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ABSTRACT

Introduction: Forensic medicine requires the application of analytical reasoning and medico-legal
principles rather than rote memorisation. With the shift to Competency-Based Medical Education
(CBME), active learning strategies are increasingly emphasized. Small Group Discussion (SGD) and Peer-
Assisted Learning (PAL) are widely used approaches; however, direct comparisons in forensic medicine
remain limited.

Objectives: This study compared the effectiveness of PAL and SGD in achieving immediate learning
outcomes and sustaining delayed knowledge retention among undergraduate medical students, while
also evaluating student engagement and feedback.

Methods: A quasi-experimental crossover study was conducted among 60 MBBS Phase 3 Part 1
students in the Department of Forensic Medicine, P.K. Das Institute of Medical Sciences, Kerala, India.
Participants were randomly assigned to two groups and exposed to both PAL and SGD across six
modules using a crossover design with a washout period. Immediate post-tests and one-month delayed
tests assessed knowledge gain and retention, while engagement and feedback were measured using a
validated 5-point Likert-scale questionnaire. Data were analysed using independent sample t-tests and
chi-square tests.

Results: Immediate post-test scores were significantly higher with PAL compared to SGD (7.90 + 1.92 vs.
7.42 + 2.46; p = 0.042), with a significant advantage in the “Age Estimation” module (p = 0.009), while
other modules showed no significant differences. Knowledge retention at one month was comparable
(p = 0.475). Engagement scores were high for both strategies, with PAL demonstrating higher
proportions of strong agreement.
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INTRODUCTION
Forensic medicine integrates medical
knowledge with legal application, requiring

students to apply concepts to real-life scenarios
such as injury interpretation, age estimation,
and medico-legal reporting. This transition from
rote learning to application is often challenging,
particularly when traditional lectures promote
passive learning. With the shift toward
Competency-Based Medical Education (CBME),
there is increasing emphasis on active learning
strategies that enhance participation, critical
thinking, and problem-solving. Among these,
Small Group Discussion (SGD) and Peer-Assisted
Learning (PAL) have emerged as key
approaches. SGD enables students to
collaboratively analyse cases under faculty
guidance, promoting teamwork and conceptual
clarity, although its effectiveness may be
influenced by unequal participation.

In contrast, PAL involves trained student tutors

teaching their peers, creating a more
approachable learning environment that
encourages interaction while strengthening

both learning and teaching skills. While PAL
enhances confidence and engagement, SGD
supports collaborative reasoning. Despite their
complementary strengths, direct comparisons
of these methods in forensic medicine remain
limited, although structured active learning has
been shown to improve knowledge retention
and critical reasoning®.

The evolution of medical education reflects a
broader shift from passive didactic models to
active, student-centred approaches that
emphasise the application of knowledge. In
forensic medicine, where bridging theory and
legal practice is essential, such interactive
methods are particularly relevant. Traditional
teaching methods have been criticised for
limited student participation, and comparative
studies suggest that although lectures and SGD
may vyield similar objective test scores, small-
group formats are more effective in improving
motivation, doubt clarification, and self-
confidence?. To enhance the effectiveness of
small-group learning, structured frameworks
such as the “Distribute, Discuss, and Develop”
(3D) method have been introduced,
demonstrating improved learning outcomes

and communication skills

conventional formats>.

compared to

Evidence from broader health professional
education further supports the role of active
learning. PAL, in particular, provides reciprocal
benefits for both tutors and learners,
contributing to the development of teaching,
communication, and assessment skills*. Meta-
analyses of randomized controlled trials
indicate that PAL is superior to traditional
teaching in improving theoretical knowledge
transfer, practical skills, and student
satisfaction®, although some studies report
comparable cognitive outcomes between PAL
and faculty-led approaches®. The effectiveness
of PAL is often attributed to “cognitive
congruence,” where peer tutors share a similar
level of understanding with learners, facilitating
clearer communication. This is supported by
findings from simulation-based education,
where peer-led debriefing has been shown to
be as effective as instructor-led sessions in
terms of knowledge acquisition and student
satisfaction, with some evidence of improved
performance in peer-led groups’.

