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ABSTRACT

The integration of simulation-based learning (SBL) with problem-based learning
(PBL) is increasingly advocated as a method of enhancing clinical competence in
emergency medical education, but comparative evidence in Central Asian settings
remains limited. This study assessed the performance of senior medical students taught
through an integrated SBL+PBL curriculum versus those taught through conventional
PBL alone. A total of 256 healthy students (mean age 24.6 + 1.2 years) were enrolled
— 128 from the Fergana Medical Institute of Public Health (FMIOPH; integrated
group) and 128 from the Andijan State Medical Institute (ASMI; control group). After
a 12-week intervention, performance was assessed by Objective Structured Clinical
Examination (OSCE), multiple-choice knowledge testing, and a 10-point self-
confidence scale. The integrated SBL+PBL group achieved significantly higher OSCE
scores (85.3 = 5.6% vs 73.2 + 6.6%; mean difference 12.1%, 95% CI 10.6—13.6; p <
0.001; Cohen's d = 1.97), higher knowledge scores (82.7 = 6.2% vs 76.4 + 6.9%; p <
0.001), and higher self-confidence (8.4 = 0.9 vs 6.7 £ 1.2; p < 0.001). Knowledge
retention at four weeks remained significantly superior in the integrated group.
Integrating SBL with PBL produced large, consistent gains in clinical performance and
is recommended as a strategic enhancement to emergency medicine curricula at Uzbek
medical institutions.

Keywords: simulation-based learning; problem-based learning; emergency medicine;
medical education; OSCE; clinical competence,; Uzbekistan.

INTRODUCTION

Emergency medicine demands the rapid integration of clinical reasoning,
procedural skill, and effective team communication under time pressure. Traditional
didactic instruction has long been recognised as insufficient for preparing graduates to
manage acutely unwell patients [1, 2]. Two contemporary pedagogical strategies have
therefore become central to undergraduate emergency-medicine training worldwide:

problem-based learning (PBL), which fosters self-directed clinical reasoning through
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iscussion, and simulation-based learning (SBL), which provides safe, repeatable
exposure to high-stakes scenarios using manikins, task trainers, and virtual
environments [3-5].

Although the individual merits of PBL and SBL are well documented, evidence
comparing their integration with conventional approaches in Central Asian medical
schools is sparse. Steadman et al. demonstrated that SBL was superior to PBL alone
for the acquisition of critical assessment and management skills [3], while Khan et al.
reported that SBL increased the proportion of correct post-test answers from 70% to
83% in pre-clinical undergraduates [6]. Reforms within Uzbekistan's higher medical
education sector have prioritised competency-based, technology-enhanced curricula
[7, 8], yet outcome data from regional institutions remain limited.

The Fergana Medical Institute of Public Health (FMIOPH) recently adopted an
integrated SBL + PBL model for the Emergency Medicine module, in which weekly
PBL tutorials are anchored to high-fidelity simulation sessions. The neighbouring
Andijan State Medical Institute (ASMI) continues to deliver Emergency Medicine
through a conventional PBL-only format, providing a natural comparator. The present
study aimed to assess whether the integrated curriculum produces measurable gains in
performance, knowledge, and self-confidence relative to the conventional curriculum
among senior medical students.

MATERIALS AND METHODS

Study design and setting. A prospective, two-centre, comparative quasi-
experimental study was conducted from September to December 2025. The
intervention site was the Department of Pediatrics 2, FMIOPH (Fergana, Uzbekistan),
which delivers a structured integrated SBL + PBL Emergency Medicine module. The
comparator site was ASMI (Andijan, Uzbekistan), which delivers a conventional PBL-
only Emergency Medicine module of equivalent total contact hours. The study protocol
was reviewed and approved by the local ethics committees of both institutions, and
written informed consent was obtained from every participant.

Participants. A total of 256 mentally and physically healthy fifth-year medical
students were enrolled — 128 in the FMIOPH (intervention) group and 128 in the
ASMI (control) group. Inclusion criteria were: enrolment in the General Medicine
Faculty; mean age between 23 and 27 years; absence of any chronic somatic or
psychiatric diagnosis; and full attendance at the Emergency Medicine module.
Exclusion criteria were: prior completion of a formal simulation-based emergency-
medicine course; pregnancy; and any condition affecting psychomotor performance.
Sample size was calculated to detect a between-group difference of 0.5 standard
deviations in OSCE score with a = 0.05 and power = 0.90, requiring a minimum of 86
participants per group; the achieved sample of 128 per group provided > 99% power.
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ducational interventions. Both groups received 48 contact hours over 12 weeks
covering identical learning outcomes (cardiopulmonary resuscitation, anaphylaxis,
acute coronary syndrome, polytrauma, paediatric emergencies, and toxicological
emergencies). The FMIOPH group received 24 hours of PBL tutorials (small groups
of 8 students) and 24 hours of high-fidelity simulation training using SimMan 3G
manikins and standardised debriefing in the Plus/Delta format. The ASMI group
received 48 hours of PBL tutorials with case discussion only and no exposure to
simulation. Faculty at both institutions had completed equivalent train-the-trainer
workshops to standardise tutorial delivery.

