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ABSTRACT
A comprehensive  comparison  and  evaluation  of  the  effects  of  team-based  learning  (TBL)  and  lecture-based  learning  (LBL)  in  clinical
medical education (CME) was conducted. A thorough search was carried out over PubMed, Embase, Web of Science, and Cochrane
Library databases for publications about the utilisation of  TBL and LBL in clinical  medicine.  The search was performed until  20
September 2023. After the initial screening of the literature, following the inclusion and exclusion criteria, extracting data and evalu-
ating the methodological quality, a meta-analysis was performed using RevMan 5.3 software and Stata 17.0 software. Thereby, nine
studies were included. TBL was superior to LBL in total scores (SMD = 0.84, 95% CI: 0.19~1.48, p = 0.012), with significant differences
in short-term theoretical scores (SMD = 0.46, 95% CI: 0.22~0.70, p <0.001), practice scores (SMD = 0.88, 95% CI: 0.17~1.58, p =
0.015), student satisfaction (SMD = 1.13, 95% CI: 0.97~1.29, p <0.001), and long-term theoretical scores (SMD = 1.12, 95% CI:
0.73~1.51, p <0.001). The TBL teaching model appears to be superior to the LBL teaching model in all aspects of clinical medicine
education, including total scores, short-term theoretical scores, practice scores, long-term theoretical scores, and student satisfaction.
However, these findings need further confirmation from high-quality studies.
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INTRODUCTION

Clinical medical education (CME) is an important factor for
cultivating medical talents. It involves the imparting and cultiva-
tion of medical knowledge, skills, and attitudes. With the devel-
opment of medical science and technology and the change in
social demand, CME also needs constant reforms and innova-
tions.  Teaching  methods,  the  core  element  of  the  teaching
process, directly affect teaching quality. Therefore, exploring
and choosing suitable teaching methods is a key to improving
the level of CME.

The traditional teaching mode is mainly lecture-based learning
(LBL), which is teacher-centred, lecture-centred, typically deliv-
ered through large-class full-course, indoctrinated instruction.
LBL teaching mode can impart a large amount of basic knowl-
edge and theory, ensuring the integrity and comprehensive-
ness of the teaching content.
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It  is  also  suitable  for  beginners  and  the  early  stages  of
teaching. However, it also has certain disadvantages, such as
rigid teaching content, lack of student engagement, neglect of
student  individuality  and  creativity,  hurdles  in  cultivating
student self-learning and teamworking skills, and difficulty in
adapting to the diversity and complexity of CME.

Team-based  learning  (TBL)  is  another  teaching  method
developed in the 1980s in the USA for business colleges, aimed
at improving learning results of large lecture-based classes.1

TBL means a way of learning that involves active participation
and small groups collaboration. It allows students to use what
they have learned through a series of tasks that included indivi-
dual work, team-work, and instant feedback.2

TBL stimulates students’  curiosity,  motivates them to study
before the class, collaborate in a team, and enhances their
critical  thinking  skills,  which  are  strongly  related  to  their
problem- solving capacity and academic achievement.3

Despite  the  increasing  use  of  TBL  in  CME,4  many  medical
schools  around  the  world  have  also  adopted  TBL  teaching
method.5,6 Recently, researchers are exploring TBL in health
professions  education,  including  pharmacology,  medicine,
midwifery, and nursing.7-12 However, the research on the effects
and influencing factors of TBL remains neither systematic nor
sufficiently  comprehensive.  Although  some  literature  has
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evaluated  the impact of TBL in CME,13 there studies are limited
in terms of quality and methodology, making it difficult to get a
more dependable outcome. Therefore, this meta-analysis was
conducted to evaluate the overall impact of TBL and provide
strong proof and guidance for the improvement and develop-
ment of CME.

METHODOLOGY

The Preferred Reporting Items for  Systematic  Reviews and
Meta-Analyses,  (PRISMA)  guidelines,  were  followed  in  this
meta-analysis.14 This agreement was registered with the Inter-
national Registry of Prospective Systematic Reviews (PROS-
PERO)  (https://www.crd.york.ac.uk/prospero,  CRD4202452
3672).  A  comprehensive  search  of  databases,  including
PubMed, Embase, Web of Science, and Cochrane Library, was
conducted. The search was updated until 20 September 2023.
A combination of MeSH terms (team-based learning, clinical
medicine) and related keywords was used in designing the
search strategy. No language filters were applied to the papers
during the search process.

