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Abstract
Background In China, investigations into the efficacy of neurological clinical teaching try to ascertain the impacts of 
various teaching methods on intervention outcomes. However, these studies often suffer from limited sample sizes, 
single-center studies and low quality, compounded by the lack of direct comparative analyses between teaching 
methods, thereby leaving the identification of the most effective method unresolved. This study aims to compare the 
effectiveness of various teaching methods in the standardized training of Chinese neurology clinicians to inform an 
optimal teaching model utilizing a Bayesian network meta-analysis (NMA) approach.

Methods A comprehensive computer search was conducted to identify randomized controlled trials (RCTs) 
assessing the efficacy of 7 teaching methods: problem-based learning (PBL), case-based learning (CBL), flipped 
classroom model (FCM), evidence-based medicine (EBM), clinical practice (CP), team-based learning (TBL), and 
lecture-based learning (LBL). The search, which spanned databases including the China National Knowledge 
Infrastructure (CNKI), Chinese Citation Database (CDD), China Science Periodical Database (CSPD), Chinese BioMedical 
Literature Database (CBM), PubMed, Web of Science, and the Cochrane Library, covered the period from the inception 
of these databases to April 1, 2023. The quality of the included studies was evaluated, and the data were analyzed in R 
4.3.2 and Stata 17.0 software.

Results From the 31 studies included, comprising 2124 subjects, significant findings emerged. In theoretical 
examinations, a statistically significant difference was noted among the teaching methods, with CBL, PBL, TBL, 
FCM, and EBM showing superior performance over the LBL method. The effectiveness ranking of these methods 
was as follows: CBL > PBL > TBL > FCM > EBM > CP > LBL. In terms of practical skills examinations, a similar pattern of 
effectiveness was observed. Here, the order of effectiveness was CBL > EBM > PBL > TBL > FCM > CP > LBL.

Conclusions This NMA indicated that the modern teaching pedagogies, particularly CBL, could be effective in 
neurology education, and might help improve the theoretical examinations and practical skills of neurology clinicians. 
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Background
In China, neurology, as a rigorously scientific and highly 
practical secondary clinical discipline, is characterized 
by its multitude of diseases, easy confusion, and com-
plex physiological and pathological mechanisms, along 
with a strong requirement for specialized skills [1]. This 
makes the teaching requirements for neurology stringent. 
For example, neurology involves various diseases, such 
as stroke and Parkinson’s, whose complexity requires a 
deeper level of understanding. In this field, specialized 
skills are not only technical but also an understanding 
and accurate application of complex mechanisms [2]. 
Therefore, considering these characteristics, the teaching 
requirements for neurology are more urgent. However, 
clinical teaching methods in neurology still primarily 
adopt traditional approaches, mainly lecture-based learn-
ing (LBL), where teachers in classrooms impart knowl-
edge to students within limited time. This traditional 
teaching method has some issues, such as limited oppor-
tunities for student interaction and practical experience, 
making it challenging to stimulate students’ active learn-
ing and critical thinking [3]. A learning model primar-
ily based on lectures may not meet the requirements of 
modern neurology teaching. Modern education needs to 
emphasize student participation, interaction, and practi-
cal experience to cultivate students’ ability to indepen-
dently think and apply knowledge in clinical practice.

Currently, researchers have conducted in-depth stud-
ies on the reform of teaching methods in neurology. This 
paper involves six innovative teaching methods: prob-
lem-based learning (PBL), case-based learning (CBL), 
flipped classroom model (FCM), evidence-based medi-
cine (EBM), clinical practice (CP), team-based learn-
ing (TBL). The seven teaching methods included in this 
study were selected based on their proven efficacy in 
enhancing neurology education, as demonstrated in both 
general medical education literature and neurology-spe-
cific research. These methods were also chosen for their 
relevance to the current trends in active learning and 
competency-based education, which are increasingly 
emphasized in neurology training. While many teach-
ing approaches are widely discussed in medical educa-
tion, the methods included here were specifically selected 
due to their applicability to the unique challenges faced 
by neurology educators and trainees, such as the integra-
tion of complex clinical reasoning, diagnostic skills, and 
hands-on practice. Although the specific forms of these 
teaching methods vary, they all can better stimulate the 
initiative and enthusiasm of neurology students, promote 

the transition from the past “I have to learn” to “I want to 
learn” learning mode, and achieve better teaching results.

