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ORIGINAL STUDY

3-Dimensional Model Making as an Innovative Tool
for Enhanced Learning Through Student Engagement
Among Early Professional Medical Graduates

Shobha Chikkavaddaragudi Ramachandra, Vivek Anand Ojha, Devananda Devegowda,
Suma M. Nataraj, Prashant Vishwanath, Akila Prashant*

Centre of Excellence in Molecular Biology & Regenerative Medicine, Department of Biochemistry, JSS Medical College, JSS Academy of
Higher Education & Research, India

Abstract

Background: Various innovative teaching-learning methods have been introduced in the medical curriculum for a better
understanding of the difficult topics. We introduced the 3-dimensional (3D) model-making as an innovative tool for
enhanced learning through student engagement among early professional medical graduates.

Methods: The study was conducted in the Department of Biochemistry of a Private Medical College. The phase I
medical undergraduate students were divided into 20 groups with 10 students in each group. The topics taught by di-
dactic lectures were allotted to each group by lottery method and were informed that the best model will be suitably
rewarded after evaluation. Feedback was collected from the students on a five-point Likert scale after the submission and
evaluation of the models.

Results: About 92% of the students expressed that 3D model-making was an innovative method of learning in the
medical profession, and 96.3% agreed that the topics allotted were relevant to the syllabus and helped in better un-
derstanding of the subject when compared to didactic lectures. The students also agreed that the 3D model-making
activity enhanced their creativity and application of knowledge to learn biochemistry, developed a positive attitude,
helped to coordinate with their peers, and improved communication skills. They suggested that this activity should be
continued with the inclusion of more topics.

Discussion: The 3D model-making activity helped the students to enjoy learning, think differently, understand better,
expand their knowledge and recall information more comprehensively.

Keywords: Model-making, Innovative teaching method, Enhanced learning, Biochemistry

1. Background Anatomy, Physiology & Biochemistry are the
building block for the entire medical career gener-

U niversities are the birthplaces of new ideas ally taught in the first phase of the medical curric-
seeded by knowledge, creativity & innovation ulum. Teaching and leart.ung biochemistry is one of
mastered by learning. Knowledge & Learning can  the greatest challenges in the undergraduate cur-
never live in disparity to each other, they are like rlculum. I't is only re‘cently that the National Meleal
pollex, and the rest of the four fingers, always Commission of India (NMC) has proposed major
function in synchronization. In recent years, medical ~ changes in the teaching-learning methodology of
universities globally are striving toward bringing the m.edlcal currlcglum [1] to bring about active and
innovations in medical education that will inculcate ~ Self-directed learning culture among the students.

the problem-solving culture among undergraduate Else, teaching-learning and assessment ‘methods
students. have not changed much to meet the emerging needs
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of the students and society in India for a long time
[2]. For decades biochemistry is taught primarily
through didactic lectures. The didactic method is
one of the basic components of education and helps
to understand the existing knowledge; broaden the
ideas and direct to point out things of value; achieve
educational objectives; evolve the process of edu-
cation and attain the desired results [3]. Despite the
above advantages, didactic lectures have many
drawbacks and many medical schools have shifted a
major part of their teaching-learning activity to
more student-centric methods. Teaching is not
separable from learning and it is not merely
providing information or knowledge, but also
demonstrating skill, attitudes, and values [4]. The
subject of biochemistry involves the teaching of
certain facts which cannot be verified practically. It
involves memorizing the chemical structure and
reactions which may be difficult to imbibe. This
makes the student think that the study of
biochemistry is volatile, difficult, and uninteresting.

With these drawbacks of didactic lectures, many
innovative methods have been introduced to the
teaching system like problem-based learning, role
play, mind mapping, etc which involve a small
group of students and encourage them to make
learning more effective, efficient, and meaningful.
We need to develop innovative active learning
modules both inside and outside of classrooms,
which in turn will foster more interaction among
students, ignite their eagerness, create significant
learning environments, and in turn help in the
recall of topics [5,6]. Creating 3D models is one
such innovative teaching-learning tool used to
some extent across basic medical sciences. A pilot
study where 3D anatomy models were used to
teach the most complicated areas of the body like
the mediastinum, the upper abdomen, and the
pelvis demonstrated that it helped the students to
gain a deeper understanding of the shape and
spatial organization of the anatomical structure [7].
Model-making fosters many attributes of active
learning like creativity, application of medical
knowledge, team building, leadership, resource
management, and communication skills. Active
learning is a learning activity that engages students
actively in a classroom through different methods
unlike didactic lectures [8]. Based on all these facts
we hypothesized that introducing 3D model-mak-
ing activity as an innovative method of active
learning will help the students to enjoy learning,
think differently, understand better, expand
their knowledge and recall information more
comprehensively.

