National Board of Examinations - Journal of Medical Sciences, Volume 4, Issue 5

National Board of Examinations - Journal of Medical Sciences
Volume 4, Issue 5, Pages 810-835, May 2026
DOI 10.61770/NBEJMS.2026.v04.105.015

ORIGINAL ARTICLE

Evaluation of Post-Assessment Remedial Training for Competency-Based Biochemistry
Education for Medical Undergraduates in Haveri district of Karnataka in India

Ashakiran Srinivasaiah,! Mahalaxmi S Petimani,” Siddharameshwar M Kantikar® and Harish
Rangareddy**

' Professor and HOD, Department of Biochemistry, Haveri Institute of Medical Sciences, Haveri-
581110

2Associate Professor, Department of Biochemistry, Haveri Institute of Medical Sciences, Haveri-
581110

3Associate Professor, Department of Pathology, Subbaiah Institute of Medical Sciences,
Shivamogga, India

*Assistant Professor, Department of Biochemistry, Haveri Institute of Medical Sciences, Haveri-
581110

Accepted: 16-April-2026 / Published Online: 6-May-2026

Abstract

Background: Competency-Based Medical Education (CBME) by the National Medical Commission
(NMC) which is the regulatory authority of Medical Education in India has led to the paradigm shift
from traditional teaching methods to active teaching-learning approaches to enhance student
engagement. However, medical students often struggle with reasoning-type questions and case-based
multiple-choice question. Structured post assessment remedial training following formative
assessments may help address these learning gaps. Methods: The intervention consisted of a targeted
post formative assessment remedial training program addressing reasoning-type questions and case-
scenario-based multiple choice questions aligned with National Medical Commission’s competency-
based curriculum guidelines and University assessment patterns. A cross sectional survey was
conducted among first-year MBBS students at a medical college in Haveri district, Karnataka, India
following the summative assessment. Student perceptions were assessed using a 13-item Likert-scale
questionnaire with 106 respondents. Results: Students reported positive perceptions of the training
program with >80% of students agreed or strongly agreed that the sessions improved their
understanding of reasoning-type questions, analytical skills, and application of biochemical
knowledge to clinical scenarios. Nearly 81% students reported increased confidence in answering
case-scenario based questions, and 83% students indicated their willingness to recommend the
training to their juniors. No significant differences in perceptions were observed between gender
groups or across age categories. The intervention demonstrated a large educational impact (Cohen’s d
= 1.58). Conclusion: Post assessment remedial training effectively enhances academic performance
aligning with competency-based medical education principles. Early integration of such targeted
interventions following formative assessments may improve learning outcomes and facilitates the
development of higher-order cognitive skills in undergraduate medical education.

Keywords: Competency-based medical education, Remedial training, Case-scenario based learning,
Analytical reasoning
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Competency-Based Medical Education (CBME) by the
National Medical Commission (NMC) which is the
regulatory authority of Medical Education in India has
led to the paradigm shift from traditional teaching
methods to active teaching-learning approaches to
enhance student engagement. However, medical students
often struggle with reasoning-type questions and case-
based multiple-choice question. Structured post
assessment remedial training following formative
wsessments may help address these learning gaps.
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Introduction

Implementation of Competency-
Based Medical Education (CBME) by the
National Medical Commission (NMC)
which is the regulatory authority of
Medical Education in India has led to the
paradigm shift from traditional teaching
methods to teaching-learning
approaches to enhance student engagement

active

[1]. These innovative teaching-learning
approaches concept  mapping,
reflective self-assessment, Multiple Choice
Questions (MCQs) when introduced
gradually after proper orientation of the
students and teachers of Biochemistry in
Phase I MBBS Curriculum based on
Competencies it has been observed that the
students gained confidence in performing

Viz.,

better in both the formative assessments as
well as summative assessment University
examination [2].

The interactive '"lecture-tutorial-
classroom assessment-feedback" method
serves as an ongoing learning tool to
identify conceptual gaps, which can be
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corrected through feedback, leading to
significantly improvement in formative
assessment practical
understanding in first-year MBBS despite
time constraints indicating that feedback
plays a crucial role in implementation of
CBME [3].

Following the implementation of
the revised Graduate Medical Education
Regulations (GMER) 2024, NMC has
shifted the focus of CBME towards the
development of clinical reasoning and
application of knowledge [4].
Accordingly, the assessment strategies
shall incorporate reasoning-based
questions to evaluate students’ ability to
interpret information, integrate concepts
and apply the knowledge in problem-

scores and

solving contexts. This is outlined in the
Annexure 9 of the CBME assessment
framework of the revised GMER which
mandates the inclusion of reasoning-
oriented and case-based
multiple-choice questions in Biochemistry
assessments to promote higher-order

questions
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cognitive skills and clinically relevant
learning among medical undergraduates
[4]. However, it has observed that first-
year MBBS students often struggle with
these formats of assessment for higher-
order thinking [5]. The same Assessment
of CBME is adopted by Rajiv Gandhi
University of Health Sciences (RGUHS),
Bangalore which emphasizes reasoning
questions and case-based MCQs in
Biochemistry Post-
assessment remedial training addresses
this gap [6].

