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Abstract

Background: Basic medical laboratory courses (BMLCs) play an essential role in medical education and offer several
benefits to students. Although various student-centered and active learning strategies have been increasingly incor-
porated into medical education, their applications in BMLCs are limited. This paper aimed to explore the educational
effects of a flipped classroom (FC) combined with team-based learning (TBL) strategy in BMLCs at Zhejiang University
School of Medicine.

Methods: Four hundred eight 3rd-Year medical students were assigned to either the FC-TBL group (n =235) or the
FC group (n=173) to complete three experiments on the respiration block of BMLCs. The two groups immediate and
long-term academic performance were compared, and the FC-TBL students’ perceptions of different instructional
strategies were surveyed.

Results: Students in the FC-TBL group scored higher on the immediate post-tests after class and higher on the final
exams in two of the three experiment sessions. They preferred FC-TBL to FC for its higher engagement, more feed-
back, and better learning environment. Students felt the FC with TBL blended instructional strategy stimulated their
interest in learning and deep thinking.

Conclusions: Compared with the FC group, students in the FC-TBL group improved academic performance and had
a more positive experience overall. Our findings support the feasibility and advantage of the flipped classroom with
team-based learning as a blended learning strategy in the BMLC curriculum.

Keywords: Flipped classroom, Team-based learning, Basic medical laboratory course, Medical education

Introduction enhancing practical skills, developing scientific rea-
Laboratory instruction plays a critical role in science soning, and fostering teamwork [1]. However, several
education. It is considered to be beneficial to students factors, including lack of inquiry-type activities and
in many ways, such as promoting knowledge mastery, effective assessment, still restrain the achievement
of these learning outcomes. With the global promo-
tion of the outcome-based education (OBE) approach,
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application oriented by inquiry and innovation, thus
supporting the cultivation of scientifically competent
graduates [2, 3]. For example, the “cookbook” teaching
in which students follow a predetermined set of direc-
tions is partially replaced by scientific question-driven
laboratories, and virtual simulation experiments based
on clinical scenarios are developed to facilitate authen-
tic learning [3-5].

To maximize the learning effect, active learning strat-
egies are supposed to be adopted in laboratory teaching
to engage students in the whole learning process includ-
ing experimental preparation and conduction as well.
Although active learning activities have been shown to
accelerate learning, one of the concerns is that they tend
to require more in-class time and thus reduce time on
content coverage [6]. The emergence of the flipped class-
room (FC) appears to be an effective solution, as it pro-
vides an approach to introducing content as homework,
allowing the class time to be used for active learning. In
the FC, students learn foundational knowledge at their
preferred time, place, and pace, and then perform high-
level cognitive tasks or solve complex problems along
with their colleagues and instructors inside the class [7].
This hybrid teaching format improves time efficiency
and encourages students to become independent and
self-responsible learners [8]. In 2016, Zhejiang Univer-
sity School of Medicine started to implement FC teach-
ing in an integrated laboratory course consisting of basic
medical experiments and independent novel research
projects for 3rd-year medical students. Due to the high
requirements of inquiry-based or problem-based instruc-
tional sets in class, students need to be well-prepared for
and think deeply about the practical activity. However, a
great challenge encountered in the course is the students’
insufficient experimental preparation and active thinking
on scientific issues, which directly affects their learning
performance. Other studies have reported similar prob-
lems with limited pre-class learning and in-class out-
comes in FC [9].

Team-based learning (TBL) is a student-centered
instructional strategy that promotes active learning
through a sequence of procedures that includes indi-
vidual work, teamwork, and immediate feedback [10].
There is growing evidence that TBL improves academic
outcomes compared to traditional teaching strategies
[11, 12]. TBL has also been reported to enhance student
engagement, satisfaction, and collaboration [13, 14]. One
of the key characteristics that make TBL effective is pro-
moting students’ accountability. At first, students feel
accountable because they want to improve their scores
on individual tests, then they come to feel accountable
to their teammates because they want to contribute to
the success of their team. Therefore, TBL can effectively
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improve the efficiency and active learning outcome of
flipped teaching.