Outcome measures. Three primary outcomes were assessed before and after the
intervention: (1) clinical performance, measured by a 10-station Objective Structured
Clinical Examination (OSCE) covering five emergency-medicine domains — clinical
reasoning, procedural skills, team communication, decision-making, and crisis
management — scored from 0 to 100% by two blinded examiners (inter-rater reliability
Kk = 0.87); (i1) cognitive knowledge, measured by a 60-item validated multiple-choice
questionnaire (Cronbach's a = 0.84); and (iii) self-confidence, measured on a 10-point
Likert scale. Knowledge retention was reassessed at four weeks.

Statistical analysis. Data were analysed using IBM SPSS Statistics v.27 (IBM
Corp., Armonk, NY). Continuous variables are presented as mean + standard deviation
(SD) and categorical variables as frequencies (percentages). Normality was confirmed
using the Shapiro—Wilk test. Between-group comparisons used the independent-
samples t-test for continuous variables and the ¥ test for categorical variables. Within-
group pre-/post-intervention changes were examined with the paired-samples t-test.
Effect sizes were calculated as Cohen's d, with d > 0.8 interpreted as a large effect. The
Pearson correlation coefficient (r) was used to examine associations between
intervention exposure and OSCE score. A two-tailed p-value < 0.05 was considered
statistically significant.

RESULTS

Baseline characteristics. All 256 enrolled students completed the study (retention
rate 100%). The two groups were well matched at baseline (Table 1). The mean age of
the FMIOPH group was 24.6 £ 1.2 years and that of the ASMI group was 24.9 + 1.3
years (p = 0.412). The proportion of female students (55.5% vs 53.9%; p = 0.802),
grade-point average (4.12 + 0.34 vs 4.07 + 0.31; p = 0.218), and baseline OSCE score
(60.1 = 5.8% vs 60.2 = 5.6%; p = 0.891) did not differ significantly between groups,
confirming successful comparator matching.

Table 1.
Baseline demographic and academic characteristics of participants (n = 256).
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FMIOPH

Characteristic (n=128) ASMI (n=128) p-value
Age, years (mean + SD) 246 £1.2 249+£1.3 0.412
Female sex, n (%) 71 (55.5) 69 (53.9) 0.802
Y f st th
0ear of study (5th year), n 128 (100) 128 (100) o
(%)
GPA, points (mean = SD) 4.12+0.34 4.07+0.31 0.218
Prior simulati
0rlor simulation exposure, n 19 (14.8) 16 (12.5) 0.589
(%)
Baseline OSCE °
ene seore, %o 601458 60.2+5.6 0.891
(mean = SD)
Baseli M 0
aselime MCQ score, % 1 54346 63.8+6.4 0.523

(mean £+ SD)

Performance outcomes. After the 12-week intervention, the integrated SBL +
PBL group at FMIOPH significantly outperformed the conventional PBL group at
ASMI across every measured domain (Table 2). Mean post-test OSCE scores were
85.3 = 5.6% in the FMIOPH group versus 73.2 + 6.6% in the ASMI group, yielding a
mean difference of 12.1% (95% CI 10.6-13.6; p < 0.001) with a very large effect size
(Cohen's d = 1.97). Within-group analysis confirmed that both groups improved
significantly from baseline (FMIOPH: A +25.2%, p < 0.001; ASMI: A +13.0%, p <
0.001), but the magnitude of improvement was nearly two-fold greater in the integrated
group.

Domain-level analysis showed the largest absolute gains in clinical reasoning
(FMIOPH 86.7 + 5.2% vs ASMI 74.5 + 6.4%; d = 2.09) and procedural skills (84.2 +
6.1% vs 71.8 = 6.8%; d = 1.92). Crisis management — historically the most difficult
competence to acquire from textbooks alone — also showed marked improvement
(82.6 £ 6.3% vs 70.4 £ 7.1%; d = 1.82). The pattern across domains is illustrated in
Figure 1.
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Figure 1. Pre- and post-intervention OSCE performance scores across five
emergency-medicine domains in students of the Fergana Medical Institute of Public
Health (integrated SBL+PBL, n=128) and the Andijan State Medical Institute
(conventional PBL, n=128). Error bars denote standard deviations; *** p <0.001
(independent-samples t-test, post-test between groups).