For addressing learning gaps, post-
assessment remedial training specifically

assessments.

targeting Biochemistry's reasoning (Q3:
5%x3 marks) and case-based MCQs is
needed. No prior studies from Haveri
Institute of Medical Sciences or similar
resource-limited settings have
psychometrically  validated  structured
questionnaires to evaluate such remedial
interventions' effectiveness, alignment
with  NMC/RGUHS patterns, perceived
learning gains, teaching processes, and
satisfaction—essential ~for institutional
adoption and scalability across Indian
medical colleges. This study aimed to
assess the effectiveness of post assessment
remedial structured
student feedback questionnaire assessing
remedial training on reasoning questions

training using a

and case scenario based MCQs in
Biochemistry for first-year MBBS students
and the study was presented at was
presented as an Oral paper at the "Virtual
International ~ Conference on  Health
Professions Education" organized on 12
and 13" January, 2026 by University
Center for Health Professions Education,
Sri Devaraj Urs Academy of Higher
Education and Research in Kolar,
Karnataka.
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Methods
Study Design

This study was conducted among
first-year medical undergraduates (MBBS)
students at a medical college who had
enrolled for the program for the academic
year 2024-25 at Haveri Institute of
Medical Sciences. A structured remedial
training intervention was implemented for
first-year undergraduate medical students
in Biochemistry who were identified as
underperformers based on their
performance in the second formative
assessment. Students scoring below the
predefined competency threshold were
enrolled in the remediation programme.
The intervention was conducted over a
defined period following the
formative assessment and was designed
using the 5E constructivist learning cycle
(Engage, Explore, Explain, Elaborate,
Evaluate) to promote active, learner-
centered engagement [7].

During the Engage phase, students

second

were oriented to reasoning- and case
scenario—based questions through brief
interactive lectures. Subsequently, the
students were involved in small group
discussions  wherein  the  students
articulated their understanding in the
Explain phase. Following this the faculty
addressed the learning gaps and
emphasized the importance of reasoning
and clinical relevance while reinforcing
the core concepts of Biochemistry in the
Elaborate phase. The Evaluate phase
included continuous formative assessments
integrated with feedback, along with
structured assignments, mind
maps, and quick revision exercises to

quizzes,

reinforce learning as depicted in Figure 1.
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Figure 1. Flowchart showing the SE Constructivist Learning Cycle used in the remedial
training intervention

Following the completion of the
intervention, a post-intervention formative
assessment was conducted to evaluate the
effectiveness of the remedial strategy.
Student performance before and after the
intervention was compared to assess
improvement in learning outcomes.
Additionally, formative feedback was

813

provided throughout the intervention to
support progressive learning and self-
improvement. Cross sectional survey was
conducted after the summative assessment
to assess the effectiveness of the remedial
training and also to obtain feedback.
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Participants and Sampling
Students were briefed in person
about the study’s purpose and procedures.

All  first-year MBBS students were
included using universal sampling.
Although a sample size was

estimated using the formula for finite
population correction:

N- 2% p(1-p)
(N—=1)-d*+2Z2-p(1 - p)

n =

where N is the population size (11,745), Z
is  the
corresponding to a 95% confidence level
(1.96), p is the expected proportion (0.5),
and d is the margin of error (10%), the
calculated sample size was approximately
96

standard  normal deviate

using Raosoft® (Sample Size

Calculator; Raosoft inc.) [8]. However,
since all eligible students were included,
universal sampling was adopted.

Data Collection Tool

A simple structured survey
developed by the
authors and was used for data collection
(Appendix I). To validate the content, the
initial version of the questionnaire was
reviewed by a panel of subject-matter
experts, including faculty members from
the Medical Education Unit. Cronbach’s
alpha was used to assess the internal

consistency of the questionnaire which

questionnaire was

yielded a high reliability co-efficient of
0.963 as shown in Table 1.

Table 1. Internal Consistency Reliability of the Biochemistry Training Feedback
Questionnaire

Measure

Value

Number of Questions

13

Cronbach’s Alpha

0.963

The study was approved by the
institutional ethics committee of Haveri
Institute of Medical Sciences. The
objectives of the study were explained to
the students before administering the
questionnaire  to  ensure  informed
participation and enhance the validity of
the feedback collected. Universal sampling
of all first year medical undergraduates
was carried out with a response rate of
70.66% (n=106). Google form was used
for data collection which was configured
to allow only one response per participant
to ensure data integrity by preventing
multiple submissions. Informed consent
was obtained from the students in the
Google form itself. Before responding to

814

the questions, the participants
presented with a consent statement on the
first page of the Google form. Only after
clicking the consent box to indicate their

WwWEre

agreement to participate in the study could
they proceed to the next section of the
survey. Participation in the survey was
voluntary, and the data collected was
anonymized, accessible only to the
research team.

Data Analysis

Descriptive statistics was employed
and Microsoft excel was used to analyze
and store the data, with results presented
as percentages. Data analysis was
performed using Jamovi software for
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descriptive and inferential statistical
methods. Prior to the inferential analysis,
assumptions for parametric testing were

evaluated:

e Normality was assessed using the
Shapiro—Wilk test
e Homogeneity of
assessed using Levene’s test

variances  was

Since the normality assumption was
violated for all questionnaire items (p <
0.001), non-parametric statistical tests
were used:

e Mann—Whitney U test to compare
perception scores between male and
female students

o Kruskal-Wallis compare
perception scores across different age

test to

groups

A p-value < 0.05 was considered
statistically significant.

Results

This study comprised of 106 first
year medical undergraduate from 2024-25
batch whose responses to the self-
questionnaire  provided
critical insights into the effectiveness post
assessment training in
competency based medical education.