In response to the different modes of teaching 
described above, China has conducted several previ-
ous randomized controlled trials (RCTs) on the impact 
of neurological clinical teaching effectiveness to verify 
the effects of different teaching methods on interven-
tion measures’ effectiveness. For example, in the study 
of Ma et al., a total of 240 neurology interns were ran-
domly assigned to explore the effectiveness of CBL, and 
the results revealed that the CBL instruction significantly 
outperformed the LBL teaching in comprehensive abili-
ties, clinical skills, and theoretical knowledge, which indi-
cated that the application of CBL can effectively enhance 
students’ academic proficiency and practical skills [4]. 
Cai et al. analyzed the implementation of PBL in the 
teaching of 50 clinical neurology residents and found a 
significant improvement in both theoretical and practical 
scores for the PBL group compared to the control group 
[5]. Additionally, Long et al. found that the students 
in the PBL group exhibited higher satisfaction with the 
teaching approach, indicating its notable advantages in 
enhancing students’ analytical problem-solving abilities 
and motivation for learning [6].

These methods have not only sparked interns’ inter-
est but also elevated students’ theoretical knowledge 
and practical skills. However, previous RCTs related 
to neurology teaching often suffer from issues such as 
small sample sizes, single-center studies, or low meth-
odological quality. Furthermore, there is a lack of direct 
comparisons between the effectiveness of different teach-
ing methods, and the optimal teaching method remains 
undetermined. Therefore, it is necessary and of practi-
cal significance to assess the impact of various teaching 
methods on neurology teaching effectiveness. Bayesian 
network meta-analysis (NMA) allows for simultaneous 
analysis and comparison of multiple different interven-
tion factors within the same evidence framework based 
on traditional meta-analysis, ultimately leading to com-
prehensive rankings and assessments [7]. This study uti-
lizes the Bayesian NMA method to analyze the effects of 
different teaching methods on the effectiveness of Chi-
nese neurology teaching, aiming to provide references for 
selecting or constructing the optimal teaching model for 
this discipline. The results of this study will contribute to 
a better understanding of the effects of various teaching 
methods, provide empirical support for neurology teach-
ing, and drive educational reforms in the field.

Fully tapping into the strengths of modern teaching methods in neurology teaching will require additional work and 
advancing research.

Keywords Neurology: teaching method, Teaching effectiveness, Bayesian network meta-analysis (NMA), Education



Page 3 of 12Li et al. BMC Medical Education         (2024) 24:1560 

Methods
Study design
This review was reported according to the Preferred 
Reporting Items for Systematic Reviews and Meta-Anal-
yses (PRISMA) 2020 guidelines [8]. The researcher (LXY) 
has registered and published a Meta-analysis plan on the 
International System Evaluation/Meta-Analysis Registra-
tion Platform (https://inplasy.com), with the Registration 
Number: INPLASY202340025. The plan provides valu-
able insights into the intended scope and objectives of 
the meta-analysis. Meanwhile, the review included stud-
ies published by institutions within China, irrespective 
of the language of publication. Both English-language 
journals and Chinese-language journals were considered 
for inclusion, provided they met the predefined eligibility 
criteria.

