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SUMMARY

Team-based learning (TBL) is a student-centered
learning strategy, which has been confirmed in
medical education to enhance learning. Neverthe-
less, it has not been implemented during practical
anatomy learning that challenges the spatial per-
ception of the learned material in contrast to other
disciplines. This study aims to present a novel in-
tervention in using practical-based team-based
learning (PTBL) in anatomy and its impact as a
tool for providing immediate feedback. It also de-
termines students’ perceptions of the PTBL and
the effect of the given feedback on anatomy learn-
ing. The students were subjected to a formative
objective structured practical examination (OSPE)
in two successive formats: individual readiness
assurance test (iRAT) and team readiness assur-
ance test (tRAT). In the iRAT, individual students
rotated around the practical stations in the form of
a steeplechase examination. For the subsequent
tRAT, groups of 5 students rotated around the
same practical stations. The session was conclud-
ed by discussing the practical stations with the tu-
tor and immediate feedback about the students’
performance was provided along with an explana-
tion of the reasoning behind judgments and practi-
cal assessment criteria. Students’ perception
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(N=90) was measured through a self-administered
questionnaire and a comparison of test scores.
There was a significant rise in the average final
summative OSPE scores of the students (p-
value=0.029) comparing their results to the previ-
ous semester in which PTBL was not implement-
ed, concluding that PTBL is a valuable pedagogi-
cal instrument that can be employed as an effec-
tive method for providing immediate feedback dur-
ing anatomy education.
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INTRODUCTION

In recent decades, basic science education in
medicine has shifted from traditional discipline-
based courses to integrated systems-based cours-
es in the preclinical curriculum (Drake, 2014; Bock
et al.,, 2019). Human anatomy is considered the
cornerstone of medical education. Traditionally,
cadaver dissections and didactic lectures were the
means for teaching anatomy. Nowadays, and in
view of curricular changes, traditional teaching
methods are gradually giving way to new strate-
gies. There is a tendency to move away from
“passive” learning, which lectures represent, and
to introduce new systems which actively engage
students (Vankova, 2012; Woodcock et al., 2019).
The active engagement of the learner in the learn-
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ing process can mean engagement with others, as
in interactive activities, or engagement with the
material, as in reading, writing, formulating ques-
tions and responses to questions. Most educators
agree that active learning is key to effective educa-
tion (Marcos et al., 2004; Jabbar et al., 2017).

People learn in different ways and being able to
interact is more important to some than to others.
Research has shown that interaction with col-
leagues is important to enhance critical thinking,
and it is an essential aspect of adopting new infor-
mation into practice (Lloyd et al., 2018). Looking at
the learning objectives of Bloom’s taxonomy we
will notice that most anatomy education objectives
are located in the lower three levels: remembering
(knowledge), understanding (comprehension) and
application (Bloom et al., 1956; Anderson et al.,
2001; Hulme et al,, 2019). Even with modern
methods of teaching, students still require to mem-
orize gross anatomical structures and their three-
dimensional relationships. Thus, active learning
methods would better fit in supplementing anatomy
teaching modules rather than completely replacing
traditional cadaveric demonstration. To achieve
this goal, active learning in anatomy should be
planned so that the appropriate technique is cho-
sen within a physical setup and during the time
allocated. Active learning is student-centered; and
the instructor’s role should not be confined to an
information provider, but should be rather like a
facilitator who creates an interactive and collabora-
tive environment (McCoy et al., 2018).

Team-based learning (TBL) is a student-centered
learning strategy which has been adopted in medi-
cal education to enhance active learning in small
groups (Jabbar et al., 2017; Jaime et al., 2018;
Burgess et al., 2018). Nevertheless, there remains
controversy over the effectiveness of TBL in anato-
my education where TBL falls short in adapting to
practical teaching that requires spatial comprehen-
sion of the learned material in contrast to other
disciplines. Consequently, an intervention was in-
troduced to incorporate practical objectives.

This study aims to present a novel intervention in
using practical-based team-based learning (PTBL)
in anatomy and to evaluate its impact as a tool for
providing immediate feedback. It also determined
students’ perceptions towards PTBL and the effec-
tiveness of the given feedback on anatomy learn-

ing.
METHODS

This research was granted ethical clearance from
the University of Sharjah Research Ethics Commit-
tee. The study included second-year medical stu-
dents at the College of Medicine, University of
Sharjah, UAE. A Problem-Based Learning (PBL)
curriculum that is body-system-oriented and distin-
guished by a significant degree of integration be-
tween disciplines is being used. During the anato-