The FC with TBL approach has been reported to
change the way students learn, and enhance students’
knowledge, problem-solving ability, and learning satisfac-
tion [15—17]. However, these studies are mainly focused
on lecture courses and a few on laboratory instruction
[18]. Since laboratory courses are typically set up to be
more active in nature than a lecture course, it’s necessary
to investigate whether the combination of active strate-
gies can maximize learning and retention. In addition,
most studies on FC and TBL are compared with tradi-
tional didactic lectures. It is still not clear whether FC
combined with TBL has better academic outcomes and
satisfaction than flipped teaching alone. Accordingly, the
purpose of the present study was to compare student per-
formance and perceptions of the FC with TBL blended
learning strategy with that of the FC approach in a basic
medical laboratory course.

Methods

Design and participants

The basic medical experiments of the integrated labora-
tory course in Zhejiang University School of Medicine
include four practical blocks (neurology and skeletal
muscle, circulation, respiration, and urology) run in a
FC format for 9 weeks, with 2 to 3 experiments in each
block. In 2020, we piloted three modified TBL sessions
combined with flipped classroom (FC-TBL) in the respi-
ration block, while the other blocks still used FC peda-
gogy. The three experiments covered in the respiration
block were Fundamental Design of Respiratory Function
Studies, Regulation of Respiration, and Virtual Patient
Experiment of Respiratory Failure. A total of 408 3rd-
Year medical students were assigned to either the FC-
TBL group (n=235) or the FC group (n=173) in the
respiration block by convenience sampling. A final exam-
ination requiring recall of facts and application of knowl-
edge from all four blocks takes place at the end of this
course. All of the procedures in this study were approved
by the Ethics Committee of Zhejiang University School of
Medicine, and informed consent was obtained from the
participants.

Structure of FC-TBL

While the learning outcomes remained the same, three
experiments in the respiration block adopted the FC-
TBL format and were designed to run once per week for
6 h each. Teams of five to six students were allocated by
the researchers based on students’ gender and previous
semester grades, so that each team had a diverse mix
of students. Then five teams formed a class. These stu-
dent teams and classes remained constant for the entire
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respiration block. The instructors for all FC-TBL classes
were two content experts with TBL teaching experience,
one of whom has been trained by the Team-Based Learn-
ing Collaborative (TBLC). FC-TBL methods were fol-
lowed as outlined in Table 1. Before class, we provided
online resources including pre-recorded lecture videos,
Microsoft PowerPoint slides, and reading assignments.
Students were required to learn the pre-class materi-
als to prepare for scientific problems and experimental
design. In class, students performed the individual readi-
ness assurance test (IRAT) (15 min), consisting of 15
multiple choice questions, with one single best answer.
Then it was followed by the same test as a team readiness
assurance test (TRAT) (30 min) by using scratch cards.
Teams simultaneously shared their answers, followed by
an instructor-facilitated large group discussion (30 min).
The instructor also offered clarification, particularly
when teams encountered difficulties or disputes. After
the readiness assurance tests and discussion, there was a
short summary session held by students to further sum-
marize the experimental design, procedure, and expected
results. Students then moved on to the application activi-
ties (260 min): first conducted experiments in groups,
then discussed five questions related to the experiment
results in their teams according to the principles of 4S
(significant problem, same problem, specific choice, and
simultaneous reporting). At the end of the class, stu-
dents were required to complete a post-test. After class,
in addition to the experiment report, students were also
asked to assign a score based on their teammates’ con-
tribution to the team’s productivity for peer evaluation.
However, the score of peer evaluation was not included
in student grading.

Structure of FC
The same instructors as FC-TBL implemented the tradi-
tional flipped classroom teaching in FC (Table 1). Before
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the class, although the same online resources were allo-
cated to students as in the FC-TBL group, students in the
FC group were also asked to prepare presentations based
on questions related to the experiment (basic knowledge,
operations, and predicted results of the experiment). In
class, students first took a pre-test which was consistent
with the questions of IRAT in the FC-TBL group. Then,
the instructor randomly selected one student from each
experimental operation group to make presentations
according to the questions prepared before class. Other
students were encouraged to ask questions and have dis-
cussions with the presenters, while the instructor provide
necessary clarification and made a summary of the key
points at the end of the presentation. After that, students
worked in small groups of three to complete the experi-
ment, followed by a question-and-answer session. At the
end of the class, students were required to complete the
same post-test as the FC-TBL group.