Inclusion  criteria  were  as  follows:  The  study  was  either  a
randomised or non-randomised; the participants were clinical
medicine  students  or  resident  physicians;  TBL  and  LBL
methods were used independently in group teaching, while
lectures were meant for large group teaching; and the study
reported clearly defined outcome measures with well-docu-
mented numerical data.

Data extraction was carried out by two reviewers indepen-
dently, and any discrepancies found were resolved by a third
researcher.  Each  study  yielded  information  such  as  first
author’s  name,  year  of  publication,  study  design,  age,
speciality, total number of students (TBL/LBL), and outcome
assessment.

This exercise aimed to assess the quality of the studies. The
reviewers used the Cochrane Collaboration's tool, which eval-
uate the risk of bias based on seven criteria: random sequence
generation, allocation concealment, blinding, missing data,
selective reporting, and other potential sources of bias.15 Asses-
sors rated each criterion as low, high, or unclear risk based on
the description of  the research.  If  there was disagreement
between assessors, this was resolved through discussion. In
addition to the randomised trials, three non-randomised trials
were also included. The assessors used the Newcastle-Ottawa
scale to assess the quality of the research, which has several
items,  such  as  the  number  of  participants,  randomisation,
blinding, allocation concealment, control of significant factors,
control of incomplete data bias, and assessment of outcomes.
The scale is scored out of 11, and research that scores 5 or
more is considered high-quality research.

This study was meta-analysed using Stata 17.0 software and
RevMan 5.1 software. The learning impact was analysed using
the standardised mean difference (SMD) and its 95% confi-
dence interval (CI). If the differences were small (p ≥0.10 and I²

≤50%), data were combined using a fixed-effects model.16,17

Sensitivity  analyses  were  used  to  determine  whether
excluding certain studies would change the results. Funnel
plots, Begg’s test, and Egger’s test, were employed to ascer-
tain if publication bias was an issue.18,19 Results were consid-
ered statistically significant if p <0.05.

RESULTS

The initial search yielded 1,033 articles. Inclusion criteria were
applied to screen them, and nine pieces of  literature were
finally  included.20-28  The  process  and  results  are  shown  in
Figure 1, and the basic characteristics of these studies are
presented in Table I.

Figure  1:  Flow  diagram  of  meta-analysis.

Table II shows the methodological quality of the three included
studies, all of which were taken from peer-reviewed journals.
Quality scores ranged from 6 to 10. These studies frequently
used  methods  to  protect  against  bias,  such  as  allocation
concealment,  controlling  for  significant  factors,  and
controlling for  incomplete data bias.  However,  none of  the
studies mention whether outcome assessors and data collec-
tors were blinded to the grouping of the subjects, and only two
studies used randomisation. All studies assessed outcomes
through theoretical examination scores and questionnaires.
Figure 2 shows the assessment of the risk of bias for the six
papers.  As  per  the  Cochrane  Collaboration,  all  studies
appeared to be free of bias from other sources of bias. Overall,
most of the included papers showed a low risk of bias and high
methodological quality (Figure 2).
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Table I: The basic characteristics of included studies.

Years Settings Study types Ages Numbers Outcomes
   Control groups TBL groups Control groups TBL group  
2017 Turkiye Non-randomised controlled trials 24.9+2.9 24.3+3.2 141 158 1. End-of-clerkship exam scores; 2. Retention

test scores; 3. Satisfaction scores.
2018 USA Randomised cross-over

controlled trials
N/A N/A 8 8 Test scores (% correct), 1. Application;

2. Recall; 3. Combined (recall and application)
short-term exam scores, long-term exam
scores.

2019 Germany Prospective single-centre
randomised controlled trials

21(21-31) 21(19-29) 33 19 1. Theoretical knowledge; 2. Objective
Structured Clinical Examination (OSCE).

2023 Brazil Non-randomised controlled trials N/A N/A 29 31 1. ITE (Internal Medicine In-Training
Examination).29 30

30 28
2022 Saudi Arabia Randomised cross-over

controlled trials
21.9+1.5 25.1+1.3 17 18 1. The difficulty indices of the clinical

reasoning questions; 2. Marks (percentage of
total).

