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A B S T R A C T

Background: Europe’s aging population and the move to home-based long-term care place growing demands on 
informal caregivers, who often lack formal training. This substantially increases both caregiving and medication 
errors and caregiver burden. Virtual reality (VR) enables experiential training but is seldom tailored to non- 
professional caregivers or evaluated in real-world conditions.
Objective: To analyze the ability of a brief training based on VR to reduce informal caregivers’ burden and their 
caregiving/medication errors at home.
Methods: Two-arm randomized controlled trial in three Spanish regions. Informal caregivers were randomized to 
structured VR training or usual materials; N = 140 (70/70) caring for people with chronic conditions. Assess
ments at baseline and 3 months, aligned with the Kirkpatrick model: L1 satisfaction; L2 video-based error 
detection; L3 self-reported caregiving/medication errors; L4 emotional burden. The intervention delivered 18 
immersive scenarios reflecting common home-care tasks.
Results: Satisfaction was high in the intervention arm (≥90% positive on usefulness, relevance, and applicability). 
Level 2: the intervention group improved error recognition in video scenarios (mean identified errors 5.41 to 
6.64; mean change + 1.23; P = 0.0001), with 46/70 (65.7%) showing improvement (χ2 = 33.114; p < 0.0001). 
Level 3: self-reported errors decreased in the intervention group (62 to 23) but increased in controls (46 to 77); 
the time-by-group interaction was significant (F = 11.53; P = 0.0009). Level 4: emotional burden shifted toward 
lower categories at follow-up in the intervention group (χ2 = 17.73; P = 0.0014). Complementary measures 
showed an increase in COM-B total score from 6.38 to 7.43 (P = 0.0017), with improvements in Opportunity (P 
= 0.0325) and positive trends in Capability and Motivation.
Conclusions: A short, structured VR training improved recognition of unsafe practices and reduced self-reported 
caregiving/medication errors among informal caregivers, with concurrent reductions in emotional burden. 
Findings support integrating immersive, user-centered training into caregiver support programs to enhance the 
safety and quality of home care.
ClinicalTrials.gov NCT05885334.

1. Introduction

1.1. Challenge

Europe is undergoing a profound demographic transformation. By 
2050, the population aged 80 and over is expected to double [1], 

increasing the demand for long-term care (LTC). At the same time, a 
growing majority of older adults express the desire to remain in their 
homes for as long as possible [2]. A key challenge is how to ensure that 
individuals receive care at home that meets quality standards compa
rable to those provided in formal health and social care institutions 
[3,4].
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1.2. Caregiving errors

Informal caregivers commit errors while providing care at home 
[5–8]. Particularly as care tasks become more complex, which may in
crease the risk of adverse outcomes [9]. Such errors also contribute to 
heightened emotional distress and a greater sense of personal re
sponsibility among caregivers, ultimately exacerbating their burden. 
There is an urgent need for accessible training programs aimed at 
enhancing the safety of home-based care [10].

1.3. Online support

To address this challenge, various digital approaches have been 
implemented to support informal caregivers. Online support groups, 
including moderated forums and mobile applications, offer psychosocial 
support, reduce isolation, and foster emotional validation through peer 
interaction [11–15].

1.4. Virtual reality

Virtual reality (VR) represents a promising yet underutilized tool to 
support informal caregivers. VR-based interventions have shown effec
tiveness in enhancing caregivers’ practical skills, empathy, and 
emotional resilience [16–18]. VR enables rehearsal of safety–critical 
procedures—such as hygiene, mobilization, and medication manage
ment—within realistic and low-risk settings [13,16,19]. These im
provements can contribute not only to patient safety but also to the 
caregivers’ physical and psychological well-being and fostering a sense 
of competence [16,20].

Despite recent advances [21], the implementation of VR in
terventions continues to face significant challenges [12,22]. Few in
terventions simulate realistic home care scenarios or directly address 
frequent caregiver errors in routine tasks. These limitations underscore 
the need for more context-sensitive, rigorously evaluated VR training 
tools to improve caregiver competence and reduce preventable harm in 
home care [16,18,22,23].