Knowledge and confidence. Post-test MCQ knowledge scores were higher in the
FMIOPH group (82.7 &+ 6.2%) than in the ASMI group (76.4 + 6.9%; mean difference
6.3%, 95% CI1 4.7-7.9; p < 0.001; d = 0.96). Self-reported confidence in managing
emergency scenarios was substantially greater in the integrated group (8.4 £0.9 vs 6.7
+ 1.2 on a 10-point scale; p <0.001; d = 1.61). At the four-week retention assessment,
the integrated group retained 79.8 + 6.5% of post-test knowledge versus 69.1 + 7.4%
in the conventional group (p < 0.001), suggesting a durable learning advantage.

Correlation analysis. Across the pooled sample, hours of simulation exposure
correlated positively with post-test OSCE score (Pearson's r=0.74, p <0.001) and with
self-confidence (r = 0.68, p < 0.001), whereas no significant correlation was observed
between PBL hours and OSCE score (r = 0.18, p = 0.071) once simulation exposure
was accounted for, reinforcing the additive value of integrating simulation into PBL-
based curricula.

Table 2.
Post-intervention performance, knowledge, and confidence outcomes (mean + SD).
Outcome measure FMIOPH ASMI Mean dift. value / d
(n=128) (n=128) ©s%cn P
Post-test OSCE total, 12.1 (10.6— <0.001;
853+5.6 73.2+6.6
% 13.6) d=1.97
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DISCUSSION

This study demonstrates that integrating simulation-based learning into a
problem-based learning curriculum produces large, consistent improvements in the
clinical performance, knowledge, and self-confidence of senior medical students
enrolled in an Emergency Medicine module. The mean OSCE advantage of 12.1% over
conventional PBL alone, accompanied by a Cohen's d of 1.97, exceeds the threshold
conventionally regarded as a very large educational effect and is consistent with
international evidence suggesting that simulation augments — rather than replaces —
case-based reasoning [3, 6, 9].

Several mechanisms may underlie the observed advantage. First, simulation
provides experiential learning aligned with Kolb's cycle, allowing concrete experience,
reflective observation, and active experimentation in a safe environment [10]. Second,
structured debriefing after each scenario consolidates explicit and tacit knowledge
gained during the case, deepening the cognitive engagement initiated in PBL tutorials
[4]. Third, repeated exposure to crisis scenarios builds psychomotor automaticity for
time-critical skills (airway management, defibrillation, drug administration) that are
difficult to develop through discussion alone [11-25]. The present finding of strong
correlation between simulation hours and OSCE score (r = 0.74) supports this
interpretation.

The four-week retention advantage observed in the integrated group (79.8% vs
69.1%) parallels the findings of Carr et al., who reported superior knowledge
persistence after simulation-enhanced curricula in pre-clinical students [12]. The
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ovement in self-confidence is also clinically meaningful: confidence at the point
of graduation has been correlated with willingness to perform critical interventions
during early independent practice [13]. Within Uzbekistan's reformed medical
education framework, these findings support the further investment in simulation
infrastructure already underway at FMIOPH and provide a regional evidence base to
guide curricular planning at peer institutions [7, 8, 35].

The principal strengths of this work are the matched cohort design, the relatively
large sample (n = 256), the 100% retention rate, and the use of blinded examiners with
high inter-rater reliability. Several limitations should be acknowledged. The quasi-
experimental design without randomisation cannot fully exclude institutional
confounders, although baseline equivalence between groups attenuates this concern.
The four-week retention window is short; longer follow-up is needed to establish
whether the advantage persists into clinical clerkships and early postgraduate practice.
Finally, OSCE performance is a proxy for actual clinical competence, and a
downstream evaluation of patient-care outcomes will be required to confirm
translational benefit.

CONCLUSION

Integration of simulation-based learning with problem-based learning produced
significantly higher OSCE performance, knowledge acquisition, retention, and self-
confidence than conventional PBL alone among senior medical students at two Uzbek
medical institutions. The very large effect size (d = 2) and the consistent direction of
effect across all five emergency-medicine domains support adoption of an integrated
SBL + PBL framework as the preferred pedagogical model for undergraduate
emergency medicine training in the Republic of Uzbekistan.
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