18 17
19 18
18 19

2022 China Randomised controlled trials 22.29+0.24 22.53+0.23 15 15 1. The CCS scores; 2. Overall clinical
competence; 3. Overall satisfaction.

2017 Turkiye Prospective controlled follow-up
trial

22.8+2.6 22.8+2.6 163 163 1. The mean end-of- clerkship exam score;
2. Student satisfaction score.

2016 USA Randomised controlled trials N/A N/A 24 24 1. Knowledge test scores (pre-test, immediate
post-test, remote post-test).55 51

59 56
2014 China Randomised controlled trials 21.6+2.25 22.0+1.76 43 43 1. The theoretical test scores; 2. The practice

test scores; 3. The total scores.

Table II: The methodological quality of the three included studies.

First author
(Publication year)

Student numbers Randomisation Blinding  Allocation
concealment

Control for
important
factors

Control for
incomplete
data bias

Assessment of
outcome

Total quality
scores

Levent Ozgonul 2019 24 3 0 0 0 2 1 1 7
Alimoglu MK 2017 27 3 0 0 0 2 1 2 8
Gerald Schynoll 2021 28 3 0 0 1 2 1 1 8

Figure 2: The assessment of bias for the six articles.

In three articles, researchers compared the total scores of 279
students.21,25,28 The total score comprised marks from the practi-
tioner examination as well as combined practical and theoretical
assessments.  Where  significant  differences  existed  among  the
results (p <0.001, I² = 84.0%), a random-effects model was used
to synthesise the data. The total scores of students in the TBL
group were significantly higher than those of students in the LBL
group (SMD = 0.84, 95% CI: [0.19~1.48], p = 0.012; Figure 3A).

The  researchers  collected  eight  articles  (containing  eleven
studies), with a total of 1,059 cases participating in the study.20-27

Short-term results refer to tests administered immediately after
the course. These included the accuracy of theoretical answers,
final  exam  scores,  and  the  percentage  of  correct  answers  to
recall questions. A statistical heterogeneity existed among the
results of the different studies (p = 0.001, I² = 65.3%); therefore,
a random effects model was used to synthesise and analyse the
data. The short-term theoretical knowledge scores of students in
the TBL group were higher than those of students in the LBL
group (SMD = 0.46, 95% CI: [0.22~0.70], p <0.001; Figure 3B).

Five articles (containing eight studies), with a total of 328 cases
participating in the study,  were collected.20-22,25,26  Their  clinical
competence was assessed using surgical  skills,  case analysis,
and other clinical items. The practice scores of students in the
TBL group were higher than those in the LBL group (SMD = 0.88,
95% CI: [0.17~1.58], p = 0.015; Figure 3C).

Three articles  (containing three studies),  with  a  total  of  696
students  participating  in  the  study,  were  collected.20,24,27  As
shown  in  the  graph,  students  in  the  TBL  group  were  more
satisfied with their learning patterns than those in the LBL group
(SMD = 1.13, 95% CI: [0.97~1.29], p <0.001; Figure 3D).

The  researchers  collected  four  articles  (containing  five  studies)
with a total of 1,015 cases participating in the study.23-25,27 Long-
term results refer to tests that were administered sometime after
the  programme  ended.  These  included  knowledge  retention
scores, one or two years after the test scores. Students in the
TBL group had higher long-term theoretical knowledge scores
than those in the LBL group (SMD = 1.12, 95% CI: [0.73~1.51], p
<0.001; Figure 3E).
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Figure 3: (A) Meta-analysis result for the total scores (B) Meta-analysis result for short-term theoretical knowledge scores (C) Meta-
analysis result for practice scores (D) Meta-analysis result for student satisfaction (E) Meta-analysis result for long-term theoretical
knowledge scores.

