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Abstract

Background: Team-based learning (TBL) is an active and participatory learning process, which is used to train students on health
topics.

Objectives: The present study aimed to assess the effect of TBL in teaching a medical physics course on the poor performance of the
students.

Methods: This quasi-experimental study was conducted on 28 medical students at Qom University of Medical Sciences, Iran who
were unable to pass the medical physics course in the past semesters. At the beginning the 10-session course, eight questions with
four options were provided to the students, and the students had to answer the questions individually within a specified time. After
collecting the questionnaire responses, participants were divided into six groups and completed the same testas a team. Afterwards,
each question was displayed on a smart board and discussed.

Results: After the procedures of the study, all the participants successfully completed the medical physics course. At the end of the
course, 90% of the students reported that the TBL method was more appropriate than lecture, and 80% of the students believed that
the TBL method encouraged them to participate in the learning process. In the final exam, the scores of the students in the medical
physics course increased by 3.95 4= 2.09 units with the TBL method compared to the prior course, and the difference was considered
significant (P < 0.01).

Conclusions: According to the results, the implementation of TBL in the medical physics course improved the learning motivation,
satisfaction, and mean scores of the students with poor performance.
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1. Background In medical disciplines, teaching is often grounded in
lecture (6), which is a method widely used in medical train-
ing although it has been criticized for its inefficiency in
achieving educational goals (7). In lecture, information is
transmitted from the teacher to the students, but there
have been no attempts regarding creativity or indepen-
dent thinking (8). Although lectures provides substantial

educational content, effective learning is not achieved due

Effective training is essential to the promotion of
learning in terms of knowledge, skills, and attitude
among professionals, such as medical students and
paramedics. Today, the development of medical sciences
and its widespread use in medical training has further
highlighted the need for proper training (1). Teaching and

learning methods are important subjects in medical train-
ing (2), and significant effort has been made to improve
the teaching and learning methods of medical students
in the past two decades (3). The awareness of the impact
of teaching methods on the learning of students could
help teachers to select appropriate methods in order to
enhance the quality of teaching (4). Some of the common
teaching methods today are lecture, group training, and
e-learning (5).

to the lack of active student participation (4).

Educational psychologists believe that the engage-
ment of students in the learning process results in effec-
tive teaching and its sustained impact. Therefore, experts
emphasize on the use of modern teaching approaches
(9), such as student-oriented methods that leads to active
learning. Ample evidence suggests that active learning im-
proves understanding as it facilitates the learning process.
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Active learning occurs when learners find more opportu-
nities for interactive communication with the subject and
are encouraged to produce new scientific findings (10). In
an active learning environment, teachers often facilitate
learning rather than dictating the materials to the learn-
ers (11).

Team-based learning (TBL) is an active and participa-
tory method of teaching, which has a distinct structure.
Since the 1970s, TBL has been evaluated in various learning
environments and used to train professionals on health-
related subjects (12). This methodology was introduced by
Michaelsen (13) with the goal of improving the quality of
learning in students through enhancing problem-solving
skills, ensuring the participation of students in the class-
room with adequate preparation, and creating energetic
and active learning classes. TBL is based on individual and
group responsiveness and student participation in group
discussions. This method enables the teacher to manage
multiple small groups within a classroom (14). Previous
findings have indicated group learning creates deeper and
better learning (14) and is considered to be more effective
compared to lectures (15). TBL reduces stress and work
pressure, while increasing the preparedness of students
for classroom learning, so that more time would be spent
on discussions and interactions in the classroom (16).

Experience shows that numerous medical students
consider the medical physics course is extremely difficult;
in particular, the students who have poor performance
may be unable to pass the course despite repeated at-
tempts.

2. Objectives

For the first time, the present study aimed to assess the
effect of TBL in teaching a medical physics course on the
students with poor performance.

