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Abstract

Virtual simulation has rapidly emerged as a flexible and scalable modality in medical
and nursing education, yet its comparative effectiveness against mannequin-based and
standardized-patient training remains debated. This narrative review synthesizes recent
randomized and quasi-experimental evidence on clinical competence, learner
experience, and downstream hygiene-related behaviors, with a focus on hand hygiene
and infection prevention. A recent meta-analysis including 27 randomized trials found
no significant differences between virtual simulation and mannequin or real-person
simulations for knowledge, procedural skills, clinical reasoning, or communication,
although nursing participants showed superior procedural skill acquisition with virtual
platforms. Simulation-based training in general improves clinical performance,
decision-making, and confidence compared with traditional lectures,. In parallel,
multilevel, theory-driven interventions—including feedback, reminders, and
participatory training—are the most effective strategies to increase hand hygiene
compliance among healthcare workers, suggesting that simulation could be embedded
into such frameworks. Integrating virtual simulation into infection-prevention curricula
may offer cost-effective, high-fidelity education without compromising learning
outcomes.

Keywords: virtual simulation, mannequin simulation, medical education, nursing
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Introduction

Simulation-based education has become a core strategy in undergraduate and
postgraduate health-professional training, enabling deliberate practice of complex
clinical skills without exposing patients to risk. High-fidelity simulations recreate
realistic physiological responses and critical events, allowing learners to refine
decision-making, teamwork, and technical performance in a controlled environment.
Standardized patients and hybrid simulations further extend this paradigm to
communication, professionalism, and interprofessional collaboration. Over the last
decade, rapidly advancing digital technologies have given rise to virtual simulation, in
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fCh authentic clinical scenarios are delivered through immersive or screen-based
platforms accessible from diverse locations and at flexible times.[2][1]

Evidence synthesizing the effectiveness of simulation compared with traditional
didactic teaching is generally favorable. Simulation training has been associated with
improved skill acquisition, better retention, and reduced error rates relative to
lecture-based instruction in multiple randomized and observational studies,. For
example, high-fidelity simulation during preclinical training can yield knowledge gains
equivalent to lectures in the short term and superior knowledge retention in the long
term. However, as virtual simulation becomes more prevalent, an important
pedagogical question is whether these novel formats are as effective as established
mannequin-based or standardized-patient modalities across different domains of
competence.[3][1][2]

In parallel with this evolution in educational methods, healthcare systems continue to
struggle with suboptimal adherence to basic infection-prevention practices, particularly
hand hygiene. Despite clear guidelines and strong evidence linking hand hygiene to
reduced healthcare-associated infections, compliance among healthcare workers often
remains far below desired benchmarks. A recent meta-analysis showed that multilevel,
socioecologically informed interventions—combining individual, interpersonal, and
organizational components—are most effective in improving adherence. These
complex strategies frequently include educational elements, making simulation a
promising vehicle to deliver behavior-changing training around hygiene and infection
prevention.[4]

This article adopts an IMRAD structure to explore the comparative effectiveness of
virtual versus mannequin-based simulation in medical and nursing education, and to
discuss how both approaches can be integrated into hand hygiene and
infection-prevention curricula. Drawing on recent meta-analyses and randomized
trials, we highlight implications for curriculum design, resource allocation, and future
research priorities in medical education and hospital hygiene —.[1][4]

Methods

This article is a narrative, concept-driven review aimed at synthesizing contemporary
evidence on virtual and mannequin-based simulation in medical and nursing education,
with a specific focus on infection-prevention and hand-hygiene applications. We
selected recent systematic reviews, meta-analyses, and randomized or
quasi-experimental studies that examined: (1) virtual simulation in comparison to
mannequins or real persons, and (2) simulation-independent interventions to improve
hand hygiene and infection-prevention behaviors among healthcare workers.
Emphasis was placed on sources published within the last decade, prioritizing
high-quality meta-analyses and randomized controlled trials when available —.