Descriptive  statistics ~ showed
higher mean perception score across the
questionnaire items among female students
in relative comparison to male students.
However, median responses for both
gender was consistently “agree” indicating
an uniform favourable response
biochemistry training program.

administered

remedial

for

Table 2. Comparison of Students’ Perception of Biochemistry Training Programme Between
Male and Female Students (Descriptive Statistics)

Group Descriptive Group | N | Mean | SD
The reason for organizing this training (poor performance | Female | 50 | 4.06 | 0.652
in reasoning and case-based MCQs in the 2nd internal

assessment) was clearly explained to us. Male |56 |3.95 |0.749
The sessions helped me understand the pattern and | Female | 50 | 4.16 | 0.584
expectations of the NMC Annexure 9 UG theory paper in

The training helped me understand how Biochemistry | Female | 50 | 4.14 | 0.535
assessment in RGUHS (including reasoning questions and

case-based MCQs) has changed in the new curriculum. Male 56 14.04 |0.713
The sessions reflected the NMC Annexure 9 pattern and Female | 50 | 4.16 | 0.468
current RGUHS Biochemistry curriculum accurately. Male 156 14.09 |0.695
The training improved my understanding of Biochemistry Female | 50 | 4.16 | 0.548
reasoning-type questions (Q3: 5 questions x 3 marks). Male 56 1398 107
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The training in Biochemistry case scenario—based MCQs Female | 50 1 4.06 | 0512

improved my analytical and problem-solving skills. Male 56 1396 10762

The training helped me relate biochemical pathways and Female | 50 | 4.18 | 0.523

core concepts to applied/clinical scenarios. Male 56 1398 10726

The difficulty level of the questions practiced during | Female | 50 | 4.16 | 0.548

training was similar to what is expected in the summative
university examination. Male |56 |4 0.739

The teaching methods used (e.g., discussion of answers, | Female | 50 | 4.12 | 0.594
explanation of reasoning steps, use of clinical vignettes)

were effective for my style of learning. Male |56 |4.05 |0.84

The training addressed the main difficulties I faced in the Female | 50 1 4.06 | 0.586

2nd internal assessment Biochemistry paper. Male 56 1395 10796

The overall organization of the training (timing, duration, Female | 50 | 4.02 | 0515

sequence of topics) was appropriate. Male 36 | 4 0.763

My confidence to attempt reasoning-type questions and | Female | 50 | 4.14 | 0.572

case-based MCQs in the university summative examination
has increased after this training. Male |56 |3.93 |0.735

I would recommend this type of training to my juniors for | Female | 50 | 4.28 | 0.607
better preparation for internal assessment and university

examinations' Male 56 402 0863
The normality of the data collected 0.001) for all items confirming non-normal

was assessed using Shapiro-Wilk test and distributions and necessitating non-

the test yielded significant results (p < parametric analyses as shown in Table 3.

Table 3. Assessment of Normality Assumption Using Shapiro—Wilk Test for Perception by

Gender
Test
Normality Test (Shapiro-Wilk Test) Statisti P
c value

The reason for organizing this training (poor performance in reasoning
and case-based MCQs in the 2nd internal assessment) was clearly | 0.867 <0.001
explained to us.

The sessions helped me understand the pattern and expectations of the

0.847 <0.001
NMC Annexure 9 UG theory paper in Biochemistry.
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The training helped me understand how Biochemistry assessment in
RGUHS (including reasoning questions and case-based MCQs) has | 0.831 <0.001
changed in the new curriculum.

The sessions reflected the NMC Annexure 9 pattern and current RGUHS

. . . 0.796 <0.001
Biochemistry curriculum accurately.

The training improved my understanding of Biochemistry reasoning-type

0.863 <0.001
questions (Q3: 5 questions X 3 marks).

The training in Biochemistry case scenario—based MCQs improved my

. . . 0.801 <0.001
analytical and problem-solving skills.

The training helped me relate biochemical pathways and core concepts to

.874 <0.001
applied/clinical scenarios. 0.87 0.00

The difficulty level of the questions practiced during training was similar

. . . o o 0.86 <0.001
to what is expected in the summative university examination.

The teaching methods used (e.g., discussion of answers, explanation of
reasoning steps, use of clinical vignettes) were effective for my style of | 0.822 <0.001
learning.

The training addressed the main difficulties I faced in the 2nd internal

. . 0.864 <0.001
assessment Biochemistry paper.

The overall organization of the training (timing, duration, sequence of

. . 0.764 <0.001
topics) was appropriate.

My confidence to attempt reasoning-type questions and case-based

MCQs in the university summative examination has increased after this | 0.89 <0.001
training.
I would recommend this type of training to my juniors for better 0.9 <0.001
preparation for internal assessment and university examinations.
Note: p-value <0.05 indicates violation of the assumption of normality

The variance homogeneity was majority of items, though select items
tested using Levene’s test and the p-value exhibited heterogeneity (p < 0.05) as

was observed to be for p > 0.05 for the depicted in Table 4.

Table 4. Homogeneity of Variance Assessment Using Levene’s Test Between Male and
Female Students

Test
Homogeneity of Variances Test (Levene's Test) Statisti p;l e
valu
c

The reason for organizing this training (poor performance in reasoning and
case-based MCQs in the 2nd internal assessment) was clearly explained to | 0.921 0.339
us.