Data collection and analysis

Pre-test, post-test, and final exam scores of the three
experiment sessions in the respiration block for all par-
ticipants were collected and analyzed using the two-
tailed Student’s ¢ test with SPSS 26.0 program. After
completion of the three sessions of the respiration block,
all participating students in the FC-TBL group completed
questionnaires assessing their experience with FC-TBL
(respiration block) and FC (other blocks) as well as sat-
isfaction and perceptions about engagement, teamwork,
feedback, and the qualities of the learning environment.
The questionnaires included 12 closed items using a five-
point Likert scale (1 being ‘strongly disagree; and 5 being
‘strongly agree’). The Cronbach’s a coefficient of the scale
was 0.95. Open-ended questions were also utilized to
assess strengths and areas for improvement. Quantitative
results of closed items were analyzed using the two-tailed
Student’s ¢ test. Thematic analysis was performed to code

Table 1 Structure of flipped classroom combined with team-based learning (FC-TBL) and flipped classroom (FC)

Component FC-TBL

FC

Pre-class Students learn pre-recorded lectures and supplementary materials
(1~2h)
In-class 15 min: IRAT
(6h) 30 min: TRAT
30 min: teams simultaneously share their answers, followed by
large group discussion
15 min: students summarize key points
230 min: students do experiments in groups
30 min: teams analyze the experiment results, followed by a large
group discussion
10 min: post-test
Post-class Peer evaluation

(1h) Students finish the experiment report

Students learn pre-recorded lectures and prepare the presentation
according to the questions provided by the teacher

15 min: pre-test (same questions as IRAT)

60 min: students have presentations and answer questions

15 min: teacher summarizes key points

230 min: students do experiments in groups

30 min: students answer the teacher’s questions about the experi-
ment results

10 min: post-test

Students finish the experiment report
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and categorize qualitative data into themes [18]. P<0.05
was considered statistically significant.

Results

Academic Performance

To evaluate students’ immediate academic performance,
pre-test and post-test scores of the FC or FC-TBL groups
were compared (Fig. 1). No differences were found in the
pre-test scores between the two groups in all three ses-
sions, indicating that students had similar levels of basic
knowledge. However, the post-test scores of the FC-
TBL group were significantly higher than that of the FC
group. We also evaluated the final exam scores of both
groups one month after the completion of four practical
blocks of the course as long-term academic performance
(Fig. 2). The FC-TBL group had higher final exam scores
in the first two sessions than the FC group, while remain-
ing the same in the third session.

Students’ experience with FC and FC-TBL

In total, 231 out of 235 students (98.3% response
rate) in the FC-TBL group completed the question-
naire regarding their experience with FC and FC-TBL.
Table 2 shows student responses to closed items. Stu-
dents reported higher individual and team engagement
at FC-TBL than at FC. They received more feedback
from peers and teachers in the FC-TBL class than FC
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Fig. 1 Comparison of pre-test and post-test scores between the FC
and FC-TBL groups in three experiment sessions. Both FC and FC-TBL
groups completed the same pre- and post-tests in each experiment
session. Although no differences were found in pre-test scores
between the two groups across all three sessions, the post-test scores
were significantly higher in the FC-TBL group than in the FC group.
S1, session 1; S2, session 2; S3, session 3. ***P<0.001, compared with
the post-test scores of the FC group in the same session
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Fig. 2 Comparison of final exam scores between the FC and
FC-TBL groups in three experiment sessions. The FC-TBL group had
higher final exam scores than the FC group in the first two sessions.

***P<0.001, compared with the FC group in the same session

did. In general, students were more satisfied with the
organization and learning environment of FC-TBL than
FC. Additionally, students perceived FC-TBL as supe-
rior to FC in the ability to stimulate their interest in
learning, promote the practical application of knowl-
edge, and improve their scientific reasoning and prob-
lem-solving skills.

