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Abstract

Background: Hand hygieneis acritical strategy for preventing health care—associated infections (HAISs) and reducing health
care costs. However, adherence remains low, particularly among health care assistants (HCAS) and informal caregivers (1Cs),
who often lack formal training. Virtual reality (VR) delivers standardized, immersive practice with active learning and real-time
feedback. It has shown favorable effects on skill execution and acceptability in training paramedics and caregivers. To our
knowledge, VR has not been systematically applied to train World Health Organi zation (WHO)—aligned hand hygiene techniques.
Given its portability and suitability for brief, repeatable drills, VR is a plausible solution to upskill HCAs and I Csin both hospital
and home-care settings.

Objective: This study aims to assess the immediate training effectiveness and implementation feasibility of abrief VR-based
hand hygiene program for HCAs and ICs in Colombia. We quantified pre-post changes in correct execution (primary outcome),
timing, errors, and knowledge. Success was defined a priori as achieving =75% correct execution after training, consistent with
adherence levels associated with HAI reductions when embedded in WHO-aligned bundles in prior studies.

Methods: In this quasi-experimental, one-group pretest-posttest study, 215 participants (94 HCAs, 121 I1Cs) completed up to
three 15-minute VR training sessions with real-time feedback on hand hygiene technique following the WHO recommendations
for hand hygiene. Data were collected at baseline (pre) and immediately after the VR intervention (post). Variables assessed
included correct execution (primary; binary), error counts, timing adequacy, knowledge assessment, and acceptability.

Results. Correct hand hygiene performance increased from 26.6% to 97.9% among HCAs (95% Cl 92.6-99.4; P<.001) and
from 9.9% to 95.9% among ICs (95% CI 90.7-98.2; P<.001), with paired odds ratios of 34.5 (95% Cl 8.46-140.72) and 21.8
(95% CI 8.90-53.43), respectively. Wide intervals were driven by the very small number who performed worse after training.
Timing adequacy improved significantly in both groups, reaching 46.6 (SD 6.7) and 48 (SD 6.6) seconds, respectively (P<.001).
Common errors, such as insufficient fingertip coverage and incomplete thumb cleaning, were reduced to near 0 (P<.001).
Knowledge scores also improved significantly in both groups, and VR training was rated as “very useful” or “extremely useful”
for skill acquisition.

Conclusions: VR training significantly improved hand hygiene technique and knowledge. The high acceptance rates observed
suggest that these technol ogies can effectively enhance infection prevention skillsin undertrained popul ations, supporting broader
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adoption in health care education. Because this brief, portable, and highly acceptable intervention can be embedded in routine
onboarding, refresher microdrills, and caregiver education—including home care and resource-constrained settings—VR is
well-suited for scale-up. When implemented within WHO-aligned multimodal bundles and with adherence sustained above
pragmatic thresholds, this approach may contribute to downstream reductions in HAIs. Definitive confirmation will require a

controlled effectiveness trial.
Trial Registration:

(J Med Internet Res 2025;27:e€78882) doi: 10.2196/78882
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Introduction

Challenge

Hand hygiene is one of the most effective strategies for
preventing nosocomial infections and reducing the morbidity
and mortality associated with health care—associated infections
(HAIs) [1]. In home settings, inadequate hand hygiene also
contributes to the transmission of infections, leading to an
avoidable health care burden that unnecessarily consumes
resources [2]. Despite its critical role in infection prevention,
adherence to proper hand hygiene remains low, ranging from
10% to 70% depending on the country [3,4]. In Colombia,
nosocomial infection rates reach 2.55/1000 patient-days [5],
leading to an increase in health care costs [6]. Hand hygiene
compliance among health care professionals is estimated
between 19% and 50% [ 7-9]; however, scarce dataare available
for the general population. Among school children, 34% reported
washing their handswith soap and water before eating and after
using the bathroom [10].

Active Learning

Traditional hand hygiene training strategies have shown
limitations in fostering the sustained acquisition of skills and
attitude changes[11]. Activelearning, combined withimmersive
experiences such as those provided by virtua reality (VR), has
proven to be an effective approach for skill acquisition,
knowledge retention, and attitude modification [12].

VR Interventions

VR has been used to improve caregiving practicesin dementia
[13-15], cancer [16], and other care contexts [17] to strengthen
resilience, particularly in coping with the characteristic burden
experienced by caregivers [18,19], and to support the delivery
of more complex care tasks [18], with favorable results, high
acceptability, and effects sustained at least in the midterm.
However, to our knowledge, it has not yet been applied to
training a routine practice with persistent deficits—namely,
hand hygiene.

