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Abstract
Background To explore the practicability of team-based learning (TBL) and problem-based learning (PBL) in the teaching of neuromuscular disease in
the Department of Neurology.

Methods During 2012 and 2015, eighty-eight interns from Peking Union Medical College were randomly assigned to the TBL and PBL groups. In the TBL
group of 6~8 interns, the teaching process included case preparation, group discussion, oral presentation and teacher assessment. In the PBL group of
24~34 interns, the process included case preparation, oral presentation and teacher assessment. After the teaching process, students were evaluated for
basic knowledge, clinical thinking ability, document search numbers and a course experience questionnaire (CEQ); teachers were evaluated based on the
effect of class teaching.

Results There was no signi�cant difference in the scores of neuroanatomy, neurology, diagnostics, neuromuscular disease or case writing between the
TBL and PBL groups before the internship. After the learning process, there was no signi�cant difference in the scores of neuroanatomy, neurology and
neuromuscular disease. However, the TBL group performed better than the PBL group in clinical localization diagnosis, literature retrieval ability and
inquiry learning ability. Evaluation by teachers showed that there was no signi�cant difference between the 2 groups in teaching objectives, preclass
preparation, basic knowledge, integration of basic knowledge and clinical practice, and overall teaching effect; however, the TBL group was superior to
the PBL group in class atmosphere, initiative thinking, teamwork and communication between teachers and students.

Conclusions Both TBL and PBL could help medical students improve their knowledge of neurology and neuromuscular disease. TBL could better
improve students' communication, cooperation, literature searching and inquiry learning abilities.

Introduction
The course of neurology is relatively di�cult to master in clinical practice for medical students, since knowledge of neuroanatomy, neurology and
laboratory examination must be mastered and integrated. Clinical neurologists must master basic theoretical knowledge and gain practical experience;
however, medical students generally �nd it di�cult to integrate and master the course. Due to its abstract content, neuromuscular disease is rarely
discussed and believed to be di�cult for students to master in neurology. Traditional classroom teaching is lecture-based learning (LBL). The courses
are set in different grades. Medical students in China learn neuroanatomy in the second year of 8-year medical education, diagnostics and neurology in
the fourth year and perform neurological internships in the sixth year. Students �nd it di�cult to master and combine the knowledge because of the
large time gap between courses. Due to the requirements of the clinical departments, teaching and actual clinical work are disconnected from each
other. The curriculum arrangement for medical students is single, and the assessment method is simple. Since various knowledge systems are
disconnected, it is di�cult to meet the various needs of students and to conduct internships. In recent years, the introduction of problem-based learning
(PBL) and team-based learning (TBL) learning modes has been widely recognized in the medical education of many countries. By promoting TBL and
PBL in medical teaching, which integrate teaching and clinical work, we aim to explore the effect of simulated clinical teaching methods on interns.

Object And Method
1. Subjects

Medical students who rotated as interns at the Department of Neurology in Peking Union Medical College during 2012 and 2015 were included. The
students were at their 6th year of eight-year clinical medicine major and had completed the neurology lecture curriculum. According to the facility of
clinical rotation and teachers, they were assigned to a TBL group (n=32) and a PBL group (n= 56). The average age was 24.5±1.7 years old, with 45
males and 43 females. There was no signi�cant difference in sex, age or neurology exam scores between the two groups (Table 1).

2. Research methods

1) Curriculum: 

The curriculum included neuromuscular disease case presentation, neuro-electrophysiology examination visits and group case analysis. There were
30~40 interns rotating for 3~4 months each year from 2012 to 2015.

TBL group: For each batch of interns, 6-8 were in the TBL group. a) Teachers sent cases and learning materials to the students a week prior to class for
related knowledge preparation. The learning materials included a list of information to be searched and a video of electromyography examination;
b) preclass knowledge examinations were taken, including the Individual Readiness Assurance Test (IRAT) and the Group Readiness Assurance
Test (GRAT); c) classroom discussion was held to summarize the characteristics of the cases, diagnosis and treatment progress; 1~2 trainees were
responsible for case reporting and characteristics summarizing, 1~2 were responsible for reviewing neuroanatomy, 1~2 were responsible for the
localization and diagnosis, and 1~2 were responsible for searching the latest related reviews; d) teachers summarized, answered questions and
conducted knowledge assessment and related questionnaires, including the Group Application Problem (GAP) and Final Examination Scores (FESs).