Responses to open-ended questions regarding students’
perceived best and most difficult features of FC-TBL and
FC are shown in Tables 3 and 4 respectively. Students felt
that the learning process of FC-TBL involves individual
thinking and then teamwork, which effectively stimu-
lated their interest in learning and inspired deep think-
ing. They also reported a high level of engagement and
effective peer feedback in team-based activities and val-
ued the discussions related to clinical practice. For FC,
students found discussing according to the teacher’s
guidance made the learning contents more compre-
hensive and logical, and also facilitated better pre-class
preparation. There are some suggestions students made
for FC-TBL, including enriching the content and type
of questions, improving the efficiency of discussion, and
increasing the relevance of pre-class learning materials
to the in-class tests. Whereas for FC, students suggested
improving engagement, reducing simple memorization
of knowledge, and making the discussion more flexible.
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Table 2 Comparison of students’ perceptions between FC-TBL and FC (N=231)

Questions FC-TBL FC P value? Effect size

(Mean +SD) (Mean +SD)

I actively participated in discussions and group activities 4.17£0.71 3624076 <0.001 0.75

I kept up with the pace of the course 4.15£0.71 3594084 <0.001 0.72

I made a great contribution to group activities 4.17£0.66 3954078 <0.001 0.30

All team members made an effort to participate in group activities 4.07+£0.83 3604091 <0.001 0.54

All team members consistently paid attention during group activities 4.08+0.79 3564092 <0.001 0.61

All team members made a great contribution to group activities 3.98+0.80 3654082 <0.001 041

| received useful and timely feedback from team members 4294065 3.50+£0.89 <0.001 1.01

I received useful and timely feedback from the teacher 436+0.64 3934082 <0.001 0.58

| am satisfied with the organization and learning environment of the course 4264062 391+0.78 <0.001 0.50

The course has improved my interest in learning 4.10£0.78 3504087 <0.001 0.73

The course has improved my ability to apply knowledge in practice 424+£063 3674078 <0.001 0.80

The course has improved my scientific reasoning and problem-solving skills 4.16+£0.68 3674083 <0.001 0.65

Likert Scale; 1 =Strongly Disagree, 2 =Disagree, 3 =Neither agree nor disagree, 4 =Agree, 5 = Strongly Agree

2Two groups are compared by the two-tailed Student’s t test and P<0.05 is considered statistically significant

Table 3 Students'perceptions of FC-TBL, including best and most difficult features (N=231)

Theme Examples of students’ comments No. of
similar
responses

Best features of FC-TBL

High level of engagement and effective peer feedback in group  During the discussion and experiment, members of our team were 148/231
activities highly engaged. Different opinions can be heard and efficiency was
increased
The group discussion was rich and fruitful. It helped us to better com-
plete the experiment and explore its significance
The learning process from individual test to group discussion Individual answers followed by group discussions work well. [ learned a ~ 124/231
stimulated interest in learning and inspired deep thinking lot from the group discussion and thought more deeply
[ think it's great to think on your own first and then discuss with team-
mates. The opinions and feedback from others have deepened my
understanding of knowledge
More closely related to clinical practice The group discussion questions involving clinical cases are interesting 50/231
and make the experimental results more relevant to our future practice
Most difficult features of FC-TBL
Students suggested that the content of the questions should be  Hope to have more discussion questions related to experimental opera- ~ 68/231
more comprehensive and have more types tions and statistical results
There are only multiple choice questions and hope to have more types
of questions
Students suggested reducing the number of team members and  Hope to reduce the size of the team to 3—5 people, and improve the 60/231
improving the efficiency of the discussion efficiency of the discussion
Students suggested the pre-readings should be more relevantto  More focused and test-related pre-readings, such as a summary of basic  13/231

the test

knowledge, and a reminder of experimental operations

Discussion

Student-centered active learning strategies, including
flipped teaching and learning in small groups, have been
increasingly incorporated into healthcare education [17].
Due to the limited studies on these strategies in courses
besides didactic lectures, it’s necessary to expand the
range of their application in instruction, such as in lab-
oratory courses. Therefore, in this study, we sought to

explore the educational effects of a FC with TBL blended
learning strategy in a Year 3 basic medical laboratory
course. Our findings indicate that compared with the FC
group, the students in the FC-TBL group had improved
academic performance and an overall more positive
experience.