Hand Hygiene Skills

In hand hygiene, multicomponent bundles built around WHO's
Five Moments for Hand Hygiene framework typically produce
absolute gainsin adherence between 30 and 80 percentage points
[20]. When postintervention adherence is sustained above
roughly 75% and supported by system enablers, programs have
been associated with meaningful reductions in HAIs [21].
Againgt this backdrop, VR-based training can serve as the

https://www.jmir.org/2025/1/€78882

formative component that standardizestechnique and accel erates
skill acquisition in both clinical and home care settings.

Health care assistants (HCAS) and informal caregivers (ICs)
are key target groups for improving hand hygiene skills and
awareness. Despite their essential role in patient care, these
groups have historically received less attention in training
programs, which predominantly focus on physicians and
registered nurses [22]. ICs, in particular, are rarely included in
structured hand hygiene training initiatives, despite their direct
involvement in patient care at home. Given the increasing
reliance on informal caregiving in low- and middle-income
countries, targeted interventions for this group are urgently
needed to reduce infection transmission and improve patient
safety.

Study Aim

Thisstudy aimsto eval uate theimmediate training effectiveness
on correct hand hygiene execution and the implementation
feasibility (acceptability, usability, and practicality) of a brief
VR-based hand hygiene program for HCAs and ICs in
Colombia. Immediate pre-post changes in correct execution
(primary outcome), timing, and error counts were quantified.
K nowledge was assessed as a secondary outcome, and feasibility
was evaluated using acceptability, usability, and practicality
measures. Training success was judged against a prespecified
performance benchmark of a >75% correct execution after
training, consistent with levelslinked to HAI reduction in prior
studies [21].

Methods

Study Design

This quasi-experimental study employed a one-group
pre-posttest design, using paired data analysis. All participant
data were anonymized using unique identifiers.

The description of the intervention followed the Template for
Intervention Description and Replication (TIDieR) checklist
[23] to ensure transparent and comprehensive reporting of the
VR hand hygienetraining (Multimedia Appendix 1). Given the
nonrandomized design, we aso followed the TREND
(Transparent Reporting of Evaluations with Nonrandomized
Designs) statement [24] for nonrandomized evauations of
interventions (Multimedia Appendix 2) and, where applicable,
the CONSORT-EHEALTH (Consolidated Standards of
Reporting Trials of Electronic and Mobile Health Applications
and Online TeleHealth) checklist [25] for digital hedth

JMed Internet Res 2025 | vol. 27 | €78882 | p. 2
(page number not for citation purposes)


http://dx.doi.org/10.2196/78882
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

interventions. The study was registered at Clinical Trials.gov
on March 6, 2025 (NCT07005544)

Ethical Consider ations

The study protocol was approved by the Research Ethics
Committee of Unisanitas (CEIFUS 274-25) on January 29,
2025. The committee oversees several hospitals, including
Colsanitas, in Bogota, Colombia. All participants (HCAs and
ICs) were adults and provided written informed consent prior
to any study procedures. This manuscript reports primary data
collected under the approved protocol; no secondary analyses
beyond those specified in the protocol were undertaken. Study
data were collected and stored in deidentified form, with no
direct persona identifiers retained in the analytic data set.
Records were stored on secure, access-controlled servers, and
only the research team had access to them. The results were
presented in aggregate to prevent reidentification. The
participants did not receive any financia or material
compensation. The manuscript and supplementary materials
contain no images in which individua participants are
identifiable. The study was conducted in accordance with the
Declaration of Helsinki (latest revision) and applicable national
regulations.

Patient and Public I nvolvement

There was no patient or public involvement in the design,
conduct, or analysis of the study.

Study Period

The study was conducted between March and May 2025, during
which no secular events occurred.

Study Setting

This study was conducted in 7 private hospitals in Bogota,
Colombia

Outcomes

The primary outcome was correct hand hygiene assessed in the
same participants immediately before and after training.
Performance was evaluated by trained observers against
guideline-based criteriaaigned with WHO'srecommendations
for hand hygiene. The correct execution was defined apriori as
completing all 5 rubric steps without omissions or
out-of -sequence actions (pass/fail).

Secondary outcomesincluded: (1) error counts; (2) hand hygiene
knowledge, measured with a multi-item scale (higher scores
indicate greater knowledge); (3) time spent performing hand
hygiene; (4) self-reported confidence or perceived competence
to perform hand hygiene in routine care; and (5)
acceptability/usability of the VR training (brief postsession
guestionnaire).

Eligibility Criteria
Thedigibility criteriaincluded facilitiesand services delivering

careto ahigh volume of patientsin need of home-based support,
where |Cs play an active role in daily care provision.

https://www.jmir.org/2025/1/€78882
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Participants

A total of 140 HCAs from hospitals and 170 ICs of dependent
patients in home settings were recruited. In the Colombian
hospitalsinvolved in this study, HCAsincludeall patient-facing
health care support staff, such as auxiliaries, orderlies/porters,
and similar roleswith direct patient contact. Their activitiesare
performed under the supervision of aregistered nurse.

