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Background: Virtual patients (VPs) have traditionally been utilized in clinical education rather than in preclinical instruction.
However, limited research has evaluated the effectiveness of VP-based sessions in enhancing early clinical exposure (ECE) during
the preclinical years.

Aim: To assess the impact of VP-based tutorials in supplementing the Clinical Skills module for second-year medical students.
Methods: In this prospective study, the effectiveness of VP-based tutorials was compared to conventional lecture-based teaching
within the Clinical Skills module. All second-year medical students enrolled during the 2022/2023 and 2023/2024 academic years
were included. The 2022/2023 cohort (Group 1) received traditional lectures, while the 2023/2024 cohort (Group 2) participated in
VP-based tutorials. Student performance was evaluated using pre- and post-module tests and formative Objective Structured Clinical
Examination (OSCE) scores.

Results: Baseline performance showed no significant difference in pre-module test scores between Group 1 (26.55+22.45%) and
Group 2 (27.13+£26.21%) (p=0.681). Both groups demonstrated significant improvements in post-module scores (Group 1:
73.88+£15.11%; Group 2: 75.01+10.09%, p<0.0001 for both), with no significant difference between the two (p=0.129).
However, Group 2 achieved significantly higher OSCE scores compared to Group 1 (82.62+ 11.03% vs 75.80 & 14.38%, p<0.0001).
Conclusion: This study highlights the value of incorporating virtual patients into preclinical education. VP-based tutorials signifi-
cantly enhance clinical skill development and facilitate early clinical exposure, offering a promising adjunct to traditional teaching
methods in preclinical curricula.
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Introduction
Early clinical exposure (ECE) is a teaching and learning strategy that encourages medical students to interact with patients as
early as their first year." Although the concept dates back to the late nineteenth century—when modern medical education
began—its implementation has evolved considerably.> Historically, medical education was predominantly lecture-based,
with limited opportunities for hands-on experience.* By the end of the nineteenth century, however, educators increasingly
recognized the need for practical training to better prepare students for clinical practice.”®

Numerous studies have shown that ECE motivates students and enhances academic performance, clinical competence,
communication skills, and self-confidence.”'> The evolution of ECE reflects ongoing efforts to develop innovative
strategies that equip students with the knowledge, skills, and attitudes essential for becoming competent, empathetic

physicians.'°
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Despite its advantages, ECE faces several challenges, including: (1) limited resources; (2) concerns about student and
patient safety; (3) cultural barriers; and (4) the need for integration with both basic science and clinical curricula.’

To address these limitations, we advocate for the integration of virtual patients (VPs) into preclinical education. VPs
are computer-based programs designed to simulate real-life clinical scenarios, facilitating learning in a safe and
controlled environment.'®'” While VPs have traditionally been used in clinical phases of education, their application
in the preclinical years remains underexplored.'® This study investigates the effectiveness of VP-based sessions in
supplementing early clinical exposure within the Clinical Skills module during the preclinical phase of medical
education. The term “virtual patients” in this study refers to structured, computer-assisted simulation scenarios delivered
in the Clinical Skills Laboratory using high-fidelity mannequins with integrated physiological response systems. These
scenarios were designed to replicate authentic patient encounters in a safe, controlled setting, allowing students to
practice history-taking, physical examination, and clinical decision-making without risk to actual patients. Such simula-
tion-based VP formats have been shown to bridge the gap between theoretical knowledge and clinical application by
providing realistic, repeatable, and feedback-driven practice opportunities.

Materials and Methods
Study Design and Ethics

This prospective, comparative study was conducted at the Faculty of Medicine, Al-Azhar University (Cairo, Egypt) from
September 2022 to September 2024, in collaboration with the University of Jeddah and Al-Baha University (KSA). Ethical
approval was obtained from the Al-Azhar University Ethics Committee, and written informed consent was obtained from
all participants. The required sample size was calculated using GPower version 3.1.9.7, assuming a medium effect size
(Cohen’s d=0.5), a.=0.05, and power = 80%, which indicated that at least 1,200 participants (600 per group) were needed.
Our study cohorts met this requirement, with 599 students in Group 1 and 597 students in Group 2.

Participants

Second-year medical students enrolled in the Clinical Skills module during the 2022/2023 and 2023/2024 academic years
were included. Foreign students and repeaters were excluded. Group 1 (2022/2023) comprised 599 students; Group 2
(2023/2024) comprised 597 students.