2. Aim

This study aimed to analyze the ability of a VR-based training to 
reduce errors in the provision of care and medication at home by 
informal caregivers.

3. Methods

A two-arm experimental design compared an intervention group 
with a control group. Assessments were conducted at baseline, imme
diately post-intervention, and at three months. Participants were 
randomly assigned by simple randomization. The trial is part of Reali
tyCare [24], which evaluates training and other disruptive technologies 
to improve safety for people with chronic conditions receiving home 
care from informal caregivers.

In this study, an informal caregiver was defined as any individual 
providing care at home to people with chronic illnesses, disabilities, or 
other long-term health or care needs, without holding formal qualifi
cations or academic training in healthcare. Caregivers may be family 
members, close friends, or non-related individuals offering support 
within a personal relationship. This care may be either paid or unpaid 
[25]. An informal caregiver error was defined as any preventable 
event—resulting from an action or omission—related to medication 
management or care tasks performed at home by the caregiver, 
regardless of whether it caused harm to the care recipient [26]. Care 
recipients were classified as high complexity if their Barthel index was 
less than or equal to 60.

The design and reporting of this study followed key elements out
lined in the CONSORT 2025 statement [27], providing a transparent and 

comprehensive account of the VR training (Supplementary material S1). 
In addition, outcome evaluation was structured according to the Kirk
patrick Model [28,29], which includes four levels of analysis: partici
pants’ reaction to the training (Level 1), learning or knowledge 
acquisition (Level 2), behavioral changes in caregiving practices (Level 
3), and impact on care quality or safety outcomes (Level 4).

3.1. Ethics

The study was approved by the Ethics Committee of Sant Joan 
d’Alacant University Hospital on February 1st, 2023 (project code: 22/ 
080) and registered on ClinicalTrials.gov (ref. NCT05885334, March 
31st, 2023; https://clinicaltrials.gov/study/NCT05885334). Data were 
collected anonymously to ensure participant confidentiality. All pro
cedures complied with Spanish national regulations for research 
involving human participants and adhered to the principles of the 
Declaration of Helsinki (last updated October 2024).

3.2. Patient or public involvement

No patients directly participated in this study. Participants in the 
experimental group contributed insights that informed the future 
refinement of the educational materials.

3.3. Changes to trial protocol

Participation among caregivers of highly dependent patients was 
limited, extending the study timeline. Local logistics also reduced 
recruiting sites from nine to six and lowered the planned sample size, 
though statistical power was preserved.

3.4. Trial setting

The study was conducted in collaboration with healthcare in
stitutions located in three Spanish regions: Andalusia, Madrid, and the 
Valencian Community.

3.5. Study period

The study was conducted from August 2023 to July 2025.

3.6. Participants

Informal caregivers of patients with multiple chronic conditions and 
responsible for providing care for at least six months per year. Inclusion 
required caregivers to have sufficient availability to complete baseline 
assessments, attend the intervention, and participate in follow-up. 
Caregivers were excluded if they had formal healthcare training or 
provided care to institutionalized patients for three or more months per 
year. Caregivers who were already familiar with the use of VR were also 
excluded.

3.7. Sample size

Based on previous studies reporting a 70% baseline prevalence of 
medication errors among informal caregivers [7], a sample size of 84 
participants per group was determined to detect a 10-percentage-point 
reduction. This estimation was calculated using a two-tailed signifi
cance level of 5%, a statistical power of 80%, and an expected dropout 
rate of 15%.

3.8. Recruitment

Participants were recruited via multiple channels: routine clinic 
visits (when accompanying patients), caregiver training programs, and 
collaborations with associations/foundations. Interested individuals 
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were placed on preliminary lists; recruiters at this stage were unaware of 
future group allocation. Eligible caregivers were then randomly 
assigned to intervention or control using simple randomization (drawing 
lots). Allocation was conducted independently by an outcome assessor 
to maintain concealment and minimize selection bias. Group assignment 
was revealed only after informed consent, and participants were not told 
about the other group’s activities to reduce bias.