Outcomes of interest included knowledge, procedural skill performance, clinical
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oning, communication skills, learner satisfaction, and behavioral outcomes
relevant to hygiene and infection prevention. Evidence was synthesized descriptively
and structured into sections covering educational effectiveness, practical advantages
and limitations, and implications for hand-hygiene-focused curricula. No formal
risk-of-bias scoring or quantitative re-analysis was undertaken, consistent with the
narrative scope and word-limit constraints of this article.[4][1]

Results

Overall effectiveness of simulation-based education

Across multiple health-professional programs, simulation-based education
consistently enhances learners’ clinical performance, confidence, and readiness for
practice compared with purely didactic methods. High-fidelity simulators allow
repetitive practice of critical scenarios such as cardiac arrest, sepsis management, and
pediatric emergencies, which are difficult to guarantee during routine clinical rotations.
In randomized comparisons, high-fidelity simulation yields immediate knowledge
gains comparable to lectures, while often providing superior long-term retention
several weeks or months later. Learners exposed to simulation report increased
self-efficacy and reduced anxiety prior to entering clinical environments, suggesting
that experiential rehearsal may buffer the stress associated with early patient contact.[3]
Standardized patients and hybrid simulations further broaden the scope of
competencies that can be targeted, including communication with families, disclosure
of adverse events, and interprofessional collaboration between physicians, nurses, and
allied health professionals. The structured debriefing that follows simulation is
particularly valuable for integrating feedback with reflective practice, helping learners
articulate cognitive processes, identify errors, and plan specific improvements.
Objective structured clinical examinations (OSCEs) are frequently used to assess the
competencies acquired through simulation, providing standardized, checklist-based
evaluation of skills and behaviors. The ability of simulation to provide both training
and assessment within a coherent framework has driven its adoption in many medical
curricula worldwide, despite the associated resource demands.[2]

Virtual simulation versus mannequin-based training

Recent evidence suggests that virtual simulation performs at least as well as
mannequin-based or real-person simulations across a broad range of educational
outcomes. A large meta-analysis including 27 randomized trials with 1480 participants
found no statistically significant differences between virtual simulations and
mannequins or real persons in improving knowledge, procedural skills, clinical
reasoning, or communication skills. Effect sizes for all domains were small and not
meaningfully different between modalities, indicating pedagogical equivalence rather
than clear superiority of one approach. Notably, among nursing participants, virtual

simulation was associated with better procedural skills, possibly reflecting the
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ility to repeat scenarios and receive structured feedback without consuming staff
time or physical resources.[1]

Another important finding was the temporal trend in communication outcomes: more
recent studies showed stronger effects of virtual simulation on communication skills,
suggesting that advances in user interface, scenario design, and debriefing tools may
be gradually enhancing the educational impact of digital platforms. This aligns with
broader trends in educational technology, where iterative refinement and user-centered
design often yield cumulative improvements. However, heterogeneity across studies
remains substantial, with variations in scenario design, debriefing quality, learner level,
and outcome measurement likely contributing to the wide confidence intervals
observed in pooled analyses.[1]

From a user-experience perspective, many learners appreciate the convenience and
psychological safety of virtual environments, where errors do not carry visible social
consequences, and scenarios can be paused or restarted as needed. At the same time,
some participants report a preference for physical interaction with mannequins or
standardized patients, particularly when learning fine motor skills, instrument
handling, or nuanced non-verbal communication. The equivalence in measured
outcomes suggests that, when properly designed and facilitated, both virtual and
mannequin-based simulations can achieve comparable learning, allowing educators to
choose modalities based on logistical and financial considerations rather than
educational compromise.

Table: Comparison of virtual and mannequin-based simulation

The following table summarizes key contrasts between virtual and mannequin-based
simulation relevant to curriculum design and implementation.

Dimension Virtual simulation Mannequin / standardized-patient
simulation
Physical realism Limited tactile feedback; visual Rich tactile input; realistic patient
and auditory realism vary interaction and responses
Access and scalability High; remote access, repeatable, Limited by room, equipment, faculty;
asynchronous participation mostly in-person sessions
Cost structure High initial software/hardware, High capital and maintenance cost;
lower marginal cost per user staff time per scenario
Procedural skill Effective with good interface; Strong  for  hands-on  skills,
training especially in nursing [1] instrument handling, psychomotor
tasks
Communication and Comparable outcomes; Traditionally strong; rich non-verbal
teamwork improving over time [1] and team dynamics practice
Assessment and Automated tracking, dashboards, Requires live raters or video review;
analytics easily exportable metrics more resource intensive
Integration with Embedded prompts, branching Direct observation of technique and
hygiene content based on hand hygiene choices timing, bedside realism
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This comparison suggests that neither modality is inherently superior; instead, each
offers specific strengths that can be strategically deployed. Virtual platforms excel in
scalability, data capture, and flexible access, whereas mannequin-based and
standardized-patient simulations provide unmatched physical realism and subtle
interpersonal cues. For many institutions, a blended model that leverages both formats
may be optimal.

