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Abstract:

Aims: The study aims to compare the effectiveness of traditional and innovative educational practices in
pharmacology education among 2nd Professional MBBS students, focusing on enhancing student engagement,
knowledge retention, and the development of critical clinical skills.

Methods and Material: A prospective questionnaire-based study was conducted at K D Medical College & Hospital,
Mathura, involving 300 students divided into control (traditional methods) and experimental (innovative
methods) groups. The control group received lectures and lab sessions, while the experimental group engaged with
flipped classrooms, collaborative learning, and interdepartmental integration. Data collection included pre-and
post-test assessments, surveys, focus groups, and classroom observations. Quantitative data were analyzed using
T-tests and ANOVA, and qualitative data were thematically analyzed using SPSS Version 26. Ethical approval was
obtained, and participant confidentiality was maintained throughout the study.

Results: The experimental group demonstrated significantly higher knowledge acquisition, scoring on average 25
points more than the control group. Additionally, the experimental group had a 90% attendance rate compared to
75% in the control group, indicating a 15% increase in attendance due to the intervention. Satisfaction levels were
also higher in the experimental group, with average scores ranging from 4.5 to 4.9 out of 5, compared to 3.0 to 3.4
in the control group. The findings further indicated that the use of innovative teaching strategies led to improved
student participation and interaction. Benefits highlighted in student journals included enhanced visualization,
social learning, and applied knowledge.

Conclusions: In Conclusion, Innovative teaching methods such as games, case discussions, and role-playing were
more effective than conventional lecturing in enhancing knowledge acquisition, motivation, attendance, and course
satisfaction in pharmacology.
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INTRODUCTION:

Pharmacology education has traditionally relied on
lectures and practical laboratory courses to impart
essential knowledge and skills to students. While
these conventional methods have laid the
groundwork for understanding drug mechanisms,
interactions, and therapeutic applications, the
evolving landscape of medical science and
educational technology necessitates a re-evaluation
of these pedagogical approaches. The increasing
complexity of pharmacological science, coupled with
the need for more interactive and engaging learning
experiences, calls for innovative strategies that
transcend traditional teaching methods.
Conventional pharmacology teaching has been a
didactic process that involves imparting knowledge
through lectures, demonstration of techniques and

formative and summative assessments in the form of
tests and viva. ! Nevertheless, education in
pharmacology is no longer restricted to
pharmacology education employing these methods
only. 2 As technology has improved and with the
growing awareness of the principles of adult
learning, improvements are now being made to try to
make the teaching of pharmacology more efficient,
relevant, integrated and student-centred. 3 This has
emerged as rather crucial as pharmacology is a
fundamental course to understand the behaviour of
drugs in biological systems. 4

Traditional pharmacology instruction, heavily reliant
on lectures and practical sessions, often overwhelms
students with abstract information, making it
difficult for them to connect pharmacological
principles to clinical scenarios. > ¢ This approach,
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coupled with a focus on rote memorization for
exams, hampers the development of essential skills
like problem-solving and critical thinking. 7 To
address these challenges, integrating modern,
student-centred strategies—such as virtual patient
tutorials, serious games, flipped classrooms, and case
discussions—can enhance student engagement,
promote active learning, and foster a deeper
connection to clinical practice. 810 These methods
also provide flexibility and timely feedback,
improving overall learning outcomes. 11-13

Several studies have highlighted the effectiveness of
innovative strategies in advancing pharmacology
education. For instance, the transition from a lecture-
only approach to incorporating games and case
studies, as explored by Thomas and Schuessler
(2016), resulted in significant improvements in
student engagement, standardized test scores, and
overall learning outcomes. 1% Similarly, Alsanosi
(2022) described a reformed curriculum at Umm Al
Qura University that emphasized student-centred
learning, critical thinking, and real-life application of
pharmacological knowledge, which marked a
significant shift from traditional methods and
enhanced the curriculum's relevance and
effectiveness. 15

Outcomes of the program in terms of not only the
knowledge that students have gained but also the
development of clinical reasoning  skills,
communication skills, and reflective practice must be
assessed. 16 It is, therefore, important to further
assess their applicability in pharmacology education
within the various degrees offered in healthcare
disciplines through more precise studies with better
study designs. 17 Several issues are important to
consider regarding the prospects of costs and
resources available and faculty development, mainly
in developing nations.

