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ABSTRACT

BACKGROUND

Many students attending ENT clinical postings were found to have difficulty in
conceptualising the 3-dimensional (3 D) anatomy of the ear, nose and throat.
Students in project-based learning (PBL) classrooms obtained higher scores than
students in traditional classrooms. PBL using clay model and modelling compound
have been successfully used to improve the 3 D anatomical understanding in
medical students. The purpose of this study was to compare the effectiveness of PBL
over lecture in the acquisition of 3 D anatomical knowledge among third-year
undergraduate medical students and also to understand the student perception
towards PBL.

METHODS

This quasi-experimental study was done at GMC, Ernakulam among 84 third-year
undergraduate medical (MBBS) students who had given consent for the study. They
were divided into 3 batches according to roll numbers (28 students in each). Two
topics in ENT anatomy were selected. 14 students of one batch attended lecture
class, while the remaining 14 attended PBL class. This was repeated for the
remaining two batches. In the next week, a cross-over was given for the second
topic. Pre-test and post-test for both topics were administered to all the students
before and after the sessions. Feedback regarding the student perceptions about
PBL was obtained.

RESULTS

There was a statistically significant difference between the mean of pre-test and
post-test scores (p values of 0.001) in both lecture and PBL groups in both topics.
The mean of pre-test scores of the lecture group and PBL in both topics did not
show any significant difference. There was a statistically significant difference
between the mean of post-test scores in the case of nose topic (p value 0.004). 88%
of students had a favourable view of PBL as a teaching methodology. There was no
statistically significant difference across the genders in their perception of the PBL
as a teaching-learning method. (p value 0.314)

CONCLUSIONS

The study shows that both PBL and lecture brought about significant change in the
knowledge level of the student. The students had a favourable opinion regarding
PBL as a teaching method. However, PBL was not found to be more beneficial than
conventional lecture in the acquisition of knowledge.
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BACKGROUND

Many students attending ENT clinical postings are found to
have difficulty in conceptualising the 3-dimensional (3 D)
anatomy of the ear, nose, and throat. This is essential in
understanding the pathophysiology and spread of diseases
and the principles behind the various surgical approaches
and techniques used for the treatment of the disease
conditions.

Knowledge of the 3 D anatomy of the nose has become all
the more relevant after the Covid-19 pandemic, with the huge
number of nasal and nasopharyngeal swabs performed all
over the world. Lack of knowledge of nasal anatomy has
resulted in complications like cerebrospinal fluid (CSF) leak
and meningitis.12 Thorough knowledge of the three-
dimensional anatomy of the nose is essential for medical
students and interns to minimise unnecessary injuries while
performing outpatient procedures.3 The middle and inner ear
are clinically inaccessible when compared to the pinna and
external ear canal. This has resulted in the development of a
plethora of 3D technologies for improving the anatomical
understanding of these structures.5¢ However, most of these
technologies are expensive and not widely accessible in the
developing world.

Modelling compounds and clay are cheap and easily
available and provide a kinaesthetic, three-dimensional,
constructive, and sensory approach to learning human
anatomy.”

Lecture-based learning (LBL) still forms the core of
medical education in most medical colleges ever since it was
implemented by the American Medical College Association
and the American Academy of Medicine in 1894.8
Traditionally, anatomy is taught mainly in these didactic
lecture classes. Though lectures remain a useful cost-effective
method of disseminating knowledge efficiently, the three-
dimensional nature of anatomical structures is poorly
conveyed by them. They also do not encourage collaboration
or develop problem-solving skills.?

Active learning strategies engage students in the habit of
contemplative discussion and critical analysis of situations
and help the learners to take full advantage of the impact of
the material.1% Project-based learning (PBL) “may be defined
as using authentic, real-world projects, based on a highly
motivating and engaging question, task, or problem to teach
students academic content in the context of students working
cooperatively to solve the problem and complete the
project”.11 Project-based learning is most favoured in the field
of engineering, industrial sciences, and architecture.1213

Project-based learning is often confused with problem-
based learning. Problem-based learning was introduced at
the McMaster University Medical School, Canada by Howard
Barrows and Robyn Tamblyn in the 1960s.14 It is an inquiry
based approach to learning that is student centered and
provides the means for gaining problem-solving and life-long
learning skills.15.16,17