3.9. Blinding

A team member independent of outcome assessment generated the 
simple randomization sequence with centralized allocation conceal
ment. Given the intervention, participants and trainers could not be 
blinded, but data analysts remained blinded to group assignment.

3.10. Materials

We developed a library of immersive VR scenarios. Common pre
ventable caregiving errors were identified from prior studies and semi- 
structured interviews with 12 clinicians (each > 5 years in home- 
hospitalization or medium-stay care). From these inputs, priority tasks 
were defined and scenarios scripted (e.g., hygiene, mobilization, medi
cation management), then reviewed by an expert panel for relevance 
and clinical accuracy. A specialized vendor produced 18 scenarios for 
Meta Quest 2, enabling interactive, experiential practice of typical 
home-care situations. In addition, standard video scenarios depicting 
frequent errors were recorded for outcome assessment. All materials 
were piloted to verify usability and suitability.

3.11. VR onboarding

Before the intervention, participants in the experimental group 
completed a brief standardized orientation on headset fit, basic navi
gation, and the gesture set for the caregiving tasks to reduce motion- 
tracking issues and streamline onboarding.

3.12. Interventions

Participants in the control group received routine guidance and 
educational materials depicting the same home-care activities practiced 
in VR (Supplementary Materials S2). The experimental group completed 
a structured immersive VR session in designated labs. Training was 
delivered in VR-ready rooms cleared of obstacles and overseen by a 
facilitator; headset covers were used and equipment disinfected between 
users, and contraindications were screened beforehand. First-person 
simulations of common home-care tasks (e.g., hygiene, mobilization, 
medication administration) enabled active practice in a controlled 
environment. Scenarios were tailored to typical home contexts and 
could be repeated as needed. VR-trained staff provided technical sup
port, navigation help, and safety oversight throughout.

The flow of the study is presented in Fig. 1.

3.13. Measures

This study employed four primary outcome measures aligned with 
the Kirkpatrick Model of training evaluation: Satisfaction (level 1), 
knowledge acquisition observable (level 2), behavior change (level 3), 
and signals of impact on care quality (level 4).

Data was collected at three time points—baseline, immediately post- 
intervention, and three-months after (follow-up), allowing for the 
analysis of both retrospective and prospective trends.

3.13.1. Satisfaction (Level 1)
Perceived usefulness, clarity, relevance, and overall value of the 

intervention were assessed using an ad hoc questionnaire adapted from 
tools based on the Technology Acceptance Model [30] (TAM).

3.13.2. Knowledge acquisition observable (level 2)
The ability of participants in the experimental group to detect po

tential errors in standard video recordings of simulated caregiving sit
uations (featuring actors intentionally making common caregiving 
mistakes) was assessed. It was applied only to the experimental group.

3.13.3. Behavior change (level 3)
Participants’ caregiving error frequency was analyzed. Participants 

in both the control and experimental groups also reported the types and 
consequences of errors they believed they had made. Additionally, 
perceived enhancement in caregiving skills was assessed using an 
adapted version of the IEXPAC questionnaire [31] for informal care
givers [32].

Possible restrictions imposed by the physical and social environment 
where caregiving took place were assessed using the six-item COM-B 
questionnaire [33], with responses rated on a scale from 0 (completely 
limited) to 10 (not limited at all).

3.13.4. Signals of impact on care quality (level 4)
The emotional burden experienced by caregivers was assessed using 

the short version of the Zarit Burden Interview (7 items [34], ZBI-7).

3.14. Data analysis

Satisfaction was summarized with descriptive statistics (frequencies 
and % positive at follow-up). Between-group differences in satisfaction 
by sex and patient complexity were explored using Fisher’s exact test. 
For knowledge acquisition, within-group change (baseline vs follow-up) 
in the number of errors detected was assessed with the Wilcoxon signed- 
rank test due to non-normality. In addition, participants were classified 
as improved, unchanged, or worsened according to the direction of 
change in the number of errors detected. A two-sided sign test was used 
to assess directional change, with the null hypothesis that, among par
ticipants showing any change, improvement and worsening were 
equally likely. Participants with no change were treated as ties and 
excluded from the sign test.

