the rank probability of different therapies, in which the
X axis represents probability, while the Y axis represents
ranking from first to last [15, 16].

Results

Study selection and characteristics of included studies

A preliminary search yielded 248 articles, of which 107
were duplicates. After removing duplicates by automated
tools, we reviewed the abstracts of the remaining stud-
ies, and 134 articles did not meet the inclusion criteria.
Finally, 7 studies (five RCTs [10, 17-20] and two obser-
vational studies [21, 22]) were included in the meta-anal-
ysis. Figure 1 shows the study selection flowchart of the
literature search process.
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Description of the selected studies: first author, year of
publication, country, intervention, the most important
results. In Table 1. The study quality of the included stud-
ies is shown in Tables 2 and 3.

Findings of the bayesian network meta-analysis

Bayesian network meta-analysis of theoretical knowledge
examination scores

Theoretical knowledge examination scores were reported
in all studies. Eligible comparisons of outcomes are pre-
sented in the network plot (Fig. 2a). We used a table
(Table S2) to describe the effect of 5 interventions on the
theoretical knowledge examination scores in participants
with a total of 6 comparisons with LnRR. No significant
publication bias was found (Fig. 3a). PBL in combination
with TBL showed the best improvement in the theoreti-
cal knowledge examination scores, followed by PBL in
combination with CBL (Figure S1).

Bayesian network meta-analysis of practical skills
examination scores

Practical skills examination scores were reported in 6
studies [10, 18-22]. Eligible comparisons of outcomes
are presented in the network plot (Fig. 2b). We used a
table (Table S3) to describe the effect of 5 interventions
on the practical skills examination scores in participants
with a total of 6 comparisons. No significant publica-
tion bias was found (Fig. 3b). PBL in combination with
TBL showed the best improvement in the practical skills
examination scores, followed by PBL (Figure S2).

Bayesian network meta-analysis of learning interest
Learning interest was reported in 3 studies [18, 20, 22].
Eligible comparisons of outcomes are presented in the
network plot (Fig. 2c). We used a table (Table S4) to
describe the effect of 5 interventions on learning inter-
est in participants with a total of 5 comparisons. No
significant publication bias was found (Fig. 3c). PBL in
combination with TBL showed the best improvement in
learning interest, followed by PBL in combination with
CBL (Figure S3).

Bayesian network meta-analysis of learning efficiency
Learning efficiency was reported in 2 studies [20, 22]. Eli-
gible comparisons of outcomes are presented in the net-
work plot (Fig. 2d). We used a table (Table S5) to describe
the effect of 3 interventions on learning efficiency in par-
ticipants with a total of 2 comparisons. No significant
publication bias was found (Fig. 3d). PBL in combination
with TBL showed the best improvement in learning effi-
ciency, followed by PBL in combination with CBL (Figure
S4).
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Fig. 1 Flowchart of the literature search process

Table 1 The characteristics of the included studies

Studies  Participants Year Country Intervention Out-
comes
Wang ZC  Medical 2020 China PBL+CBL=15 a,g,
students vs.CBL=15 h,i
vs. PBL=15
Wang YC  Medical 2020 China PBL+CBL=28 a,b,c,
students vs. CBL=28 ef,qg
vs. PBL=28 h, i
Du MJ Medical 2018 China PBL=50 vs. a,b
students LBL=50
Wang LZ  Medical 2015 China PBL=28 vs. ab
students LBL=27
SunY surgical 2021 China PBL+CBL=24 a,b,c,
trainees vs. LBL=24 d,fi
Sha L Medical 2018 China PBL+TBL=43 a,b,c,
students vs. LBL=43 d,g,i
LiLF Medical 2020 China PBL=47 vs. abe
students LBL=47

PBL+CBL: Combined with Problem-Based Learning and Case-based learning,
PBL: Problem-Based Learning, PBL+TBL: Combined with Problem-Based
Learning and Team-based learning, CBL: Case-based learning, LBL: lecture-
based learning, a: theoretical knowledge examination scores, b: practical
skills examination scores, c: learning interest, d: learning efficiency, e: method
satisfaction degree, f: literature reading ability, g: Knowledge understanding
degree, h: clinical practice capacity, i: clinical thinking capacity

PM, Boufrond, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an-updated-guideline for reporting systematic reviews. BMJ 2021,372:n71.

Bayesian network meta-analysis of method satisfaction
degree

Method satisfaction degree were reported in 2 studies
[10, 18]. Eligible comparisons of outcomes are presented
in the network plot (Fig. 2e). We used a table (Table S6)
to describe the effect of 4 interventions for the method
satisfaction degree in participants with a total of 4 com-
parisons. No significant publication bias was found
(Fig. 3e). PBL in combination with CBL is the most satis-
fied among students, followed by PBL (Figure S5).