There is only a very fine distinction between project-
based and problem-based learning. The difference between
them is that the students in problem-based learning are
primarily focused on the process of learning, while project-
based learning needs to culminate in an end product. The
essence of project-based learning is that a question or
problem serves to organize and drive activities, and these
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activities culminate in a final product that addresses the
driving question.18

Students in project-based learning classrooms get higher
scores than students in traditional classrooms and have
increased long-term retention of skills and concepts.19.20 PBL
using clay model and modelling compound has been
successfully used to improve the 3 D anatomical
understanding in medical students.2! There is a dearth of
literature on project-based teaching methods in medical
education. Very few studies have been conducted using
modelling compound in the teaching of applied anatomy in
ENT and as a project-based teaching-learning method in the
field of medical education.

The present study was conducted with a hypothesis that
project-based learning using modelling compounds is better
than lecture in helping the medical students develop a 3 D
anatomical knowledge of the middle ear and the lateral wall
of the nose. The purpose of this study was to compare the
effectiveness of PBL over lecture in the acquisition of 3-D
anatomical knowledge of the middle ear and lateral wall of
the nose in third-year MBBS students and also to understand
the student perception towards PBL.

METHODS

This quasi-experimental study was done at Government
Medical College (GMC), Ernakulam from November 2017 to
December 2017 among 84 third-year undergraduate medical
(MBBS) students who had given consent for the study. They
were divided into 3 batches according to roll numbers (28
students in each). 2 topics in ENT anatomy were selected. 14
students of one batch attended lecture class, while the
remaining 14 attended PBL class. This was repeated for the
remaining 2 batches. For the second topic, a cross-over was
given. Pre-test and post-tests for both topics were
administered to all the students. Feedback regarding the
student perceptions about PBL was obtained.

Ethical approval was granted by the Institutional Ethics
Committee, GMC Ernakulam. (IEC/40/17 dt 14/11/2017).
Informed written consent was also obtained from all the
students who participated in the study. From the class of 91
MBBS students, 7 were absent and hence excluded. The
remaining 84 students were included in the study.

To avoid overcrowding of the students and for smooth
conduct of the study, they were divided according to their roll
numbers into 3 batches (28 students each).

Two topics-anatomy of the middle ear and lateral wall of
the nose were chosen for the study.

Two sets of separate questionnaires for ear and nose
were used for the pre and post-tests. Each set comprised of
peer-validated multiple-choice questions (MCQs). A five-point
Likert scale questionnaire, validated by conducting a pilot
study in a smaller group comprising of senior students was
used to obtain feedback at the end of the PBL sessions.

Initially, a pre-test was given to the first batch of 28
students. They were then divided into two groups of equal
number of students (14).

In the first week, the anatomy of the middle ear was
chosen as the topic. The first half of the batch (14 students)

was given a lecture class on the anatomy of the middle ear
(Lecture group-Ear), while the second half of the batch (14
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students) was given a project (PBL group-Ear) for preparing
a model of the anatomy of the middle ear using modelling
compound -Play-Doh and cardboard. To avoid interaction and
sharing of learning materials, both groups were assigned
separate classrooms for the learning activities. A facilitator
remained in the PBL classroom to give appropriate
instructions. A post-test was conducted immediately at the
end of the session in both the lecture and PBL groups. The
same process was repeated for the remaining two batches of
students.

In the second week, the lateral wall of the nose was
chosen as the topic. A cross-over was given this time so that
the students were exposed to both teaching modalities.

After the pre-test, the group which was given a lecture
class on the middle ear was now given a project (PBL) for
preparing an anatomical model of the lateral wall of the nose
(PBL group-Nose). The group which was given a project (PBL
group-Ear) for preparing the middle ear anatomy model was
now given lecture class on the lateral wall of the nose
(Lecture group-Nose). A post-test was conducted
immediately at the end of the session in both groups.

Statistical Analysis

The scores of the multiple-choice questions obtained were
entered in a Microsoft Excel spreadsheet. Feedback was
obtained at the end of the session and the perceptions of the
students about the teaching methods were recorded on a 5-
point Likert scale. The feedback questionnaire had been
validated by a pilot study conducted on a smaller group
comprising of ten senior students and the necessary
corrections were made.

Data was also obtained on the demographics of the
participants and their previous exposure to the subject
matter.

