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Abstract
Background: The team-based learning method has been applied as an educational method in radiology
education and there are only inconsistent and inconclusive individual results. A meta-analysis was
performed to evaluate the effects of team-based learning on radiology education.

Method: Databases were searched from inception up to August 2019. The standard mean difference
(SMD) with its 95% con�dence interval (95% CI) was used to determine the over effects of team-based
learning teaching method compared with the lecture-based learning or traditional teaching method.

Results: Twelve studies involving 1371 participants were included in this meta-analysis. Of them, the
su�cient data of 11 studies suggested team-based learning teaching method had a positive effect on the
theoretical scores compared with the lecture-based learning or traditional teaching method (SMD=1.07,
95% CI [0.50, 1.63]). 9 of 10 studies provided su�cient data showing team-based learning teaching
method was in favour of improving skill scores (SMD=0.68, 95% CI [0.19, 1.17]). Most of the including
studies provided the subjective questionnaire surveys which showed the participants believed team-
based learning raise their learning interest, team cooperation ability and interpersonal communication.

Conclusion: The team-based learning teaching method could not only improve the scores of theoretical
and skill knowledge in medical imaging courses but also encourage students to learn by themselves. The
heterogeneity of the included studies must be noticed, and well-designed studies about this topic are
needed for further study.

Background
The traditional teaching method, known as lecture-based learning (LBL), is a teacher-centered, lecture-
centered pedagogical approach. Usually, medical students have been accustomed to the traditional
lecture courses, in which all they need to do is listening to the instructor, viewing PowerPoint
presentations, and taking notes. This approach cannot ful�ll the study target of medical imaging course.
[1] [2] There are new pedagogical approaches as supplementary teaching methods, for instance, team-
based learning (TBL), problem-based learning (PBL) and case-based learning (CBL).To note, TBL was
originally developed for use in business courses as a small group learning[3], which can enhance
students’ learning motivation, and encourage students to apply knowledge to solve problem [1]. In recent
times, there are multiple medical schools trying this new pedagogical approach. [3]This approach also
attracts a lot of attention for the following reasons: permitting a large student-teacher ratio compared
with PBL, raising the interest of students for certain courses, and enhancing their ability of teamwork and
critical thinking[4]. Besides, it provides great opportunity and challenge for peer teachers by leading and
organizing the class, instead of just giving lecture all the time. [5]There are three phases in the original
application of TBL. At the very beginning, students need to learn by themselves before the TBL session
following the instructions given by the teachers. In the second phase, students will have an individual
assurance test including de�nitions and advanced knowledge in the self-learning materials, and retake
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the same test in teams,usually containing 5 to7 students. In the third phase, this test is answered by
immediate feedback assessment technique, in order to encourage the students to work together to get the
right answer. During this whole process, the teams learn some basic knowledge and try their best to solve
the clinical problems with immediate feedback from their teammates and teachers[6]

Medical imaging is a highly practical subjects which requires more time on identifying speci�c imaging
signs of various diseases.[7] In such a short period of time, it is impossible for students to tell the
difference between the pictures. Only by stressing the explanations of words cannot complete the
essential practice for students to get correct diagnostic method and build scienti�c analysis ideas.
Emphasizing or skipping one or more phases of TBL is allowable to simplify the TBL process to adapt to
the actual teaching situation. [4]. The result of a systematic review involving fourteen studies in health
professions education, showed more improvement of grades in the TBL teaching group compared with
non-TBL group[8] and without any decrease in grades for the TBL teaching group. Participants’ attitudes
toward TBL courses are usually supportive, stressing the signi�cance of active learning attitude and
interaction with their team members[4]. On the other hand, there are few studies about the effectiveness
of TBL teaching in medical imaging education. In the published studies, there are few studies on the
effectiveness of TBL teaching in the medical radiology courses between TBL and LBL. In this research,
we displayed the �rst systematic review and meta-analysis of the effects of TBL in medical radiology
education.

Method
2.1 Search strategy

We systematically searched the databases, including PubMed, Medline and Embase, China National
Knowledge Infrastructure (CNKI), Chinese Wanfang Database, and Chinese VIP information database.
Following the procedure in Figure 1, we retrieved the studies from inception up to August 2019 with no
language limits. The used key words and heading terms were as followed: "(TBL OR team-based learning)
AND ((medical imaging) OR radiology or MRI OR CT OR Echo OR ultrasound)“. Articles matching the
criteria were retrieved for further data extraction and quality assessment. All articles were included by
manual operation.

Figure 1. Flowchart of selection process of the included studies.