Bayesian network meta-analysis of literature reading ability
Literature reading ability was reported in 2 studies [18,
20]. Eligible comparisons of outcomes are presented
in the network plot (Fig. 2f). We used a (Table S7) to
describe the effect of 4 interventions on the literature
reading ability in participants with a total of 4 compari-
sons. No significant publication bias was found (Fig. 3f).
PBL in combination with CBL showed the best improve-
ment in literature reading ability, followed by PBL (Figure
S6).
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Table 2 Results of quality assessment using Cochrane Tool for RCTs
Studies Random sequence generation  Allocation concealment  Blinding Incomplete outcome  Selective report  Other bias

Wang ZC  Unclear Unclear High risk  Low risk Low risk Low risk
WangYC  Unclear Unclear Highrisk  Low risk Low risk Low risk
SunY Low risk Unclear High risk  Low risk Low risk Low risk
LiLF Unclear Unclear Highrisk  Low risk Unclear Unclear

Table 3 Results of quality assessment using Newcastle—Ottawa scale for observational studies

Study Representa- Selection  Ascer- Demonstration that Comparability of Assess-  follow-up long Adequacy Qual-
selection tivenessof  of the non- tain- outcome of interest  cohorts on the mentof  enough for of follow- ity
the exposed exposed mentof wasnotpresentat  basis of the de- outcome outcomesto  up of score
cohort cohort exposure start of study sign or analysis occur cohorts
Wang LZ 1 1 1 1 1 0 1 1 7
Du MJ. 1 1 0 1 1 0 1 1 6
Sha L 1 1 1 1 1 0 1 1 7
a b FeL i caL
CBL / PEL
LBL L8L
PBL+CBL PBL+CEL
PBL-TSL PEL+TBL

PBL4+THL

LaL
PBLCEL /
B h \

PEL+TBL

PBL+CBL PBLECEL

PUL

PBL+CBL

PUsL oL PEL+CBL A

Fig. 2 Network plot. (A) Theoretical knowledge examination scores; (B) practical skills examination scores; (C) learning interest; (D): learning efficiency; (E)
method satisfaction degree; (F) literature reading ability; (G) knowledge understanding degree; (H) clinical practice capacity; (I) clinical thinking capacity
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Fig. 3 Funnel plot of outcomes. (A) Theoretical knowledge examination scores; (B) practical skills examination scores; (C) learning interest; (D): learning
efficiency; (E) method satisfaction degree; (F) literature reading ability; (G) knowledge understanding degree; (H) clinical practice capacity; (I) clinical

thinking capacity

Bayesian network meta-analysis of knowledge
understanding degree

Knowledge understanding degree were reported in 2
studies [17, 18]. Eligible comparisons of outcomes are
presented in the network plot (Fig. 2g). We used a league
matrix table (Table S8) to describe the effect of 3 inter-
ventions for the knowledge understanding degree in par-
ticipants with a total of 3 comparisons. No significant
publication bias was found (Fig. 3g). PBL in combination
with CBL showed the best improvement in the knowl-
edge understanding degree, followed by PBL (Figure S7).

Bayesian network meta-analysis of clinical practice capacity
Clinical practice capacity was reported in 2 studies [17,
18]. Eligible comparisons of outcomes are presented
in the network plot (Fig. 2h). We used a (Table S9) to
describe the effect of 3 interventions on the clinical prac-
tice capacity in participants with a total of 3 comparisons.
No significant publication bias was found (Fig. 3h). PBL
in combination with CBL showed the best improvement
in the clinical practice capacity, followed by PBL (Figure
S8).

Bayesian network meta-analysis of clinical thinking capacity
Clinical thinking capacity was reported in 4 studies [17,
18, 20, 22]. Eligible comparisons of outcomes are pre-
sented in the network plot (Fig. 2i). We used a table
(Table S10) to describe the effect of 5 interventions on
the clinical thinking capacity in participants with a total
of 5 comparisons. No significant publication bias was
found (Fig. 3i). PBL in combination with CBL showed the
best improvement in the clinical thinking capacity, fol-
lowed by CBL (Figure S9).

Discussion

In this meta-analysis of randomized controlled trials and
observational studies, we found that the combination
of PBL and CBL is the most effective teaching method
in TACE treatment in China. The combination of PBL
and CBL showed more effectiveness in clinical thinking
capacity, clinical practice capacity, knowledge under-
standing degree, literature reading ability, method sat-
isfaction degree, learning efficiency, learning interest,
practical skills examination scores and theoretical knowl-
edge examination scores. In China, interventional ther-
apy has been widely carried out since the 1980s [23], but



Yan et al. BMC Medical Education (2024) 24:665

the education method is still at an early stage. With this
systematic review and meta-analysis, we summarized the
current educational practice in China in terms of TACE.

To our knowledge, this is the first network evidence-
based study investigating the effectiveness of different
teaching methods of TACE in China. In addition, this is
also the first systematic review and meta-analysis that has
been carried out to investigate the interventional teach-
ing method of TACE.