3. Methods

3.1. Participants

This quasi-experimental study was conducted on the
medical students of Qom University of Medical Sciences,
Iran. The sample population included 15 and 14 medi-
cal students admitted in 2016 and 2017, respectively, who
were unable to pass the medical physics course in the past
semesters and were highly dissatisfied with the status quo.
After obtaining the consent of the students, they were en-
rolled in the study. Each test group included 80 medical
students (two separate 40-person classes), and each partic-
ipant had been admitted to the university for two consec-
utive years.

The inclusion criteria of the study were having taken
the medical physics course in the past semesters and in-
ability to obtain a passing grade for admission. The num-
ber of the students in the class was 39 at the time, and
10 students taking the medical physics course for the first
time were not evaluated. Student attendance was moni-
tored throughout the study, and the students who were ab-
sent for more than three sessions were dismissed. Finally,
the scores of 28 students were evaluated.

3.2. Procedures

The medical physics course selected in this study was
regularly taught by a faculty member of the Medical
Physics Lecture Group. After completing a TBL workshop
before the first session, the professor of the course ex-
plained thoroughly how the students should pursue the
course, and additional explanations were provided regard-
ing the goals, components,and method of class implemen-
tation; questions and possible ambiguities were also ad-
dressed. The pages of the book to be studied in each class
were announced to the students. Initially, the students
were divided into six groups of four or five based on the
TBL principles. Each group was assigned an English letter
(A, B, or C) as its name. In the subsequent sessions, the stu-
dents learned that their groups were not permanent. Dur-
ing all the sessions, tips to improve the quality of learn-
ing were shared, which were mainly focused on time man-
agement, communication and motivation among the stu-
dents, content comprehensiveness, summing up, drawing
conclusions, and answering questions.

The first step in the beginning of each session was an
individual preparedness assurance test. At this stage, eight
questions with four options were provided to the students,
and they were asked to answer the questions individually
without using the course book within a specified time. Af-
terwards, the questionnaires were collected, and the same
testwas carried outin each team. The teams discussed each
question and selected a response that was agreed upon
by all the members as the team response. After collecting
the responses, each question was displayed on the smart
board. Before the answers were discussed, the answers of
each group were written on the board. After the correct an-
swers were agreed upon, each group with the score of < 4
were to treat the class to cookies in the next session! After
2-3 days, the individual test results were published by the
communication group of the class, reported by the name
of each group in the form of an Excel file, and ranked from
high to low.

In the appeal stage, the students were given the oppor-
tunity to express their objections regarding the questions
or the way they were designed. At the end of each session,
the teacher explained the content that was not covered, as
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well as ambiguities. The final part of the course was the
peer-learner evaluation, which often requires the evalua-
tion of each team member at the end of the classes in ac-
cordance with the TBL principles in terms of team perfor-
mance; notably, the evaluation was not implemented in
the classroom.

During the TBL sessions (n = 10), some aspects of the
method were discussed with the students. After complet-
ing the course and before the final exam, the academic mo-
tivation of the study group was evaluated using the Har-
ter's Motivation questionnaire (HMQ), and the students
were asked several questions regarding the use of this
method in the medical physics course.

3.3. Harter’s Motivation Questionnaire

HMQ (17) is commonly used for the measurement of
academic motivation (18), and the items in the question-
naire are scored based on a five-point Likert scale (never =
1,rarely=2, sometimes =3, often =4, almost always=5). The
standard cutoff scores within the range of 33 - 65 indicate
minimal motivation, scores 66 - 98 show moderate motiva-
tion, and higher scores than 99 indicate good motivation.
The validity and reliability of the Persian version of HMQ
have been confirmed in Iran, and the validity coefficient of
the retest for the total scale of intrinsic and extrinsic moti-
vation has been estimated at 0.86 and 0.69, respectively. In
addition, the Cronbach’s alpha for the total scale of intrin-
sic and extrinsic motivation has been calculated to be 0.85
and 0.72, respectively (19).

3.4. Statistical Analyses

Paired t-test was used for the comparison of the final
exam scores of the students in the medical physics course
based on TBL with the prior course. The generalized esti-
mating equations (GEE) test was also applied for the evalu-
ation of all the exams during the 10 sessions of the TBL.