To assess self-reported caregiving/medication errors, generalized 

Fig. 1.
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linear mixed models (GLMM) were used to evaluate the effect of phase 
(baseline vs follow-up, representing the effect of the intervention) and 
group, including their interaction, accounting for repeated measures 
within participants. Additional GLMMs were used to assess the effects of 
gender and patient complexity. A within-group Wilcoxon signed-rank 
test was also computed for the experimental arm as supplementary 
analysis.

For COM‑B and ZBI‑7, linear mixed‑effects models (LMM) were used 
as the primary analyses to evaluate changes from baseline to follow‑up, 
accounting for within‑subject correlations. In addition, Wilcoxon sign
ed‑rank tests were performed for COM‑B subscales and total scores, and 
for ZBI‑7 subgroup contrasts. Emotional‑burden categories (low, mod
erate, high) were summarized descriptively in both groups, and within 
the experimental group shifts in these categories from baseline to fol
low‑up were examined with the McNemar–Bowker test as a secondary 
exploratory analysis (two‑sided α = 0.05).

4. Results

A total of 140 informal caregivers were enrolled in the study, of 
whom 70 were allocated to the experimental group and 70 to the control 
group. Fig. 2 provides the CONSORT 2025 flow diagram [27].

The mean age of participants was 44.6 years (SD = 19.9, with 109/ 
140 (77.9%) identifying as female. Most caregivers were family mem
bers 115/140 (82.1%) primarily caring for older adults with chronic 
conditions such as Alzheimer’s disease, reduced mobility, heart disease 
or Parkinson (Table 1).

4.1. Level 1: Satisfaction

Most participants (>90%) reported high satisfaction with the VR 
program: 98.6% (69/70) felt the time was worthwhile and the simula
tion engaging; ~91% (64/70) understood objectives, found it applicable 
to their work, and ~71% (50/70) adapted well. About 91% (64/70) said 
the simulation reflected daily caregiving and improved task perfor
mance (Supplementary Material S3). No sex differences appeared in any 
satisfaction item (Supplementary Material S4). Caregivers of high- 
complexity patients were more likely to see their work reflected (p =
0.0036) (Supplementary Material S5).

4.2. Level 2: Knowledge acquisition

In the experimental group, 46/70 (65.7%) participants increased the 
number of errors detected at follow-up, 11/70 (15.7%) showed no 
change, and 13/70 (18.6%) detected fewer errors than at baseline. 
Among participants who changed, improvement was significantly more 
frequent than worsening (two-sided sign test, p < 0.0001) (Table 2). 
Consistently, the mean number of errors identified increased from 5.41 
(SD 1.94) at baseline to 6.64 (SD 2.56) at follow-up, an absolute mean 
gain of 1.23 errors per participant (P = 0.0001; Supplementary material 
S6). Among participants in the experimental group, women correctly 
identified more care-related errors than men at follow-up (p = 0.0456) 
(Supplementary material S7). Patient complexity did not influence the 
number of correctly identified errors (p < 0.1730) (Supplementary 
material S8).

4.3. Level 3: Observable behavior change

The experimental group significantly reduced the number of self- 
reported errors, from 62 (M = 0.89) at baseline to 23 (M = 0.33) at 
follow-up, while the control group increased their self-reported errors. 
This differential change between groups was statistically significant (p 
< 0.0001) (Table 3).

By gender, male errors remained at 4, whereas female errors declined 
from 58 to 19; GLMM showed no main effects of gender (p = 0.9735) 
(Supplementary S9). No main effects of complexity (p = 0.2499) were 
identified (Supplementary S10).

Among VR participants who reported at least one medication error, 
the distribution of error types changed from baseline (N = 32) to follow- 
up (N = 19). Timing errors decreased from 34.4% at baseline to 21.5% at 
follow-up (Supplementary material S11). The proportion with no con
sequences increased from 50.0% (N = 14) to 83.3% at follow-up (N = 6) 
(Supplementary material S12). From baseline to follow-up, the COM-B 
total score increased from 6.38 to 7.43 (p = 0.0017) (Table 4).