my lab sessions, students spend time with cadav-
eric prosections, plastic specimens and plastinated
models. Practical assessment is in the form of ob-
jective-structured practical examination (OSPE) at
the end of each semester. The individual students
rotate around the practical stations in the form of a
steeplechase examination. During the first semes-
ter of the year, and before the final summative ex-
ams, the students went through a formative OSPE
as a preparation for them to understand the practi-
cal aspects of anatomical knowledge. During the
second semester of the year, the same cohort of
the students were introduced to the PTBL, where
the students were subjected to the formative
OSPE in two successive formats; the individual
readiness assurance test (iRAT) and the team
readiness assurance test (tRAT). In the iRAT, the
individual students rotated around the practical
stations. For the subsequent tRAT, groups of 5
students rotated around the same practical sta-
tions in the same format where they discussed
their answers together and came up with one sin-
gle answer sheet for each group. The session was
concluded by discussing the answers by the tutor
through projection of photographs of the stations in
the classroom, and during that an immediate feed-
back about the students’ performance was provid-
ed. Amid the feedback period, the practical objec-
tives were adequately highlighted by the faculty
member, and the reasoning behind judgments was
analyzed with complete clarification of the stu-
dents’ inquiries. Next, a self-administered ques-
tionnaire was utilized to assess the students’ per-
ception about the PTBL session.

At the end of each semester, the students went
through the end of semester examination where
OSPE and multiple-choice question (MCQ) format
examinations. The MCQ exam includes all the
subjects studied during the semester.

A total of 90 students completed the self-
administered questionnaire and reported their per-
ception of the practical-based TBL session effec-
tiveness. The questionnaire comprised of 18 items
and the participants were asked to express their
level of agreement or disagreement with each
statement using a 5-point Likert scale (1-Strongly
disagree, 2-Disagree, 3-Uncertain, 4-Agree, 5-
Strongly agree).

The scores of the students in the first semester
(Semester 1 Formative OSPE, Semester 1 sum-
mative OSPE and Semester 1 final MCQ Exam)
were then compared to their marks in the subse-
quent semester (Semester 2 iRAT, Semester 2
tRAT, Semester 2 summative OSPE and Semes-
ter 2 final MCQ Exam) to delineate a quantitative
measure of the impact of the practical-based TBL
session.

The data was analyzed using the Statistical
Package for the Social Sciences (SPSS) software
version 22 for analysis. Descriptive statistics were
used to portray the results of the questionnaire and
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the paired samples t-test was used to compare the
average marks between the first and second se-
mesters. A p-value of 0.05 was considered to be

statistically significant.

RESULTS

The majority of the students mentioned that they
enjoyed PTBL setup, with a mean rating of 3.90.
(Table 1) The results also demonstrated that the

Table 1. Responses of the students to the items on the questionnaire. The responses are recorded on a Likert scale
and the percentage of students choosing each response are shown. The mean rating for the responses on the Likert
scale with the standard error of the mean (SEM) are also illustrated

1-Strongly
Disagree

2-

Disagree

3-

Uncertain

4- 5- Mean rat-

Agree Strongly Agree ing SEM

| enjoyed the PTBL ses-
sion

PTBL stimulated motiva-
tion to attend

PTBL provides environ-
ment for inter & intra
group discussion

PTBL provided opportuni-
ty to improve my
knowledge from peers

PTBL highlighted the
areas of my weakness

PTBL provides a venue
for a weaker student to
cover learning objectives

PTBL helped me to under-
stand cross-sectional
anatomy questions

PTBL helped me to under-
stand radiological anato-
my questions

PTBL helped me to under-
stand histology questions

PTBL helped me to under-
stand embryology ques-
tions

PTBL improved the exam
self confidence

My colleagues distracted
me during the PTBL

PTBL can be used as an
alternative to using MCQs
in anatomy

The feedback given after
PTBL has helped me to
identify my strengths and
weaknesses

The faculty has provided
me with specific advice on
how to improve my perfor-
mance

The feedback given after
PTBL clarified the reason-
ing behind judgments

The feedback given after
the PTBL improved my
understanding

PTBL feedback helped
me to utilize the course
concepts in thinking and
problem solving

3%

1%

5%

3%

0%

5%

1%

3%

1%
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12%

49%
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0%

3%

3%

3%

2%

6%

3%

1%

5%

4%

7%

3%
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6%

14%

12%

30%

14%

10%

12%

18%

5%

14%

19%

10%

12%

13%

7%

13%

20%

18%

7%

21%

18%

13%

16%

21%

27%

23%

21%

21%

42% 30% 3.90 (0.106)

38% 48% 4.28 (0.091)

41% 31% 3.83 (0.119)

49% 30% 3.98 (0.101)

29% 60% 4.44 (0.085)

42% 33% 3.93 (0.113)

47% 29% 3.99 (0.090)

38% 33% 3.90 (0.112)

42% 44% 423 (0.094)

30% 26% 3.49 (0.133)

21% 37% 3.58 (0.148)

5% 3% 1.83 (0.110)

37% 28% 3.67 (0.125)

45% 24% 3.83 (0.096)