Module Structure and Cohorts

The Clinical Skills module ran over 15 weeks, with seven lecture topics delivered in the first seven weeks alongside eight
weekly real-patient clinical sessions. In 2022/2023 (Group 1), the seven topics were taught as traditional lectures; in
2023/2024 (Group 2), these lectures were replaced by virtual patient (VP)-based tutorials conducted in the on-campus
skills laboratory using computer-based scenarios integrated with mannequins. Both groups received the same eight

clinical sessions in identical sequence and content, in groups of approximately 25 students.

Intervention Virtual Patient Tutorials
In the intervention cohort (Group 2), teaching was delivered using interactive computer-based virtual patient (VP) cases
as the core instructional method. Each VP case simulated a realistic clinical encounter, guiding students through
sequential history-taking, examination findings, investigations, and clinical reasoning steps in a branching format.
These cases were designed to align with the module’s learning objectives and mapped to the blueprint for assessments.
To complement the VP cases, selected procedural skills were demonstrated using mannequins (eg, cardiovascular and
respiratory examination) within the same tutorial session. The mannequin component was used solely to illustrate and
reinforce key examination techniques presented in the VP scenario; it did not constitute an independent simulation
module. This ensured that the VP remained the primary educational strategy while providing students with relevant

hands-on reinforcement.
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Seven Lecture Topics and Learning Objectives
Each topic was linked to specific learning objectives (LOs) across cognitive, psychomotor, and affective domains. The
wording below follows the original module blueprint, with only essential grammar corrections:

1. General medical history — define components (personal history, presenting complaints, past history, family
history) [Remember]; explain their significance [Understand]; differentiate subjective from objective data
[Analyse]; take a complete history [Apply]; prioritize presenting complaints [Evaluate]; demonstrate empathy,
confidentiality, and cultural sensitivity [Affective].

2. General medical examination — list the main steps (inspection, palpation, percussion, auscultation) [Remember];
describe normal findings [Understand]; identify abnormal signs [Analyse]; perform systematic examination
[Apply]; integrate findings with history to reach a diagnosis [Evaluate]; respect patient privacy and dignity
[Affective].

3. Neurological disorders — enumerate history components [Remember]; describe the neurological examination
(mental status, cranial nerves, motor, sensory, coordination, reflexes) [Understand]; differentiate upper from lower
motor neuron lesions [Analyse]; perform neurological examination [Apply]; localize lesions based on findings
[Evaluate]; maintain empathy and professionalism [Affective].

4. Abdominal disorders — list history elements [Remember]; explain the significance of symptoms [Understand];
describe the examination sequence [Understand]; perform complete abdominal examination [Apply]; differentiate
between acute and chronic abdominal conditions [Analyse]; integrate findings into differential diagnosis
[Evaluate]; uphold patient dignity [Affective].

5. Cardiovascular disorders — list targeted history components [Remember]; explain symptom—pathophysiology
relationships [Understand]; describe cardiovascular examination [Understand]; perform focused examination
[Apply]; differentiate normal and abnormal signs (heart sounds, jugular venous pressure) [Analyse]; integrate
findings into a working diagnosis [Evaluate]; ensure patient comfort [Affective].

6. Chest disorders — list history elements (cough, dyspnea, chest pain, hemoptysis) [Remember]; explain symptom
significance [Understand]; describe respiratory examination [Understand]; perform systematic chest examination
[Apply]; differentiate abnormal respiratory signs [Analyse]; integrate findings into diagnosis [Evaluate]; demon-
strate cultural sensitivity [Affective].

7. Differences between adult and pediatric history/examination — list differences [Remember]; explain develop-
mental influences [Understand]; describe modifications for children [Understand]; perform pediatric examination
with caregiver engagement [Apply]; differentiate normal developmental variations from pathology [Analyse];
integrate findings into pediatric impressions [Evaluate]; communicate effectively and patiently [Affective].

VP-Based Tutorial Format

Each VP tutorial lasted 55 minutes and followed a standard format: Introduction (5 min) — review objectives and session
plan; Main activity (40 min) — group discussion of computer-based clinical scenarios with integrated mannequin
demonstrations, guided by open-ended questions to stimulate reasoning; Wrap-up (10 min) — summarize key points,
address misconceptions, and provide feedback. Facilitators emphasized active participation, equitable discussion, respect
for peers, and safe learning environments. Mini-assessments (short quizzes, one-minute papers) and verbal feedback were

used to reinforce learning.

Communication of Learning Objectives

At module commencement, LOs were presented verbally, displayed on initial slides, and included in the course hand-
book. Facilitators related objectives to clinical relevance, broke complex objectives into measurable tasks, and explicitly
linked them to assessment formats (SBA and OSCE).

