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ABSTRACT

Introduction: Simulation-based Learning (SBL) is widely
recognised for bridging the gap between theoretical knowledge
and clinical practice in health professional education. However,
its systematic application in Indian physiotherapy education is
limited, and its impact on developing essential cardiorespiratory
clinical skills remains understudied.

Aim: To assess the effect of SBL in improving cardiorespiratory
skills among Indian Physiotherapy students compared with
traditional bedside training.

Materials and Methods: The present single-blinded, Stratified
Randomised Controlled Trial (SRCT) was conducted at D.Y. Patil
Deemed to be University, Navi Mumbai, Maharashtra, India from
September 2022 to December 2022. Ninety IV year Bachelor of
Physiotherapy (BPT) students participated in a two-day theory
session and were then allocated to two groups (n=45 per group).
Over three weeks, the control group underwent only traditional
bedside teaching, whereas the experimental group completed a
27-hour SBL module in addition to traditional bedside training.
Both groups were assessed at baseline and after three weeks
of basic cardiorespiratory skills training such as subjective
evaluation, Blood Pressure (BP) measurement, auscultation,
teaching breathing exercises, nebulisation techniques, and

transfers using an adapted, validated checklist. Baseline and
post-training scores were compared using Wilcoxon signed
rank test and Mann-Whitney’s U test with significance set at
p<0.05.

Results: Both groups were demographically comparable, with
similar mean age (21.04 years) and a female predominance
consistent with Indian physiotherapy cohort. Within-group
analysis indicated that experimental group (SBL+ traditional
training) showed significant improvement in all skills (p<0.05),
with large effect sizes (r=0.80-0.90). Control group (traditional
training) also showed significant improvement in all skills (p<0.05)
except in subjective evaluation and transfers. Between-group
post-intervention comparison revealed significantly higher
post-intervention scores in experimental group as compared to
control group (p<0.05); however, teaching breathing exercises
and huffing, although statistically significant, demonstrated a
smaller effect size (r=0.29).

Conclusion: Participants receiving SBL with traditional training
showed greater improvement across most cardiorespiratory
skills compared to those trained solely through traditional
bedside teaching. The smaller effect size for teaching
breathing exercises and huffing suggests that efficacy of SBL's
effectiveness may vary by skill type.
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INTRODUCTION

India’s healthcare system is a diverse and complex network of
private and public-sector educational institutions and hospitals [1].
Rapid growth in science and technology has transformed healthcare
delivery, demanding an evolution of education to meet the modern
clinical demands. The traditional pedagogical approach relies on
the apprenticeship model of practical training, which has numerous
limitations. One issue is limited patient availability, making it difficult
for students to gain experience. Chandra A highlights the ethical
concerns further complicating this model, especially when students
are required to perform assessments and treatment procedures [2],
including potential lack of informed consent, patient discomfort,
and the risk to patient safety. These challenges are intensified by
the increasing number of students entering healthcare professions,
particularly in urban institutions with poor student-patient ratio,
making individualised teaching a challenge.

The SBL offers a promising solution to bridge the gap for traditional
methods in terms of practical, educational, and ethical concerns.
SBL facilitates clinical reasoning, self-efficacy, problem-solving
and clinical competency among nursing students, allowing
learners to practice skills in a secure, controlled environment,
without compromising patient safety [3,4]. A systematic review

found that SBL seems to offer a valuable opportunity to improve
team functioning among healthcare professionals [5]. Few studies
emphasise that SBL helps at different stages of students’ training
in their placements (patient learnings); prior to placement to equip
students for the clinical setting, during placement to facilitate the
intentional and repetitive practice of specific patient scenarios they
have encountered or will experience, and post-placement to exhibit
knowledge acquisition among colleagues [6-8]. SBL may serve as
a remedial tool for underperforming students. Another study found
that SBL improves critical thinking and skills for Physiotherapy and
nursing students in acute illness management [9,10].