2.1 Inclusion criteria and exclusion criteria

The selected studies should follow these criteria, including TBL teaching method used in the medical
imaging courses and compared to the traditional or LBL teaching, as randomized controlled studies.
Studies that did not display the complete examination results or they were reviews or letters were
excluded. The included studies are following these properties: Participants: medical students and trainee
doctors in the Medical colleges and the teaching hospitals; Intervention: using TBL (team-based learning)
in medical imaging related medical course teaching; Comparator: using traditional teaching or LBL
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(lecture-based learning) or CBL (case-based learning); Outcomes: theoretical scores and skill scores of
medical imaging course; Study design: randomized controlled studies.

2.2 Data extraction and Quality assessment

Screening of the included studies was done by three reviewers independently, considering inclusion
criteria. Then, we extracted and cross-checked the data. The information of the included studies including
author name, publication year, sample size (total, test and control), medical imaging course’s name and
type, participant characteristics, theoretical scores and skill score was extracted. Quality assessments of
the involved studies were evaluated with the risk of bias table according to the Cochrane Collaboration by
Review Manager 5.3 (Cochrane Collaboration, Copenhagen, Denmark).

2.3 Statistical analysis

The extracted data were analysed using Review Manager version 5.3 (Cochrane Collaboration,
Copenhagen, Denmark). Since the outcome measure (examination score) of e�cacy was a continuous
outcome, the standardized mean difference (SMD) with 95% con�dence interval (CI) was applied to
determine the e�cacy of the TBL model for medical imaging course teaching. Forest plots were drawn to
show the point estimations of each study. The homogeneity of this included study was based on the Q
statistic and I2 statistic. In this study, I2 value of >50% or P-value of <0.05 were assumed to be statistically
signi�cant. When moderate to high homogeneity was improved, we used the random-effects model to
combine the SMD with 95% CI. If not, a �xed-effects model was used. Funnel plots and Begg’s tests were
used to evaluate the degree of publication bias with STATA 12.0 software.

Result
3.1 Search results

In this study, we initially found 343 relevant studies, and Figure.1 is the �ow chart of the article selection
process. The potentially eligible studies were identi�ed by the search strategy described in the Search
strategy in the related databases. After removing the duplications, we found 215 relevant articles at the
beginning. After the title-abstract screening, 182 studies were excluded, if they were reviews or letters, or
with different topics. 17 studies were excluded because of their incomplete data. 12 studies were
included in this meta-analysis in total, and all of them were published in Chinese.

3.2 Study characteristic and study quality

The characteristics of the included studies are shown in Table 1. They were published in Chinese, from
Chinese National Knowledge Infrastructure (Chinese database), Wanfang Data (Chinese database), VIP
Information (Chinese database) between 2014 and 2019. The effectiveness of TBL on Medical radiology
teaching compared with the traditional teaching were evaluated by the theoretical scores and/or skill
scores. A total of 1371 participants (697 in test group and 692 in control group). We took the freshmen
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and the sophomore as the lower grade, and the older students and the trainee doctors were taken as the
higher grade, There were 5 studies carried out with the lower grade[9–13], and 7 studies carried out in
higher grade[14–20].

The risk of bias assessment of the 12 included studies are shown in Figure. 2 including the aspects of
random sequence generation, allocation concealment, blinding of participants and personnel, blinding of
outcomes assessment, incomplete outcome data, selective reporting, and other bias.

Figure. 2 Summary of each methodological quality item presented as percentages across all included
studies.

3.3 Effects of TBL on theoretical scores

The theoretical scores were evaluated by the multiple-choice questions, gap �llings, and essay questions
to test how well the theoretical knowledge was mastered by the students. The effects of TBL teaching
compared to the LBL, CBL, or traditional teaching on theoretical scores were reported in all of the 12
included studies, involving 1371 medical students and the trainee doctors (TBL group = 679, control
group = 692), As it is shown in the Figure.3, there is a high degree of heterogeneity across the included
studies (I2 = 95%, P < 0.00001). We used the random-effects model for this part of analysis. The result
showed there is a signi�cant difference in the theoretical scores (SMD = 1.07, 95% CI [0.05, 1.63] in favour
of TBL. To know the differences of TBL on different participants, we divided them into two subgroups,
including the higher grade subgroup (the students older than the sophomore and the trainee doctors)[14–
16, 18–21] and the lower grade subgroup (the freshmen and the sophomore)[9–13, 21, 22]. The
statistically signi�cant differences were shown in both of the subgroups, the higher-grade subgroup
(SMD = 0.63, 95% CI [0.28,0.97] and the lower grade subgroup (SMD = 1.74, 95% CI [0.47, 3.02]).