PBL group: For the remaining interns of the same batch, a) teachers sent cases and learning materials to the students one week before class for related
knowledge preparation. The learning materials included a list of information to be searched and a video of electromyography examination. b) An oral
presentation was given in the classroom by 6~8 students, including the summarization of case characteristics, localization, diagnosis, advances in
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treatment, and further inquiry-based learning. Of them, 1~2 trainees were responsible for case reporting and characteristics summarizing, 1~2 were
responsible for reviewing neuroanatomy, 1~2 were responsible for the localization and diagnosis, and 1~2 were responsible for searching the latest
related reviews. Then, group discussion, reports and questioning were conducted. c) Teachers summarized and answered questions and conducted
knowledge assessments and related questionnaires.

2) Evaluation system: 

Scores of neuroanatomy, neurology, neuromuscular diseases, and case writing were collected. After class, oral examination and questionnaires were
used for evaluation. Oral examination, which tested students’ basic knowledge and clinical thinking, was recorded by percentile. The questionnaire
included teachers and students. The teachers’ part included three sections (Table 2): clinical localizing diagnosis thinking, literature retrieval ability, and
inquiry learning ability. The total score for each section was 5 points: 5 was excellent, 4 was good, 3 was middle, 2 was not good, and 1 was bad. The
students’ part included several sections to evaluate the teaching effect (Table 3). Total score for each section was 5 points.

3. Statistical analysis

SPSS 22.0 was used for statistical analysis. The measurement data are expressed as the mean ± standard deviation, and an independent-sample t test
was used. The count data were expressed as a percentage, and the chi-square test or the exact Fisher probability method were used. One-way analysis
of variance (ANOVA) and subgroup analysis were used to compare the effects using teacher assessment forms. P<0.05 was statistically signi�cant.

Results
1. The basic information and score of students.

The sample included a total of 88 students aged 23 ~ 36 years, with a mean age of 24.5 ± 1.7 years; 32 were in the TBL group, and 56 were in the PBL
group. No signi�cant differences were found between the two groups in the scores of neuroanatomy, neurology, diagnostics, knowledge of
neuromuscular disease or case writing (Table 1).

Table 1
Baseline score for all intern students (teacher evaluation)

Group Neuroanatomy Neurology Diagnosis Neuromuscular Case writing

TBL 85.7 87.7 87.1 83.8 89.9

PBL 87.8 89.3 85.8 85.2 89.3

t -1.585 -1.746 1.085 -1.771 0.551

P 0.116 0.083 0.281 0.080 0.582

TBL, team-based learning; PBL, problem-based learning.

2. The teachers’ evaluation of students after the training program.

There were no signi�cant differences between the TBL group and PBL group in neuroanatomy, neurology or neuromuscular disease scores after the
completion of the case discussion. However, the TBL group scored signi�cantly higher than the PBL group in clinical localizing diagnosis thinking,
literature retrieval ability, and inquiry learning ability (Table 2), suggesting that TBL might better improve the comprehensive ability of students.

Table 2
The teachers’ evaluation of students after the teaching program.

Group Neuroanatomy Neurology Neuromuscular Clinical localizing diagnosis thinking literature retrieval ability Inquiry learning

TBL 86.8 89.6 88.5 4.13 4.19 4.19

PBL 87.9 89.6 89.1 3.82 3.90 3.89

t -1.105 0.014 -1.204 2.256 2.237 2.048

P 0.272 0.989 0.232 0.027※ 0.028※ 0.044※

3. The self-assessment of students after the training program.

After the study, the self-assessment forms of the TBL and PBL groups showed that there was no signi�cant difference between the two groups in terms
of understanding teaching goals, preclass preparation, basic knowledge, combination of basic and clinical knowledge, problem-solving ability, and
overall evaluation of teaching. The TBL group scored signi�cantly higher than the PBL group in terms of active classroom atmosphere, initiative
thinking, team cooperation, and communication between teachers and students (Table 3).
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Table 3
The self-assessment of students after the training program.