Literature search
The China National Knowledge Infrastructure (CNKI), 
Chinese Citation Database (CDD), China Science Peri-
odical Database (CSPD), Chinese BioMedical Litera-
ture Database (CBM), PubMed, Web of Science, and 
Cochrane Library were systematically searched from 
their inception to April 1, 2023. A search strategy was 
developed, as illustrated in Supplementary Table S1 
using PubMed as an example. The search terms mainly 
comprised four aspects: 1) “problem-based learning” OR 
“PBL” OR “case-based learning” OR “CBL” OR “evidence-
based medicine” OR “EBM” OR “flipped-class model” OR 
“FCM” OR “clinical pathway learning” OR “CP learning” 
OR “Team-based Learning” OR “TBL” AND 2) “neurol-
ogy” AND 3) “regulation training” OR“graduate” OR 
“undergraduate” OR “apprentice” 4) “comparative study” 
OR “comparison” OR “randomized control” OR “ran-
domization”. Furthermore, corresponding modifications 
were made to accommodate the requirements of differ-
ent databases. In addition, the reference lists of relevant 
reviews or meta-analyses were manually screened to 
identify potentially eligible publications.

Inclusion and exclusion criteria
To ensure the precision and relevance of our study, we 
established inclusion criteria following the evidence-
based PICOS principles. The criteria are structured as 
follows: (1) P (participant, subjects): neurology interns or 
residents undergoing standardized training in China; (2) 
I (intervention): PBL, CBL, EBM, FCM, TBL, CP teach-
ing methods; (3) C (comparison): lecture-based learning 
(LBL); (4) O (outcome): theoretical exams or practical 
skill performance; (5) S (study design): randomized con-
trolled trial (RCT) studies.

The exclusion criteria were as follows: (1) even through 
email inquiries, outcome measures that cannot be 
transformed into valid data expressed in a quantitative 

manner; (2) single-arm studies or cross-sectional stud-
ies; (3) literature with suspected duplicate publication 
or inaccessible full text; (4) using two or more teaching 
methods in the experimental group; (5) theoretical explo-
rations, reviews, and meta-analyses.

Quality assessment
For the quality evaluation of the included studies, two 
researchers (LXY, ZJC) utilized the ROB bias risk assess-
ment tool to evaluate potential biases within the included 
studies. Employing the bias risk assessment criteria from 
the Cochrane Handbook 5.1.0 [9], each criterion—such 
as random sequence generation, allocation concealment, 
blinding participants and personnel, blinding outcome 
assessment, incomplete outcome data, selective report-
ing, other bias—was meticulously assessed and catego-
rized as “low risk,” “unclear,” or “high risk.” Recognizing 
the inherent challenges in blinding within teaching meth-
ods, where blinding of teachers and students is often 
unfeasible, a nuanced approach was adopted. In instances 
where lack of blinding was unlikely to significantly impact 
the outcome indicators, a “low risk” rating was assigned. 
This consideration was crucial to maintain a fair evalu-
ation, accounting for the complexities of implementing 
blinding techniques within educational interventions.

However, the application of randomized experiments 
in educational research has been met with different opin-
ions from scholars [10, 11]. Some argue that achieving 
complete blinding of both teachers and students in such 
settings may be infeasible [12]. This limitation calls into 
question the suitability of the Cochrane Handbook for 
accurately reflecting the quality of studies incorporated 
into meta-analyses in this context. To our knowledge, no 
evaluation tool has been developed specifically to assess 
the quality of these types of studies in the educational 
field.

Data extraction and literature screening
The literature selection process involved several system-
atic steps to ensure accuracy and reliability. The process 
began with the researcher (LXY) importing search results 
from various databases into EndNoteX9 reference man-
agement software, effectively eliminating duplicate lit-
erature. Following deduplication, two researchers (LXY, 
ZJC) independently assessed the titles and abstracts of 
the remaining literature. Using predetermined inclusion 
and exclusion criteria, irrelevant literature was excluded. 
Subsequently, the two researchers obtained and reviewed 
the full text of the selected articles, applying a rigor-
ous screening process. In instances where disagree-
ments arose between the two researchers, a resolution 
was sought through consultation with a third researcher 
(HX). The involvement of a third researcher aimed to 
provide an impartial perspective, contributing to a fair 

https://inplasy.com
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and balanced decision-making process. Ultimately, the 
inclusion of each study was determined through collab-
orative discussion and consensus among the research 
team. A standardized literature extraction form was 
used to extract information, including author, year, title, 
sample size, age, gender, intervention measures, control 
measures, and outcome indicators. This systematic and 
collaborative approach to the literature screening ensures 
the robustness and reliability of the selected studies, min-
imizing the potential for bias and enhancing the overall 
quality of the research process.