Sample Size

The sample size was calculated to detect pre-post differences
for the primary end point—correct hand hygiene performance
of at least 15% among HCAs and 10% among I Cs, with a 95%
Cl, 80% power, and an expected attrition rate of 15% and 20%
respectively. This yielded a required sample of approximately
106 HCAsand 140 I Csin the postintervention phase. Secondary
outcomes were prespecified as supportive and were not used to
determine the sample size.

Recruitment

The participants were selected using a snowball sampling
technique among HCAs from 7 clinics in Bogota and ICs
accompanying hospitalized patients or those attending outpatient
consultations. Participation was voluntary, and all participants
provided informed consent. The inclusion criteria required
participants to be 18 years or older and able to understand and
follow instructions related to hand hygiene. HCAs had to be
actively employed in a clinical setting with direct and regular
patient contact, while 1Cs had to have been providing careto a
dependent patient at home for at least the past 6 months.
Caregivers with prior health care training or experience with
VR were excluded. Participants with epilepsy or a history of
seizures, as well as those with musculoskeletal or motor
impairments that would prevent the performance of hand
hygiene movements, were also excluded.

Materials

This study utilized a VR scenario that simulated a complete
handwashing sequence with water and soap, including an
instructional display demonstrating the correct hand hygiene
technique. During theintervention phase, participants performed
handwashing asthey would typically do, without any guidance.
Theintervention itself consisted of a standardized handwashing
seguence supported by a 5-step instructional video lasting 1
minute and 27 seconds. For didactic purposes, the
WHO-recommended handwashing technique was grouped into
five labeled steps covering: (1) rubbing the palms together, (2)
rubbing the backs of both hands, (3) interlacing the fingers to
clean interdigital spaces, (4) cleaning fingertips and nails by
rubbing against the opposite palm, and (5) rotational rubbing
of both thumbs. Each movement was demonstrated at the
recommended pace and accompanied by ashort audio narration
and concise on-screen prompts in imperative form. The virtual
bathroom mirror served as an instructiona display,
demonstrating and indicating what to do and when to do it to
ensure correct movements and timing. Prompts were displayed
in Spanish to match the training context (Figure 1).
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Figure 1. Virtua reality (VR) scenarios that simulated a complete handwashing sequence with water and soap.

Handwashing during pre intervention

Training was delivered using Meta Quest 2 headsets (Meta
Platforms). The training was conducted at each hospital in a
dedicated, VR-ready room cleared of obstacles and supervised
by afacilitator to minimizerisks (tripping, fals, disorientation).
Hygienic, wipeable headset covers were used, and the headset
and controllers were disinfected between participants. Before
starting, participantswere screened for contraindicationsto VR
headset use.

Knowledge was assessed using a 5-item multiple-choice test.
The content was reviewed by a3-member expert panel to ensure
that each item accurately reflected current recommendations,
resultinginitem-level (I-CVI=1) and scae-level (S-CVI/Ave=1)
content validity indices, indicating full agreement among experts
on the appropriateness of theitems. Higher scores on this5-item
knowledge test indicate greater knowledge.

A rubric was employed to assess accuracy and errors based on
the standardized hand hygiene protocol approved by institutions
involved in this study, which follows WHO recommendations.
A total of 3 trained reviewers and 2 researchers assessed
participant performance at both the pre- and postintervention
periods. Consensus was established prior to the evaluations to
ensure the reliability of the assessment. Two rounds of rater
training were conducted using the rubric, with diverse worked
examples (including borderline cases) to calibrate judgments
and ensure reliable assessments. Additionally, a questionnaire
assessed knowledge of proper hand hygiene, and 2 additional
guestions evaluated the acceptability of the intervention in
improving hand hygiene compliance.

VR Onboarding

Prior to theintervention, and to minimize motion-tracking issues
and ensure smooth onboarding, participants completed a brief
standardized orientation covering headset fit, basic navigation,
and the gesture set required for the hand hygiene tasks.