The study aims to provide a comprehensive
overview of these innovative methods, assess their
impact on pharmacology education, and offer
recommendations for their implementation. By
expanding the scope of pharmacology education
beyond conventional boundaries, the study aims to
foster a more robust, adaptable, and forward-
thinking educational framework that meets the
demands of the evolving field of pharmacology. In
doing so, this paper seeks to contribute to the
ongoing discourse on enhancing pharmacology
education and ultimately improve the preparation of
future professionals in the pharmaceutical sciences.

SUBJECTS AND METHODS:

Study Design

This prospective study was conducted by the
Department of Pharmacology, K D Medical College &
Hospital, Mathura, to compare the effectiveness of
traditional and innovative educational practices. The
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study involved 2nd Professional MBBS students from
the 2020 and 2021 batches.

Study Participants

A total of 300 students participated in the study, with
the participants divided into two groups. The control
group, consisting of 150 students, received
traditional instruction through lectures and
laboratory sessions. In contrast, the experimental
group, also comprising 150 students, engaged with
innovative pedagogical approaches that integrated
technology and collaborative learning methods.

Study Procedures

e Control Groups

In the control group, students received traditional
instruction through a combination of lectures and
laboratory sessions. Lectures were delivered using
PowerPoint presentations and whiteboards, offering
students a structured approach to learning the
material. Laboratory sessions complemented the
lectures by providing practical demonstrations of the
concepts discussed in class, helping to solidify their
understanding. To further support their learning,
students were given lecture notes and lab manuals,
ensuring they had the necessary resources to review
and study the material outside of class.

o Experimental Groups

The experimental group was engaged with
innovative teaching strategies that incorporated
technology and collaborative learning methods. A
flipped classroom model was employed, requiring
students to watch recorded lectures or complete
reading assignments prior to attending class. This
approach allowed classroom time to be dedicated to
interactive learning activities that were directly
related to the pre-assigned content. Additionally,
small group activities were organized to simulate
real-life medical conditions, providing students with
hands-on experience in managing clinical scenarios.
Quizzes and flashcards were utilized to reinforce
learning and assess student understanding.
Furthermore, the experimental group benefited from
interdepartmental integration, as collaboration with
the Department of Medicine provided them with
additional clinical context and practical applications
of pharmacological principles.

Data Collection

e Quantitative Data

Quantitative data collection involved several key
methods to assess the impact of the educational
interventions. Knowledge gain among students was
measured by comparing their pre-and post-test
scores after each class, providing a clear indicator of
learning outcomes. Student satisfaction was
evaluated through questionnaire-based surveys,
which were administered at the end of each teaching
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session to capture feedback on their learning
experiences. Additionally, student participation was
monitored using an attendance measurement
system, ensuring accurate tracking of engagement
levels throughout the study.

e Qualitative Data

Qualitative data collection focused on gaining deeper
insights into the student's learning processes and
experiences. Focus groups were organized using the
learn-triad structure, allowing for in-depth
discussions that represented the perspectives of the
target population. These discussions provided
valuable qualitative data on how students perceived
and engaged with the different teaching methods.
Classroom observations were conducted, with
descriptive field notes capturing the dynamics
between students, instructors, and peers during the
sessions. Finally, students maintained reflective
journals throughout the semester, documenting their
attitudes, concerns, and any significant incidents that
occurred, offering a rich source of qualitative
information on their learning journeys.

Ethical Consideration

Ethical approval for the study was obtained from the
Institutional Ethics Committee at K D Medical College
& Hospital, Mathura. All participants provided
informed consent, and confidentiality was
maintained throughout the study. The study adhered
to the ethical guidelines for research involving
human participants, ensuring that the student's
rights and well-being were prioritized.

Data Analysis
The SPSS (Version 26) software was used to perform
the statistical tests. For the quantitative data, T-tests
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and ANOVA were employed to compare the pre-and
post-test scores, as well as survey ratings, between
the control and experimental groups, enabling a
statistical assessment of the differences in learning
outcomes and satisfaction levels. For the qualitative
data, textual information from focus groups,
classroom observations, and reflective journals was
systematically categorized into subcategories to
facilitate a deeper understanding of the students’
experiences. Triangulation was used to cross-verify
and enrich the analysis, ensuring a robust and
comprehensive interpretation of the data collected.