2. Methods

The study was conducted in the Department of
Biochemistry of a Private Medical College recog-
nized by the National Medical Commission to admit
200 students per year for the Bachelor of Medicine
and Bachelor of Surgery (MBBS) program. The
phase I medical undergraduate students partici-
pated in creating 3D models explaining the
biochemical concepts during their second semester.
A total of 200 students were divided into 20 groups
with 10 students in each group as per their univer-
sity register numbers. Topics in Biochemistry, which
were taught during their lecture classes were
selected and allotted to each group by lottery
method (Table No 1). These topics were chosen by
the department faculty in consultation with two
external subject experts from the must-know and
desirable to know sections of the phase I curriculum
to meet their respective specific learning outcomes
(SLO). For eg. The SLO for the topic, the “fluid
mosaic model” of the cell membrane was “to explain
the structure and functions of the cell membrane
with a suitable diagram”. Likewise, it was ensured
that the SLOs of all the allotted topics were met at
the end of this activity.

The students were given two weeks to prepare the
3D models and were informed that the assessment
will be based on their creative ideas and teamwork
during the presentation and discussion. To
encourage the students and to ensure their active
participation in the activity, suitable rewards for the
three best models and their respective group was
assured. The group met after their class hours to
discuss and build the 3D model assimilating all the
ideas from their team members. At the end of the
second week, each group submitted their respective
3D models to the department (Fig. 1). Two external
and one internal faculty assessed the models based
on the criteria shown in Table 1 and marks were
allotted accordingly. On the day of the assessment,
each group was given 10 min for the presentation
and 5 min for discussion. The marks were tabulated
and the three groups scoring the highest marks
were rewarded on the following day.

Following the assessment and before the
announcement of the results, feedback was collected
from the students on a five-point Likert scale (Table
2). Students were informed that their opinion on the
feedback would be voluntary and kept anonymous,
with no impact on their academic records. The re-
sponses were reported in a summative form. The
coefficient of reliability of questions administered
was assessed by calculating Cronbach's alpha. The
models were exhibited and made available to all
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Fig. 1. Shows the selected models prepared by the students with their innovative ideas.

Table 1. List of topics for Model-Making and Assessment checklist used by the evaluators.

Topics for Model Making Creativity Content of the Organization Involvement of the Discussion and Ability
(Marks 20) presentation of the content team members in the to answer the questions
(Marks 20) (Marks 20) presentation (Marks 20) (Marks 20)

1. Fluid mosaic model
2. Secondary active
transport of glucose
. DNA structure
. Replication fork
Mechanism of enzyme action
Metabolism and
biochemical functions of vitamin D
7. Immunoglobulin's
8. Bilirubin metabolism
9.
1

oo W

Structure of ATP synthase
0. Transport of dietary
lipids by chylomicrons
11. Glucose alanine cycle
12. Source of nitrogen and
carbon atoms of purine
and pyrimidine ring
13. Metabolism in the fed state
14. Metabolism in the fasting state
15. Types ELISA
16. Rickets
17. Scurvy
18. Electrophoresis
19. Obesity and its complications
20. In vivo and ex vivo gene editing
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Table 2. Feedback form collected from the students on a five-point Likert scale.

Feedback form

1. Do you feel that model-making is an innovative method of learning in the medical profession?

Yes No

1.1. If “Yes’ to Q.1. then why?

1.2. If ‘“No’ to Q.1. then why?

Questions

Strongly Agree Cannot  Disagree Strongly
agree (5) (4) comment (2) disagree
3) M

2. Were the topics allotted relevant to your

syllabus?

3. Was sufficient time given for the making of the

model?

4. Was there active participation among all the

members of the team?

5. Do you think this exercise helped you in better

understanding the topic?

6. Did this exercise inculcate the culture of active

learning?
7. Do you think this exercise should be continued?

8. Do you think more topics can be allotted for

model making?

9. This topic was better understood during the

model making exercise

10. This topic was better understood during didactic

lectures

11. Model making exercise enhanced my creativity

and application of knowledge in biochemistry

12. Were you able to easily find the resources for

model making?

students for visualizing and discussing among
themselves to clear their concepts.

Statistical analysis: Data was tabulated in Micro-
soft excel and responses of the students to the
feedback questionnaire were represented as per-
centages. Cronbach's alpha of the questions
administered had high internal consistency with a
score of 0.86.

3. Results

About 92% of the students expressed that creating
3D models was an innovative method of learning in
the medical profession, 96.3% agreed that the topics
allotted to the entire batch were relevant to their
syllabus, and 81.6% agreed that sufficient time was
given for creating the 3D model. Around 63.8%
agreed that there was active participation among all
the members of the team, however, 20.9% of stu-
dents were neutral, and 15.3% of students dis-
agreed. About 84% agreed that this exercise helped
in a better understanding of the topics, 87.5% agreed
that this exercise inculcated the culture of active
learning, 69.9% strongly agreed that this exercise

should be continued, 77.2% agreed that more topics
should be allotted for model-making, 85% agreed
that 3D model-making activity enhanced their
creativity and application of knowledge in
biochemistry, 74.1% agreed that they could easily
find the resources for creating the 3D model, and
87% agreed that the topic was better understood
during the making of the model. 60% strongly dis-
agreed and 27% disagreed that the topic was better
understood during didactic lectures (Fig. 2).