Statistical analysis
We utilized BUGSnet package [13] within R 4.3.2 soft-
ware for Bayesian inference, employing Gibbs sampling 
to conduct a network meta-analysis of theoretical and 
practical skill performance. This program, developed by 
Béliveau and colleagues, stands out as a free, open-source 
R package that is visually powerful and fully functional 
and is specifically designed for Bayesian NMA analysis. 
It aligns with the PRISMA-NMA reporting guidelines 
established by Hutton [14] and other specifications for 
meta-analysis reports. For our analysis, we adopted the 
mean differences (MDs) as the outcome measure, accom-
panied by its corresponding 95% confidence intervals 
(95% CIs). The random-effects model was used to obtain 
more conservative conclusions regardless of heteroge-
neity [15]. An MD > zero indicates a higher score of the 
intervention teaching strategy, and 95% CI that did not 
include zero was considered statistically significant. The 
selection of the optimal fitting model was guided by the 
Deviance Information Criterion (DIC). Initial values were 
set with three Markov chains, the first iteration count at 
1000, and subsequent iterations at 50,000. To mitigate 
initial value influences, an annealing process was imple-
mented during the first 10,000 iterations, and sampling 
commenced from iteration 10,001 onward. In assessing 
the effectiveness of each teaching method in neurology, 
the surface under the cumulative ranking (SUCRA) was 
employed. The larger the area under the curve, the higher 
the ranking, the more effective the teaching method in 
the field [16]. Publication bias was evaluated visually by 
creating funnel plots via Stata 17.0 (Stata Corp, College 
Station, TX, USA), as well as by conducting Begg’s tests 
using meta package installed R software for outcomes 
with 5 or more studies [17]. p-value < 0.05 was considered 
as statistically significant publication bias.

Results
Study characteristics
The literature retrieval process is shown in Fig.  1. Ini-
tially, 1707 relevant articles were obtained based on the 
search strategy, and after deduplication, 31 articles were 
selected. The basic characteristics of the literature are 

shown in Table 1, including a total of 2,124 research sub-
jects, with 1,062 cases in both the experimental and con-
trol groups.

Risk assessment
The risk assessment of the included literature is shown 
in Fig.  2. A detailed ratings for each study is at Supple-
mentary Table S2. Among the included articles, 17 stud-
ies employed the random number table method, 1 study 
utilized the random drawing method, and an additional 
study employed the odd-even month random method.

Network meta-analysis result
The evidence network of outcome indicators is presented 
in Fig. 3. The results indicate that theoretical exams and 
practical skill scores involve 30 and 27 direct compari-
sons, respectively, all of which are two-arm trials and 
have not formed a closed loop.

Compared to the LBL teaching method, various 
alternative teaching methods, including CBL, PBL, 
TBL, FCM, and EBM, exhibit a significant enhance-
ment in theoretical exam scores. Notably, CBL demon-
strated the most substantial impact [MD = 13.12, 95% 
CI (9.78,16.42), P < 0.001], followed by the PBL teach-
ing method [MD = 7.79, 95% CI (4.83,10.76), P < 0.01], 
TBL teaching method [MD = 7.51, 95% CI (1.82,13.24), 
P < 0.001], FCM teaching method [MD = 6.48, 95% CI 
(1.83,11.15), P < 0.001], and EBM teaching method 
[MD = 6.28, 95% CI (0.69,11.86), P < 0.001]. In com-
parison to PBL, FCM, EBM, and CP teaching meth-
ods, the CBL teaching method emerges as significantly 
more effective in improving theoretical exam scores. 
Notably, the impact was most pronounced when com-
pared to the CP teaching method [MD = 10.64, 95% CI 
(3.21,18.02), P < 0.001], followed by the EBM teach-
ing method [MD = 6.83, 95% CI (0.36,13.35), P < 0.001], 
FCM teaching method [MD = 6.64, 95% CI (0.86,12.35), 
P < 0.001], and PBL teaching method [MD = 5.32, 95% CI 
(0.84,9.76), P < 0.001]. Figure 4 (a) illustrates the results of 
the network meta-analysis, showcasing the comparative 
effectiveness of different teaching methods. The rank-
ing evaluation, detailed in Table 2; Fig.  4 (b), places the 
teaching methods in the following order: CBL > PBL > TB
L > FCM > EBM > CP > LBL.