Advances in Medical Education and Practice 2025:16 https: 1707
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Assessments

Written test — 50 single-best-answer (SBA) questions mapped to the LOs and module blueprint, reviewed by senior
faculty for content validity. The same questions, in a different order, were administered pre- and post-module to allow
direct comparison without difficulty variation.Example SBA: “A 35-year-old man presents with fatigue. The physician
asks about occupation, lifestyle, and marital status. Which history component is this?”

Formative OSCE — Ten stations: four history-taking, four examination, two differential diagnosis, using real patients
where possible and mannequins when required. Pathologies, station scripts, and marking criteria were identical for both
cohorts. Example OSCE station: Focused history for chest complaints (8 min) with a 20-mark checklist covering history
of present illness, risk factors, past/family history, and social history.

Study Flow and Timing
Week 1: introduction to LOs and pre-test SBA. Weeks 2—7: lectures (Group 1) or VP tutorials (Group 2). Weeks 8—15:
clinical sessions. Week 15: post-test SBA and OSCE. The sequence of activities for both cohorts is illustrated in Figure 1.

Statistical Analysis

Data were analyzed using SPSS for Windows, version 22.0 (IBM, Armonk, NY, USA). An independent #-test was used to
compare the mean scores of pre- and post-module assessments within and between groups. A p-value of <0.05 was
considered statistically significant.

Results
A total of 1,196 students participated in the study, with 599 in Group 1 and 597 in Group 2. Both groups were
comparable at baseline, as indicated by pre-module test scores: Group 1 scored 26.55 = 22.45% and Group 2 scored
27.13 £26.21% (p = 0.681).

After completion of the 15-week module, post-module test scores improved significantly within each group. Group 1
improved from 26.55 + 22.45% to 73.88 + 15.11% (p < 0.0001), and Group 2 from 27.13 + 26.21% to 75.01 = 10.09% (p <
0.0001). There was no statistically significant difference between groups in post-module test scores (p = 0.129).

When assessing performance in the formative OSCE, Group 2 achieved significantly higher scores compared to
Group 1 (82.62 + 11.03% vs 75.80 + 14.38%, p < 0.0001).

Year 2 Clinical Skills module Students
Informed consent

Academic year 2022/2023 Academic year 2023/2024
(Group 1) (Group 2)

Classic lectures plus real VPs based tutorials plus real
patient-based clinical sessions patient-based clinical sessions
n=599 n=597
Week 1

Learning objectives explanation
Pre-module SBA test

Week 15
Post-module SBA test and formative OSCE test

Figure | Schematic illustration of the study design.
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Performance by Cognitive Domain

Analysis by cognitive level (based on 50 SBA items) showed significant gains across all domains — Remembering,

Understanding, and Applying/Higher-order thinking — in both groups (all p < 0.0001). For example, in Group 1,

“Remembering” scores increased from 6.28 + 2.7 to 18.98 + 4.2, and in Group 2 from 6.41 + 0.3 to 19.38 + 4.4. The

“Applying and higher” domain showed the greatest relative improvement, particularly in Group 2 (2.15 + 0.2 to 7.28 = 1.3).
Comparisons between groups at baseline revealed no significant differences in any cognitive domain. However, in the

post-module assessment, Group 2 scored significantly higher in the “Applying and higher” category (p < 0.0001).

OSCE Skills Performance

The OSCE consisted of 10 stations assessing procedural and clinical skills mapped to module objectives. Both groups
showed strong performance across domains, but Group 2 consistently scored higher in stations targeting application and
integration of skills, in line with the enhanced virtual patient component.

Lecture Topics and Learning Obijectives
The module comprised seven lecture topics, each designed with explicit learning objectives to ensure constructive
alignment with assessments:

1. Basic life support — Perform CPR and use an automated external defibrillator according to current guidelines

(Applying).

2. History taking — Elicit a complete, focused medical history tailored to the presenting complaint (Understanding/
Applying).

3. Physical examination — Perform systematic examination of the cardiovascular, respiratory, and abdominal systems
(Applying).

4. Vital signs measurement — Accurately measure and interpret temperature, pulse, blood pressure, and respiratory
rate (Remembering/Applying).

5. Venipuncture and injection techniques — Demonstrate correct procedures for intravenous access and intramus-
cular injection (Applying).

6. Urinary catheterization — Insert and manage a urinary catheter in male and female models, respecting aseptic
technique (Applying).