Medical laboratory courses in China, such as BMLCs,
usually consist of two parts: the first is teacher-directed



Shen et al. BMC Medical Education (2022) 22:608 Page 6 of 9

Table 4 Students'perceptions of FC, including best and most difficult features (N=231)

Theme Examples of students’ comments No. of
similar
responses

Best features of FC

The content of the discussion was more comprehensive and Students prepared the presentation as required by the teacher, covering ~ 82/231
logical all aspects of content from basic knowledge, and experimental opera-
tions to experiment results. The discussion was more comprehensive
and logical
Pre-class learning requirements were clearer and students were The teacher gave clear questions and presentation requirements before  43/231
better prepared class, and most of the students were well prepared
Group members undertook different pre-class preparation work — Before class, students in the experiment operation group can choose 43/231
with less pressure to prepare different presentation contents, which reduces the learning
pressure
Most difficult features of FC
The engagement of students in the presentation and discussion  When one student was presenting, other students were preparing their ~ 85/231
sessions was relatively low own presentations, and the learning effect was not good
Students rarely asked questions and no real group discussions occurred
The preparation task before class was mostly memorization, I felt like | spent a lot of time memorizing knowledge before class but still  59/231
which was not very helpful to the experiment could not apply it well in the experiment
The form of presentation and discussion is inflexible and cannot At the presentation and discussion session, | spent most of the time 40/231

effectively stimulate interest in learning

listening to other students or teachers. A little boring, and sometimes |
couldn’t concentrate
The presentation and discussion session should be more flexible, allow-

ing students to discuss freely

lectures covering scientific concepts and experimental
procedures, and then followed by student independent
experiments [3, 4]. We switched the first part to flipped
teaching in 2016, and further piloted three modified TBL
sessions combined with FC in the respiration block in
2020. Although there have been series of evidence that
TBL helped students learn better than traditional lec-
tures [11, 12] [17], how it compares with flipped teach-
ing remains unclear. An earlier study found that flipped
teaching needs to be combined with cooperative learning
to produce positive results in performance [19]. Inter-
estingly, our findings also showed that the immediate
learning outcomes of introducing TBL, an effective small
group learning approach, in FC were overwhelmingly
superior to those of flipped teaching that mainly focused
on individual learning. There was a limited amount of
peer interaction during class time in the FC alone group,
with each student mainly getting help and feedback from
the instructor, rather than from teammates. In contrast,
the TBL approach of the FC-TBL group provides a series
of group activities for the entire learning process includ-
ing experimental preparation, operation, and analysis of
results, allowing students to learn in a more cooperative
environment. For the long-term learning performance,
we examined the experimental design and implementa-
tion knowledge, as well as a mock study analysis in the
final exam. Students in the FC-TBL group scored higher
on final exams in two of the three experiment sessions
than the FC group. It is considered that the sequential

phases and core elements of TBL encourage the recon-
solidation of knowledge which is vital to long-term
knowledge retention and transfer [20, 21]. Our results,
therefore, indicated that the interactive and application-
oriented elements of TBL could also promote students’
knowledge retention and critical thinking in laboratory
instruction.

To thoroughly understand students’ views towards the
newly introduced blended learning approach in our lab-
oratory course, we further compared their perceptions
of FC and FC-TBL. Students preferred FC-TBL for its
higher engagement and motivation, more feedback from
peers and teachers, and better organization and learning
environment. Students believed that both individuals and
team members actively participated in and contributed
to group activities in TBL classes (Table 2). They felt that
‘during the discussion and experiment, members of the
team were highly engaged” and ‘efficiency was increased”
(Table 3). As the application of knowledge and problem
solving is the core of TBL class, group activities should
always be closely related to it to improve students’ intrin-
sic motivation for learning [17]. Laboratory courses allow
for the application of knowledge, skills, and reasoning,
which could further increase the learning effectiveness
of TBL application activities combined with it [22, 23]. In
the two application activities of our laboratory class, FC-
TBL group students first solved complex scientific prob-
lems through experiments and then discussed the results
in groups, which made them feel more engaged and
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motivated. Moreover, providing clinical context in medi-
cal education can also help students better understand
the content and improve students’ learning motivation
[24]. Students felt that the provision of clinical scenarios
for discussion during TBL made “the experimental results
more relevant to future practice”, thus increasing their
engagement in learning.