RESULTS:

Demographic Characteristics of Participants
Table 1 shows the demographic characteristics of the
participants in both the control and experimental
groups, ensuring comparability across several key
variables. The age distribution was similar, with
63.3% of the control group and 66.7% of the
experimental group falling in the 20-21 age range.
Gender distribution was nearly equal, with 50.0%
males and 50.0% females in the control group and
52.0% males and 48.0% females in the experimental
group. All participants were 2nd-year MBBS
students, providing a consistent educational
background (100% in both groups). Regarding prior
exposure to pharmacology, 43.3% of the control
group had no previous exposure compared to 40.0%
in the experimental group, while the experimental
group had a slightly higher percentage of students
with basic (36.7% vs. 33.3%) and moderate (18.0%
vs. 16.7%) course experience. Participation in extra-
curricular activities was also comparable, with
36.7% of the control group and 34.7% of the
experimental group reporting participation.

Table 1: Demographic Characteristics of Participants

Characteristic | Control Group (n=150) | Experimental Group (n=150)
Age (Years)
18-19 35 (23.3%) 32 (21.3%)
20-21 95 (63.3%) 100 (66.7%)
22-23 20 (13.3%) 18 (12.0%)
Male 75 (50.0%) 78 (52.0%)
Female 75 (50.0%) 72 (48.0%)
Educational Background
2nd Year MBBS | 150 (100%) | 150 (100%)
Prior Exposure to Pharmacology
None 65 (43.3%) 60 (40.0%)
Basic Course (1-2 classes) 50 (33.3%) 55 (36.7%)
Moderate Course (3-5 classes) 25 (16.7%) 27 (18.0%)
Advanced Course (>5 classes) 10 (6.7%) 8 (5.3%)
Participation in Extra-Curricular Activities
Yes 55 (36.7%) 52 (34.7%)
No 95 (63.3%) 98 (65.3%)
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Knowledge Acquisition Analysis

The results depicted in Table 2 demonstrate a
significant improvement in knowledge acquisition
for the experimental group, which was exposed to
innovative teaching methods, compared to the
control group, which received traditional instruction.
The variables used were the scores of five students
randomly selected from each group. Both groups
started with similar pre-test scores, averaging
around 55-60. However, the post-test scores in the
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experimental group ranged between 85 and 90,
reflecting a substantial increase in performance. In
contrast, the control group only showed a modest
improvement, with post-test scores ranging between
63 and 67. This difference in outcomes was
statistically significant, as indicated by a p-value of
less than 0.05 (p < 0.05), confirming that the
observed improvements in the experimental group
were not due to chance but rather the effectiveness
of the innovative educational strategies employed.

Table 2: Knowledge Acquisition Results
Post-Test Post-Test Scores . Knowledge Gain
Pre-Test . Knowledge Gain .
Student ID Scores (Control (Experimental (Experimental
Scores (Control Group)
Group) Group) Group)
Student 1 55 63 85 8 30
Student 2 60 67 90 7 30
Student 3 58 65 88 7 30
Student 4 62 68 86 6 24
Student 5 57 66 87 9 30
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Figure 1: Knowledge acquisition analysis Showing Comparison of Pre-Test and Post-Test Scores for Control and
Experimental Groups.

Student Satisfaction
The experimental group, which was exposed to
innovative teaching methods, reported significantly

indicate that this difference was statistically
significant, suggesting that innovative teaching
strategies were much more effective in enhancing

higher satisfaction levels (mean score: 4.7 + 0.4) student satisfaction compared to traditional
compared to the control group (mean score: 3.2 + methods (Table 3; fig 2).