4. Results

All the participants successfully completed the medi-
cal physics course. At the end of the course, 90% of the
students reported the TBL method to be more effective in
their performance compared to lecture. Furthermore, 80%
of the students believed that the TBL method encouraged
them to participate in the learning process. In terms of
teaching and learning principles, 75% of the students re-
ported the TBL method to be more appropriate than lec-
ture. Regarding the skills of the teacher and mastery of
teaching, 52.4% of the students selected TBL, 28.6% selected
lecture, and 19% considered no difference in this regard.
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In the final exam, which was in the descriptive and
written format, the scores of the students of the medical
physics course increased by 3.95 & 2.09 units with the TBL
method compared to the prior course (Figure 1), and the
difference was considered significant based on the paired
t-test (P < 0.01). Before the current semester, the mean
score of all the students in the TBL course was 14.8 = 1.2. Ac-
cording to the results of independent t-test, the score was
significantly lower than the mean score of all the students
(16.9 +1.7) who had passed the medical physics course (P =
0.005).
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Figure 1. Box plot of lecture versus TBL score medical physics course

The GEE test showed no significant correlation be-
tween the previous total mean score of each student and
the score obtained in the TBL-based course (P = 0.497) (Fig-
ure 2). The academic motivation of the study group was
also evaluated using HMQ, and the results are shown in Fig-
ure 3.

Figure 2 depicts the TBL scores of this class through 10
exams as normed to the score of 20. The GEE analysis indi-
cated that the mean scores of the last two TBL exams (tests
9 and 10) were significantly higher compared to the scores
of the other exams (P < 0.001).

5. Discussion

In the present study, the application of the TBL method
was compared to the lecture method in the teaching of a
medical physics course in the students with poor perfor-
mance. The classification of these students was based on
the comparison of the mean score of each student in the
prior semesters with the average of all the students in the
class, the outcome of which was considered statistically
significant (P = 0.005).
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Figure 2. The TBL scores during the course, normed to a score of 20
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Figure 3. Motivational distribution percentage of students’ studying, based on Har-
ter’s Motivation questionnaire

According to our findings, the TBL method could en-
hance the learning level of the students. All the partici-
pants could pass the medical physics course, and based
on this analysis, the satisfaction of the students also in-
creased significantly. Furthermore, more than 90% of the
students believed that TBL was more effective in learning
than the lecture method as it encouraged their participa-
tion in the learning process. This is consistent with the
previous studies in this regard (5, 20, 21). For instance, Ak-
bari et al. (22) reported that the mean scores of the stu-
dents who participated in a TBL-based class at a rehabili-
tation clinic were higher compared to the mean scores of
the control group. In addition, 97% of the students in the
mentioned study agreed to partake in the course and con-
sidered TBL to be useful in the passing of the course. In
another research, Vaezie et al. (23) compared TBL and lec-
ture in the teaching-learning process of nursing students,
reporting that the satisfaction and mean score of the gen-
eral tests based on the TBL method were higher compared

tothelecture group. In the study by Kumar et al., the major-
ity of students believed that the TBL method helped in the
conceptual learning of the course and effectively increased
their knowledge and understanding of the concept.

In the present study, TBL resulted in the high satis-
faction rate of the students and a significant increase in
the grades of the medical physics course over the lecture
method. Moreover, all the students could successfully pass
the course, which indicated the increased academic effi-
ciency in the medical physics course and higher satisfac-
tion of those who initially had not considered the medical
physics course as specialized and necessary. Consequently,
the total mean score of the students all the courses was
higher compared to the medical students admitted in 2016
and 2017 (P = 0.005).

Few studies have been focused on the impact of TBL on
students with poor performance. In a research in this re-
gard, Koles et al. (24) reported that students in the lowest
academic quartile may benefit more than other students
from the TBL strategy. Yet, mastery of course content en-
hanced in Medical students’ higher performance (24). If
the impact of TBL on the reduction of number of failures
could influence the poor performance of students, the re-
sults obtained by Brunner et al. confirmed the effective-
ness of the method in improving the poor performance
of the students (25). Indeed, the mentioned research con-
firmed the impact of TBL on poorly-qualified students.