The sessions helped me understand the pattern and expectations of the

3.364 0.069
NMC Annexure 9 UG theory paper in Biochemistry.
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The training helped me understand how Biochemistry assessment in
RGUHS (including reasoning questions and case-based MCQs) has | 2.643 0.107
changed in the new curriculum.
The sessions reflected the NMC Annexure 9 pattern and current RGUHS 5675 0.019
Biochemistry curriculum accurately. ' )
The training improved my understanding of Biochemistry reasoning-type 1057 0.306
questions (Q3: 5 questions x 3 marks). ’ '
The training in Biochemistry case scenario—based MCQs improved my
. . . 3.432 0.067
analytical and problem-solving skills.
The training helped me relate biochemical pathways and core concepts to
. . . 1.255 0.265
applied/clinical scenarios.
The difficulty level of the questions practiced during training was similar 5351 0.128
to what is expected in the summative university examination. ’ '
The teaching methods used (e.g., discussion of answers, explanation of
reasoning steps, use of clinical vignettes) were effective for my style of | 2.217 0.14
learning.
The training addressed the main difficulties I faced in the 2nd internal 4355 0.039
assessment Biochemistry paper. ' )
Th 11 izati f the traini timi ti f
e. overa orgam'za ion of the training (timing, duration, sequence o 3.399 0.068
topics) was appropriate.
My confidence to attempt reasoning-type questions and case-based MCQs 1.860 0.175
in the university summative examination has increased after this training. ’ '
I would recommend this type of training to my juniors for better 1505 0223
preparation for internal assessment and university examinations. ’ '

Note: p-value <0.05 indicates violation of the assumption of normality

As the data was not normally
distributed, non-parametric tests viz.,
Mann-Whitney U test and Kruskal-Wallis
test were employed for subsequent group
Mann—Whitney U test
demonstrated no statistically significant
differences in the perceptions regarding
training between male and female students

comparisons.
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for any of the questionnaire items (p >
0.05). This indicates that the students
perceived the effectiveness of training,
teaching methods, improvement in
reasoning  skills,  alignment  with
curriculum, and confidence in examination
preparation were consistent across gender
groups as shown in Table 5.
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Table 5. Comparison of Students’ Perceptions Regarding Biochemistry Training Programme
Between Male and Female Students Using Mann—Whitney U Test
Mann-Whitney U Test Statistic | p-value

The reason for organizing this training (poor performance in
reasoning and case-based MCQs in the 2nd internal assessment) | 1293 0.457
was clearly explained to us.

The sessions helped me understand the pattern and expectations

o . 1338 0.666
of the NMC Annexure 9 UG theory paper in Biochemistry.

The training helped me understand how Biochemistry assessment
in RGUHS (including reasoning questions and case-based | 1296 0.454
MCQs) has changed in the new curriculum.

The sessions reflected the NMC Annexure 9 pattern and current

. . . 1340 0.66
RGUHS Biochemistry curriculum accurately.
The training improved my understanding of Biochemistry 1209 0.17
reasoning-type questions (Q3: 5 questions x 3 marks). ’
The training in Biochemistry case scenario—based MCQs 1332 0.611
improved my analytical and problem-solving skills. ’
The training helped me relate biochemical pathways and core 1205 0.156
concepts to applied/clinical scenarios. ’
The difficulty level of the questions practiced during training was
similar to what is expected in the summative university | 1236 0.246

examination.

The teaching methods used (e.g., discussion of answers,
explanation of reasoning steps, use of clinical vignettes) were | 1391 0.952
effective for my style of learning.

The training addressed the main difficulties I faced in the 2nd

. . . 1310 0.527
internal assessment Biochemistry paper.

— it — — -
The overall o.rgamzatlon 0 't e training (timing, duration, 1382 0.893
sequence of topics) was appropriate.
My confidence to attempt reasoning-type questions and case-
based MCQs in the university summative examination has | 1187 0.128
increased after this training.
I would recommend this type of training to my juniors for better 1192 0.152

preparation for internal assessment and university examinations.
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The Mann—Whitney U test showed
statistically significant differences
between male and female students across

no

all questionnaire items (p > 0.05). This
indicates that students’ perceptions
regarding the effectiveness, organization,
and impact of the Biochemistry training
programme were same across genders.

To assess age group differences in
perceptions of the biochemistry training
program, normality (Shapiro-Wilk test)

were evaluated. The null hypothesis (Ho:
data  normally  distributed)
alternative (Hi: non-normal) was tested.
The Shapiro-Wilk test indicated
significant deviations from normality (p <

versus

0.001) across all items, precluding
parametric methods as shown in Table 6.
Levene's test confirmed  variance

homogeneity for most items (p > 0.05),
with isolated exceptions as depicted in
Table 7.

and variance homogeneity (Levene's test)

Table 6. Assessment of Normality Assumption Using Shapiro—Wilk Test Across Different

Age Groups
. . . Test p-

Normality Test (Shapiro-Wilk) Statistic | value
The reason for organizing this training (poor performance in reasoning and
case-based MCQs in the 2nd internal assessment) was clearly explained to | 0.858 <.001
us.
The sessions helped me understand the pattern and expectations of the 0.852 <001
NMC Annexure 9 UG theory paper in Biochemistry.
The training helped me understand how Biochemistry assessment in
RGUHS (including reasoning questions and case-based MCQs) has | 0.815 <.001
changed in the new curriculum.
The sessions reflected the NMC Annexure 9 pattern and current RGUHS 0.794 <001
Biochemistry curriculum accurately.
The training improved my understanding of Biochemistry reasoning-type 0.824 <001
questions (Q3: 5 questions x 3 marks).
The training in Biochemistry case scenario—based MCQs improved my

. . . 0.768 <.001
analytical and problem-solving skills.
The training helped me relate biochemical pathways and core concepts to 0.804 <001
applied/clinical scenarios.
The difficulty level of the questions practiced during training was similar to 0.809 <001
what is expected in the summative university examination.
The teaching methods used (e.g., discussion of answers, explanation of
reasoning steps, use of clinical vignettes) were effective for my style of | 0.837 <.001
learning.
The training addressed the main difficulties I faced in the 2nd internal 0.859 <001
assessment Biochemistry paper.
The overall organization of the training (timing, duration, sequence of 0.78 <001
topics) was appropriate.
My confidence to attempt reasoning-type questions and case-based MCQs | 0.866 <.001
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in the university summative examination has increased after this training.