Another key feature favored by students in FC-TBL was
the timely and helpful feedback, especially from team
members (Table 2). Students also described that “differ-
ent opinions can be heard” and “the group discussion was
rich and fruitful” (Table 3). It has been demonstrated
that immediate feedback can enhance students’ under-
standing of important concepts and is critical to knowl-
edge acquisition, application, and retention [25, 26]. In
TBL, a feedback-rich learning experience is designed
based on peer interaction and instructor facilitation.
Therefore, students will not be left in doubt regarding
their understanding of the content since the feedback
has been received through the readiness assurance pro-
cess and during application activities. Meanwhile, stu-
dents described their experience in FC as they “rarely
asked questions” and “no real group discussions occurred”
(Table 4). Insufficient engagement could impair students’
learning feedback. In FC class, both the discussion in
the preparation stage of the experiment and the discus-
sion on the results after completing the experiment were
based on having students work on different problems,
lacking challenges or contradictory conclusions in the
same way, thus could greatly weaken the engagement and
investment of students.

In addition, students rated FC-TBL higher than FC in
improving learning interest and scientific reasoning skills
(Table 2). Students found that the formal testing proce-
dure, with the sequence of the readiness assurance pro-
cess of TBL, stimulated their interest in learning and
inspired deep thinking. They reported that “individual
answers followed by group discussions work well”, and
they “learned a lot from the group discussion and thought
more deeply” (Table 3). In contrast, in the FC, students
felt that they “spent a lot of time memorizing knowledge
before class but still could not apply it well in the experi-
ment” (Table 4). During TBL, students build on their
learning by comparing their answers to other team mem-
bers and participating in discussions to reach a consen-
sus. In this way, the TBL format provides students with
the opportunity to develop teamwork abilities and criti-
cal thinking skills, which are also the main learning out-
comes that laboratory courses in medical education are
intended to achieve [1, 17, 27].

For the best features of FC, students commented that
“preparing the presentation as required by the teacher”
made the knowledge learned “more comprehensive and
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logical” (Table 4). They also suggested that FC-TBL
instruction could be improved by covering more knowl-
edge contents, such as ‘experimental operations and
statistical results” (Table 3). It is now agreed that while
active learning emphasizes the shift from teaching to
learning, teachers still need to support learning by pro-
viding necessary guidance [28]. In the sequential process
of TBL, the instructor usually gives clarification or mini-
lecture at the end of the readiness assurance tests to help
the students to be prepared for solving complex problems
[29]. For the laboratory class, according to the sugges-
tions of students, in addition to improving the discussion
questions, a student-directed summary step can be fur-
ther included after the experiment is completed, such as
drawing mind maps or finding connections between key
knowledge. Other recommendations, including improv-
ing the efficiency of discussion and the relevance of
pre-class learning materials to the tests, should also be
included in future course improvements.

Limitations

Although our study showed positive results favoring
the FC with TBL blended learning, the study had some
limitations. Three TBL sessions covering one block were
piloted with the blended teaching, thus may not reflect
the overall situation of the course. Further studies should
be conducted to incorporate the new teaching format
in the whole course to better assess its effectiveness. In
addition, other learning outcomes outside testing that
TBL may also promote have not been measured, such
as the ability to work in a team, communicate, and solve
problems. It is also possible that students gave more
positive responses to the new teaching method simply
because of the bias inherent in studying any new method
of education. Therefore, longitudinal studies are needed
to further understand its long-term impact on learning.

Conclusion

This study found that the FC with TBL blended learn-
ing model improved students’ academic performance,
including immediate and long-term learning outcomes,
in a flipped basic medical laboratory course. Students
exhibited a preference for FC-TBL over FC teaching
for its higher engagement and motivation, more feed-
back from peers and teachers, and better organization
and learning environment. Furthermore, this blended
instructional strategy stimulated students’ interest in
learning and inspired their deep thinking. However, as
suggested by students, some advantages of traditional FC
teaching, such as comprehensive discussion contents and
clear pre-class learning directions, can be used to further
optimize the FC-TBL approach.