The results of paired t-test test showed no significant
correlation between the previous grade of each student
and the scores obtained in the TBL-based course (P=0.497)
(Figure 1). In other words, no association was observed be-
tween the previous grades of the students and their cur-
rent scores in the medical physics course. Therefore, it
could be concluded that TBL could easily influence the
performance of weaker students in terms of curriculum.
Therefore, the students with lower and higher scores in the
medical physics course could not be distinguished based
on their average score in the entire previous semester
within the range of 12.3-17.0, and further investigations on
larger sample sizes are required in this regard.

In response to the question “Did the teacher’s skills
and mastery influence the choice of the most appropriate
method?”, 52.4% of the students selected the TBL method,
while 19% considered no difference in this regard. In the
current research, the teacher had several years of experi-
ence in the teaching of the course by lecture, and this was
his first experience of TBL implementation. The reason
behind the responses of the students was possibly rooted
in deeper learning and better transfer of the educational
content (26) as in the TBL methodology, the students may
have associated the method with the skill and mastery of
the teacher. Notably, 90% of the students believed that
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the presentation of the medical physics course by the TBL
method was more appropriate, and 85% believed that the
students are interested in participation in the learning
process through TBL, which may support the veracity of
their statements.

As can be seen in Figure 2, the average trend of the TBL
tests was incremental, and the average grades of the class
improved with time, so that the GEE showed a significant
increase in the grades, especially in the last two tests com-
pared to the initial tests. These findings were predictable
due to the familiarity of the students with the new presen-
tation method (i.e., TBL) although they had not previously
experienced TBL in any other courses. One of the reasons
behind the incremental score pattern could be the notifi-
cation of the results of the individual TBL tests since 2 - 3
days after the test, the individual test results of the commu-
nication group of the class were labeled from the highest
to the lowest in the form of an Excel file. The scores of the
student seemed to have prompted them to upgrade their
status to the top or maintain their favorable status.

Due to other midterm exams of the classes, the TBL test
was not given in one of the sessions, and the volume of
test pages doubled for the following exam, totaling 16 ques-
tions and 40 pages of the reference books instead of the
usual 20 pages. After passing the test, the majority of the
students acknowledged that the large volume of the edu-
cational material caused a decline in their mastery of the
content and difficulty in studying the textbook. Figure 2
shows the effects of the increased volume of the contents
in a visible drop in the eighth test. Therefore, it could be
concluded that the selection of the appropriate amount of
educational contents in the TBL method must be heeded
by teachers.

The assessment of the scores of all the students in the
medical physics course with the TBL method indicated a
significantincrease in the scores as measured by t-test com-
pared to the lecture method, which had been used for the
same students the previous year (P < 0.01). Our findings in
this regard are consistent with several studies (20, 21, 27).

The main limitations of the present study were the
small sample size and quantitative statistical volume of
Qom University of Medical Sciences, which made it quite
difficult to generalize the results to other groups and com-
munities. Another notable point about the improve scores
of the students was the possible interference of the new
method (TBL) with the previous learning method (lecture),
because they were not unable to pass the medical physics
course in the past semesters. This study was carried out
with the knowledge of these limitations since the primary
aim of the study was to increase the active participation
and dissatisfaction of students with poor classroom per-
formance. Achieving this goal could improve the perfor-
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mance of students (10, 11, 28, 29).

The main strength of the study was the uniformity of
some features with possible effects on the study outcomes,
such as the curriculum content, teacher, and especially the
study group.

5.1. Conclusions

According to the results, the implementation of TBL in
the medical physics course could enhance learning moti-
vation, increase satisfaction, and improve the mean scores
of the students with poor performance. Furthermore, the
students found TBL to be a more relevant learning method
in demanding mathematics-based courses, which resulted
in greater participation by more students in the learning
process.
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