I 1 this t f training t juni fi tt
would recommend this type of training to my juniors for better 0.846 <001

preparation for internal assessment and university examinations.

Note: p-value <0.05 indicates violation of the assumption of normality

Table 7. Homogeneity of Variance Assessment across Age Groups Using Levene’s Test

Test p-

Homogeneity of Variances Test (Levene's) Statistic | value

The reason for organizing this training (poor performance in reasoning
and case-based MCQs in the 2nd internal assessment) was clearly | 0.3285 | 0.721
explained to us.

The sessions helped me understand the pattern and expectations of the

. . 0.3364 | 0.715
NMC Annexure 9 UG theory paper in Biochemistry.

The training helped me understand how Biochemistry assessment in
RGUHS (including reasoning questions and case-based MCQs) has | 0.0586 | 0.943
changed in the new curriculum.

The sessions reflected the NMC Annexure 9 pattern and current

. . . 0.0669 | 0.935
RGUHS Biochemistry curriculum accurately.
The tralm.ng improved my. understanding of Biochemistry reasoning- 0.0775 | 0.926
type questions (Q3: 5 questions x 3 marks).
The training in Biochemistry case scenario—based MCQs improved my

. . . 0.1747 | 0.84

analytical and problem-solving skills.
The tra.lmng.h.elped me r'elate biochemical pathways and core concepts 05953 | 0.553
to applied/clinical scenarios.
The difficulty level of the questions practiced during training was 03614 | 0.698

similar to what is expected in the summative university examination.

The teaching methods used (e.g., discussion of answers, explanation of
reasoning steps, use of clinical vignettes) were effective for my style of | 1.7621 | 0.177
learning.

The training addressed the main difficulties I faced in the 2nd internal

. . 1.0683 | 0.347
assessment Biochemistry paper.

The overall organization of the training (timing, duration, sequence of

. ) 1.0709 | 0.346
topics) was appropriate.

My confidence to attempt reasoning-type questions and case-based | 1.1066 | 0.335
MCQs in the university summative examination has increased after this
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training.

I would recommend this type of training to my juniors for better

. ) L . 1.0938 | 0.339
preparation for internal assessment and university examinations.

Non-parametric Kruskal-Wallis adjusted via Bonferroni correction (Table
tests were employed for multi-group 8).
comparisons, with post-hoc Dunn's tests

Table 8. Comparison of Students’ Perceptions Across Age Groups Using Kruskal-Wallis
Test

Test ;
Kruskal-Wallis ot lar|P
statistic value

The reason for organizing this training (poor performance in
reasoning and case-based MCQs in the 2nd internal assessment) was | 5.2614 |2 | 0.072
clearly explained to us.

The sessions helped me understand the pattern and expectations of

0.4141 |2 |0.813
the NMC Annexure 9 UG theory paper in Biochemistry.

The training helped me understand how Biochemistry assessment in
RGUHS (including reasoning questions and case-based MCQs) has | 0.1919 |2 | 0.908
changed in the new curriculum.

The sessions reflected the NMC Annexure 9 pattern and current

0.305 2 10.858
RGUHS Biochemistry curriculum accurately. ?

The training improved my understanding of Biochemistry reasoning-

: . 0.31 2 10.856
type questions (Q3: 5 questions % 3 marks).

The training in Biochemistry case scenario—based MCQs improved

0.1192 |2 |0.942
my analytical and problem-solving skills. ? ?

The training helped me relate biochemical pathways and core

. . : 0.0646 |2 |0.968
concepts to applied/clinical scenarios.

The difficulty level of the questions practiced during training was

o . . . o . 0.0617 |2 |0.97
similar to what is expected in the summative university examination.

The teaching methods used (e.g., discussion of answers, explanation
of reasoning steps, use of clinical vignettes) were effective for my | 1.6607 |2 | 0.436
style of learning.

The training addressed the main difficulties 1 faced in the 2nd

. . . 09504 |2 |0.622
internal assessment Biochemistry paper.
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The overall organization of the training (timing, duration, sequence

of topics) was appropriate.

0.8415 |2 |0.657

My confidence to attempt reasoning-type questions and case-based
MCQs in the university summative examination has increased after

this training.

1.4715 |2 |0.479

I would recommend this type of training to my juniors for better
preparation for internal assessment and university examinations.

1.2152 |2 |0.545

The Kruskal-Wallis test showed no
statistically significant differences among
age groups for any questionnaire item (p >
0.05). This indicates consistent perception
of the training programme among students
across different age categories.

A majority of students reported that
the purpose of the training programme was
clearly communicated, with 76.8%

indicating agreement or strong agreement
regarding clarity of objectives. Most
students perceived that the purpose of
organizing the training programme was
clearly explained. A majority of students
either agreed (53.8%) or strongly agreed
(23.6%), while only 0.9% disagreed. This
indicates effective communication
regarding the objectives of the training

programme as depicted in Table 9.