Compared to the LBL teaching method, various alter-
native teaching methods, including CBL, PBL, TBL, 
FCM, and EBM, also display a significant enhancement in 
theoretical exam scores. In particular, EBM demonstrated 
the most notable effect [MD = 13.34, 95% CI (7.59,18.95), 
P < 0.001], followed by the CBL teaching method 
[MD = 12.90, 95% CI (10.24,15.54), P < 0.01], PBL teach-
ing method [MD = 10.23, 95% CI (7.82,12.69), P < 0.001], 
TBL teaching method [MD = 6.94, 95% CI (2.72,11.16), 
P < 0.001], and FCM teaching method [MD = 6.36, 95% CI 
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(2.78,9.94), P < 0.001]. In comparison to the TBL teaching 
method, the CBL teaching method significantly enhances 
practical skill scores [MD = 5.96, 95% CI (0.97,10.94), 
P < 0.001]. When compared to the FCM teaching method, 
the EBM teaching method had the most noticeable effect 
on improving teaching performance skills [MD = 6.98, 
95% CI (0.24,13.60), P < 0.001], followed by the CBL 

teaching method [MD = 6.53, 95% CI (2.09,10.97), 
P < 0.001]. Compared to the CP teaching method, the 
EBM teaching method had the most noticeable effect on 
enhancing teaching performance skills [MD = 9.92, 95% 
CI (2.26,17.41), P < 0.001], followed by the CBL teach-
ing method [MD = 9.47, 95% CI (3.83,15.12), P < 0.001] 
and then the PBL teaching method [MD = 6.81, 95% CI 

Fig. 1 Flowchart of the literature search
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(1.30,12.39), P < 0.001]. Figure  4 (c) presents the results 
of the network meta-analysis, offering a comparative per-
spective on the effectiveness of different teaching meth-
ods. The ranking evaluation, detailed in Table 2; Fig. 4 (d), 
positions the teaching methods as follows: CBL > EBM > 
PBL > TBL > FCM > CP > LBL.

Publication bias
The results of Begg’ tests suggested no publication bias 
in the included studies. The comparison-adjusted fun-
nel plots for each outcome were shown in Fig.  5. The 
points in the funnel chart were asymmetric based on the 
position of the centerline, and the scatter was found to 
be symmetrical along the null line to the left and right, 
indicating that there was no small sample effect and 

publication bias in theoretical exam scores (Fig.  5 (a), 
P = 0.060), and practical skill scores (Fig. 5 (b), P = 0.348).

Discussion
Summary of main findings
This NMA collected all available evidence from 31 RCTs 
on the effectiveness of various teaching methods in the 
clinical teaching in Chinese neurology, involving 2,124 
students and 7 teaching methods. Among them, 7 teach-
ing methods include CBL, PBL, TBL, FCM, EBM, CP, 
and LBL. In terms of clinical teaching efficacy, CBL is the 
most effective neurology teaching methods in improv-
ing theoretical exam and practical skill performance. Our 
findings indicate that the ranking of theoretical assess-
ment scores from best to worst is CBL > PBL > TBL > FC

Fig. 3 Network diagrams for different outcomes. (a) the theoretical exam scores; (b) the practical skill scores. The blue dots represent the different teach-
ing methods, the larger the blue dot the larger the sample size. The line between the blue dots represents literature with direct comparisons, the thicker 
the line the larger the sample size containing direct comparisons

 