Active learning strategies are particularly
relevant in forensic medicine, where critical
thinking and applied reasoning are essential.
Scoping reviews highlight that case-based and
problem-based learning enhance teamwork and
analytical skills required for medico-legal
practice®. Similarly, challenge-based learning
approaches in forensic medicine demonstrate
high student acceptance, with learners
reporting improved understanding of complex
medico-legal scenarios®. The benefits of small-
group learning extend to related disciplines
such as family medicine, where they have been
associated with improved attention, conceptual
understanding, and overall satisfaction
compared to traditional lectures!®. Peer-
assisted approaches have also proven effective
in specialised areas such as medical English
training, where they enhance confidence and
practical application!. More broadly, the
integration of active learning strategies,
including flipped classrooms and early clinical
exposure, aligns with contemporary
educational goals by improving engagement,
retention, and clinical reasoning skills2.
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Despite strong support for these approaches,
there remains a need for direct comparative
studies of PAL and SGD within forensic
medicine to inform optimal curriculum design
for undergraduate medical students.

OBIJECTIVES

The primary objective of this study was to
compare the effectiveness of PAL and SGD in
achieving immediate learning outcomes and
sustaining one-month knowledge retention
among undergraduate medical students, while
the secondary objectives were to evaluate and
compare student engagement levels between
PAL and SGD sessions using a validated scale
and to assess and compare student feedback
regarding the two different teaching-learning
modalities in forensic medicine.

METHODS

The study was conducted in the Department of
Forensic Medicine at P.K. Das Institute of
Medical Sciences, Kerala, India, where all PAL
and SGD sessions were carried out in
departmental classrooms under supervised
academic conditions. A quasi-experimental
crossover design was employed to ensure that
each participant was exposed to both PAL and
SGD, thereby minimising individual learning
style bias and enabling within-cohort
comparison, and the methodological flow is
illustrated in Figure 1. Participants were MBBS
Phase 3 Part 1 students who had not
undergone structured teaching in the selected
modules and who provided written informed
consent; students serving as peer tutors, those
previously exposed to the modules, those
unwilling to consent, and those unable to
attend all sessions were excluded. A total of 60
eligible students were selected using simple
random sampling (lottery method) and equally
allocated into Group A and Group B. The
sample size was calculated for comparison of
two independent means with a two-sided
significance level of 0.05 (Z,=1.96) and 80%
power (Zg=0.84), based on an expected mean
difference of 0.57 and standard deviations of
0.65 and 0.79 derived from Vijayan et al.
(2025), vyielding a required sample of 25
participants per group; allowing for 20%

attrition, 30 participants were recruited per
group®®. Volunteers from Phase 3 Part 1 were
screened for peer tutor roles using a structured
checklist assessing clarity, confidence, and
engagement, with a minimum score of 70%
required to qualify for faculty-led training based
on standardized lesson plans covering six
modules: Injury Interpretation and Medico-
Legal Classification, Alcohol Intoxication and
Drunkenness Examination, Age Estimation,
Sexual Offences including Examination and
Documentation, Organophosphorus Poisoning
including Clinical Features and Management,
and Professional Misconduct. Training included
mock teaching sessions with structured
feedback, and competency was reassessed
using a checklist evaluating content accuracy,
communication, and facilitation skills, with only
those scoring at least 80% selected as peer
tutors; to ensure uniformity, all sessions
followed faculty-prepared lesson plans with
faculty observation and minimal intervention.
Participants were divided into two groups of 30,
each further subdivided into groups of 10 to
facilitate active participation and individualised
feedback. The six modules were divided into
two sets, with Set 1 including Injury
Interpretation, Alcohol Intoxication, and Age
Estimation, and Set 2 including Sexual Offences,
Organophosphorus Poisoning, and Professional
Misconduct. During Period 1, Group A
underwent PAL, and Group B underwent SGD
for Set 1 modules, followed by a washout
period of 3-7 days to minimise carryover
effects; in Period 2, the interventions were
crossed over, with Group A receiving SGD and
Group B receiving PAL for Set 2 modules,
ensuring that all participants were exposed to
both teaching methods. Each session followed a
standardized format comprising a 10-15
minute pre-briefing, a 60-minute teaching-
learning activity (PAL or SGD), and a 10-15
minute consolidation phase, after which an
immediate post-test of 15-20 minutes in
Multiple Choice Question (MCQ) format and a
5-minute Likert-scale feedback questionnaire
were administered; PAL sessions were
conducted by trained peer tutors, while SGD
sessions were facilitated by faculty. Sessions
were conducted in separate classrooms to
prevent contamination, with a tutor-to-student
ratio of 1:10 maintained throughout; teaching
materials and assessments were standardised,
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post-test responses were anonymised, and
reliability was assessed using Cronbach’s alpha,
while participants were instructed not to share
materials until completion of the intervention,
and full attendance was required for inclusion
in analysis. Knowledge gain was assessed using
immediate post-tests and a one-month delayed
retention test in MCQ format, while
engagement and feedback were measured
using a validated 5-point Likert-scale
questionnaire, and peer tutor competency was
evaluated using structured checklists during
training. Data were entered into Microsoft