4.4. Level 4: Signals of impact on care quality

In the experimental group, emotional burden decreased from base
line to follow-up (Table 5). However, LLM showed a significant effect of 
group, but no significant effect of phase or group × phase interaction 
(Supplementary material S14).

Fig. 2.
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In contrast, COM-B scores showed significant effects of group and 
phase, as well as a significant group × phase interaction in LMM ana
lyses, supporting a positive effect of the intervention on behavioral de
terminants (Supplementary material S15).

In the experimental group, caregiver empowerment ratings were 
high across items (means 8.2–8.9 on a 1–10 scale) in the follow-up 
(Supplementary material S16).

5. Discussion

5.1. Main findings

Participants reported high satisfaction and engagement; most found 
the training useful, realistic, and applicable. The intervention improved 
knowledge and performance and reduced emotional burden. Care
givers—including older adults with limited digital experience—adapted 
with minimal support, indicating feasibility for broader use.

The simulation integrated technical, contextual, and emotional fi
delity to support comprehensive learning [35]; these elements were 
deliberately engineered, though high fidelity alone does not ensure 
impact.

Few programs employ immersive tech in realistic caregiver sce
narios. Here, trainees rated VR highly, improved performance, and 
showed tangible practice changes, including lower burden. The struc
tured program targeting caregiving/medication errors yielded gains 
across outcomes.

These findings reinforce the idea that immersive simulations, when 
designed according to user-centered principles and grounded in safety 
science, can effectively address the training gap among non-professional 
caregivers [16]. By focusing on frequent, preventable home-care errors, 
our high-fidelity scenarios offer a replicable, scalable approach to 
improving safety and quality at home.

Table 1 
Samples description.

Control 
Group

Experimental 
Group

Total

Gender
Male 18 (25.7) 12 (17.1) 30 (21.4)
Female 51 (72.9) 58 (82.9) 109 

(77.9)
Non-binary 1 (1.4) 0 (0.0) 1 (0.7)
Age (Mean, SD) 55.8 (11.6) 33.4 (20.2) 44.6 

(19.9)
Relative 66 (94.3) 49 (70.0) 115 

(82.1)
Living together 52 (74.3) 27 (38.6) 79 (56.4)
Years of caregiver experience 

(Mean, SD)
7.2 (11.1) 6.7 (8.3) 6.9 (9.8)

Hours per day (Mean, SD) 13.3 (8.8) 10.3 (9.5) 11.9 
(9.3)

Formal training in caregiving 10 (14.3) 22 (31.4) 32 (22.9)
Spanish as primary language 67 (95.7) 65 (92.9) 132 

(94.3)

Patient sex
Male 35 (50.0) 35 (50.0) 70 (50.0)
Female 35 (50.0) 35 (50.0) 70 (50.0)
Patient age (Mean, SD) 75.6 (14.1) 66.9 (27.7) 71.5 

(22.0)
Patient Barthel (0–100 points) 49.4 (35.6) 58.4 (26.7) 53.4 

(32.1)
High complexity patient (Barthel 
≤ 60)

41 (58.6) 41 (58.6) 82 (58.6)

Medications taken daily (Mean, 
SD)

7.7 (4.0) 4.6 (4.4) 6.3 (4.4)

Uses medication dispensing 
devices

41 (58.6) 32 (45.7) 73 (52.1)

Degree of recognized dependency 23 (32.9) 35 (50.0) 58 (41.4)

Principal diagnosis
Alzheimer’s disease 10 (14.3) 11 (15.7) 21 (15.0)
Cancer 11 (15.7) 7 (10.0) 18 (12.9)
Reduced mobility 6 (8.6) 7 (10.0) 13 (9.3)
Heart disease 10 (14.3) 2 (2.9) 12 (8.6)
Parkinson’s disease 0 (0.0) 11 (15.7) 11 (7.9)
Chronic Obstructive Pulmonary 

Disease (COPD)
6 (8.6) 3 (4.3) 9 (6.4)

Dementia 5 (7.1) 2 (2.9) 7 (5.0)
Diabetes 2 (2.9) 4 (5.7) 6 (4.3)
Rare disease 2 (2.9) 2 (2.9) 4 (2.9)
Others 18 (25.7) 21 (30.0) 39 (27.9)
Total 70 (100) 70 (100) 140 

(100)

Table 2 
Change in the number of errors from baseline to follow-up in the experimental 
group (N = 70).