Cardiorespiratory Physiotherapy requires a high level of clinical
expertise and decision-making. Integrating SBL into cardiorespiratory
physiotherapy training can provide realistic hands-on experiences,
bridging theory and practice. Korpi H et al., proposed that students’
proficiency evolves in real work situations [11]. Studies have
suggested that using any modality of simulation for practicing skills
would help students develop their core cardiorespiratory treatment
skills [12,13]. It also implies that generic communication skills may
be transferable across areas [12].

Despite SBL’s potential, research analysing its efficacy in addressing
challenges compared to clinical bedside training in India is limited
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[14-16]. SBL yet remains understudied in India, especially in
Physiotherapy education. Therefore, the study hypothesised that
integrating SBL with traditional bedside teaching will produce greater
gains in cardiorespiratory clinical skills than bedside training alone.
Evaluating this integration could provide evidence for SBL as a viable
enhancement for clinical skills in the current educational setting.

MATERIALS AND METHODS

The present single-blinded stratified randomised controlled
experimental study, with participants stratified by academic
performance prior to randomisation. The study was conducted
at D.Y. University, Nerul, Navi Mumbai, Maharashtra, India , from
September 2022 -December 2022. The study received ethical
approval from the Institutional Ethics Committee (IEC) for Biomedical
and Health Research, D.Y. Patil School of Medicine, Navi-Mumbai
(IEC Ref. No: DYP/IECBH/2020/074).

Inclusion and Exclusion criteria: The study invited all 92 fourth-
year BPT (final-year) students to participate in the study. The inclusion
criteria were: i) students currently studying in the IV year of the
BPT program; and ii) those who provided written informed consent.
Exclusion criteria were: i) those who had physical or mental health
conditions limiting their ability to participate at the time of procedure;
ii) those who had subject arrears from previous academic years;
and i) those who failed to complete any of the assessments.

Sample size calculation: Sample size was estimated using strata
15.1 based on a=0.01, power=0.90.These parameters were
informed by previous research by Wright A et al. evaluating SBL
in healthcare education [17]. This yielded a sample size of 41 per
group. The total number was inflated by 10%, resulting in a final
target of 90 participants (45 per group), to account for potential
dropouts or missing data.

A one-hour orientation session was held in the first term of the final
year BPT to introduce students to the study. They were informed
that their participation would be entirely voluntary and assured
that they could quit the study at any time without impacting their
academic standing or assessments for the course. Written informed
consent was obtained.

Stratified randomisation was used to assign participants to the
experimental and control groups within the academic curriculum
setting. Participants were first stratified by their academic
performance in the preceding year, i.e., 39-year BPT (>75%, 60%-
75%, <60%). Within each academic stratum students were then
randomly allocated to Group A (experimental group) and Group B
(control group) using the lottery method. The two-step approach
ensured balanced academic performance across groups while
accommodating curricular logistics and minimising confounding
factors.

Study Procedure

The three-week intervention period included traditional clinical
placement for both groups. Additionally, Group A (experimental
group) attended SBL sessions.

Preparatory theory sessions: Students in both groups participated
in a two-day theory session, with four hours of instruction each
day. These sessions reinforced core concepts in cardiorespiratory
physiotherapy (e.g., respiratory assessment, oxygen therapy, airway
clearance techniques, chest physiotherapy, etc.,) to consolidate
knowledge prior to their clinical exposure. The students then
commenced their clinical placements. All the students were then
placed in cardiorespiratory wards for a period of three weeks.
The students evaluated and treated patients under supervision,
encountering patient case scenarios as they presented in the ward.
The week-by-week description is as follows:

1st week: Clinical placement and baseline evaluation (both
groups): Students from both groups developed and applied skills
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in real-time settings with support and guidance from the clinical
teacher in the ward. They engaged in supervised cardiorespiratory
assessments (observing breathing patterns, evaluation of chest
expansion, auscultation, monitoring of oxygen saturation, and
assessment of functional mobility) and treatment planning and
execution (active cycle of breathing technique, breathing exercises,
postural drainage, manual techniques, suctioning, postsurgical
rehabilitation). Case discussions and presentations supported
theory-practice integration and encouraged greater autonomy in
patient care.