Fig. 2 Risk of bias graph of the included RCTs. The vertical axis represents the risk of bias items, and the horizontal axis represents the percentage of the 
number of RCTs
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Table 2 Ranking evaluation for different outcomes based on different teaching methods
Teaching methods SUCRA of the theoretical 

exam score (%)
Probability of the best teaching 
methods of the theoretical exam 
score (%)

SUCRA of the practical 
skill score (%)

Probability of the 
best teaching meth-
ods of the practical 
skill score (%)

CBL 98.4 91.9 89.2 42.0
PBL 64.1 0.7 68.2 2.2
TBL 60.3 4.4 43.1 0.4
FCM 51.2 1.0 38.5 0.1
EBM 49.8 1.7 89.0 55.4
CP 22.0 0.3 20.6 0.0
LBL 4.1 0.0 1.4 0.0

Fig. 4 Mean difference (95% credible interval) and surface under the cumulative ranking curve (SUCRA) plots for different outcomes. a and b represent 
theoretical exam scores, while b and d represent practical skill scores. “**” in Fig. 4 (a, c) indicates statistical significance (P < 0.05). The vertical axis in Fig. 4 
(b, d) represents cumulative probabilities, and the horizontal axis represents rank
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M > EBM > CP > LBL (Fig. 4 (b), Table 2), while the rank-
ing of practical skill assessment scores is CBL > EBM > PB
L > TBL > FCM > CP > LBL (Fig. 4 (d), Table 2). Although 
the ranking varies slightly among outcome measure-
ments, the results based on currently available data show 
that the ranking results of various teaching methods for 
different outcomes are almost consistent. For example, 
the PBL teaching method ranks second in improving 
theoretical exam scores and third in practical skill exam 
scores when we focus on the experimental score. In this 
study, there is no evidence of publication bias. In addi-
tion, as shown in Fig. 2, there are no closed loops in the 
theoretical exam and practical skill scores. Hence, we 
did not employ a node-splitting analysis to evaluate the 
inconsistency of the model.

Scientific significance
CBL is the optimal strategy when we use theoretical or 
practical test scores to measure the effect of neurology 
education. Many studies [46, 47] show that an integrated 
CBL teaching method may increase the competencies 
of medical students. This might be explained by the fact 
that CBL focuses on specific cases with predetermined 
learning objectives, often providing more guidance 
from teachers and serving as a targeted complement to 
traditional teaching methods within a curriculum [48]. 
In addition, bringing a clinical element into neurology 
teaching could promote easy comprehension [4, 20]. 
Hence, CBL enhances the students’ ability to analyze 
and learn the application of neurology knowledge and 
can reflect on the educational experience gained through 
these cases. However, it has been found that students who 
learn CBL in conjunction with other teaching methods, 
such as CBL & PBL, have higher theoretical and practi-
cal scores than those learning with CBL alone [49]. This 

suggests that instructors and medical education institu-
tions should exercise caution in designing courses and 
selecting a single teaching method, taking into account 
disciplinary characteristics, student demographics, and 
other factors to ensure optimal teaching effectiveness.

Interestingly, the result of SUCRA probability (Fig. 4 (b, 
d), Table 2) shows that the PBL method performed well in 
the reported outcome indicators. Students benefit from 
the implementation of PBL since PBL promotes active, 
real-world, and collaborative learning, emphasizing 
problem-solving skills among students and encouraging 
them to solve problems together [50]. As a result, stu-
dents who may struggle with specific problems have bet-
ter performance with the help of teachers and are more 
satisfied with PBL. In addition, Zgheib et al. reported 
that PBL involves open-ended, self-directed exploration 
of broader issues, indicating that PBL can foster students’ 
independent learning [51].