Intervention

The intervention was based on active learning principles [26].
It consisted of 4 stages. First, participants recorded their initial
hand hygiene performance using water and soap, which served
as the baseline assessment (pre). Next, they attended a
preliminary session to familiarize themselves with the VR
device. This was followed by up to three 15-minute training
sessions in fully immersive VR scenarios, alowing for
interactive hand hygiene practice with real-time feedback and

https://www.jmir.org/2025/1/€78882
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conducting a posttraining evaluation. Each session covered key
elements of proper hand hygiene, including step-by-step
guidance on the correct sequence, duration, and coverage of
handwashing movements. The participants received immediate
visua and auditory feedback, highlighting mistakes and
reinforcing correct techniques. At the end of each attempt,
participants received immediate corrective feedback on an
external monitor connected to the VR system. The display
replayed the seguence just performed, while the facilitator
highlighted missed aress, out-of-sequence actions, or insufficient
duration (eg, fingertip coverage, thumb rotation, nail cleaning).
The participants then reran the scenario to implement the
correctionsand reinforce learning. Each participant was allowed
up to 3 attempts to improve their performance. For anaysis
purposes, only the last attempt was used to evaluate hand
hygiene execution. The system also provided performance
tracking to measure progress over time.

In the pre- and posttraining phases, participants completed a
5-question questionnaire assessing their knowledge of proper
hand hygiene practices.

No concomitant treatment was provided that could interfere
with the intervention. Participants received only the usual
attention appropriate to their setting, with no additional
interventions, support measures, or proceduresintroduced during
the study period.

M easures

This study assessed the instances of noncompliance with the
correct hand hygiene protocol, types of errors in technique
execution, time spent on hand hygiene, and correct responses
to the WHO's recommendations for hand hygiene. The time
each participant spent washing their hands—both during the
preintervention phase and the intervention—was recorded. The
timer started when hand hygiene movements began and stopped
when the water tap was closed.

Data collection was conducted by trained research assistants
who administered the hand hygiene performance assessments
and knowledge questionnairesin a controlled setting. Pre- and
postintervention eval uationstook placeimmediately before and
after the VR training sessions.

Blinding

The individuals responsible for administering the intervention
recorded participants hand hygiene performance using Quest
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2 devices anonymoudly. All data were automatically and fully
anonymized upon transfer to a secure database. The analysis
was carried out by an independent researcher who was not
involved in the implementation of the intervention, ensuring
blinding during the data analysis phase.

Data Analysis

Wefirst assessed the missing-datamechanism with the Missing
Completely at Random (MCAR) test by Little on key baseline
and pre variables.

A linear mixed-effects model (LMM) with repeated measures
was used to evaluate the intervention's effects over time.
Descriptive statistics and paired comparisons were performed
to assess changes in hand hygiene performance. We compared
paired proportions using the 2-sided McNemar test (a=0.05)
and quantified change with the absol ute differencein proportions
(net increasein correct execution) and the McNemar conditional
odds ratio with 95% Cls computed on the log scale. When a
discordant cell was 0, a 0.5 continuity correction was applied.
For continuous outcomes (timing), we used paired t tests; for
ordinal totals (knowledge), we used Wilcoxon signed-rank tests;
and for error frequencies, we used Fisher exact tests.

Miraet al

Results

Overview

In total, preassessment data were available for 136 HCAs and
165 ICs (N=301). Of these, 106 HCAs and 140 ICs completed
the posttraining assessment (N=246), an attrition of 18.3%
(55/301) (Figure 2 [27]). The Little MCAR test indicated data
were consistent with MCAR (x2=8.79, P=.36). Asprespecified,
we further excluded post records that did not meet analytic
quality criteria. Reasonsfor attrition included missing/unusable
video recordings (n=21), lack of availability (n=29), and
discomfort using VR technology (n=5), resulting in a fina
sample of 215 participants, which included 94 HCAs and 121
ICs. Overall, the reduction from preto the analytic data set was
28.6% (86/301).

The mean age of the HCAs was 34.4 (SD 10.2) years, while
|Cs had amean age of 47.5 (SD 17.7) years. HCAs operated at
a competency level suited to protocol-driven, supervised tasks
that relied on basic literacy, communication, and manual skills.
Most ICs had completed primary schooling. Table 1 showsthe
participants’ demographic characteristics.

Figure 2. Flow diagram of the progress through the phases of the study. This figure was adapted from Hopewell et a [27], which is published under

Creative Commons Attribution 4.0 International License [CC-BY 28]

Assessed for eligibility (n=310,

Enrollment

140 health care assistants and

170 informal caregivers)

Allocation

Decline to participate (n=9, 4
health care assistants and 5
informal caregivers)

Allocation (n=301, 136 health
care assistants and 165
informal caregivers)

Health care assistants pre
intervention (n=136)
post intervention (n= 106)
dropout n=30)

Table 1. Sample characteristics.