After a 2-3-day cooling-off period, baseline assessment of basic
cardiorespiratory skills was conducted using an adapted clinical
procedural checklist by two blinded evaluators (each focusing on
different skill sets). The authors obtained permission from the publishers
of Judith Wilkinson’s Procedural Checklists for Fundamentals of
Nursing [18], to adapt to meet the requirements of cardiorespiratory
physiotherapy training. The adapted skill, along with author-developed
items was combined into a modified checklist. Six skills were
included, with varying performance items (subjective evaluation=13
items, blood pressure measurement=17, auscultation=20, breathing
exercises=11, nebulisation=11, and patient transfer=13). Each
item was scored on a 3-point scoring system (0O=doesn’t perform,
1=performs with errors, 2=performs correctly). Maximum possible
scores were 26, 34, 40, 22, 22, and 26, for subjective evaluation,
blood pressure measurement, auscultation, breathing exercises,
nebulisation, and patient transfer respectively, with minimum score of
0O for all the skills. The checklist was then subjected to face validation
by three field experts. No other psychometric testing was done
for the adapted tool as the instrument was solely used for within
cohort pre-post comparison rather than for diagnostic or predictive
purposes. Students were aware of being assessed for their skills, but
were unaware of the specific skills being scored, to ensure authentic
performances rather than rehearsed behaviour.

2 week: Group specific interventions

a. Group A (Experimental group): Participated in 27 hours of
experiential learning through the prevalidated SBL module over
three days, alongside traditional bedside teaching during the
remainder of the week.

Simulation module (for Group A only): The authors developed a
simulation module that underwent face validation by an expert panel
comprising a consultant physician, two experienced physiotherapy
faculties, and a healthcare simulation specialist, offering broad
clinical, educational and simulation expertise. It was then piloted
and qualitatively refined through participant interviews to enhance
objectives clarity, scenario flow and feasibility before use in the
current study. As the validation process focused on expert review
and qualitative refinement, no formal statistical reliability testing was
performed. The module was structured as per the International
Nursing Association for Clinical Simulation and Learning (INACSL)
Standards of Best Practice [19] and comprised four key phases:
pre-briefing, briefing, simulation, and debriefing.

i) Pre-briefing phase: introduction to session objectives, roles, and
duties, simulation environment and equipment; i) Briefing phase:
orientation to- manikins, task trainers, monitoring equipment and
simulation set-up through interactive group tasks; iii) Simulation phase
(elaborated below): students participated in 4-5 cardiorespiratory
Physiotherapy scenarios per day, each performed by a small group
of 4-5 students, focusing on assessment and treatment skills [Table/
Fig-1]. Their peers observed, and performance was analysed through
live video; iv) Debriefing phase: Reflection on scenario using video
recordings, identification of challenges, and faculty feedback.

Simulation phase: (3 days for a total of 27 hours (9 hours each
day) with each day focusing on specific skill sets and real-life patient
scenarios (adult as well as paediatric). Daily activities were structured
as follows:
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[Table/Fig-1]: Simulation scenario.

Day 1: Four assessment-based scenarios requiring subjective
evaluation, BP measurement, auscultation skills, chest expansions,
analysing investigation, etc.,

Day 2: Six cardiorespiratory intervention-based scenarios requiring
teaching breathing exercises, positioning and nebulisation, and
suctioning.

Day 3: Scenarios related to transfers and mobilisation techniques
in cardiorespiratory inpatients, concluding with two integrated
sessions combining all learnt skills.

b. Group B received traditional bedside teaching covering the
same set of skills as the experimental group, delivered by
the same investigator to maintain consistency in content and
instruction.