33% 25% 3.63 (0.114)

31% 25% 3.56 (0.120)

45% 26% 4.13 (0.161)

42% 21% 3.67 (0.108)
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Table 2. Results of the tests in both semesters. The mean scores for each test are recorded in the table along with the
standard error of the mean (SEM). The paired sample t-test was used to compare the marks of the students between

the two semesters and the p-values are presented *significant

Semester 1 Semester 2 P value
Average
score (%) SEM Average score (%) SEM p-value
Formative OSPE 69.2 (1.768) iRAT 65.3 (1.594) 0.141
tRAT 90.0 (1.112)
Summative Final Summative Final "
OSPE 78.1 (1.499) OSPE 80.7 (1.296) 0.029
Final MCQ Exam 77.0 (1.056) Final MCQ Exam 77.5 (1.064) 0.252

interactive new method stimulated the students’
motivation to attend the session (mean rating of
4.28). Furthermore, 72% of the students reported
that the PTBL arrangement offered an environ-
ment that promoted interaction and discussion
both within the members of each team (intra-group
discussion) and between the various teams in the
classroom (inter-group discussion). This interac-
tion was effective, as the students reported that
PTBL helped them to improve their knowledge
from their peers (mean rating of 3.98), aided them
in identifying the areas of their weaknesses (mean
rating of 4.44) and facilitated the weaker student to
cover the learning objectives as well (mean rating
of 3.93). The benefits of the PTBL are further high-
lighted with the results showing that it assisted the
students to understand the questions related to
cross-sectional anatomy (mean rating of 3.99),
radiological anatomy (mean rating of 3.90), histolo-
gy (mean rating of 4.23) and embryology (mean
rating of 3.49). While only eight percent of the stu-
dents mentioned that they were distracted by their
colleagues during the PTBL sessions, seventy-
nine percent disagreed with that statement. Addi-
tionally, 58% reported that the setup of the PTBL
session improved their self-confidence for the ex-
am. Also, sixty five percent of the students sup-
ported the use of the PTBL layout as an alternative
to using MCQs format tests for anatomy.

The results also demonstrated a positive re-
sponse towards the immediate feedback given
after the tRAT session, where the students valued
the faculty feedback as helpful in improving their
performance (mean rating of 3.63) and pinpointing
their strengths and weaknesses (mean rating of
3.83). The majority of students agreed with the
statement that the immediate feedback improved
their understanding (mean rating of 4.13). Another
advantage of the feedback was that according to
fifty-six percent of the students, it clarified the rea-
soning behind judgments when solving the anato-
my OSPE questions. The PTBL feedback was fur-
ther reported to assist the students in utilizing the
course concepts in thinking and problem solving
with a mean rating of 3.67.

Regarding the quantitative measure of the impact

of the PTBL session, the scores for the assess-
ments in the first semester were compared with
those of the second semester (Table 2). A signifi-
cant rise in the final OSPE scores (p-value=0.029)
has been detected between the first and the sec-
ond semesters final OSPEs, where semester 1
OSPE average score was 78.1%, which increased
significantly to 80.7% for the Semester 2 OSPE.
However, no significant difference was detected in
the MCQ exams results between the first and sec-
ond semesters where the assessments included
all subjects within the basic sciences (p-
value=0.252).

The average marks of the formative test
(individual based assessment) were 69.2% and
65.3% within the first and second semesters re-
spectively, which shows an insignificant decline of
3.9% in the scores (p-value=0.141). However, the
role of the TBL comes to light with the tRAT, where
compared to the iRAT a dramatic upsurge of
24.7% in the average marks was observed with
the tRAT scores.

DISCUSSION

The process of curriculum reform and the incor-
poration of new pedagogical resources have trans-
formed anatomy education. TBL is a student-
centered learning strategy that empowers student
engagement and active learning. Active engage-
ment of students ensures a pleasant and enjoya-
ble venue that would consolidate student motiva-
tion (Nieder et al., 2005; Jabbar et al., 2017). The
students in this study showcased their enjoyment
of the PTBL sessions and its role in encouraging
them.

Anatomy is a unique subject that demands a high
standard of spatial comprehension and therefore a
modified PTBL approach would be more suitable.
The small-group setting enables interaction and
deep discussions between the team members.
This has been shown to promote the development
of skills required for teamwork and improve stu-
dent participation (Johansson et al., 2018; Viana et
al., 2019). Additionally, previous studies have re-
ported that students find topics to be easier to un-
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derstand when discussed among themselves as a
group (Jabbar et al., 2017; Yan et al., 2018). The
presence of variations in the level of knowledge of
the course contents among students is an evident
element. In line with that, the small-group discus-
sions would be expected to provide a peer-to-peer
learning platform. Indeed, the results of the current
study showed that PTBL can fulfill the expectation
where students were capable of identifying their
weaknesses and boost their knowledge through
peer discussions.