Shen et al. BMC Medical Education (2022) 22:608

Abbreviations

BMLCs: Basic medical laboratory courses; FC: Flipped classroom; TBL: Team-
based learning; IRAT: Individual readiness assurance test; TRAT: Team readiness
assurance test.

Acknowledgements
The authors would like to acknowledge and thank the Faculty Development
Center of Zhejiang University School of Medicine for its support.

Authors’ contributions

JS contributed to the study design, data analysis, and drafting of the manu-
script. JS and HQ contributed to data collection, data analysis, and critical
review of the manuscript. YC, RM, and CS contributed to data collection. ZW
contributed to the study design and critical review of the manuscript. All
authors have read and approved the final manuscript.

Funding

This work was supported by the Zhejiang University “13th Five-Year”First Batch
of Teaching Reform Research Project (Zdjg08068); and the Zhejiang University
School of Medicine High-level Education and Teaching Achievement Award
Cultivation Project (cgyb20192001).

Availability of data and materials

Datasets supporting the conclusions of this study are included within the arti-
cle. Additional data at the level of individual students is not publicly available
because of the potential for compromising student privacy but is available
from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

The Ethics Committee of Zhejiang University School of Medicine approved
the study. Participants were informed about the anonymized use of their data
before the start of the study. Submission of a survey was assumed as consent
to enable us to include participant data from this study. Informed consent was
obtained from the participants and the study was conducted in accordance
with the Declaration of Helsinki.

Consent for publication
Not applicable.

Competing interests
The authors declare that no competing interests exist.

Author details

'Department of Pathology and Pathophysiology, and Department of Medi-
cal Oncology of the Second Affiliated Hospital, Zhejiang University School

of Medicine, Hangzhou 310058, China. 2Department of Pathology and Patho-
physiology, Zhejiang University School of Medicine, Hangzhou 310058, China.
3Experimental Teaching Center of Basic Medicine, Zhejiang University School
of Medicine, Hangzhou 310058, China. “Department of Pulmonary and Critical
Care Medicine, Sir Run Run Shaw Hospital, Zhejiang University School of Medi-
cine, Hangzhou 310016, China.

Received: 10 June 2022 Accepted: 2 August 2022
Published online: 06 August 2022

References

1. Hofstein A, Lunetta VN. The laboratory in science education: founda-
tions for the twenty-first century. Sci Educ. 2004;88(1):28-54.

2. LiX,WangL, Mei R, Wang M, Wang H, Shen J, et al. Evaluation on the
learning effect of online and offline mixed teaching mode in physi-
ological experiment course. Basic Clin Med. 2019;39(12):1781-4.

3. Li KF, Liu BZ, Wu FF, Sun XC, Tian F, Wu YS, et al. Outcome-based
student assessment enhances academic performance in basic medical
laboratory course. Adv Physiol Educ. 2021;45(2):269-75.

4. ChenJ, Zhou J,Wang Y, Qi G, Xia C, Mo G, et al. Blended learning in
basic medical laboratory courses improves medical students’abilities

22.

23.

24.

25.

26.

Page 8 of 9

in self-learning, understanding, and problem solving. Adv Physiol Educ.
2020;44(1):9-14.

Yuan'Y, Wang J, Lin M, Gao X. Building virtual simulation teaching plat-
form based on electronic standarized patient. Acta Physiologica Sinica.
2020;72(6):730-6.

Freeman S, Eddy SL, McDonough M, Smith MK, Okoroafor N, Jordt

H, et al. Active learning increases student performance in sci-

ence, engineering, and mathematics. Proc Natl Acad Sci U S A.
2014;111(23):8410-5.

Erbil DG. A Review of Flipped Classroom and Cooperative Learn-

ing Method Within the Context of Vygotsky Theory. Front Psychol.
2020;11:1157.

Mortensen CJ, Nicholson AM. The flipped classroom stimulates greater
learning and is a modern 21st century approach to teaching today’s
undergraduates. J Anim Sci. 2015;93(7):3722-31.

Boysen-Osborn M, Anderson CL, Navarro R, Yanuck J, Strom S, McCoy
CE, et al. Flipping the Advanced Cardiac Life Support Classroom with
Team-based Learning: Comparison of Cognitive Testing Performance
for Medical Students at the University of California, Irvine, United
States. J Educ Eval Health Prof. 2016;13:11.