Change in error detection N % p-value*

Detected more errors after the intervention 46 65.7 <0.0001
Detected the same number of errors after the 

intervention
11 15.7

Detected fewer errors after the intervention 13 18.6
Total 70 100.0 ​

*Two-sided sign test.

Table 3 
Total number of self-reported caregiving errors by participants in control and 
experimental groups.

Control Group (N = 70) Experimental group (N =
70)

Baseline Follow-up Baseline Follow-up

Medication errors 31 23 27 7
Care provision errors 15 54 35 16
Total errors self-reported 46 77 62 23
Effect Estimate Std. Error z-value P-value
(Intercept) − 0.7662 0.2651 − 2.890 0.0039
Group (between) − 1.4071 0.3849 − 3.656 0.0003
Phase (within) − 0.5269 0.1892 − 2.785 0.0053
Group × Phase 1.6510 0.3265 5.057 <0.0001

*Generalized linear mixed-effects model.

Table 4 
COM-B outcomes at baseline and follow-up in the experimental group (N = 70).

Baseline Mean 
(SD)

Follow-up Mean 
(SD)

P- 
Value*

Average score for 
Opportunity

6.29 (1.90) 7.03 (2.37) 0.0325

Average score for 
Motivation

5.81 (1.24) 7.10 (2.21) 0.1078

Average score for 
Capability

7.25 (1.84) 7.93 (1.85) 0.0925

Total score (range 1–10) 6.38 (1.02) 7.43 (1.71) 0.0017

Table 5 
Emotional burden of participants in control and experimental groups.

Emotional 
burden

Control group Experimental group

Baseline (N, 
%)

Follow-up 
(N, %)

Baseline (N, 
%)

Follow-up 
(N, %)

Never 10 (14.3) 8 (11.4) 6 (8.6) 20 (28.6)
Rarely 8 (11.4) 38 (54.3) 9 (12.9) 18 (25.7)
Sometimes 24 (34.3) 11 (15.7) 40 (57.1) 24 (34.3)
Often 23 (32.9) 11 (15.7) 13 (18.6) 8 (11.4)
Almost always 5 (7.1) 2 (2.9) 2 (2.9) 0 (0.0)
Total 70 (100) 70 (100) 70 (100.0) 70 (100.0)
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5.2. Placing the findings in context

Immersive technologies have gained traction across various health
care domains [36–40]. VR-based training has demonstrated effective
ness in improving outcomes for patients with chronic conditions 
[41–44]. The VR capacity to simulate complex care environments in 
safe, controlled settings has been shown to enhance learning, motiva
tion, and user engagement [16].

Consistent with previous research [36], our study confirms that VR 
training can enhance caregivers’ ability to perform care tasks more 
safely. Immersive simulations support the acquisition of competence 
[45]. Additional elements, including haptic feedback, motion tracking, 
and immersive narratives, are linked to enhanced engagement [46]., 
which is critical for durable behavior change. Subsequent research could 
isolate the effects of these attributes to determine their contribution to 
training efficacy.

Nonetheless, VR training outside clinical settings remains rare. Bar
riers include low digital literacy, reluctance to use tech
nology—especially among older adults—and the absence of 
standardized protocols for home caregiving’s cognitive, spatial, and 
emotional demands [38–40]. Our study shows feasibility in older care
givers, with high satisfaction, good adaptation, and measurable 
competence gains. Cost-effectiveness still requires evaluation, but re
sults support broader rollout. Moreover, the potential for medium-term 
cost-efficiency—particularly through brief, high-intensity training 
delivered to large caregiver populations—is aligned with prior research 
[37,39]. As deinstitutionalization policies continue to expand across 
Europe and reliance on unpaid caregivers intensifies, our findings un
derscore the strategic value of immersive technologies in enabling safer, 
more competent, and more dignified care in domestic settings.