4. Discussion

Education should inculcate self-discipline and
commitment to achieve in the minds of students and
it should be filled with fun and thrill, rather than
burden and boredom. Learning empowers students
with scientific understanding, precision skills, and a
positive attitude guiding the student in the right
direction. This is the foundation that justifies the
concept of “Learning by Doing” such as creating a
3D model to understand a particular topic scrupu-
lously. Even with the best teaching modules, there
are possibilities of some disconnect between the
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Fig. 2. Shows the student responses to the questions included in the feedback form collected on a five-point Likert scale.

instructional teaching and the performance score
which often leads to misinterpretation about the
student.

Teaching with the help of 3D models is now tak-
ing a step forward in undergraduate medical edu-
cation and this approach is also accepted by
clinicians for diagnosing and treating patients [9].
The current 2-Dimensional teaching method, like
didactic lectures using PowerPoint presentations, is
insufficient to make the students understand the
subject meticulously. To make the subject inter-
esting and enjoyable we employed this innovative
method of making 3D models for different topics in
the syllabus. Evaluation is an integral part of med-
ical education and feedback from the students is the
most common evaluation method used [10]. To
assess the effectiveness of this active learning
method, feedback was collected from all the stu-
dents on a five-point Likert scale.

On the day of the presentation, students were well
prepared and enthusiastic to present their models
created with their innovative ideas. The topic of
rickets was presented and explained through a
puppet show which depicted how a normally born
child develops the clinical features of rickets due to
deficiency of vitamin D resulting from inadequate
exposure to sunlight and cultural activities, later
recovered completely with prompt supplementation
with Vitamin D. The sources of carbon and nitrogen
atoms in the ring structure of purine and pyrimidine
was depicted in the form of a golf course wherein
the golfer strikes the differently colored balls to their
respective positions.

The phase I medical undergraduate students
expressed that creating a 3D model was an

innovative method of learning in the medical pro-
fession as it helped to understand the topics
comprehensively, brought out the creativity in their
minds, enhanced confidence, was a stress buster,
helped to recollect the topics with ease, inculcated
the spirit of teamwork and helped to think out of the
box. Almost all the students agreed that the topics
allotted were relevant to the syllabus which helped
them to gather more information about the subject.
About three-quarters of the students agreed that
sufficient time was given to create the model during
which they could plan, procure the required mate-
rials, and build the model. Most of the students
agreed that model-making exercise enhanced their
creativity and application of knowledge in learning
biochemistry. More than half of the students agreed
that there was active participation among all the
members of the team, unfortunately, the rest of the
students did not agree with this. The majority of the
students agreed that this exercise helped them to
better understand the topic which inculcated the
culture of active learning, agreed that this exercise
should be continued and more topics must be
allotted for model-making so that they can under-
stand each topic in detail. They also agreed that they
could easily find the resources to create the model.
Overall, the students understood the topic better
during the making of the model when compared to
the explanation of the same topic during the didactic
lecture. Barling et al. in a similar exercise demon-
strated that students were highly resourceful in
creating the models which stimulated, informed,
and educated the constructors. These models were
later used as a teaching resource in didactic lectures
[11].
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Despite obtaining positive feedback from a ma-
jority of the students, a small percentage of students
did make the following remarks: Some of the stu-
dents opined that the model-making exercise was
time-consuming and suggested that it could be
organized at the end of the first semester. A few of
the students mentioned that only one single topic
could be studied in detail and not everyone in the
team participated or contributed to the planning
and building of the model, some of the students
desired freedom in choosing the topic for model-
making which was not given during this instance.

To make this activity more acceptable to the stu-
dents we considered addressing a few of the re-
marks or suggestions given by the students. For
example, this activity can be planned during the first
semester, the presentation of the model can be
made in front of all the students so that everyone
understands it better and freedom to choose the
topics may be given to the students ensuring that
there is no repetition of the topics.

Keeping in mind the drawbacks of didactic lec-
ture, which is the mode of teaching followed by
most medical schools in India, NMC has introduced
a competency-based curriculum, which describes
the attributes the medical undergraduate should
possess at the end of the course. This is achieved by
shorter group discussions, inter-departmental inte-
gration in the medical school, the introduction of
objective structured practical examinations (OSPE)
and objective structured clinical examinations
(OSCE), etc. With the results of the current study,
the model-making activity may be introduced as
one of the components of the new NMC curriculum.
Similar studies may be carried out in other medical
schools and the effectiveness of model-making as
one of the teaching-learning methodologies can be
further validated.
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