Due to the high degree of heterogeneity among outcomes,
sensitivity analyses were conducted to assess the reliability
of the results (Figure 4). After excluding the most heavily
weighted study, the combined effect size favoured the inter-
vention group for total and practice scores (SMD = 1.14,
95% CI: [0.74, 1.54], p = 0.652; SMD = 1.16, 95% CI: [0.88,
1.43], p = 0.652).21 After excluding the most weighted study,
similarly the combined effect size favoured the intervention
group for both short-term theoretical knowledge and long-
term scores (SMD = 0.48, 95% CI: [0.18, 0.78], p = 0.369;
SMD = 1.40, 95% CI: [1.16, 1.64], p = 0.021).24 Finally, even
after  excluding  the  most  weighted  study,  the  combined
effect  size  favoured  the  intervention  group  in  terms  of
student satisfaction (SMD = 1.16, 95% CI: [0.94, 1.39], p =
0.369).27

Due to the limited number of articles included in this meta-a-
nalysis, funnel plots were only drawn for outcome metrics,
which included at least 10 studies, of which only the short-
-term theory scores met the criteria. Funnel plots were used

to  detect  publication  bias  in  the  short-term  theoretical
scores. The funnel plot was symmetrically distributed, indi-
cating no publication bias.29

DISCUSSION

In recent years, as TBL teaching has matured, an increasing
number of studies have emphasised its significant impact on
medical education. Based on these studies, corresponding
meta-analyses were conducted on the TBL teaching mode,
including articles in both nursing and medical education.30

The result  showed that  TBL was more effective than LBL in
improving  students'  knowledge,  attitudes,  and  skills  in
medical education.31 However, these studies did not demons-
trate advantages in terms of long-term knowledge retention,
clinical  reasoning,  or  clinical  skills.  Therefore,  further
research was conducted to particularly address the impact
of  the TBL teaching model  on CME. This study aimed to
provide  new  avenues  for  reforming  teaching  models  for
undergraduate students and residents.
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Figure 4: Sensitivity analyses of the effectiveness of team-based learning compared with lecture-based learning in CME: (A) total scores; (B)
short-term theoretical knowledge scores; (C) practice scores; (D) student satisfaction; (E) long-term theoretical knowledge scores.

In  this  meta-analysis,  after  combining  the  effect  sizes,  it  was
found that the outcomes in the TBL group were better than
those in the LBL group. These results were similar to those
reported in the meta-analysis by Zhang et al.31 Moreover, in
this study, it was found that the TBL group was better than the
LBL group in the retention of long-term theoretical knowledge.
Some  studies  showed  that  TBL  could  effectively  improve
students’ long-term knowledge retention and critical thinking
skills, as well as their learning motivation and teamwork.32

There was a significant improvement in the short-term theo-
retical  scores of  students  in  the TBL group compared to

those in the LBL group, consistent with the findings of Chen
et al.30  TBL refers to a team-based learning method that
emphasises  students’  autonomous  pre-class  learning,  in-
class teamwork and application-based exercises. It improves
students’ motivation, participation, and comprehension.33 In
contrast,  LBL  teaching  is  mainly  based  on  lectures  and
passive  student  listening,  which  may  result  in  negative,
superficial, exam-oriented learning. Therefore, TBL can stim-
ulate  students’  interests  in  learning,  cultivate  clinical
thinking  and  competence,  and  promote  both  deep  and
active learning.34
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TBL  emphasises  application-based  exercises  and  in-class
teamwork, which can improve students’ clinical thinking and
practical skills. In addition, it can enhance students’ motiva-
tion  in  the  learning process  because it  emphasises  their
autonomous pre-class learning, in-class teamwork, and appli-
cation-based exercises, encouraging them to focus more on
the application of knowledge rather than just mastering it.35

TBL can also improve students’ clinical competence by using
application  problems  based  on  real-world  situations  and
allowing students to simulate realistic clinical scenarios. This
approach helps students in acquiring clinical knowledge and
skills, while also improving their innovation and clinical deci-
sion-making abilities.36

More importantly, the TBL group was favoured in the reten-
tion  of  long-term theoretical  knowledge  and  had  significant
statistical  significance,  which  was  not  analysed  in  previous
studies.  TBL  can cultivate  students’  metacognitive  ability
and knowledge transfer ability. Motivation is an important
factor affecting knowledge retention. The higher the motiva-
tion, the easier the knowledge is to be remembered. In addi-
tion,  TBL  can  also  cultivate  students’  teamwork  ability
because it propels students to discuss, interact, cooperate,
solve problems or complete tasks within the group.37 Team-
work skills can promote students’ social learning — that is,
the  joint  construction  of  knowledge  and  understanding
through communication and cooperation with others. Social
learning can increase students’  participation and interest,
thereby improving knowledge retention.