EBM teaching method is also a good education strat-
egy in improving students’ practical test scores (Fig. 4 (c, 
d), Table 2). EBM serves as a bridge between theoretical 
learning and practical application, ensuring that students 
are well prepared to address complex challenges in the 
field of neurology [52]. In addition, this process cultivates 
proficiency in navigating the vast landscape of litera-
ture in neurology and thus nurtures the ability to make 
informed and evidence-based decisions [52]. Students 
learn the latest advancements and research outcomes 
in neurology by engaging in EBM so that they can apply 
them in practice. Finally, this procession empowers them 
to apply evidence-based principles to clinical scenarios 
effectively and enhances their practical skills. However, 
in terms of theoretical exam results, the SUCRA prob-
abilities of EBM were less than 50%, indicating that the 

Fig. 5 Funnel plots for different outcomes. (a) the theoretical exam scores; (b) the practical skill scores

 



Page 10 of 12Li et al. BMC Medical Education         (2024) 24:1560 

performance of EBM in improving students’ experimen-
tal test scores is worth further study.

Innovations and limitations
In recent years, an increasing number of clinical neu-
rology teachers have recognized the limitations of tra-
ditional teaching methods and have experimented with 
advanced teaching approaches from both domestic and 
international arenas [46]. However, current RCTs on 
diverse teaching methods face limitations such as com-
plex teaching models and a restricted sample size. In 
addition, the effectiveness of different teaching strate-
gies has not been compared in neurology education. 
To address these gaps, this study innovatively adopts 
a Bayesian NMA method to evaluate various teaching 
methods in China [7]. To our knowledge, this NMA is the 
first comprehensive data analysis assessing the effects of 
different neurology education strategies.

Several limitations need to be taken into consideration. 
The study does not include research on hybrid and other 
personalized teaching methods in neurology, such as the 
integration of Case-Based Learning (CBL) and Problem-
Based Learning (PBL). This exclusion may contribute to a 
somewhat limited perspective on the spectrum of clini-
cal teaching models. In addition, the predominance of 
positive results in the literature (with only 2 studies [39, 
40] presenting negative results), along with the tendency 
to favor such outcomes, raises questions about the evi-
dence’s quality and the risk of exaggerated findings. Addi-
tionally, the different baseline conditions of students, 
diverse test-design frameworks [54] and the difference 
in teachers’ levels across all the included studies might 
contribute to the heterogeneity to some extent. Further-
more, the study does not report analyses of heterogeneity 
or inconsistency, which are crucial in NMA to assess the 
degree of variation and potential contradictions across 
studies. While heterogeneity analysis is well-established 
in traditional meta-analysis, its application in NMA is 
more complex, and there is currently no robust statisti-
cal framework to effectively evaluate heterogeneity in this 
context. The studies included in this review only pres-
ent direct comparisons, with no indirect comparisons or 
loop formations, thus precluding consistency analysis. 
Future research should include heterogeneity or incon-
sistency analyses, such as I² statistics or node-splitting 
tests, to enhance the credibility of the findings and better 
assess the comparability of the included studies. Finally, 
different countries and regions have different educational 
backgrounds, teaching methods and assessments. We 
restrict our study to interns/residents within the Chinese 
educational context. The inclusion of studies published in 
both English and Chinese introduces potential language-
related nuances that may have influenced the interpre-
tation of findings. Differences in terminology, cultural 

context, and regional variations in clinical practice could 
have affected the way results were reported and inter-
preted in the included studies. While every effort was 
made to account for these variations, the language dif-
ferences should be considered as a limitation when inter-
preting the findings. The main aim of our meta-analysis 
was to comprehensively review and synthesize teaching 
strategies implemented in the Chinese educational sys-
tem. Therefore, the generalizability of our findings may 
be somewhat limited. Our results are constrained by the 
distinctive cultural, institutional, and pedagogical fea-
tures inherent in China’s educational system.

Conclusions
Overall, this NMA provides a comprehensive and inte-
grated evaluation and summary of the effects of different 
neurology teaching methods. The current evidence indi-
cates that modern teaching methods, particularly CBL, 
are more effective in improving the theoretical exami-
nations and practical skills of neurology clinicians. The 
superior performance of teaching methods should be 
integrated more prominently in their medical training 
programs, ensuring that clinicians are equipped with the 
necessary knowledge and skills to excel in their practice. 
Future research could focus on exploring the economic 
and satisfactory impacts of these teaching methods. It is 
meaningful for neurology pedagogues to consider and 
promote these teaching strategies.
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