7. Basic wound care — Clean, dress, and suture simple wounds in simulation models (Applying).

These objectives were explicitly linked to the MCQ blueprint and OSCE checklists to ensure consistency between
teaching, learning, and assessment.

The comparable baseline and overall post-module scores between the two groups reflect that both cohorts were drawn
from the same academic year, had undergone identical preclinical training prior to the intervention, and were taught the
same core content and learning objectives during the module, with variations primarily influencing higher-order cognitive
domains and OSCE performance.

Figures and Tables
The detailed results are summarized in Tables 1-5 and illustrated in Figures 2—4, which show the magnitude of
improvement in both groups and the differences in OSCE outcomes.

Discussion

Simulation-based training is a cornerstone in modern medical education. Elendu et al (2024) confirmed that simulation
methodologies, including VPs lead to superior clinical skills, improved patient safety behavior, and better learning
outcomes compared to lecture-only formats.'?
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Table | Comparison Between Pre- and Post-Module Test
Scores Among Both Groups

Group | Group 2 P-value
No=599 No=597
Pre-module test | 26.55+22.45% | 27.13 + 26.21% 0.681
(meanSD)
Post-module test | 73.88+15.11% | 75.01 + 10.09% 0.129
(meanSD)
P-value P < 0.0001 P < 0.0001
OSCE test 75.80+14.38% | 82.62 + 11.03% | P <0.0001
(meanSD)

Notes: Statistically significant level at P<0.05.

Table 2 Comparison Between Pre- and Post-Module Test Scores Among Group | According to Their

Cognitive Level

50 SBA Items Pre-Module Test Marks | Post-Module Test Marks | P-value
(meanxSD) (MeantSD)

Remembering [25 mark, 50%] * 6.28+2.7 18.98+4.2 < 0.0001

Understanding [15 mark, 30%] * 3.55%1.4 9.08+2.1 < 0.0001

Applying and higher [10 mark, 20%] * 2.11+0.5 6.88x1.9 < 0.0001

Notes: *These percentages had been listed according to university bylaw for preclinical years. Statistically significant level at P<0.05.

Table 3 Comparison Between Pre- and Post-Module Test Scores Among Group 2 According to Their

Cognitive Level

50 SBA Items Pre-Module Test Marks | Post-Module Test Marks | P-value
(meanzSD) (meanzSD)

Remembering [25 mark, 50%] * 6.410.3 19.38+4.4 < 0.0001

Understanding [15 mark, 30%] * 3.44+0.6 9.25%1.9 < 0.0001

Applying and higher [10 mark, 20%] * 2.15%0.2 7.28%1.3 < 0.0001

Notes: *These percentages had been listed according to university bylaw for preclinical years. Statistically significant level at P<0.05.

Table 4 Comparison Between Pre-
Their Cognitive Level

and Post-Module Test Scores Among Both Groups According to

Pre-Module Test Marks Post-Module Test Marks
(meantSD) (meantSD)
50 SBA Items Group | | Group 2 | P-value | Group | | Group 2 | P-value
No=599 | No=597 No=599 | No=597
Remembering [25 mark, 50%] * 6.28+2.7 | 6.410.3 0.2425 18.9844.2 | 19.38+4.4 | 0.108I
Understanding [15 mark, 30%] * 3.551.4 | 3.44+0.6 | 0.0778 9.08+2.1 9.25+1.9 0.1424
Applying and higher [10 mark, 20%] * | 2.11£0.5 | 2.15+0.2 | 0.0697 6.88+1.9 | 7.28+1.3 | <0.000I

Notes: *These percentages had been listed according to university bylaw for preclinical years. Statistically significant level at P<0.05.

https:
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Table 5 Comparison Between OSCE Test Scores Among Both Groups According to Their Targeted

Skills
10 OSCE Stations Pre-Module Test Marks | Post-Module Test Marks | P-value
(MeantSD) (MeantSD)
Remembering [25 mark, 50%] * 6.28+2.7 18.98+4.2 < 0.0001
Understanding [15 mark, 30%] * 3.55x1.4 9.08+2.1 < 0.0001
Applying and higher [10 mark, 20%] * 2.11+0.5 6.88%1.9 < 0.0001

Notes: *These percentages had been listed according to university bylaw for preclinical years. Statistically significant level at P<0.05.

Recent evidence underscores the effectiveness of VPs in supporting clinical reasoning early in medical education.
A systematic review found that computer-based VP tools significantly improved students’ diagnostic and reasoning
abilities across a variety of preclinical subjects, demonstrating both feasibility and learning gains in such cohorts.?
Moreover, Garcia-Torres et al (2024) reported that interactive, conversational virtual patients enhanced clinical compe-
tencies, especially in history-taking and reasoning, while achieving high learner satisfaction, reinforcing how VPs can
supplement traditional instruction effectively.”'