An added benefit is that the academically weaker
students will get an opportunity to cooperate and
intermingle with their colleagues, which could en-
hance their understanding of the complex con-
cepts. In the current study, the majority of the stu-
dents (75%) agreed that the PTBL had provided
the venue for a weaker student to cover the learn-
ing objectives. Studies have reported that incorpo-
ration of TBL in the anatomy course increases
their performance (Vasan et al., 2008) and peer
assisted learning is at least as effective as tradi-
tional didactic methods among medical students
(Anantharaman et al., 2019).

An adverse effect of the free communication in
small groups could be that a student could get dis-
tracted and the discussion may tend to deviate
from the learning objectives. Our results showed
that only 8% of the participants mentioned that
they got sidetracked by their colleagues, while
79% refused that they were distracted by the
PTBL discussions. This may be due to a bad
group member or a slacker. However, an ade-
quate setup and the role of faculty as a moderator
could help to prevent this. White et al. stated that
distraction ususally happenes when the students
sit with their friends and feel less pressure and
embarrassment when criticized by a friendly class-
mate (White et al., 2014).

An important aspect of the PTBL framework is to
provide students with immediate feedback by the
faculty to enhance their understanding and clarify
their queries. In this research study, students re-
ported a positive response to the effect of immedi-
ate feedback on their anatomy learning. Many
times, although students may be informed about
the correct solutions to a question, they may not
fully comprehend the thought process of tackling
the problem and deducing the correct result.
Therefore, it is imperative to teach students such
skills to enhance deeper understanding of practical
anatomy. Actually, 71% of the students agreed
that immediate feedback improved their under-
standing and 56% mentioned that it clarified the
reasoning behind judgments. Additionally, around
two thirds of the students mentioned that the facul-
ty feedback in the PTBL provided them with specif-
ic advice on how to improve their performance.
The PTBL design houses an excellent opportunity
for these crucial factors to be explained to stu-
dents through the immediate feedback section.

Several authors highlighted the effect of immediate
feedback with the correct answers after exams so
that incorrect answers do not become ‘learned’ by
the students (Eladl et al., 2018; White et al., 2019).
Furthermore, according to 63% of the students, the
PTBL allowed them to utilize the course concepts
in thinking and problem solving. Literatures have
reported that TBL has given students the oppor-
tunity to develop higher reasoning skills (Nieder et
al., 2005; Oakes et al., 2019), and the students’
perceived team-based learning to have aided in
nurturing their critical thinking and problem solving
skills (De Sam Lazaro and Riley, 2019).

The main output to assess the impact of PTBL
would be the results of the end of semester OSPE
examinations in the two semesters. Semester 1
OSPE average score was 78.1%, which increased
significantly to 80.7% for the Semester 2 OSPE (p-
value=0.029). This significant rise exemplifies the
impact of PTBL on enhancing the anatomy educa-
tion. Moreover, no difference was seen for the
MCQ Exams in the first and second semesters
where the assessments included all subjects within
the basic sciences (p-value=0.252). Additionally,
fifty eight percent of the students mentioned that
the PTBL had improved their exam self-
confidence, which could be one of the contributing
factors leading to the elevated results seen in final
semester 2 OSPE. These results further support
the role of PTBL as a vital pedagogical tool supple-
menting the anatomy education.

The formative OSPE in the first semester was
compared to the iRAT of the PTBL in the second
semester, with no significant differences observed
in the average scores. The students obtained
much higher scores in the tRAT compared with the
iRAT, where a rise in average marks of roughly 25
percent was detected. It can be generally expected
to observe an improvement in scores in the group
test compared to the individual assessment. Simi-
lar results were noted by several authors who
compared iRAT with tRAT in the TBL setup
(Nieder et al., 2005; Vasan et al., 2008). This could
be attributed to peer discussion and group learn-
ing.

Although there was a significant rise in the OSPE
mean score in the second semester compared to
the first, no such change was spotted with the
MCQ Exam, indicating that the improvement in the
exam performance was exclusive to the anatomy
practical topics. This may be attributed to the bet-
ter understanding of the students to the practical
anatomy concepts. The PTBL structure is an ade-
quate setup that can broaden the anatomical
knowledge of students, while at the same time pre-
pare them for examinations by implanting exam-
taking strategies. Peer teaching, better under-
standing the reasoning behind judgments and ex-
planation of the assessment criteria by an immedi-
ate feedback are major factors that support this
hypothesis.
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CONCLUSION

Practical-based team based learning (PTBL) is a
valuable pedagogical tool supplementing the anat-
omy education and can be employed as an effec-
tive tool for providing immediate feedback during
anatomy learning. Both the perceptions of the stu-
dents and the improvement in the average student
scores display it as an effective active learning
instrument in anatomy education.
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