39 week: Consolidation and post-intervention assessment
(Both groups): Students from both groups continued with their
clinical bedside learning to consolidate the learning. To measure
skill acquisition, post-intervention evaluation was conducted by the
same blinded evaluators using the same checklist as at baseline.
[Table/Fig-2] shows the CONSORT flow chart.

Excluded (n=2)
« Not meeting inclusion criteria (n=1)
« Declined to participate (n=1)

| Preparatory theory sessions 1—'
Randomised (n=90)

l | Allocation ,l l

L
Allocated to experimental group (n=45) Allocated to control group (n=45)
+ Received allocated intervention (n=45) + Received allocated intervention (n=45)
+ Did not receive allocated intervention (n=0) «+ Did not receive allocated intervention (n=0)

|

+ Week 1=Baseline Clinical skills evaluation and
Bedside clinical teaching and leaming

+ Week 2=Bedside clinical teaching and leaming

+ Week 3=Bedside clinical teaching and learning +
Final evaluation

* Week 1=Baseline Clinical skills evaluation and
Bedside clinical teaching and leaming

+ Week 2=simulation-based leaming + Bedside
clinical teaching and leaming

« Week 3=Bedside clinical teaching and leaming +

Final evaluation
l Follow-up l

Lost to follow-up (n=0)

Lost to follow-up (n=0)

Discontinued intervention (n=0) Discontinued intervention (n=0)

Analysed (n=45)
« Excluded from analysis (n=0)

Analysed (n=45)
+ Excluded from analysis (n=0)

[Table/Fig-2]: CONSORT flow chart.
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STATISTICAL ANALYSIS

Data were compiled using Microsoft Excel and analysed using
Statistical Package for the Social Sciences software version 22.0
(SPSS Inc., Chicago, IL). Nonparametric tests were used due to the
ordinal characteristics of the data and the existence of non-normal
distributions. Results were presented as median and Interquartile
Range (IQR) values. Within-group (pre vs post) differences were
tested using the Wilcoxon signed-rank test, and between-group
(Group A vs B) differences using the Mann-Whitney U test. Effect
sizes were calculated as r=2/\N, where Z is the test statistic and
N the overall sample size. All tests were two-tailed, with level of
significance set at p<0.05.

RESULTS

The study evaluated theimpact of SBL onthe clinical cardiorespiratory
skills of the V™" year BPT students. The demographic data of the 90
participants of Group A and Group B are provided in [Table/Fig-3].
The gender distribution reflected the pattern of BPT students in
Indian institutions, with more female students than males.

Characteristic Group A | Group B
Gender, n (%)

Female 42 (93.33) 38 (84.44)
Male 3(6.67) 7 (15.56)
Age, Mean (SD) (Years) 21.04 (0.20) 21.04 (0.20)

[Table/Fig-3]: Participants’ demographic information.

As seenin [Table/Fig-4], at baseline, the scores for all the clinical skills
were comparable between groups (p>0.05). Group A (SBL+traditional
training) demonstrated statistically significant improvement in all the
tested skills post intervention (p<0.05)- accompanied by a large
effect size, ranging from r=0.8-0.9, denoting a strong impact of
the intervention. Group B (traditional training only) showed a similar
statistical improvement in all the skills post-intervention except in
subjective evaluation and transfers, though with variable and much
smaller effect sizes (ranging between 0.3 and 0.5).

As shown in [Table/Fig-5] the post-test median scores for all
measured parameters were statistically higher in Group A than
Group B. Group A achieved significant improvement in all skill
metrics, with large effect sizes, indicating the intervention’s efficacy.
Although post-intervention scores of teaching breathing exercises
and Huffing were statistically significant, the effect size was found
to be small (r=0.29).