5.3. Practical implications

By 2021, unpaid caregiving represented an estimated 2%–10% of 
GDP across Europe and is likely to grow as health systems struggle to 
meet rising long-term care needs[2]. With limited institutional capacity, 
reliance on home-based care—often by untrained caregivers—will in
crease, underscoring the need for cost-effective strategies to protect 
patient safety at home. Many countries now offer allowances, legal 
recognition, and social protections, yet assuring quality in private set
tings remains challenging due to limited oversight. Structured train
ing—such as the VR program evaluated here—can help close this gap by 
strengthening caregivers’ competencies. VR supports knowledge reten
tion, decision-making, and meaningful learning, and brief, high- 
intensity sessions at scale may be cost-effective. Adoption, however, 
requires upfront investment and basic technical skills. Our scenario li
brary and standardized procedure indicate the feasibility of VR in this 
context.

5.4. Strengths

It is among the few randomized controlled trials evaluating VR 
training for informal caregivers under real-world conditions. The user- 
centered intervention used scenarios built from documented caregiver 
errors and expert input, ensuring contextual realism. Training content 
was designed, piloted, and refined for clinical accuracy and usability. 
Overall, the study offers a replicable, structured approach that provides 
accessible, effective tools for untrained caregivers, improving the safety 
and quality of home care.

5.5. Limitations

Because the intervention could not be blinded for participants or 
trainers, performance/expectancy effects are possible. Behavior change 
and error reduction were self-reported, so recall and social-desirability 
bias may persist despite anonymization and objective video checks. 

The three-month follow-up limits inferences long-term skill retention 
and sustained change. Intervention participants were younger and 
differed in caregiving context/prior training, potentially favoring VR 
adaptability and inflating effects. We lacked objective clinical endpoints 
(e.g., home-verified medication discrepancies) and health-service use, 
limiting claims about patient outcomes and system impact. Finally, de
livery in a supervised Spanish healthcare setting with trained staff may 
not mirror conditions for large-scale community deployment.

5.6. Future research

Future work should test skill transfer to real-life caregiving through 
direct observation in homes. Comparative studies must evaluate cost- 
effectiveness and knowledge retention versus online courses, video 
simulations, or in-person sessions. Usability studies are also needed on 
cybersickness and visual fatigue, especially in older adults. Research 
should examine psychological effects (e.g., self-efficacy, perceived 
competence). Finally, explore integrating biofeedback, voice interac
tion, and mixed reality to further personalized training.

6. Conclusion

Brief immersive VR training on common home-care scenarios 
improved recognition of unsafe practices, reduced self-reported care
giving/medication errors, and lowered emotional burden in informal 
caregivers. It also appeared to empower users and provide positive 
experience, with high satisfaction and gains in safe-care conditions and 
perceived capability. VR could complement caregiver support via brief, 
scalable sessions. Larger pragmatic trials and economic evaluations are 
needed.
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Glossary

COM-B: Capability, Opportunity, Motivation – Behavior (behavior change model)
CONSORT: Consolidated Standards of Reporting Trials
CONSORT-EHEALTH: CONSORT extension for digital health interventions
COPD: Chronic obstructive pulmonary disease
df: Degrees of freedom
GDP: Gross domestic product
GLMM: Generalized linear mixed-effects model
IEXPAC: Instrument for Evaluation of Chronic Patient Experience (adapted for caregivers)
LTC: Long-term care

LMM: Linear mixed-effects model
M: Mean
N: Sample size (number of observations/participants)
p: p-value (probability value)
RCT: Randomized controlled trial
SD: Standard deviation
Sign test: Non-parametric test for paired directional change
TAM: Technology Acceptance Model
VR: Virtual reality
ZBI-7: 7-item Zarit Burden Interview (short form)
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