Simulation and hand hygiene / infection prevention

Hand hygiene remains a cornerstone of infection prevention, yet adherence among
healthcare workers is consistently lower than recommended, even in well-resourced
settings. A recent meta-analysis of interventions to improve hand hygiene compliance
found that the most effective strategies were multilevel, socioecologically informed
programs combining individual, interpersonal, and organizational components. The
most successful intervention incorporated alcohol-based hand rubs, educational videos,
reminders, feedback, health talks, and innovative strategies such as “powerless gloves,”
achieving an odds ratio of 18.4 for improved hand hygiene behavior. These data
emphasize that sustained behavior change arises from aligned interventions at multiple
levels rather than one-off educational sessions.[4]

Within  such  multicomponent programs, simulation—both virtual and
mannequin-based—can play several roles. First, simulation scenarios can embed hand
hygiene opportunities at key clinical moments, requiring learners to perform or
explicitly verbalize appropriate actions before progressing. In virtual platforms,
branching logic can illustrate the downstream consequences of poor hygiene, such as
simulated outbreaks or deterioration of a vulnerable patient, reinforcing causal links
between behavior and outcomes. In mannequin-based or standardized-patient
simulations, ultraviolet tracers or fluorescent lotions can be used to visually
demonstrate missed areas after handwashing, providing powerful experiential
feedback.

Second, simulation can target team-level behaviors, such as speaking up when
colleagues omit hand hygiene, negotiating competing priorities during emergencies,
and integrating hygiene into complex workflows. Interprofessional simulations that
include physicians, nurses, and allied health staff create safe spaces for rehearsing such
behaviors and for examining latent system barriers, such as inconveniently placed sinks
or empty sanitizer dispensers. Debriefing can then transition from individual blame to
systems thinking, aligning with the organizational layer of effective interventions
identified in the meta-analysis.[4]

Third, simulation can contribute to the assessment and monitoring components of hand
hygiene programs. Virtual platforms can generate detailed logs of hand hygiene

opportunities, responses, and timing, enabling fine-grained analysis of performance at
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individual and group levels. Mannequin-based sessions, scored with structured
checklists, can be used as formative assessments to identify learners or units requiring
additional support. While simulation alone is unlikely to sustain long-term behavior
change, embedding it within a broader Plan—-Do—Check—Act (PDCA) cycle of
continuous quality improvement can provide ongoing reinforcement and data to guide
iterative refinements.

Implementation considerations in different resource settings

The choice between virtual and mannequin-based simulation for hand-hygiene and
infection-prevention training depends heavily on local resources, infrastructure, and
educational culture. In high-income settings with established simulation centers,
mannequin-based and standardized-patient simulations are often already integrated
into curricula, making it relatively straightforward to embed hand-hygiene scenarios
into existing sessions. Adding virtual modules can expand reach to off-site learners and
provide pre-work or follow-up reinforcement without competing for physical space or
faculty time.

In contrast, institutions in low-resource settings may face significant barriers to
establishing and maintaining high-fidelity mannequin-based simulation programs,
including costs, maintenance, and limited technical support. For such contexts, virtual
simulation can offer a comparatively cost-effective alternative, particularly if the
necessary hardware (e.g., laptops, tablets) is already present for other educational
purposes. The favorable cost—utility and flexibility of virtual platforms, highlighted in
recent evidence, make them attractive options for scaling basic infection-prevention
training, even where specialized simulation facilities are unavailable. Additionally,
low-cost task trainers and homemade mannequins can complement virtual modules for
core psychomotor skills, ensuring that learners gain both conceptual understanding and
hands-on practice.[1]

Another implementation consideration is faculty development. Effective simulation—
regardless of modality—depends on skilled facilitation and debriefing. Faculty must
be trained not only in operating the technology but also in guiding reflective
discussions, giving constructive feedback, and linking specific behaviors to patient
outcomes. For hand hygiene and infection prevention, facilitators should be conversant
with institutional policies, local epidemiology, and systems barriers so that debriefings
can transition from individual performance to broader quality-improvement
conversations. Creating multidisciplinary facilitator teams that include
infection-control practitioners, clinicians, and educators can strengthen these links and
enhance the credibility of the training program.