DISCUSSION

This study investigated the impact of integrating SBL into traditional
bedside teaching on cardiorespiratory skills among undergraduate
physiotherapy students. The gender distribution of the participants
mirrored demographic profile of physiotherapy education in Indian,
with predominance of female students [20]. The pre-intervention
scores of the skills demonstrated no statistically significant differences
between experimental and control groups (p>0.05), indicating
comparable baseline competencies prior to the intervention.
Findings demonstrated that integrated of SBL with traditional
bedside teaching resulted in significantly enhanced scores across
all the skills (p<0.05; r=0.80-0.90). Whereas the control group
showed improvement in most skills, no statistically significant gain
were observed in subjective evaluation and transfers (p=0.78 and
p=0.79). The experimental group showed improvement in higher
order skills like subjective evaluation and transfer scores (p<0.001
for both), which require adaption to varied clinical presentations.
These skills involve higher cognitive and psychomotor load,
requiring integration of knowledge, decision-making, and physical
execution making them challenging to address solely through
traditional bedside teaching. SBL addresses this by segmenting
complex tasks, reducing extraneous cognitive load and allowing
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Parameters Group | Pre Median (IQR) | Post Median (IQR) | Difference (Pre-post) | Test Statistic (Z) | p-value (Wilcoxon signed rank test) Effect Size (r)
Subjective A 18 (4) 24 (4) 6 5.1 < 0.001 0.8
evaluation B 18 (6) 18 (4) 0 0.3 0.78 -0.04
Blood A 18 (6) 29 () 11 5.7 <0.001* 0.9
pressure
measurement B 18 (6) 22 (7) 4 3.6 <0.001* 0.5

A 14(9) 24 (5) 10 5.7 <0.001* 0.9
Auscultation

B 13(7) 16 (6) 3 0.002* 0.5
Teaching A 9(2) 10 (5) 1 3.8 <0.001* 0.6
breathing
exercises B 8(3) 8(2) 0 2.1 0.04* 0.3
and huffing

A 3(2) 8 (4) 5 5.4 <0.001* 0.8
Nebulisation

B 4 (4) 6 (4) 2 2.1 0.032* 0.3

A 7 (6) 11(4) 4 5 <0.001* 0.8
Transfers

7(3) 8(7) 1 0.3 0.794 0.04

[Table/Fig-4]: Pre vs Post skills score analysis within each group using Wilcoxon signed rank test. Values are expressed as Median (Interquartile range).

(*) indicate statistically significant difference at p<0.05

[Table/Fig-5]: Between-group comparison (Group A vs B) using Mann-Whitney U test.

Group A Group B Difference Test statistic | p-value (Mann-Whitney

Parameters Timepoint Median (IQR) Median (IQR) (between group) 2) U test) Effect size (r)
Subjective Pre 18 (4) 18 (6) 0 0.9852 0.324 0.1
evaluation Post 24 (4) 18 (4) +6 5.8818 <0.001* 0.62
Blood pressure Pre 18(6) 18 (6) 0 0.6917 0.489 0.073
measurement Post 29 (3) 22 (7) +7 6.917 <0.001* 0.72

Pre 14 (9) 13(7) +1 0.4813 0.63 0.051
Auscultation

Post 24 (5) 16 (6) +8 5.942 <0.001* 0.63
Teaching breathing Pre 9(2) 8(3) +1 1.580 0.114 0.17
exercises and
huffing Post 10 (5) 8(2) +2 2.769 0.006* 0.29

Pre 3(2) 4(4) -1 1.608 0.108 0.17
Nebulisation

Post 8(4) 6(4) +2 3.987 <0.001* 0.42

Pre 7 (6) 7 (3) 0 0.518 0.604 0.05
Transfers

Post 11(4) 8(7) +3 4.3567 <0.001* 0.46

(*) indicate statistically significant difference at p<0.05

repeated practice at suitable levels [21]. A meta-analysis by Lapierre
A et al., indicated that repetitive practice, structured feedback, and
controlled task progression during simulation optimised cognitive
load for novices [22]. Additionally, SBL facilitates incremental
mastery of complex tasks and builds confidence [4,23]. Conversely,
Andersen SA et al., reported that poorly aligned segmentation in
simulation resulted in higher cognitive load (52% vs 41%, p=0.02)
compared to regular simulation session, reinforcing importance of
structuring SBL carefully [24].