Excel and analysed using SPSS, with mean
scores compared using independent sample t-
tests and categorical variables analysed using
chi-square tests, a p-value <0.05 considered
statistically significant, and descriptive statistics
used to summarise findings; although a
crossover design was employed, independent t-
tests were used due to unequal group sizes and
attrition at follow-up, which limited the
feasibility of paired analysis. Ethical clearance
was obtained from the Institutional Ethics
Committee of P.K. Das Institute of Medical
Sciences, Kerala, India (Ref. No. IEC/03/151/25).

Student divided into two groups

(A &B)

///\>

Group A trained in 1,2,3 using
Peer assisted Learning

v

Post-test
using MCQs

Engagement
scale

Group B trained in 1,2,3 using
Peer assisted Learning

.

Post-test
using MCQs
STUDENT
ENGAGEMENT

Group B trained in 4,5,6 using
Small Group Discussions

v

Post-test
using MCQs
Engagement
scale

Group A trained in 4,5,6 using |
Small Group Discussions

’

"Post-test using ™
MCQs
STUDENT
ENGAGEMENT &
PERCEPTION

/ SCALE (5-POINT)

Retention test on all modules after 1 month

Figure 1: Flow diagram of the study methodology illustrating participant selection, grouping,
intervention allocation and crossover design.
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RESULTS

The distribution of participants across forensic
medicine topics under PAL and SGD is
presented in Table 1.

Table 1: Distribution of participants across
forensic medicine topics under PAL and SGD

Topic PAL SGD

Age estimation in medico- 30 29
legal practice

Alcohol intoxication and 29 27
drunkenness examination

Injury interpretation and 27 28
medico-legal classification
Organophosphorus poisons 33 26
Professional misconduct 33 26
Sexual offences 32 25

This study compared the effectiveness of PAL
and SGD using post-test scores across six
forensic medicine topics. Overall, students
exposed to PAL demonstrated significantly
higher post-test scores compared to those
taught using SGD, with a mean score of 7.90
(SD=1.92) versus 7.42 (SD=2.46), and a mean
difference of 0.48 that was statistically
significant  (t=2.038, p=0.042), indicating
superior immediate learning outcomes with
PAL.

Topic-wise analysis showed a statistically
significant advantage of PAL in Age Estimation
in  Medico-Legal Practice, where students
scored higher (mean=5.72, SD=2.03) compared
to the SGD group (mean=4.14, SD=2.39), with a
mean difference of 1.59 (t=2.724, p=0.009),
representing the largest effect size among all
topics. In Alcohol Intoxication and Drunkenness
Examination, the PAL group showed a
marginally higher mean score (7.29+2.18) than
the SGD group (6.93+1.94), though the
difference was not statistically significant
(t=0.647, p=0.521). Similarly, in Injury
Interpretation and Medico-Legal Classification,
PAL students achieved higher mean scores
(8.65+1.13) compared to SGD (8.18+1.44),
without  statistical significance (t=1.342,
p=0.186). In Organophosphorus Poisoning,
both groups demonstrated comparable
performance, with mean scores of 8.03
(SD=1.49) for PAL and 7.85 (SD=2.15) for SGD
(t=0.386, p=0.701). In Professional Misconduct,
the SGD group showed slightly higher scores
(9.46+0.65) compared to PAL (9.13+1.07),
though this difference was not statistically
significant (t=-1.407, p=0.165). For Sexual
Offences, mean scores were nearly identical
between PAL (8.42+1.32) and SGD (8.32+1.57),
with no statistically significant difference
(t=0.274, p=0.785). Comparison of immediate
post-test scores between PAL and SGD across
topics is shown in Table 2.