Informal caregivers
pre intervention (n=165)
post intervention (n= 140)
dropout n=25)

Demographic variables Health care assistants (n=94), n (%) Informal caregivers (n=121), n (%)
Gender

Female 72 (76.6) 83 (68.6)

Male 22 (23.4) 38(31.4)
Age (years), mean (SD) 34.4(10.2) 475 (17.7)

Rater Concordance

Theinterrater reliability for error coding was perfect following
consensus calibration, with Cohen k=1, supporting the
consistency of rubric-based ratings.

https://www.jmir.org/2025/1/€78882
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Correct Execution of Hand Hygiene

Before the intervention, only 26.6% (25/94; 95% CI 18.7-36.3)
of HCAsand 9.9% (12/121; 95% Cl 5.8-16.5) of |Cs performed
correct hand hygiene according to guidelines. After the VR
training, adherence improved significantly, with 97.9% (92/94;

JMed Internet Res 2025 | vol. 27 | €78882 | p. 5
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

95% Cl 92.6-99.4) of HCAs and 95.9% (116/121; 95% ClI
90.7-98.2) of ICs achieving correct execution (P<.001 for both
HCAs and ICs). Among HCAS, the odds of performing hand
hygiene correctly after the intervention were 34.5 times higher

Miraet al

than before (95% CI 8.46-140.72), while among ICs, the odds
were 21.8 times higher (95% Cl 8.90-53.43). Table 2 shows a
comparison of hand hygiene performance before and after the
intervention.

Table 2. Comparison of hand hygiene performance before and after the intervention

Informal caregivers (n=121)

Criteria Health care assistants (n=94)

Pre, n (%) Post, n (%)
Performed hand hygiene correctly 25 (26.6) 92 (97.9)
Did not perform hand hygiene correctly 69 (73.4) 2(21)

P value® Pre, n (%) Post, n (%) P value
<.001 <.001
12(9.9) 116 (95.9)
109 (90.1) 5(4.1)

M cNemar test.

Time Spent on Hand Hygiene

The mean duration of hand hygiene increased from 37.1 (SD
16) seconds (pre) to 46.6 (SD 6.7) seconds (post) (P<.001)
among HCAs and from 36.5 (SD 12.2) seconds to 48 (SD 6.6)
seconds (P<.001) among ICs.

Table 3. Types of hand hygiene errors before and after training.

Errorsin Hand Hygiene Technique

The most common errors committed by HCAs before training
included insufficient coverage of fingertips (44/94, 46.8%; 95%
Cl 37-56.8), omission of thumb cleaning (32/94, 34%; 95% CI
25.3-44.1), and incompl ete nail cleaning by rubbing against the
palm (28/94, 29.8%; 95% CI 21.5-39.7). After theintervention,
these errors significantly decreased, with all errors dropping to
near 0 (P<.001 in all cases) (Table 3).

Hand hygiene steps Health care assistants (n=94) Informal caregivers (n=121)

Pre, n (%) Post,n (%) pygue® Pre.n(%) Post,n (%) Pvaue
The participant turns on the water tap and wets his’her hands 3332 1(1.) 0.37 7(5.8) 0(0) .01
Soap is applied 1(1) 1(1.1) >.99 16 (13.2) 0(0) <.001
The participant rubs his’/her palms together 1(11) 0(0) >.99 1(0.8) 1(0.8) >.99
Then the participant rubs the top of both hands 5(5.3) 0(0) .06 19 (15.7) 1(0.8) <.001
Soap is applied between the fingers of both hands. 15 (16) 0(0) <.001 35(28.9) 1(0.8) <.001
The participant rubs his’/her hands together, cleaning theinside 44 (46.8) 0(0) <.001 83 (68.6) 2(1.7) <.001
of their fingers, forming a C shape
Nails are cleaned by rubbing them against the palm of the oppo- 28 (29.8) 0(0) <.001 82 (67.8) 1(0.8) <.001
site hand
The participant washes his/her thumb 32(34) 0(0) <.001 76 (62.8) 1(0.8) <.001

8Fisher exact test (2-sided).

Similarly, the most common errors among |Cs before training
were insufficient coverage of fingertips (83/121, 68.6%; 95%
Cl 60-76.2), incomplete nail cleaning by rubbing against the
palm (82/121, 67.8%; 95% CI 59-75.4), and omission of thumb
cleaning (76/121, 62.8%; 95% CI: 53.9-70.9). After the
intervention, these errors also significantly decreased, with all
errors dropping to near 0 (P<.001 in all cases).

https://www.jmir.org/2025/1/€78882

Knowledge of Hand Hygiene Practices

The participants' knowledge significantly improved following
theintervention. In the 5-question multiple-choice questionnaire,
the mean correct score among HCAs increased from 4.50 (SD
0.52) in the pre phase to 4.60 (SD 0.49) in the post phase,
showing a significant increase in correct answers (P<.02). ICs
showed a similar trend, improving from 4.5 (SD 0.68) to 4.73
(SD 0.5); once again, asignificant increasein correct responses
was observed in this group (P<.001) (Table 4).
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Table 4. Distribution of total scores on the knowledge questionnaire before and after the intervention