Between group post-intervention comparisons demonstrated that
the experimental group outperformed the control group across all
assessed skills (p<0.05 for all comparisons), with moderate to large
effect sizes, indicating practical significance of integrating SBL.
These findings are consistent with Dairo YM et al., who emphasised
development of profession-specific subjective and objective skills
through SBL [8]. Walker CA et al, demonstrated significantly higher
post-intervention median scores for most cardiorespiratory skills,
except medical and physical interviewing skills, following use of
Standardised Patients (SP) (p=0.07 and p=0.69). The authors
attributed these to skills not being focus of the simulation session
[12]. But, present study demonstrates significant gains in subjective
evaluation (p<0.001), likely due to deliberate incorporation of
structured subjective assessment within high fidelity simulation.

An exception was observed in teaching of breathing exercises
and huffing, where although post-assessment differences were
statistically significant (p=0.006), the magnitude of change
was small reflected by effect size of 0.29. SBL was effective in
improving procedural skills (like auscultation, transfer skills, etc.),
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through structured practice, repetition, and immediate feedback- a
feature critical for motor skills [25,26]. Subjective evaluation further
benefitted from manikin-based voice interaction simulating patient-
therapist dialogue. However, teaching breathing exercises remained
challenging because high-fidelity simulation, while advanced, was
unable to replicate the nuanced, multisensory, and interactive
nature of human physiology and responses (e.g., facial expressions,
hand placement feedback, overuse of accessory neck and shoulder
muscles in breathing patterns). Evidence suggests that SP could
enhance the use of psychomotor skills, kinaesthetic feedback and
patient communication [27-29]. While SP could have addressed
some of the study limitations, their use was precluded by the need
to maintain authentic and consistent pathological presentations,
like auscultation or chest palpation, required for clinical reasoning
and decision-making for teaching breathing exercises and huffing.
Similarly, Wendling AL et al reported superior diagnostic recognition
using simulation compared to SP encounter (84.6% vs 23.8%),
supporting the advantage of simulation in consistently reproducing
pathological signs that are difficult with use of SPs [30].

The study contributes to the broader literature on improving
cardiorespiratory skills by including SBL, specifically addressing its
impact on cardiorespiratory skills among undergraduate physiotherapy
students [12,31]. The study is unique in its stratified randomised
controlled design, which allows integration of SBL into the existing
academic curriculum and provides practical insights into its integration
in real-world educational settings. Another distinctive aspect of the
study is its focus on a diverse but basic set of cardiorespiratory skills,
ranging from subjective evaluation to procedural skills.
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Implications: In the Indian physiotherapy education context, SBL can
help standardise skill training despite variable clinical exposure. The
study supports incorporating SBL as a systematic component of
physiotherapy education, particularly for complex cardiorespiratory
skills. Regulatory bodies and educational programs may consider a
blended model that uses SBL to standardise competencies while
maintaining bedside training for patient interaction-dependent
skills.

Limitation(s)

The stratified randomised controlled design, though pragmatic, may
introduce confounding variables like skill variation. Gender-related
learning differences in SBL couldn’t be examined due to the skewed
gender ratio within the cohort and the broader physiotherapy
profession in India. The adapted tool used to compare skills was
not subjected to psychometric analysis beyond face validity,
limiting generalisability. Conducting the study in two batches to
accommodate lab capacity and manage effective teacher-student
ratio could introduce minor inter-batch variability despite standardise
content and delivery. Finally, a single-institution setting may limit
generalisability.

Future scope: Further research could examine the long-term impact
of SBL on students’ clinical competencies and patient outcomes.

CONCLUSION(S)

The SBL group achieved greater improvement in most
cardiorespiratory skills than those trained solely through traditional
bedside teaching. This justifies SBL as a valuable tool to supplement
traditional clinical training in cardiorespiratory skills, whereas the
significance of bedside teaching for patient interaction-dependent
skills remains today.
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