Table 9. Distribution of Students’ Responses Regarding Clarity about Purpose of Organizing
the Biochemistry Training Programme

Opinion Counts % of Total
Strongly Disagree | 0 0.00%
Disagree 1 0.90%
Neutral 23 21.70%
Agree 57 53.80%
Strongly Agree 25 23.60%
Total 106 100.00%

In understanding the pattern and
expectations of the recently introduced
changes in the assessment methods in
Annexure 9 of GMER by NMC it was
observed that more than 80% of students
agreed or strongly agreed that the sessions
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helped them understand the examination
pattern and expectations as depicted in
Table 10. However, there was minimal
disagreement by the students reflecting the
usefulness of the sessions in clarifying
assessment  requirements and  early
implementation of the remedial training.
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Table 10. Distribution of Students’ Responses on Understanding the Pattern and Expectations
of NMC Annexure 9 in context to UG Theory Paper

Opinion Counts % of Total
Strongly Disagree | 0 0.00%
Disagree 1 0.90%
Neutral 17 16.00%
Agree 57 53.80%
Strongly Agree 31 29.20%
Total 106 100.00%

Table 11 shows that a large curriculum, with 59.4% agreeing and
majority of students reported improved 24.5% strongly agreeing, indicating
understanding of changes in assessment successful  orientation to curriculum
methods in Biochemistry under the new reforms by the faculty.

Table 11. Distribution of Students’ Responses on Understanding Changes in Biochemistry
Assessment under the New Curriculum

Opinion Counts % of Total

Strongly Disagree | 0 0.00%

Disagree 0 0.00%

Neutral 17 16.00%

Agree 63 59.40%

Strongly Agree 26 24.50%

Total 106 100.00%

The strong alignment between agreed or strongly agreed that the sessions

training content and expected examination accurately reflected the curriculum
standards was observed as 88% of students requirements as depicted in Table 12.

Table 12. Distribution of Students’ Responses for Alignment of Training Sessions with NMC
Annexure 9 and RGUHS Curriculum

Opinion Counts % of Total
Strongly Disagree | 0 0.00%
Disagree 0 0.00%
Neutral 13 12.30%
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Agree 67 63.20%
Strongly Agree 26 24.50%
Total 106 100.00%
The responses further revealed that as 83% students perceived improvement in
the training  effectively  addressed their understanding of reasoning-type
analytical components of the examination questions as depicted in Table 13.

Table 13. Distribution of Students’ Responses on Improvement in Understanding of
Reasoning-Type Questions

Opinion Counts | % of Total
Strongly Disagree | 0 0.00%
Disagree 0 0.00%
Neutral 18 17.00%
Agree 63 59.40%
Strongly Agree 25 23.60%
Total 106 100.00%

The effectiveness of case curricular  reforms by the NMC in
scenario-based MCQs using in the incorporating the reasoning type questions
remedial training improved their analytical and focusing on applied learning methods
and problem-solving skills as 84% of the is very pertinent for the Indian Medical
students agreed or strongly agreed as Graduate in being locally competent and
depicted in Table 14 indicating that the globally relevant.

Table 14. Distribution of Students’ Responses on Improvement in Analytical and Problem-
Solving Skills through Case-Based MCQs

Opinion Counts | % of Total
Strongly Disagree | 1 0.90%
Disagree 0 0.00%
Neutral 16 15.10%
Agree 69 65.10%
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Strongly Agree 20 18.90%

Total 106 100.00%
' ' 84% of students agreeing or strongly
.The successful 1nt?grat109 'Of agreeing that the training helped them
theoretical ~ knowledge — with  clinical relate biochemical pathways to clinical

application was observed with more than

scenarios as depicted in Table 15.

Table 15. Distribution of Students’ Responses on their Ability to Relate Biochemical
Concepts to Clinical Scenarios

Opinion Counts | % of Total
Strongly Disagree | 0 0.00%
Disagree 1 0.90%
Neutral 15 14.20%
Agree 65 61.30%
Strongly Agree 25 23.60%
Total 106 100.00%

A majority of students perceived
that the difficulty level of practice
questions matched university examination
expectations, with over 82% agreement or
strong agreement as shown in Table 16.

This further supports the guidelines set
forth by NMC that the final formative
assessment shall be along the lines of the
summative assessment.

Table 16. Distribution of Students’ Responses on Similarity of Training Question Difficulty
Level to University Examination

Opinion Counts | % of Total
Strongly Disagree | 0 0.00%
Disagree 0 0.00%
Neutral 19 17.90%
Agree 60 56.60%
Strongly Agree 27 25.50%
Total 106 100.00%
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Approximately 84% of students
reported that teaching methods such as
answer discussions and clinical vignettes

were effective for their learning style.
Very low disagreement indicates overall
satisfaction with teaching strategies as
shown in Table 17.

Table 17. Distribution of Students’ Responses on Effectiveness of Teaching Methods Used
During Training

Opinion Counts | % of Total
Strongly Disagree | 1 0.90%
Disagree 1 0.90%
Neutral 15 14.20%
Agree 60 56.60%
Strongly Agree 29 27.40%
Total 106 100.00%
Nearly 79% of students agreed or assessment. Minimal disagreement

strongly agreed that the training addressed
their difficulties from the second internal

suggests that the intervention effectively
targeted learning gaps as depicted in Table
18.