Scores Health care assistants (n=94) Informal caregivers (n=121)
Pre, n (%) Post, n (%) P value® Pre, n (%) Post, n (%) P value
Overall .02 <.001
1 point 0(0) 0(0) 0(0) 0(0)
2 points 0(0) 0(0) 1(0.8) 0(0)
3 points 1(11) 0(0) 10 (8.3) 3(25)
4 points 45 (47.9) 38 (40.4) 37(30.6) 27 (22.3)
5 points 48 (51.1) 56 (59.6) 73(60.3) 91 (75.2)

Ailcoxon signed-rank test for paired ordinal totals within each group

Acceptability and Perception of the VR Training

Most participants reported a positive experience with the VR
training. A total of 76.6% (72/94; 95% Cl 67.1-84) of HCAs
and 90.1% (109/121; 95% CI 83.5-94.2) of I1Cs found the VR

Table 5. Usefulnessrating of the VRatraining (postsession).

training to be“very useful” or “extremely useful” inimproving
their hand hygiene practices. However, 7% (15/215; 95% CI
4.3-11.2) of ICs expressed initia difficulties with motion
tracking, requiring additional guidance (Table 5). No adverse
events (eg, motion sickness, visual fatigue) were reported.

Ratings Heslth care assistants (n=94), n (%) Informal caregivers (n=121), n (%) P value®
Overall <.001
Totally useless 17 (18.1) 1(0.8)

Slightly useful 0(0) 0(0)

Moderately useful 5(.3) 11(9.2)

Very useful 36(38.3) 71(58.7)

Extremely useful 36 (38.3) 38 (31.4)

3/R: virtual redlity.
BFisher exact test (2-sided) comparing distributions between groups

Robustness of Results

The LMM with repeated measures confirmed the effectiveness
of the intervention over time. Specifically, HCAs committed

1.35 fewer errors post intervention (f=—1.351, P<.001), while
I Cs showed an even larger reduction of 2.58 errors on average
(B=—2.579, P<.001) (Table 6).

Table 6. Linear mixed-effects model for observed errorsin health care assistants and informal caregivers.

Fixed effects [ Estimate Standard error t value (df) P value
Health care assistants
Intercept 1.372 0.09 15.7 (185.62)  <.001
Phase (post) -1.351 0.12 -11.1(93.06)  <.001
Informal caregivers
Intercept 2.636 0.10 26 (239.62) <.001
Phase (post) —2.579 0.14 -18.2(11847) <.001
Discussion ccetion. enors, ard high. scoepaty, sxgetng
Main findings immersive, feedback-rich  practice compresses the

A single, brief VR-based training produced large, immediate
improvements in correct hand hygiene performance in both
HCAs and ICs, at the upper end of effects typically seen with
WHO-aligned programs using conventional or other active
learning formats. Gains  coincided  with  more

https://www.jmir.org/2025/1/€78882

skills-acquisition curve. Knowledge increased only modestly,
consistent with ceiling effects, indicating that the main value
of VR here is behavioral execution rather than declarative
knowledge. Taken together, these results support VR as a
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scalable formative component within multimodal hand hygiene
bundles.

Effectiveness of the Training

The marked improvement in hand hygiene performance
observed in this study highlights the potential of VR to
overcome common barriers to effective training, including
passive learning and lack of real-time feedback. Prior research
has demonstrated that immersivetechnologies, suchasVR, can
significantly enhance both the technical accuracy and retention
of hand hygiene skills[29]. For example, VR training effectively
reinforced the WHO Five Moments for Hand Hygiene
framework among workers, acritical element for reducing HAIs
in clinical practice. Consistent with these findings, this study
observed a significant reduction in common errors, such as
insufficient fingertip coverage and incomplete nail cleaning,
which dropped dramatically. Thisresult supportsthe hypothesis
that active learning based on VR can improve adherence to
standardized procedures, even in challenging settingslike home
care, where | Cs often lack formal training [30]. Theresultsalso
indicate greater adherence to the recommended hand hygiene
duration, further supporting the effectiveness of the VR-based
intervention.

Throughout the training sessions, no participants reported
adverse effects commonly associated with VR, such as motion
sickness, visual fatigue, or general discomfort, suggesting good
tolerability of the intervention.

Notably, the high effectiveness of the intervention was achieved
with avery short training time—only 15 minutesin the longest
cases—highlighting the efficiency of the VR-based approach.
This minima time investment, combined with the observed
performance improvements, suggests that immersive training
not only enhances skill acquisition but does so in a highly
time-effective manner. The ability to obtain such substantial
gains in technique and adherence in a limited timeframe
reinforces the practicality of implementing VR training in busy
clinical settings or resource-constrained environments.
Additionally, the immersive and interactive nature of VR
contributes to increased learner motivation and engagement,
offering added value compared to traditional training methods.
These advantages position VR as apromising tool for efficient,
scalable, and impactful hand hygiene education.