Since PBL was posted in the 1960s in response to dis-
satisfaction with traditional medical education, schol-
ars have found that PBL can contribute to knowledge
retention, student satisfaction, motivation, and critical
thinking from many perspectives on teaching [24—28] In
addition, PBL is currently widely used in North America
and Asia, and PBL is considered a successful implemen-
tation of current medical education, but the utilization
of PBL is different in different regions, showing no dif-
ference in geographical origin [29]. Even though some
studies have been published, the heterogeneity within the
method, region, individuals and outcomes left some dif-
ficulties for medical educational researchers. As a result,
some studies showed inconsistent research results in
the outcomes when PBL was used [30-32]. It should be
noted that the current definition of CBL is not completely
clear, and researchers from different countries have pro-
posed definitions of CBL with different details but the
same core [33]. CBL and PBL allow students to obtain
and integrate clinical knowledge before their internship
career. However, none of the studies mentioned above
investigated interventional treatment teaching methods,
so our meta-analysis provides value in this vacuum field.

With the rapid development of clinical medicine, tradi-
tional medical teaching methods cannot meet the needs
of the medical education system. For instance, medi-
cal students who cannot master the content of anatomy
classes solely through books and lecture teaching need
to dissect cadavers to understand the structure of the
human body. Similarly, they cannot master the meth-
ods and procedures of TACE solely through traditional
education methods. There are some possible reasons
that may explain why the combination of PBL and CBL
showed a better effectiveness in TACE teaching in China.
Unlike traditional teaching methods, the combination of
PBL and CBL allows for more interaction between stu-
dents and teachers, improving students’ perceptions of
learning [34, 35]. In addition, the combination of PBL
and CBL may inspire students to engage in theoretical
knowledge learning and practical skills, forging a prelimi-
nary mind of clinical logic and a stronger grasp of experi-
mental processes [36].

Recent research highlights the significance of problem-
based learning (PBL) and case-based learning (CBL)
in education. Studies show that PBL and CBL enhance
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students’ motivation, engagement, and knowledge con-
struction. Furthermore, longitudinal analyses indicate
that social learning dynamics within PBL groups con-
tribute to learning outcomes [37]. Additionally, utilizing
case-based learning has been shown to improve clinical
reasoning skills in medical education [38]. Realist meth-
ods are also increasingly utilized in medical education
research to gain deeper insights into learning processes
[39]. These findings underscore the importance of incor-
porating PBL, CBL, and realist methodologies in educa-
tional practices.

The regional nature of the study results warrants con-
sideration due to China’s distinct educational environ-
ment, cultural context, and medical system. China’s
evolving educational landscape, influenced by cultural
factors and a shift towards student-centered learning
approaches, may impact the applicability of findings on
problem-based learning (PBL) and case-based learn-
ing (CBL) effectiveness [40]. Additionally, variations in
healthcare systems and medical education practices high-
light the need for caution in generalizing results beyond
China. Future research should explore the transferability
of PBL and CBL to diverse international contexts, consid-
ering cultural and educational differences [41, 42].

We used Bayesian method to perform this network
meta-analysis, as Bayesian method provides more accu-
rate estimates for small samples because this method
takes into account possible bias, reaching more accurate
estimates for small samples [43]. After analyzing data
through prior information, the resulting posterior infor-
mation can be used again as prior information in the next
statistical calculation process, especially in the process
of clinical decision-making, which is more efficient and
reliable [44, 45]. Besides, the parameter settings is cho-
sen based on our previous studies, which reduce errors
caused by insufficient iterations [46].

The inconsistences of the findings across individual
studies should be noted. For example, all included studies
did not adopt uniform outcome measures, as there is no
standard examination to test the theoretical scores and
practical skills. Hence, a standard examination should
be established in the future. In this meta-analysis, we
synthesized the results to assess the total effectiveness;
however, these differences with the results may lead to
significant heterogeneity.

Similar to any meta-analysis and evidence-based study,
the limitations of this meta-analysis should be noted.
First, we included both RCTs and observational stud-
ies in this meta-analysis, which will undoubtedly lead to
bias in the results and conclusions. Second, some of the
outcomes were evaluated subjectively, which may lead
to inconsistent results among individuals. Third, as only
seven studies were included in this meta-analysis, the
sample size of the included studies was exceedingly small,
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which undoubtedly led to bias that affect the accuracy of
the study. Fourth, all participants were from China, so
researchers outside China should interpret our results
with caution. Fifth, the inconsistencies within included
studies might arise from subjective evaluation metrics.

Conclusion

In conclusion, our study found that the combination of
PBL and CBL in TACE teaching education was able to
improve knowledge learning, practical skills and other
important skills in teaching. However, due to the small
sample size of the included individuals and the limita-
tions within the study, further high-quality studies are
needed to verify our results and conclusions.
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