TBL is a teaching mode that emphasises students’ active
cooperative,  and  application-based  learning.  It  improves
their learning outcomes and abilities through group discus-
sion, assessments, and feedback. This method can improve
their  interest,  performance,  autonomy,  teamwork  skills,
knowledge,  clinical  thinking,  and  decision-making  and
communication abilities in the learning process.38  TBL can
also cultivate students’ innovation, awareness, and critical
thinking and promote their in-depth understanding and appli-
cation of  knowledge.  For  teachers,  TBL can change their
educational concept and teaching role — from being tradi-
tional transmitters of knowledge to serving as guides and
tutor of student learning. It can also improve their teaching
quality and satisfaction and enhance their professional devel-
opment and research ability. When extended to the resident
level, TBL can effectively improve the quality of standardised
training and teaching satisfaction.  It  also  helps  residents
master clinical knowledge and skills, thereby improving their
overall clinical competence.

The future development of  TBL is  full  of  hope and chal-
lenges. TBL can be combined with other teaching modes to
develop  more  flexible  and  effective  teaching  strategies  —
such as the combination of TBL with PBL (problem-based
learning), CBL (case-based learning), FC (flipped classroom),
SBL (situation-based learning), to fully utilise the strengths
of various teaching modes and meet different teaching objec-

tives and learning needs.39-41  Moreover,  TBL can leverage
information technology and network platforms to achieve
online or blended teaching models. It expands the coverage
and influence of teaching, improves convenience and interac-
tivity, and enhances innovation and diversity in teaching.

This meta-analysis synthesises the results of several indepen-
dent studies, improving the overall validity and consistency of
the study; however, it has certain limitations and shortcom-
ings. This analysis includes only published studies, ignoring
unpublished or lower-quality studies, which may lead to over-
estimation or underestimation of the effect value. The studies
involved in this study have differences in terms of design (ran-
domised  controlled  trials  and  non-  randomised  controlled
trials),  methodology,  quality,  population,  and  intervention,
which  could  affect  the  comparability  and  credibility  of  the
findings.  Although,  the  sensitivity  analyses  suggested  that
these results were relatively stable; however, some limita-
tions were identified. Other factors that may affect the results
— such  as  study  quality,  subgroup  analysis,  and  dose-effect
— were not considered. Additionally, other sensitivity analysis
strategies — such as the sensitivity  range method,  meta-
regression, and reweighting method — were not used. There-
fore,  future  studies  should  use  other  sensitivity  analysis
methods to further verify these results  and uncover more
influencing  factors  and  mechanisms.  The  symmetry  of  the
funnel plot was difficult to determine because of the relatively
insufficient number of original articles for this meta-analysis.
Finally, there were corresponding shortcomings in data extrac-
tion, and the criteria for the measurement of outcomes in the
literature of these original studies were inconsistent. More-
over,  it  had  some  specific  limitations  as  well:  TBL  may  be
implemented  in  different  ways  and  with  inconsistent  quality
across studies, leading to differences in findings. Its effective-
ness  can  be  influenced  by  factors  such  as  subject  matter,
curriculum, teachers, students, and other variables, making
comprehensive comparisons and evaluations challenging. The
effects  of  TBL  may  change  over  time;  and  therefore,  they
need  to  be  tracked  and  observed.

Some suggestions for future research include: increasing the
quality of assessment and the consistency of TBL implemen-
tation;  exploring  the  best  implementation  strategies  and
standards for TBL; expanding the scope of its application
and  impacts,  under  different  conditions,  on  disciplines,
curricula, teachers, and students; focusing on its long-term
effects — such as evaluation of knowledge, skills,  attitudes,
and  behaviours  of  students;  explore  the  synergistic  effects
and optimal combination of TBL with other teaching methods
— such as PBL and CBL.

CONCLUSION

This meta-analysis  compared the effectiveness of  TBL and LBL
teaching methods in  CME,  and the results  showed that  the
outcomes  of  TBL  was  more  effective  than  LBL  indicating  that
TBL  could  effectively  improve  student’s  learning  performance,
satisfaction, theoretical knowledge and practical skills in CME.
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Therefore,  to  improve  teaching  quality  and its  impacts,  the
application of TBL is recommended in CME.
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