Figure.3 Forest plot for the effects of TBL on knowledge scores compared with the traditional teaching or
lecture-based learning. TBL = team-based learning

3.4 Effects of TBL on skill scores

The skill scores were evaluated by the �lm reading, medical record writing, and cases diagnosis to test
how well the students use their clinical skills. The effects of TBL teaching compared to the LBL, CBL, or
traditional teaching on skill scores were reported in 9 of the 12 included studies, involving 1157 medical
students and the trainee doctors (TBL group = 579, control group = 578), As it is shown in the Figure.4,
there is a high degree of heterogeneity across the included studies (I2 = 93%, P < 0.00001). Random-
effects model was used to combine the SMD for this part of analysis. The result suggested that there is a
signi�cant difference in the skill scores (SMD = 0.68, 95% CI [0.19, 1.17]) in favour of TBL. To test the
differences of TBL on different participants, we divided them into two subgroups, including the higher-
grade subgroup (the students older than the sophomore and the trainee doctors)[14–18] and the lower
grade subgroup (the freshmen and the sophomore).[9–12] The statistically signi�cant differences were
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shown in the lower grade subgroups (SMD = 0.85, 95% CI [0.05, 1.64]. but there were not statistically
signi�cant differences in the higher grade subgroup (SMD = 0.56, 95% CI [–0.21,1.33].

Figure.4 Forest plot for the effects of TBL on skill scores compared with the traditional teaching or
lecture-based learning. TBL = team-based learning

3.5. Sensitivity analysis and publication bias

Sensitivity analyses were performed to evaluate the stability of the results. Begg’s funnel plots of the
SMD against the standard error of SMD suggested no substantial asymmetries in theoretical scores
(Figure.5A) and skill scores analysis (Figure. 5B).. Egger’s regression test also showed no evidence of
publication bias in theoretical scores (t = 0.33, p = 0.748) and skill scores analysis (t = 1.01, p = 0.344)

Figure5. Funnel plot of the included studies for publication bias. (A)Evaluation of knowledge scores,
divided into higher-grade subgroup and lower-grade subgroup. (B) Evaluation of skill scores, divided into
higher-grade subgroup and lower-grade subgroup.

Discussion
Recently, many new teaching methods have emerged such as PBL, TBL etc. It is very important for
teachers to �nd out which pedagogical approach should be used in each situation.[23, 24] As medical
imaging teaching is divided into theoretical courses and practical courses, which are of great signi�cance
for improving the students’ understanding of theoretical knowledge and practical ability respectively[25]
and there are few articles implying the effectiveness of TBL method in medical radiology in the published
studies. We carried out this systematic review and meta-analysis, aiming to probe whether TBL is a better
pedagogical approach compared to LBL in medical radiology courses.

This systematic analysis showed that TBL was superior to LBL in both theoretical and skill scores. Our
results have accumulated the �ndings of recent TBL studies in Chinese medical imaging education
including CT, MRI, and ultrasonic. Their theoretical and skill scores have improved in favour of TBL.
Besides, both of theoretical scores and skill scores of lower-grade subgroups is much lower than the
higher-grade subgroup. The reason why the lower-grade students will get more bene�ts re�ecting in the
theoretical scores from the switching the teaching approach is that they do not have enough basic
knowledge of anatomy and pathology so they can improve their ability quickly. It’s easy to raise their level
from the green-hand to being able to pass the exam, but it takes much more time to raise their scores
from 70 to 100. Besides, the elevation of theoretical scores is higher than the skill scores. TBL
encourages students to apply their knowledge to solve practical problems. The LBL makes the students
rely on passive acceptance of knowledge.
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There were not statistically signi�cant differences in the higher-grade subgroup of skill scores. In this
study approach, the students are required to search database, read materials, think independently, and
work as a team, so it is good chance for the freshman and sophomore to elevate the theoretical level. The
ability of �lm reading, medical record writing, and cases diagnosis requires a lot of accumulation and
clinical practice, so their skill scores haven’t developed signi�cantly. There are other possible reasons to
explain this inconsistent result. The TBL is a novelty for most of lower-grade Chinese medical students,
so their learning interests can be more easily and strongly inspired by the PBL teaching method which
doesn’t work for high-grade students.