The improvement in OSCE performance observed in the second group of this study may be attributed to the
integration of virtual patient scenarios within the module, which offered more opportunities for case-based application
of knowledge, enhanced clinical reasoning, and improved readiness for procedural tasks, thereby increasing both
competence and confidence during the assessment.?

The Year 2 Clinical Skills module, part of the Al-Azhar MBBS program, spans 15 weeks (one session per week) and
accounts for 1 credit hour. The module integrates various teaching methodologies, including seven traditional lectures
and eight real patient-based clinical sessions. This study aimed to assess the efficacy of VP-based tutorials in enhancing
early clinical exposure (ECE) in the preclinical years.

Although VPs have traditionally been used in clinical teaching, the results of this study demonstrate that they are highly
effective tools for preclinical education. The use of VPs significantly improved students’ clinical skills and facilitated ECE.

The findings of this study indicate that VPs positively impact the application of clinical knowledge, as evidenced by
improved performance on the Objective Structured Clinical Examination (OSCE) in Group 2, compared to Group 1.

100+ Group 1: Pre- and Post-module Test Scores

80

60

Score (%)

20

Pre-module Post-module

Figure 2 Group |: Pre- and Post-module Test Scores.
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Group 2: Pre- and Post-module Test Scores

100

Score (%)

Pre-module Post-module

Figure 3 Group 2: Pre- and Post-module Test Scores.

100- OSCE Test Scores Comparison

80

60

Score (%)

40t

20+

Group 1 Group 2

Figure 4 OSCE Test Scores Comparison.

Furthermore, both classic lectures and VP-based tutorials equally enhanced students’ understanding of basic clinical
concepts, as shown by the comparison of pre- and post-module examination performance in both groups.

Several studies have highlighted the benefits of VP-based sessions in clinical disciplines. For instance, Leung and
colleagues found that final-year medical students who were exposed to branched VPs performed significantly better on
end-module multiple-choice questions (MCQs), essay questions, and the final surgery written exam in an anesthesia
module compared to those exposed to storyline-based VPs.?* Similarly, a study in the United States showed that medical

students who used VPs during clinical courses in surgery and urology had higher exam results than those who underwent
standard ward education.**
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However, it is important to note that some studies have shown limited benefits of VPs. For example, a study
comparing VPs with no intervention during a four-year surgical clerkship found improvements in history-taking skills,
but no significant differences in diagnostic investigations, differential diagnosis, or treatment planning, as assessed by
paper-based exams.?® Despite this, meta-analyses and systematic reviews consistently indicate that VPs generally lead to
favorable outcomes.?®*’

When considering the efficacy of VPs in preclinical education, there is a noticeable gap in the literature. A study by
Makransky et al demonstrated that first-year undergraduates who received a VP tutorial following a didactic lecture
showed better understanding of medical genetics counseling, as measured by pre- and post-tests.”® However, this study
focused on a single case and lacked a comparison group, making it difficult to compare VP-based education to traditional
methods. The current study, with its longer duration and dual assessments (written and OSCE), provides evidence that
VP-based tutorials positively influence practical outcomes, even when traditional lectures and VP-based tutorials yield
similar results in theoretical knowledge. Another study by Nicolaou et al also concluded that VPs can be effectively
implemented in preclinical pharmacology teaching, leading to enhanced knowledge and boosted learning outcomes.'®

Our results align with recent findings showing that VPs enhance clinical reasoning when implemented in preclinical
curricula.?’* Coupled with broader evidence that simulation-based formats improve skill acquisition and patient

safety,'?°

our study supports extending VP use as a complementary instructional modality. Notably, systematic reviews
highlight VP feasibility in preclinical contexts and the adaptability of VR-enhanced cases to support self-directed

learning and competency alignment.*

Limitations
This study was conducted at a single institution with a single undergraduate course. Student motivation for VP-based
sessions may have been influenced by their interest in a new learning method. Therefore, further research using a cross-

over design may be needed to confirm these results and assess the broader applicability of VP-based tutorials.

Conclusion

The effectiveness of VPs in preclinical education remains an open question, particularly regarding the specific learners
and stages of education that benefit the most from this method. This study offers important insights into the use of VPs at
the preclinical stage, demonstrating statistically significant improvements in clinical skills acquisition and facilitation of
early clinical exposure.
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