Statistical analysis was made using SPSS software
(version 21.0). The Mean scores of the groups were analysed
using paired and unpaired t-tests. Paired t-test was done to
compare the difference in the mean of the pre and post-test
scores gained by the students in the lecture and PBL sessions.
Unpaired t-test was done to compare the mean of the pre and
post-test scores obtained by the two methodologies. The
relation of gender with the overall perception of PBL with
modelling compound was tested using the chi-square test.
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After the intervention, there was a definite improvement
in the mean pre-test scores, in both PBL and lecture groups in
both topics. As depicted in Table: 1, this difference was
statistically significant with a p value of 0.001.

As seen in Table: 2, there was no statistically significant
difference in the mean pre-test scores of both the lecture and
PBL groups in both ear and nose topics. (p value 0.59 and
0.83 respectively)

Test Group Test N Mean S.t d'. p Value
Deviation
Lecture group-Ear ~ Pre-test1 42 5.595 2.142 059
Pre-test PBL group-Ear Pre-test1 42 5.857 2.322
Lecture group-Nose  Pre-test2 42 4.429 1.417 083
PBL group-Nose Pre-test2 42 4.500 1.612
Table 2. Comparison of Mean of Pre-test Scores -Lecture and PBL
(Ear and Nose)

As shown in Table: 3, it was found that the mean post-test
score for the lecture group was higher when compared to the
PBL group in the case of the nose topic. This difference was
statistically significant with a p value of 0.004.

In the ear topic, there was no significant difference
between the mean post test scores of the lecture group and
PBL group (p value 0.938)

Test Group Test N Mean Std. Deviationp Value|
Lecture group-Ear ~ Post-test1 42 8.095 1.323 0.938
Post- PBL group-Ear Post-test1 42 8.071 1.472
test Lecture group-Nose  Post-test2 42 6.643 1.723 0,004
PBL group-Nose Post-test2 42 5.595 1.483
Table 3. Comparison of Mean of Post-test Scores -Lecture and PBL
(Ear and Nose)

Table: 4 and Fig: 1 presents the student perception
regarding PBL activity. The majority of the students (88%)
had a favourable view of PBL as a teaching method. Most of
the students opined that PBL helped in improving attention
(94%), arousing interest in the subject (89.3%), and
understanding the anatomical concepts better (83.4%).
Unfavourable opinions among the students regarding the PBL
ranged from 6-16.7%.

Total  Very . Very
No.of Good Good Fair Poor Poor
Students No. (%) No. (%) No. (%) No. (%) No. (%)
Arouses interest
in the subject
Improves
attention
Understanding

anatomical 84 45(53.6) 25(29.8) 9(10.7) 5(6) 0(0)
concepts better
Overall
assessment of
the teaching
method

Perception-
variables

84  49(583) 26(31)  8(9.5) 1(1.2) 0 (0)

84  49(583) 30(357) 4(48) 1(12)  0(0)

84  39(46.4) 35(41.7) 7(83) 3(3.6) 0(0)

Table 4. Distribution of Perception Regarding PBL

RESULTS
. No. of Std.
Topic Group Test Students Mean Deviation p Value
Lecture Pre-test 42 5.595 2.142 0.001
Ear group Post-test 42 8.095 1.322
Project Pre-test 42 5.857 2.322 0.001
group Post-test 42 8.071 1.472
Lecture Pre-test 42 4.429 1.417 0.001
Nose group Post-test 42 6.643 1.723
Project Pre-test 42 4.5 1.612 0.001
group Post-test 42 5.595 1.483
Table 1. Comparison of Mean of Pre and Post-test Scores -Lecture and
PBL (Ear and Nose)
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27 male and 57 female students participated in the study.
92.6% (25) male students perceived PBL as a good teaching-
learning method, while only 86% (42) female students
perceived PBL as good. Even though there was an absolute
difference in the perception of PBL with gender, the chi-
square test revealed that this difference was not statistically
significant (p value 0.314.) as seen in Table: 5.
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Figure 1. Student Perception about PBL with Modelling Compound

Gender Poor N (%) Good N (%) Total N (%)
Male 2(7.4) 25 (92.6) 27 (100)
Female 8 (14) 49 (86) 57 (100)
Total 10 (11.9) 74 (88.1) 84 (100)

2=0.767 df1p 0.314
Table 5. Relation of Gender - Overall Perception of PBL with
Modelling Compound

DISCUSSION

Project-based learning and problem-based learning is similar
in many aspects. Though problem -based learning is well
established in medical education, there is a paucity of project-
based studies in anatomy and medical education.