Despite many advantages of TBL been described above, there are some problem applying TBL in Chinese
radiology education extensively. First, some students �nd it hard to get used to TBL, some even doubt
about it. Feedback from students suggested that they prefer to continue with the traditional approach to
case-based learning activities that they were accustomed to, rather than engage in the larger group. At the
same time, nonetheless uneasiness question as ‘will it really work?’ prevails among students. [26].
Second, the pre-class preparation of TBL is time-consuming and laborious. Qualitative evidence has
suggested that students liked the opportunities to learn from peers, enjoyed team discussions[27]. A
study suggested that as preparation was low among residents and students, the preparatory work may
limit potential knowledge acquisition and overall impact of the TBL[28]. Third, problems about discussion
and time may emerge during class time. When students discuss, they tend to be magni�ed and simplistic.
The former refers to the purposelessness of discussion; the latter refers to the single diagnosis and then
the discussion is forced to stop.[18] Excessive class size and limited class time cause that most students
can not get the chance to speak[11]. Fourth, team work may cause some problem in scores and learning
attitude.[29] There are some differences in the participation of the group members in the TBL teaching
method, but the �nal results are basically the same, which will cause some students to feel unfair. The
effect of teamwork learning will be in�uenced by the learning attitude of the team members. Although
81% of students said that they had to prepare before TBL class and believed they had to contribute to the
learning of their team, only 52% believed that they were accountable for the team learning[30].

There are still many limitations of our study. A shortage of report about large-scale studies on the effects
of LBL in radiology education around the world is a very obvious de�ciency. The standards of scores and
levels of radiology education vary signi�cantly among different medical schools in China. Some schools
may focus on �nal examination while others think the study process is more important. A standard
questionnaire needs to be developed to quantitatively evaluate the motivation of students including the
students’ learning interests, clinical thinking, and communication abilities, which should feedback to
teachers. The experimental and control groups were always divided based on the classes rather than
individual students, so it is di�cult for investigators and participants to implement double blinding
method. Therefore, the selection bias and performance bias were unavoidable.

Conclusion
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The result shows the using of TBL teaching method in the medical imaging courses took advantages
than traditional LBL teaching method in improving theoretical scores and skill scores in most instances,
but the improvement of skill scores was not signi�cantly different in the higher grade subgroup. Most of
the including studies provided the subjective questionnaire surveys of the courses satisfaction and
effectiveness, and the results shown the participants believed TBL raised their learning interest, team
cooperation ability and interpersonal communication. However, the heterogeneity among the studies
should be considered. As the limitations described above, more standardized and well-designed
researches are needed in this �eld.
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Tables
cteristics of the included studies
r Course name Course type Sample

Size
(TBL)

Sample

Size
(control)

Grade

of
participant

Intervention Comparator

Medical imaging Theory 40 40 Higher grade TBL Traditional

Medical radiology of

cardiovascular
system

& urinary system

Theory 40 39 Lower grade TBL Traditional

[10] Medical imaging of

skeletal system

Theory and
Practice

36 36 Lower grade TBL Traditional

Medical imaging Theory and
Practice

177 175 Lower grade TBL LBL

Medical imaging Theory and
Practice

65 66 Lower grade TBL Traditional

9[9] Medical

image diagnostic

Theory and
Practice

20 20 Lower grade TBL LBL

Medical ultrasonic Theory 20 35 Higher grade TBL LBL

[14] Medical imaging Theory and
Practice

16 16 Higher grade TBL LBL

15] Medical imaging Theory and
Practice

50 50 Higher grade TBL LBL

Computed topography

of coronary artery

Theory and
Practice

60 60 Higher grade TBL CBL

4[18] Computed topography

of coronary artery

Theory and
Practice

15 15 Higher grade TBL CBL

Computed topography

of coronary artery

Theory and
Practice

140 140 Higher grade TBL CBL

based learning, LBL = lecture-based learning, CBL = case-based        

       

Table 1 Main characteristics extracted from the included studies.
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Figures

Figure 1

Flowchart of selection process of the included studies.
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Figure 2

Summary of each methodological quality item presented as percentages across all included studies.

Figure 3

Forest plot for the effects of TBL on knowledge scores compared with the traditional teaching or lecture-
based learning. TBL=team-based learning
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Figure 4

Forest plot for the effects of TBL on skill scores compared with the traditional teaching or lecture-based
learning. TBL=team-based learning
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Figure 5

Funnel plot of the included studies for publication bias. (A)Evaluation of knowledge scores, divided into
higher-grade subgroup and lower-grade subgroup. (B) Evaluation of skill scores, divided into higher-grade
subgroup and lower-grade subgroup.