Feasibility of the Training

Most people—both health care professionals and others—are
generaly enthusiastic about using new technologies, which
creates a motivational gradient that can contribute to positive
outcomes [31]. This heightened engagement is particularly
beneficial for home care workers [32]. In our study, the
technology helped attract participants; however, withdrawals
mainly reflected competing caregiving duties at the workplace
or at home. Therefore, scheduling in future training editions
should accommaodate these constraints, especialy when multiple
ons are planned over time.

The curriculum aligned with WHO'srecommendationsfor hand
hygiene, which enhanced acceptability and ensured consistency
with institutional policiesand protocols, mitigating what might
otherwise have been a barrier to adoption. In addition, the VR
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package combined narrated audio guidance with embedded
online video, a multimodal design associated with higher
engagement and improved skill acquisition, as has been shown
in other studies[33].

This experience highlights that individuals with no prior
exposure to VR can rapidly adapt to the tool and improve
adherenceto correct hand hygiene. Thelearning curve wasbrief:
a few minutes of onboarding to the virtual environment were
sufficient—an important consideration for scheduling training
onsand estimating costs. The program mirrored approaches
used in other contexts [34], incorporating a rubric-based
evaluative component that delivers rapid, actionable feedback
on performance within VR.

Training sessions were deliberately brief, enabling
high-throughput delivery and broad reach within routine
schedules in line with findings in other studies [33,35]. The
format was engaging, sustaining attention without increasing
time demands. Participant safety safeguards were implemented
without difficulty, supporting smooth delivery across sessions.

In this study, a majority of HCAs and practically all ICs rated
the VR training as “very useful” or “extremely useful” for
improving their hand hygiene practices, reflecting high user
satisfaction. This aligns with previous studies suggesting that
health care professionals generaly prefer VR-based training
over traditional methods dueto itsinteractive nature and reglistic
simulations [29]. The high acceptability observed here may also
be attributed to the ability of VR to provide immediate
postattempt corrective feedback and personalized learning
experiences, which are known to enhance motivation and
engagement [36]. However, it is essential to note that a few
participants reported discomfort with the technology,
highlighting the need for ongoing user support and ergonomic
design improvements to reduce dropout rates.

Moreover, the high acceptance rates observed in this study
further underscore the advantages of VR asatraining tool, while
also fostering greater motivation. The participants reported that
this blended approach not only facilitated skill acquisition but
also significantly enhanced motivation and engagement, critical
factors for sustaining long-term behavior change. This aligns
with prior research showing that multisensory, interactive
learning environments can improve both knowledge retention
and practical skill application [37].

Practical Implications

Although this study was not specifically designed to measure
adherence levels to proper hand hygiene practices, the
preintervention phase data reveal that only 1 in 10 ICs—who
can be considered part of the genera popul ation—performed
adequate hand hygiene. Thisfinding underscores the notion that
poor hand hygienein community settings representsasignificant
public health challenge that warrants greater attention.

Previous studies, such as those by Omori et a [38], have noted
that VR training can be resource-intensive, requiring
considerable investment in hardware, software, and content
development. This was also the case in our study, where the
initial creation of immersive training scenarios demanded
substantial effort and financia resources. However, our
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experience suggests that once the VR materials are devel oped,
the ongoing costs of implementation and scaling may be
comparableto those of traditional training methods, particularly
when considering the potential for broader, repeated use. The
instructional design of the VR training draws on the Gagné Nine
Events [37], guiding learners through structured stages of
attention, demonstration, practice, and feedback.

Moreover, the superior effectiveness observed in our study,
with near-universal adherenceto correct hand hygienetechnique
after training, suggests that the higher initial costs may be
justified by the significant improvements in performance. This
balance between upfront investment and long-term impact
should be carefully considered in future economic evaluations,
as the benefits of reduced HAIs and improved patient safety
could offset the initial financial burden. Nonetheless, further
studies are needed to comprehensively assess the
cost-effectiveness of VR training in various health care contexts,
including both direct costs and potential downstream savings
from reduced infection rates.

The implementation of VR training programs for ICs could
bridge the existing educational gaps, ensuring that these
individuals are equipped with the necessary skills to perform
effective hand hygiene. Such interventions have the potential
to reduce the incidence of HAIs, thereby improving patient
outcomes and overal heath care quality. The program
components were intentionally developed to minimize costs
related to equipment and personnel, thereby enhancing their
feasibility and scalability across different settings and regions.
However, future implementations should consider strategies to
ensure equitable access to VR training, particularly in
low-resource settings where digital literacy or infrastructure
may be limited.