In a study conducted to find out the effectiveness of PBL
when compared to traditional teaching in gross anatomy,
among first-year medical students in Iran, it was found that
the PBL method resulted in better examination scores
compared to the traditional teaching methods.22 Several
studies have shown that, when manipulative materials like
clay were used, the students showed gains in their knowledge
immediately after the activities.23.24

In the present study, it was seen that both lecture and
PBL resulted in significant knowledge gain after intervention
in both the anatomy topics selected. This was similar to the
results of a study by Shruthi et al. who compared tutorials
with PBL in the instruction of anatomy topics, among first-
year undergraduate medical students; wherein it was
observed that there was a statistically significant difference
in the mean scores between pre and post-test with both
tutorials and PBLs. This indicated that knowledge attained in
both the tutorial and PBL sessions was of a greater level.2

In this study, the comparison of pre-test scores of both
lecture and PBL groups in both topics did not show any
significant difference. This shows that all groups were having
comparable knowledge levels before intervention.

After the intervention, both PBL and lecture could bring
about statistically significant change in the baseline
knowledge level of the students in both the ear and nose
topics.

Comparison of the post-test scores in this study revealed
that both PBL and lecture were found to be equally effective
in the instruction of ear anatomy. But it was noted that the
lecture was more effective than PBL in the instruction of
anatomy of the lateral wall of the nose.
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The probable reasons for this could be the novelty of the
teaching method to both students, the unfamiliarity of the
students with the modelling compound, as well as the
difficulty of the topic selected.

Thus, it was seen that PBL was not found to be more
beneficial than conventional lectures in the acquisition of
knowledge. This is in contrast to the findings of studies
comparing lectures with PBL. 24

In a systematic literature review on studies comparing
PBL with the conventional mode of teaching, Nandi P L et al.
found that there was no convincing evidence of enhanced
learning using PBL although, both these curricula encouraged
diverse ways of learning. 26

This study shows that the students widely appreciated
the PBL teaching method and consider it to arouse interest in
the subject, improve attention and help in understanding
anatomical concepts better. A similar observation was made
in a study describing the implementation of project-based
learning among first-year veterinary anatomy students. The
majority (80%) favoured active learning compared to
traditional classes and were of the opinion that it helped
them understand the theoretical content of the subject
better.!3 In the study by Khaki et al. the students were found
to be happier with the PBL method and believed that it
improved their perception regarding their anatomical
knowledge and their problem-solving skills.22The studies
conducted in the physiology, pharmacology departments of
various medical colleges also elicited a comparable and
favourable response from the medical students.27.28 In a
literature review of over nineteen years, Nandi et al. observed
that not only the students but also the teachers enjoyed the
PBL curriculum.2é

In this study, there was no significant difference between
male and female students in their perception of the PBL as a
teaching method. This was in agreement with the findings of
the study by Singaram et al. in which there was no significant
variation in the student perception with gender, age, first
language, prior educational training, or the type of schools
they have previously attended.? However, in a study
conducted among medical students in UAE, there was a
significant difference among the genders, in their perception
of project-based learning, with a higher proportion of females
preferring projects over males. The authors posit that
sociocultural reasons could be responsible for this difference
among genders.30
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One of the limitations of this study was that the study
duration was for a short period. The post-tests taken
immediately after both lecture and project showed
improvement in scores. Follow-up tests must be conducted in
both groups for assessing long-term retention of knowledge,
to give a definite opinion on the effectiveness of the project.
Most of the students were using modelling compounds for the
first time and were not familiar with PBL sessions.

CONCLUSIONS

In conclusion, both project-based teaching and lecture
brought about significant change in the knowledge level of
the student. While the study did not show that PBL was more
beneficial than conventional lecture in the acquisition of
knowledge, the PBL approach was widely favoured by the
students as a Teaching-Learning Method (TLM).

More PBL methods using art-based methods and
manipulatives should be incorporated along with small group
discussions and lectures in teaching complex 3 D anatomy,
especially in ENT. A blend of both traditional teaching and
PBL activities will offer the most effective training to
undergraduate students.
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