Table 2: Immediate post-test scores: Comparison between PAL and SGD.

Topic PAL (N) PAL SGD (N) SGD Mean p-value
(Mean1SD) (MeanSD | Difference

Overall 180 7.90+£1.91 161 | 7.42+2.46 0.484 | 0.042*
Age Estimation 29 5.72+2.03 29 | 4.14+2.39 1.586 | 0.009*
Alcohol Intoxication 28 7.29+2.18 27 | 6.93+1.94 0.360 0.521
Injury Interpretation 26 8.65+1.13 28 | 8.18+1.44 0.475 0.186
Organophosphorus 32 8.03+1.49 26 | 7.85%2.15 0.185 0.701
Poisoning
Professional 32 9.13+£1.07 26 | 9.46%0.65 -0.337 0.165
Misconduct
Sexual Offences 33 8.42+1.32 25| 8.32+1.57 0.104 0.785

*Significant at p-value <0.05
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Knowledge retention assessed one month after
the intervention showed no statistically
significant differences between PAL and SGD
across all six modules. The overall mean
retention score for PAL was 7.75 (SD=1.86),
compared to 7.59 (SD=2.11) for SGD (p=0.475),
indicating comparable delayed-term retention
between the two teaching—learning methods.
Topic-wise analysis across Age Estimation,
Alcohol Intoxication, Injury Interpretation,
Organophosphorus  Poisoning, Professional
Misconduct, and Sexual Offences similarly
demonstrated no  statistically  significant
differences, with retention scores remaining
comparable between both groups.

High levels of student engagement were
reported for both teaching methods. However,
across all engagement domains—attention,
participation, comfort in asking questions, and
peer interaction—a higher proportion of
students in the PAL group reported strong
agreement compared to the SGD group.
Neutral responses were consistently more
frequent among SGD participants. Student
engagement under PAL and SGD is summarised
in Table 3.

Table 3: Student engagement of learning
effectiveness under PAL and SGD.

Item PAL (%) | SGD (%)
Attentive and 88.6 75.3
focused
Actively participated 84.8 69.0
Comfortable asking 82.1 66.4
questions
Engaged with peers 82.6 63.9

Feedback related to interest, understanding,
and stimulation ~ of  critical  thinking
demonstrated a similar trend. Although both
methods were positively perceived, PAL was
associated with higher levels of strong
agreement, indicating greater perceived
engagement and motivation. Student feedback
regarding learning effectiveness is presented in
Table 4.

Table 4: Student feedback on learning
effectiveness under PAL and SGD
Item PAL (%) | SGD (%)
Interested and 82.1 67.7
motivated
Better understanding 83.1 69.6
Encouraged critical 78.8 66.5
thinking
DISCUSSION

The results of this study suggest that while both
PAL and SGD are effective active learning
strategies, they offer distinct advantages in the
context of forensic medicine. The overall
superiority of PAL in immediate post-test
scores, particularly in the analytically
demanding module of Age Estimation, indicates
that peer-led environments may be more

effective for achieving immediate learning
outcomes in complex topics.
The significant improvement in immediate

performance under PAL raises the question of
whether the benefit stems from the pedagogy
itself or the facilitator. It is likely that social
congruence, the comfort and relatability
provided by a peer, mitigates the "intimidation
factor" often associated with faculty-led
sessions. This facilitates a more open dialogue
and higher engagement, which may explain the
higher scores in the PAL arm. These findings are
consistent with broader evidence suggesting
that PAL surpasses traditional methods in
theoretical knowledge transfer and practical
skill acquisition®”.