Given the promising results associated with VR training
modalities, further research iswarranted to exploretheir efficacy
and feasibility among I1C populations. Investigating the impact
of these technologies on hand hygiene practices could inform
the development of targeted educational interventions, ultimately
contributing to enhanced infection control measures within
health care settings.

Hand hygiene is a fundamental practice in preventing HAIs;
however, adherence to proper techniques is often suboptimal.
In this study, three-quarters of nursing assi stantswith continuous
patient contact did not perform adequate hand hygiene. This
figureroseto 9 out of 10 among the ICs, who also play acritical
role in patient care. However, following a brief VR-based
training program, adherence rates improved dramatically,
confirming the growing body of evidence supporting these
disruptive techniques as an effective tool for skill acquisition
and behavior modification in health care [36,38].

Taken together, these findings indicate that implementing brief
VR training in real-world settings is feasible, provided three
conditions are met: (1) flexible scheduling for I1Cs, including
micro-sessions aligned with visiting hours or respite periods,
complemented by walk-in availability; (2) protected time for
HCAs, secured through shift planning and short back up
coverage;, and (3) robust data-capture safeguards, including
facilitator prompts to keep hands within the tracking field,
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real-time checks of tracking quality, and procedures that
minimize missing data to preserve complete case capture for
outcome evaluation.

Limitations

Despite these promising results, this study has severa
limitations. First, this study did not include a control group,
which limits our ability to compare the intervention against
traditional  training methods. However, given the
well-established effectiveness of hand hygiene in preventing
infections, this study focused specifically on assessing the
feasibility and performance outcomes of a VVR-based training
model.

Selection bias is possible due to the snowball sampling
approach, and the Hawthorne effect cannot be ruled out because
participants knew they were being observed. In addition,
secondary outcomes did not inform the sample size calculation
and may be underpowered. Generalizability isalso constrained
by role heterogeneity; the HCA profile varies across facilities,
though the results suggest that personnel with limited prior
training can achieve good immediate performance under this
model. Given the critical role of ICsininfection control in home
settings, future studies should evaluate long-term effectiveness
in that population, ideally incorporating guidance elements to
enhance realism and task fidelity [32].

When interpreting these estimates, note that the McNemar
conditional odds ratio depends only on discordant pairs and
becomes unstable when one discordant cell israre. In our data,
very few participants worsened after training, creating an
extreme imbalance and inflating the variance, hence the wide
Cls. We therefore emphasize the paired absolute gains (+71.3
percentage pointsin HCAS; +86 percentage pointsin ICs) asa
more stable summary of the immediate effect.

Although our data suggest that VR-based training is effective
and offersasteep learning gradient relative to the time invested,
we did not compare it against traditional methods. A
head-to-head evaluation in future studiesis warranted, asit may
reveal complementary strengths, identify opportunities to
optimize VR systems and interfaces, and refinetheinstructional
design (eg, hybrid VR + conventional components), and test
whether gains are more durable over time, as has been suggested
[39].

The study focused on proximal performance outcomes and did
not measure downstream effects on HAI rates, leaving the
broader clinical implications of the intervention uncertain.
Previous studies have noted that while VR can significantly
enhance technique and compliance, the direct impact on patient
outcomes remains less clear [38]. Additionally, this study did
not assess|ong-term retention of skillsbeyond theintervention,
a critical factor for sustained behavior change. Therefore, the
durability of the observed gainsis unknown.

Finally, the study was not designed to quantify costs or conduct
aformal economic evaluation. While descriptive observations
suggest that costs were predominantly front-loaded (content
authoring, hardware configuration, and staff preparation) and
that marginal per-participant costs were low, a prospective
cost-effectiveness analysis (for example, microcosting and
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budget-impact assessment) is needed to determine economic
value. Despite these limitations, the findings provide
proof-of-concept on feasibility, acceptability, participant safety,
and adequacy of thetraining materials, and they can inform the
design of a definitive, controlled effectiveness study.

Conclusion
Active learning facilitated by VR has been shown to enhance

Miraet al

effects of these technologies offer a promising path for more
effective infection prevention training, particularly for high-risk
groups that have historically received less targeted education.
Importantly, the high acceptability and positive user experiences
observed in this study suggest that immersive training tools not
only enhance skill acquisition but al so provide amotivating and
engaging learning environment. This motivational factor is
critical, as it could drive sustained behavior change and

performance and ensure the acquisition of essential hand hygiene
skills according to standardized procedures. The synergistic

ultimately reduce the risk of HAIs and improve patient safety.
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