Table 18. Distribution of Students’ Responses on Addressing Difficulties Faced in Second
Internal Assessment

Opinion Counts | % of Total
Strongly Disagree | 0 0.00%
Disagree 2 1.90%
Neutral 20 18.90%
Agree 60 56.60%
Strongly Agree 24 22.60%
Total 106 100.00%
Most students perceived the organization or strong agreement. This indicates

of the training programme as appropriate,
with more than 84% expressing agreement
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satisfaction with timing, duration, and
sequencing of sessions as shown in Table
19.
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Table 19. Distribution of Students’ Responses on Organization and Structure of the Training

Programme
Opinion Counts | % of Total
Strongly Disagree | 1 0.90%
Disagree 0 0.00%
Neutral 16 15.10%
Agree 69 65.10%
Strongly Agree 20 18.90%
Total 106 100.00%

A large proportion of students
reported
attempting reasoning-type and case-based

increased confidence in

MCQs, with more than 81% agreement or
strong agreement. This reflects the positive
impact of the training on examination
preparedness as Table 20.

Table 20. Distribution of Students’ Responses on Improvement in Confidence to Attempt

Reasoning and Case-Based Questions

Opinion Counts | % of Total
Strongly Disagree | 0 0.00%

Disagree 1 0.90%

Neutral 19 17.90%

Agree 62 58.50%

Strongly Agree 24 22.60%

Total 106 100.00%

More than 83% of students demonstrating overall satisfaction and

indicated willingness to recommend the

training programme to their juniors,
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perceived usefulness of the intervention as
depicted in Table 21.
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Table 21. Distribution of Students’ Responses on Recommendation of Training Programme

to Juniors
Opinion Counts | % of Total
Strongly Disagree | 0 0.00%
Disagree 3 2.80%
Neutral 15 14.20%
Agree 52 49.10%
Strongly Agree 36 34.00%
Total 106 100.00%

The mean assessment score of the
students increased by 18.74 percentage
points following the structured post-
assessment remedial training
demonstrating a substantial improvement

in academic performance as indicated by a
highly significant difference between pre-
and post-intervention scores as shown in
Table 22.

Table 22. Comparison of Pre- and Post-Intervention Assessment Scores

Assessment Mean | SD Mean t p Effect Size
(%) Difference value | value | (Cohen's d)
Pre-int ti
re-intervention 35.99 12.49
Internal Assessment
18.74 —19.25 | <0.001 | 1.58 (Large)
Post-int ti
ost-intervention 5472 13.18
Internal Assessment
Discussion assessment &  targeted remediation
The results of this study show that facilitate mastery of higher-order thinking
structured post assessment remedial while the reasoning-type questions and
training facilitates first-year —medical case-scenario-based MCQs can effectively

students studying biochemistry to perform
much better academically. The
intervention had a considerable
educational impact as evident from the
large effect size, supporting the principles
of competency-based medical education,
which emphasize continuous formative
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bridge learning gaps in foundational
biomedical sciences.

There has been a major paradigm
shift with competency based medical
education towards an outcomes based
learner progression which prioritizes

demonstrable competencies and certifiable
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skills as against the time based training of
the traditional curriculum [9]. In his
commentary, Harden RM has highlighted
that competency-based frameworks require
educational strategies that actively support
learners who struggle to achieve expected
competencies through timely feedback and
targeted interventions [10]. Frank JR et al,
in their comprehensive systematic review
have found that outcomes based education
represents a shift away from time-based
progression toward
attainment, and there is an emphasis on
demonstrable abilities assessed through
structured evaluation methods [11]. CBME
is characterized by its learner-centered
approach and alignment with societal and
healthcare needs, ensuring that training is
relevant to real-world clinical practice
[11].

This study findings concur with
previous research by Panchbude S et al,
demonstrating  the effectiveness of
structured formative assessment strategies

competency

in improving learning outcomes in
Biochemistry [12]. Panchbudhe S et al,
used  Google Form-based @ MCQ
assessments, which was shown to
significantly enhance student performance
and engagement by providing immediate
feedback and reinforcing conceptual
understanding [12]. Similar to these
findings, the remedial training intervention
in our study utilized the Elaborate phase of
the learner driven strategy to identify
learning gaps and faculty provided
feedback to facilitate targeted
improvement. The substantial gain in
academic performance observed in both
studies highlights the importance of
integrating regular formative assessments
with feedback mechanisms to promote
active learning and competency
development.
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Padwal M et al, compared
facilitated learning and self-paced self-
directed learning (SDL) and found that
though both approaches significantly
improved student performance, facilitated
learning tends to yield superior outcomes
due to guided interaction, feedback and
clarification of concepts [13]. Similarly,
our study also emphasizes the importance
of learner engagement and structured
guidance in achieving better learning
outcomes [13].

Hauer et al, described remedial
training as an essential component of
medical education designed to support
struggling learners and prevent long-term
academic failure in his thematic analysis
and also further suggested that effective
remediation requires a structured approach
incorporating multiple assessment
methods, individualized instructions with
opportunities for deliberate practice with
feedback and reflection [14]. Our study

aligns with this based on targeted
identification of learning gaps and
structured post assessment remedial

training. Cleland J et al, found that there
was a significant variability in the design

and implementation of remediation
programs with limited clarity regarding the
specific components responsible for

improved outcomes [15]. This necessitates
a need for multi-institutional, outcomes-
based research to establish standardized
and evidence-based remediation strategies.