0.5). The t-value of 18.92 and the p-value of 0.001

Table 3: Student Satisfaction Scores
Group Satisfaction Score (Mean + SD) | t-value | p-value
Control Group 3.2+0.5
Experimental Group 4.7+04 1892 0.001
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Student Satisfaction Survey Results
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Figure 2: Student Satisfaction Survey Results.
Student Attendance < 0.01, indicating that the difference in attendance
The analysis of attendance rates revealed that between the two groups is statistically significant
students in the experimental group had a (table 4). This suggests that the innovative teaching
significantly higher average attendance rate (92%) methods were successful in improving student
compared to the control group (78%). The chi- engagement, as reflected in their higher attendance
square test yielded a value of 22.54 with a p-value of rates.
Table 4: Chi-Square Test for Attendance Rates
Group Average Attendance Rate (%) | x*-value | p-value
Control Group 78% ok
Experimental Group 92% 2254 | <001
Student Focus Group Insights engaged and interested in the class." Furthermore,
The qualitative data from focus groups highlighted the theme of real-world application was frequently
several key themes related to the effectiveness of the mentioned (30 references), with students
innovative teaching methods. Students in the appreciating how "seeing real-life cases helped me
experimental group reported enhanced connect theory to practice." These insights suggest
understanding, as indicated by 35 references, with that the innovative methods not only improved
quotes like "I understood the material much better in comprehension but also made learning more
this format." They also demonstrated higher relevant and engaging for students (table 5).

engagement (42 references), stating, "I was more

Table 5: Thematic Analysis of Focus Group Data
Theme Frequency Example Quotes
Enhanced Understanding 35 "l understood the material much better in this format."
Engagement 42 "I was more engaged and interested in the class."

Real-World Application 30 "Seeing real-life cases helped me connect theory to practice.”
Student Observations 25.67 and a p-value of < 0.01, confirming that this
Observational data indicated that students in the difference is statistically significant (table 6; fig 3).
experimental group exhibited a significantly higher This finding reinforces the effectiveness of
level of interaction (mean interaction level: 78) innovative teaching strategies in fostering a more
compared to the control group (mean interaction interactive and participatory learning environment.

level: 30). The statistical analysis showed a t-value of
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Table 6: Statistical Analysis of Interaction Levels
Group Mean Interaction Level (0-100) | Standard Deviation | t-value | p-value
Control Group 30 8.2 9.27 | <0.01**
Experimental Group 78 9.4 25.67 | <0.01**
Student Interaction Levels (Observations)
Control Group I E—
80 —e— Experimental Group _)7__‘_7__7_7__,_7_.—7—7—
70—
o 60f
>
4
2 sof
g
g
= 40
30}
20}
0.0 0.5 1.0 15 2.0 25 3.0 35 2.0
Students
Figure 3: Student Observational Levels
Student Journals studies helped them connect pharmacological

The thematic analysis of student journals revealed
that innovative teaching methods in pharmacology
significantly enhanced the learning experience by
fostering Interactive Learning, Applied Knowledge,
and Social Learning. Students found that engaging
activities, such as games, made the material more
enjoyable and memorable, while real-life case

concepts to practical applications. Additionally,
collaborative learning environments facilitated
deeper understanding through peer interaction and
shared experiences. These findings suggest that
incorporating interactive, applied, and social
learning strategies can greatly improve the
effectiveness of pharmacology education (table 7).

Table 7: Key Themes from Student Journals

Theme Description Example Excerpts
Interactive Emphasis on engaging, participatory learning activities "Games made learning fun and
Learning that enhance student involvement and enjoyment. memorable."
Applied Focus on the practical application of pharmacological "Case studies showed how
Knowledge concepts in real-world scenarios. pharmacology is used in real life."
. The role of collaborative learning environments that " . .
Social facilitate peer interaction and shared learning Group discussions helped me
Learning . understand the material better."
experiences.
Discussion: Specifically, the post-test scores of the experimental

This research explores the impact of incorporating
creative teaching methods on knowledge acquisition,
student satisfaction, and participation levels in a
pharmacology class. The study reveals that students
in the experimental group, who were exposed to
innovative teaching approaches such as gamification,
focus groups, and case-based learning, demonstrated
superior academic performance, reduced
absenteeism, and greater satisfaction compared to
their counterparts in the control group, who received
traditional lecture-based instruction.

group were, on average, 25% higher than those of the
control group, suggesting a significant enhancement
in the wunderstanding and retention of
pharmacological concepts. This finding aligns with
previous studies that have demonstrated the
effectiveness of active learning methods in
improving academic performance compared to
conventional lecture-based courses (Brown et al,
2018). 18 Additionally, the experimental group had a
90% attendance rate and an average satisfaction
score ranging from 4.5 to 4.9 out of 5, while the
control group had a 75% attendance rate and
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satisfaction scores between 3.0 and 3.4 (Table 1,
Figure 2). These results further reinforce the positive
impact of creative teaching approaches on student
engagement and satisfaction.