However, the lack of significant difference in
overall scores for other modules suggests that
the choice between PAL and SGD may be less
critical for less complex topics. This is supported
by previous research indicating that while
interactive methods are highly preferred by
students, they do not always result in
significantly higher test scores compared to
other structured formats®®. The "3D" method
(Distribute, Discuss, Develop) has shown that
structured frameworks in small groups can
significantly improve comprehension,
suggesting that the session's organization is as
vital as the facilitator?.
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Regarding delayed retention, the finding that
both methods resulted in comparable scores
after one month reinforces the idea that active
learning, regardless of the facilitator, supports
the consolidation of knowledge into memory.
Previous syntheses have noted the reciprocal
benefits of PAL for both tutors and tutees,
highlighting its role in skill development®.
Furthermore, the application of interactive
strategies in forensic medicine, such as
problem-based and case-based learning, is
crucial for developing the clinical reasoning and
critical thinking required for medico-legal
practice®'’.  Our observation of high
achievement in the PAL arm for context-rich
topics like Age Estimation is further supported
by evidence that students benefit immensely
from multidisciplinary and authentic settings®.
A critical distinction maintained in this study is
the separation between student engagement
and student feedback. In the present study,
while  both  modalities recorded high
satisfaction levels and were preferred over
traditional didactic formats'®, engagement,
defined by the depth of participation and
cognitive involvement, was notably more
robust in the PAL sessions. This suggests that
while students may "satisfy" easily in a faculty-
led SGD due to the perceived authority of the
teacher, they "engage" more actively in PAL as
the peer-led environment necessitates their
direct contribution to the learning process. This
distinction aligns with modern educational
frameworks that caution against using
satisfaction as a sole proxy for learning
engagement?!?,

In conclusion, the findings suggest that a
blended approach, utilizing PAL for technically
complex topics and faculty-led SGD for broader
principles, may optimize the undergraduate
forensic medicine curriculum.

LIMITATIONS

Limitations include the use of independent
sample t-tests despite a crossover design, due
to unequal group sizes and attrition during
follow-up. Additionally, the study was
conducted in a single institution, which may
limit generalizability.

CONCLUSIONS

PAL demonstrated greater effectiveness than
SGD in improving immediate learning outcomes
and student engagement, while both methods
were comparable in sustaining delayed
knowledge retention, indicating that each
approach contributes differently to forensic
medicine teaching. A blended approach
incorporating both PAL and SGD may therefore
represent an optimal strategy for competency-
based forensic medicine education.

RECOMMENDATIONS

Based on the findings of the present study, PAL
may be incorporated as a complementary
teaching—learning strategy in undergraduate
forensic medicine within a competency-based
curriculum. It appears particularly suitable for
topics that require structured reasoning,
stepwise analysis, and application of medico-
legal principles, such as age estimation and
injury interpretation. Integrating PAL into
routine teaching can enhance immediate
learning outcomes while promoting active
student engagement.

Rather than replacing faculty-led methods, a
blended instructional approach is
recommended. Combining PAL with SGD allows
each method to serve a distinct purpose within
the learning process. PAL can facilitate initial
concept  clarification and  foundational
understanding, whereas SGD can support
consolidation, reflection, and deeper analytical
engagement, thereby utilizing the strengths of
both strategies in a complementary manner.

Institutions implementing PAL should ensure a
structured process for selection, training, and
evaluation of peer tutors. Systematic
preparation through standardized lesson plans,
structured discussion guides, and continued
faculty supervision is essential to maintain
academic rigor, consistency, and alignment with
curricular objectives.

PAL may also be strategically employed to
enhance student participation and improve the
overall learning climate. It can increase learner
comfort in asking questions and foster
constructive peer interaction, particularly in
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areas where students may hesitate to actively
engage during traditional faculty-led sessions.

Given the comparable delayed-term knowledge
retention observed with SGD, faculty-facilitated
small group sessions should continue to play a
significant role in reinforcing key concepts and
encouraging reflective learning over time. This
ensures that foundational knowledge s
revisited and strengthened beyond immediate
post-session gains.

Both PAL and SGD align well with the principles
of CBME by promoting active participation,
communication skills, teamwork, and analytical
reasoning. Session objectives and assessment
strategies should be explicitly mapped to the
relevant competencies to ensure curricular
coherence and meaningful outcome
measurement.

Faculty development remains central to the
effective implementation of these approaches.
Educators should be oriented toward
understanding PALas a structured pedagogical
strategy rather than an informal academic
activity. Training initiatives focusing on
facilitation skills, supervision of peer tutors, and
evaluation of active learning sessions are
essential for sustainability.

Finally, further multi-institutional research with
larger sample sizes is warranted to validate
these findings and enhance generalisability.
Future studies may also examine the influence
of PAL on higher-order competencies, clinical
reasoning ability, and performance in
summative assessments, thereby contributing
to stronger evidence for curriculum design
decisions.
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