Michaelsen L, Richards B. Drawing conclusions from the team-learning
literature in health-sciences education: a commentary. Teach Learn
Med. 2005;17(1):85-8.

. Haidet P, Kubitz K, McCormack WT. Analysis of the Team-Based

Learning Literature: TBL Comes of Age. J Excell Coll Teach.
2014;25(3-4):303-33.

Huggins CM, Stamatel JP. An Exploratory Study Comparing the
Effectiveness of Lecturing versus Team-based Learning. Teach Sociol.
2015;43(3):227-35.

Hamada S, Haruta J, Maeno T, Maeno T, Suzuki H, Takayashiki A, et al.
Effectiveness of an interprofessional education program using team-
based learning for medical students: A randomized controlled trial. J
Gen Fam Med. 2020;21(1):2-9.

Dearnley C, Rhodes C, Roberts P, Williams P, Prenton S. Team based
learning in nursing and midwifery higher education; a systematic
review of the evidence for change. Nurse Educ Today. 2018;60:75-83.
Kang HY, Kim HR. Impact of blended learning on learning outcomes in
the public healthcare education course: a review of flipped classroom
with team-based learning. BMC Med Educ. 2021;21(1):78.

Gopalan C, Klann MC. The effect of flipped teaching combined with
modified team-based learning on student performance in physiology.
Adv Physiol Educ. 2017;41(3):363-7.

Reimschisel T, Herring AL, Huang J, Minor TJ. A systematic review of
the published literature on team-based learning in health professions
education. Med Teach. 2017;39(12):1227-37.

Virginia B, Victoria C. Using thematic analysis in psychology. Qual Res
Psychol. 2006;3(2):77-101.

Njal F. The flipped classroom and cooperative learning: evidence from
a randomised experiment. Act Learn High Educ. 2016;17(1):39-49.
Bleske BE, Remington TL, Wells TD, Klein KC, Guthrie SK, Tingen JM,

et al. A Randomized Crossover Comparison of Team-based Learn-

ing and Lecture Format on Learning Outcomes. Am J Pharm Educ.
2016;80(7):120.

. Schmidt HG, Rotgans JI, Rajalingam P, Low-Beer N. A Psychological

Foundation for Team-Based Learning: Knowledge Reconsolidation.
Acad Med. 2019;94(12):1878-83.

Simonson SR. Making students do the thinking: team-based learning in
a laboratory course. Adv Physiol Educ. 2014;38(1):49-55.

Carbo AR, Blanco PG, Graeme-Cooke F, Misdraji J, Kappler S, Shaf-

fer K, et al. Revitalizing pathology laboratories in a gastrointestinal
pathophysiology course using multimedia and team-based learning
techniques. Pathol Res Pract. 2012;208(5):300-5.

Schumacher DJ, Englander R, Carraccio C. Developing the master
learner: applying learning theory to the learner, the teacher, and the
learning environment. Acad Med. 2013;88(11):1635-45.

Hattie J, Timperley H. The power of feedback. Rev Educ Res.
2007;77(1):81-112.

Burgess A, Mellis C. Feedback and assessment for clinical placements:
achieving the right balance. Adv Med Educ Pract. 2015;6:373-81.



Shen et al. BMC Medical Education (2022) 22:608

27. Rennhack JP, VanRyn VS, Poteracki JM, Wehrwein EA. From proposal to
poster: course-based undergraduate research experience in a physiol-
ogy laboratory course. Adv Physiol Educ. 2020;44(3):459-63.

28. Svinicki M, McMeachie WJ. McKeachie's Teaching Tips, 14th ed. Belmont:
Wadsworth Publishing; 2013.

29. Sibley J, Ostafichuk P. Getting started with team-based learning. Sterling:
Stylus Publishing; 2014.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 9 of 9

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




	Incorporating modified team-based learning into a flipped basic medical laboratory course: impact on student performance and perceptions
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Methods
	Design and participants
	Structure of FC-TBL
	Structure of FC
	Data collection and analysis

	Results
	Academic Performance
	Students’ experience with FC and FC-TBL

	Discussion
	Limitations

	Conclusion
	Acknowledgements
	References