The results are consistent with those of similar
studies that explored the effects of active learning
strategies in higher education. For instance, Freeman
et al. (2014) conducted a meta-analysis of 225
studies, finding that active learning approaches, such
as problem-based learning and collaborative
learning, led to improved exam performance and
reduced failure rates compared to traditional lecture
methods. 19 Likewise, a study by Prince (2004)
highlighted the advantages of active learning in
enhancing student engagement and comprehension,
particularly in science, technology, engineering, and
mathematics (STEM) disciplines. 20

However, our study extends these findings by
demonstrating that not only do these methods
improve knowledge retention, but they also
significantly increase student satisfaction and
attendance. This is in contrast to the work of
Armbruster etal. (2009), who found that while active
learning increased student participation, it did not
necessarily correlate with higher satisfaction levels.
21 This discrepancy could be due to differences in the
specific active learning techniques employed and the
context in which they were implemented.

Our study contributes to the growing evidence that
creative teaching methods are especially effective in
fields like pharmacology, where integrating complex
theoretical knowledge with practical application is
crucial. This aligns with Rué et al. (2016), who
demonstrated that case-based learning enhances
students' ability to apply pharmacological concepts
in real-world scenarios. 22 However, the study goes
further by incorporating a wider range of methods,
such as gamification and VR, which likely explains
the more significant improvements in both
knowledge acquisition and student satisfaction
observed in our research.

Qualitative data from focus groups and student
journals supported the quantitative findings, with
students in the experimental group highlighting the
interactivity, realism, and social aspects of the new
teaching methods as key contributors to a more
engaging and effective learning experience. 23
Techniques like gamification, which integrates
elements such as rewards, competition, and instant
feedback, were particularly successful in boosting
student interest and enthusiasm. 2* Case-based
learning further enhanced students' ability to apply
theoretical knowledge in practical contexts,
deepening their understanding of complex
pharmacological concepts. 25 Additionally, focus
groups promoted active learning and collaboration,
catering to diverse learning styles and fostering a
supportive educational environment. 26

Original Research Article

However, the study's limitations include a small
sample size, single-institution focus, and short
duration, which may limit the generalizability of the
results. Future large-scale, multi-institutional studies
are needed to validate these findings across various
contexts. 27 Comparative research on different
innovative teaching methods, such as VR versus
gamification, could also provide insights into their
relative effectiveness and student perceptions. 28
Furthermore, examining the long-term retention of
knowledge and its application in professional
settings would be beneficial to assess the enduring
impact of these methods.

This study provides strong evidence that
incorporating modern teaching methods into
pharmacology education can significantly enhance
student performance and satisfaction compared to
traditional  lecture-based  approaches.  The
combination of VR, gamification, case-based
learning, and focus groups was found to improve
knowledge acquisition, satisfaction, attendance, and
the application of concepts. These findings align with
and extend existing literature on active learning
interventions. Future research should explore the
differential and long-term effects of novel
educational paradigms on diverse student
populations across various institutions, fields of
study, and career levels. Ultimately, the adoption of
innovative pedagogical approaches in pharmacology
education holds the potential to transform training
programs and produce clinically competent
practitioners equipped with deep knowledge and
analytical skills from the outset.

Conclusion

In conclusion, this study provides compelling
evidence that integrating innovative teaching
methods, such as VR, gamification, case-based
learning, and focus groups, can significantly improve
both the academic performance and overall
engagement of pharmacology students. The
enhanced knowledge acquisition, higher satisfaction
levels, and increased attendance observed in the
experimental group highlight the effectiveness of
these student-centered approaches over traditional
lecture-based instruction. These findings underscore
the need for a shift in educational practices within
pharmacology to embrace more interactive and
applied learning strategies, ultimately fostering
deeper understanding and better preparation for
clinical practice. Future research should build on
these results to explore the long-term benefits and
applicability of these methods across diverse
educational settings and disciplines.
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