Discussion

Current evidence indicates that virtual simulation is a viable alternative to

mannequin-based and standardized-patient simulations for medical and nursing
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ation, with no significant differences in knowledge, procedural skills, clinical
reasoning, or communication skills across multiple randomized trials. This pedagogical
equivalence suggests that decisions about modality can be driven primarily by practical
considerations such as cost, scalability, and access rather than concerns about
educational inferiority. At the same time, nuanced findings—such as superior
procedural skills in nursing learners and improving communication outcomes in more
recent virtual platforms—underscore the dynamic nature of educational technology
and the importance of continuous evaluation.|[1]

These findings align with broader research demonstrating that simulation-based
education, in general, outperforms traditional lecture-based teaching in areas such as
skill acquisition, retention, and learner confidence,. By allowing repeated practice in
safe environments, simulation supports the development of both technical and
non-technical skills central to patient safety, including situational awareness,
teamwork, and rapid decision-making. Incorporating simulation into core curricula
reduces variability in clinical exposure across learners and can standardize training in
rare but critical events such as anaphylaxis or neonatal resuscitation. The cumulative
evidence therefore supports the continued expansion of simulation across the
continuum of health-professional education.[2][3]

From the perspective of hospital hygiene and infection prevention, the integration of
simulation into multilevel intervention frameworks appears particularly promising.
Meta-analytic evidence indicates that the most effective hand-hygiene interventions
target determinants at individual, interpersonal, and organizational levels, using
combinations of education, reminders, feedback, and environmental changes.
Simulation can enhance each of these components by providing vivid, contextualized
experiences that make abstract guidelines concrete and personally relevant. For
example, virtual scenarios that trace the spread of pathogens through lapses in hand
hygiene can deepen learners’ understanding of transmission dynamics, while
mannequin-based simulations with fluorescent tracers can provide immediate visual
feedback on the adequacy of handwashing technique.[4]

However, several limitations must be acknowledged. First, much of the evidence
comparing virtual and mannequin-based simulations focuses on short-term educational
outcomes rather than patient-centered endpoints such as infection rates or adverse
events. It remains uncertain whether equivalent performance in simulated assessments
translates into equivalent impacts on real-world patient care and hospital hygiene
metrics. Second, heterogeneity in scenario design, debriefing practices, and outcome
measures complicates direct comparison across studies and may obscure important
contextual modifiers. Third, the majority of studies are conducted in single institutions
or specific geographic regions, limiting generalizability to diverse healthcare systems

and resource settings,.[2][1]
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re research should therefore move beyond isolated trials and towards
program-level  evaluations that link simulation-based training—virtual,
mannequin-based, or blended—to concrete clinical outcomes, including hand-hygiene
compliance, device-associated infection rates, and outbreak  control.
Cluster-randomized or stepped-wedge designs may be particularly appropriate for
evaluating the addition of simulation components to existing hand-hygiene programs
at the ward or hospital level. Moreover, qualitative studies exploring learners’ and
faculty’s experiences can illuminate factors that facilitate or hinder sustained behavior
change, such as cultural attitudes towards speaking up about hygiene lapses or
perceived workload pressures.

In designing future curricula, educators should consider simulation not as a stand-alone
intervention but as one element within a comprehensive educational and
quality-improvement ecosystem. Virtual simulation can provide scalable, data-rich
modules for initial training and periodic refreshers, while mannequin-based and
standardized-patient simulations can support high-stakes assessments, complex
team-training, and nuanced communication scenarios. Integrating these modalities
with real-time performance feedback, patient engagement strategies, and
organizational policies will be essential to achieve lasting improvements in infection
prevention and overall patient safety —.[4][1]

Conclusion

Virtual simulation has matured into an educational modality that matches
mannequin-based and standardized-patient simulations across key learning domains
while offering distinctive advantages in scalability, flexibility, and data capture. By
enabling remote access and repeated practice at relatively low marginal cost, virtual
platforms can democratize high-quality clinical education for learners in
geographically dispersed or resource-constrained settings. At the same time, physical
simulations remain invaluable for cultivating fine motor skills and nuanced
interpersonal behaviors that are difficult to fully replicate in digital environments.

For infection prevention and hand hygiene, the greatest gains are likely to arise when
simulation—regardless  of  modality—is  embedded  within  multilevel,
socioecologically informed intervention frameworks that combine education with
environmental restructuring, feedback, and organizational support. Carefully designed
scenarios that integrate hand-hygiene opportunities, demonstrate the consequences of
lapses, and foster team-based accountability can transform hygiene from a checklist
item into a lived professional norm. As medical educators and infection-control leaders
collaborate to shape next-generation curricula, a blended approach that strategically
harnesses both virtual and mannequin-based simulation offers a powerful path towards
safer, more reliable patient care.
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