Pawade et al, have identified
“blueprinting” as a systematic approach to
align assessments with defined

competencies, ensuring that the assessment
methods comprehensively reflect both
curricular content and expected learning
outcomes. By  mapping  syllabus
components to the competencies and
assigning appropriate weightage across
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recall, reason and apply questions facilitate
balanced of knowledge,
application, and higher-order thinking
skills [16]. Our study similarly highlights

assessment

the importance of assessment driven
learning.  Furthermore, the National
Medical Commission continues to

emphasize outcome-based and learner-
centred assessment strategies to strengthen
competency development in undergraduate
medical education through the recent
GMER [4].

In addition to the
academic performance of students in
formative assessment, the effectiveness of

improving

the structured post assessment remedial
training was observed in the university
summative examination as reflected by the
students’ performance with 98.66% of
students successfully passing Biochemistry
and a substantial number
distinctions. This indicates that structured
post-assessment  training  not
students’
formative assessment but
reinforce key concepts
students’ preparedness
assessment.

achieving

only
improves performance in
also helps
and enhance

for summative

Strengths of the Study

This study addresses an important
yet underexplored area in competency-
based medical education, firstly the role of
structured remedial training interventions
following  formative
Biochemistry. A validated questionnaire

assessments  in

with excellent internal consistency was
used ensuring reliability in measuring
students’ perceptions of the intervention.

The analysis employed appropriate
statistical methods after evaluating
assumptions of normality and

subsequently non-parametric tests were
employed to test the significance, thereby

831

strengthening the methodological rigor of
the findings.

Limitations
Despite its strengths, this study has
limitations. The study relied
on self-reported  student

certain

primarily
perceptions, which may not directly reflect
objective improvements in
performance. However, to circumvent this
paired t test was performed to objectively
assess the improvements in academic
performance. The study was conducted at
a single medical institution, which may
limit the generalizability of the findings

academic

and hence future prospective multi center
studies are needed to further evaluate the
effectiveness of such interventions. Further
a control group was not used to establish
causal inference and this may introduce
potential bias in attributing improvements
solely to the intervention. However, this
may be considered for future multi center
studies.

Conclusion

This study depicts the critical
importance of early identification and
structured remediation for
underperforming first-year medical
students in Biochemistry. The study
further demonstrates that structured post
assessment remedial training substantially
enhances both formative and summative
assessment outcomes with constructivist
principles as a sustainable approach to
improving academic performance and
fostering learner confidence in medical
education.  Students  also  reported
improved  conceptual  understanding,
improved exam preparedness, enhanced
time management, and more positive
attitudes toward the subject. Overall, these
findings align. The study strongly supports
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the principles of competency-based
medical education, which emphasize
continuous formative assessment &

targeted remediation facilitate mastery of
higher-order thinking while the reasoning-
type questions and case-scenario-based
MCQs can effectively bridge learning gaps
in foundational subject like Biochemistry.
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Appendix 1. Study Questionnaire

Section Question Options
17-19 years, 20-22 years,
) What is your age? 23-25 years, 26 years and
Section 1:
above
Demographics
. Male, Female, Prefer not to
What is your gender?
say
Th fi izing this traini
¢ reason for organizing this training (poor Strongly agree, Agree,
performance in reasoning and case-based MCQs .
) . . Neutral, Disagree, Strongly
Section 2: |in the 2nd internal assessment) was clearly .
) disagree
explained to us.
Assessment
alignment | The sessions helped me understand the pattern Strongly agree, Agree,
and expectations of the NMC Annexure 9 UG Neutral, Disagree, Strongly
theory paper in Biochemistry. disagree
The training helped me understand how Stronelv agree. Aeree
Biochemistry assessment in RGUHS (including 81 ABIEe, ASIEE,
. . Neutral, Disagree, Strongly
reasoning questions and case-based MCQs) has .
. . disagree
changed in the new curriculum.
The sessions reflected the NMC Annexure 9 Strongly agree, Agree,
pattern and current RGUHS Biochemistry Neutral, Disagree, Strongly
curriculum accurately. disagree
Section 3:
The training improved my understanding of Strongly agree, Agree,
Perceived

learning gain

Biochemistry reasoning type questions (Q3: 5
questions x 3 marks).

Neutral, Disagree, Strongly
disagree

The training in Biochemistry case scenario—based
MCQs improved my analytical and problem-
solving skills.

Strongly agree, Agree,
Neutral, Disagree, Strongly
disagree

The training helped me relate biochemical
pathways and core concepts to applied/clinical
scenarios.

Strongly agree, Agree,
Neutral, Disagree, Strongly
disagree

Section 4:

Teaching
process and

The difficulty level of the questions practiced
during training was similar to what is expected in
the summative university examination.

Strongly agree, Agree,
Neutral, Disagree, Strongly
disagree
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resources | The teaching methods used (e.g., discussion of
. . Strongly agree, Agree,
answers, explanation of reasoning steps, use of .
.. . . Neutral, Disagree, Strongly
clinical vignettes) were effective for my style of )
i disagree
learning.
The training addressed the main difficulties I Strongly agree, Agree,
faced in the 2nd internal assessment Neutral, Disagree, Strongly
Biochemistry paper. disagree
The oyerall organization of the training (timing, Strongly agree, Agree,
duration, sequence of Neutral, Disagree, Strongly
topics) was appropriate. disagree
My confidence to attempt reasoning-type
. Y . P . 8P . Strongly agree, Agree,
Section 5: | questions and case-based MCQs in the university .
. o . ) Neutral, Disagree, Strongly
. . summative examination has increased after this disaeree
Satisfaction fraining. g
and future

preference for
such training

I would recommend this type of training to my
juniors for better preparation for internal
assessment and university examinations.

Strongly agree, Agree,
Neutral, Disagree, Strongly
disagree
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