Group Clear
teaching
objectives

positive
before
class

Active
classroom
atmosphere

Initiative
thinking

Basic
knowledge
mastery

Teamwork
ability

Communication
between
teachers and
students

Combination
of basic and
clinical

Problem-
solving
ability

Overall
evaluation
of
teaching

TBL 4.03 4.09 4.22 4.34 4.03 4.22 4.22 4.13 3.91 4.16

PBL 4.09 4.29 3.93 4.04 4.02 3.91 3.90 3.93 4.07 4.07

t -0.377 -1.375 2.047 2.571 0.106 2.148 2.204 1.347 -1.459 0.649

P 0.707 0.173 0.044※ 0.012※ 0.916 0.035※ 0.037※ 0.181 0.148 0.518

Discussion
TBL is the application of small-group, active-learning methods in which students are held responsible for both individual and group learning. The idea of
TBL was originally formulated by Larry Michaelsen in the 1970s 1. Team learning was also described in 1990 by Senge for the corporate environment,
and small-group team learning has been used as an educational tool for several decades 2. In the book by Michaelsen et al.3, the authors offered
detailed instructions for how a health profession educational institution may implement this method of learning. They argued that as health
professionals, we must work in teams for the best interest of our patients. TBL helps to prepare students to be effective health care providers.

In recent years, TBL has shown better teaching effects than classical LBL and PBL in the �elds of microbiology 4, anatomy 5, 6, neuroscience 7, genetics
8, and physical therapy 9. Before 2016, the TBL teaching method was introduced into the �eld of ophthalmology. The TBL group achieved better results
in IRAT, GRAT, GAP and FESs than the groups using other teaching methods 10.

We found that in neurology teaching, TBL was better than PBL at making students take the initiative to �nd learning materials and combine basic and
neuroanatomical knowledge with clinical cases. In recent years, the implementation of TBL and PBL has required 1 ~ 2 students responsible for
reviewing neuroanatomy using pictures and other models (3-D apps, videos, etc.), making it easy for students to localize nervous system disorders.
Especially in the TBL group, neurology knowledge was reviewed and consolidated. Students said that this was the �rst systematic review course after
the study of neuroanatomy, and it enabled them to understand the practical signi�cance of knowledge.

Students in the TBL and PBL groups gained a new understanding of the diagnostic process for neuromuscular disease. A variety of teaching methods,
including case analysis and watching videos of neuromuscular disorders and electromyography, could simulate the actual diagnosis process and
improve medical students’ clinical thinking. Students could also understand “the gap between theory and practice”, and the clinical process would
neither be strange nor over idealistic for them. For example, when observing in the electromyography room, students found that not all patients had
perfect electromyography �gures.

The greatest bene�t of the TBL group was team spirit and specialization. Because the case analysis involves much knowledge, it would be di�cult for
one intern to �nish. In a team of 6 ~ 8 students, each member had a division of tasks, and they had to cooperate to complete the whole process. The
teamwork of 6 ~ 8 students was proven to be most e�cient. Although there was no signi�cant difference in the overall evaluation of teaching between
the 2 groups (4.16 vs 4.07, p = 0.518), the TBL group was superior to the PBL group in classroom atmosphere, initiative thinking, teamwork and
communication between teachers and students. Both TBL and PBL have advantages and disadvantages, and it remains unclear which is more suitable
for students. One article published in 2017 suggests that students prefer the TBL teaching mode 11.

The study found that when using the TBL teaching mode, the basic knowledge and clinical thinking ability of interns improved. Clinical thinking and its
combination with basic medical knowledge are the foundation of doctors’ diagnoses. The teaching is based on actual clinical cases and self-study.
Guided to summarize the characteristics of cases and diagnosis, interns participated in the clinical diagnosis and treatment process of real cases and
learned the characteristics of abstract neuromuscular diseases. Observing electromyography (EMG) operation helps students understand the
relationship between EMG data and neuromuscular dysfunctions, as well as the relationship between the structure and function of the nervous system.
These �ndings are bene�cial for both clinical work and research on neuromuscular disorders in the future. In addition, 1 ~ 2 students on the team were
assigned a literature review and guideline summarization. This arrangement could train students’ ability to retrieve and summarize literature and
e�ciently save other students’ time for other tasks.

Due to improvements in various abilities, medical students were in a mode of continuous inquiry learning after clinical internship and continued to think
deeply about clinical problems and published papers during internship 12, 13.

Abbreviations
TBL: team-based learning; PBL: problem-based learning; CEQ: course experience questionnaire; LBL: lecture-based learning; IRAT: the Individual
Readiness Assurance Test; GRAT: the Group Readiness Assurance Test; GAP: the Group Application Problem; FES: Final Examination Scores; ANOVA:
analysis of variance; EMG, electromyography
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