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Abstract

Background: Although the proper use of hygiene and personal protective equipment (PPE) is paramount for preventing the
spread of diseases such as COVID-19, health care personnel have been shown to use incorrect techniques for donning/dof
of PPE and hand hygiene, leading to a large number of infections among health professionals. Education and training are diffic
owing to the social distancing restrictions in glaghortages of PPE and testing material, anciieekidence on optimal training.

Virtual reality (VR) simulation can offer a multisensory, 3-D, fully immersive, and safe training opportunity that addresses these
obstacles.

Objective: The aim of this study is to explore the short- and long-term effectiveness of a fully immersive VR simulation versus
a traditional learning method regarding a COVID-19—related skill set and media-specific variables influencing training outcomes

Methods: This was a prospective, randomized controlled pilot study on medical students (N=29; intervention VR training,
n=15, vs control video-based instruction, n=14) to compare the performance of hand disinfection, nasopharyngeal swab takin
and donning/doffing of PPE before and after training and 1 month later as well as variables of media use.

Results: Both groups performed significantly better after training, with the effect sustained over one month. After training, the
VR group performed significantly better in taking a nasopharyngeal swab, scoring a median of 14 out of 17 points (IQR 13-15
versus 12 out of 17 points (IQR 11-14) in the control gr@ap03. With good immersion and tolerability of the VR simulation,
satisfaction was significantly higher in the VR group compared to the control group (median score of User Satisfaction Evaluatio
Questionnaire 27/30, IQR 23-28, vs 22/30, IQR 20-24, in the control gPosupl).

Conclusions: VR simulation was at least as effective as traditional learning methods in training medical students while providing
benefits regarding user satisfaction. These results add to the growing body of evidence that VR is a useful tool for acquirin
simple and complex clinical skills.

(IMIR Serious Games 2021;9(4):€29586) doi: 10.2196/29586
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traditional education or other types of digital education
[21,31,35]. VR offers several advantages, as it provides

The COVID-19 pandemic is a global health emergency ﬂgﬂssibiliti_es for flexible Iefir_n_ing and s_elf-l_earning, providing
places massive demands on health systems and health standardization, reprodumblllty, and stimuli cqntrol; |fc enab_les
workers [L]. Proper use of hygiene and personal protecti\?é’tom_ated generation of data about the details of simulations,
equipment (PPE) is paramount to prevent spreading of disd3§&/ding performance measurements that can be used for
and contamination of health care workers. One possible rea&ggarch or to provide automated individualized feedtagk [

for the high infection rate of COVID-19 is ineffective use of "€ Simple novelty of interactive technologies tsefves, such

PPE. In Italy, up to 20% of health care workers were initial§® VR, can improve student motivatic3g]. The initial cost
infected with the diseasé][ and effort of creating the program can easily be compensated

by broad distribution16,37], as VR training is gradually finding
PPE recommendations from international organizations @&eway into the medical curriculurag].

largely consistent (eg, those from the US Centers for Disease ) ) o _ N
Control and Prevention [CDC] and World Health OrganizatidAnly @ few virtual or mixed reality simulations sior training
[WHOY]) [3-6]; however, the actual use of PPE is not. Healff@nd hygiene 39-42). In addition, high-quality studies
care personnel in all professions and at all levels of trainifi2luating the effectiveness and long-term retention of a VR
have been shown to use incorrect techniques for donning $fgulation compared to conventional training methods are
doffing of PPE and hand hygieng-11]. The main reason '2cking.

appears to be inadequate training in correct PPE technique pfgkefore, we hypothesized that a VR simulation could be an
lack of assessment of proficienc§/11,12]. effective and useful tool with high student satisfaction to teach

Simulation proves to be a powerful tool to test the accurate G£8¥1D-19 diagnostics, and we performed a randomized pilot
of hygiene skills that are relevant for the treatment of patiefdy in medical students to explore (1) the effectiveness of a
with COVID-19 (ie, PPE and hand hygien&3f nevertheless, fully immersive VR simulation versus a_tradm_onal learning
there is still ambiguity regarding which training method workgethod regarding a COVID-19-related skill setii@per hand
best. A recent Cochrane review of evidence relating to PPE 4¥giene, proficiency in PPE use, and correct acquisition of a
protection of health care staff exposed to contaminated bdtFOPharyngeal specimen) tested in a simulatedalscenario,

fluids highlights the lack of robust evidence in this afiga [ 2Nd, as @ secondary outcome, its long-term efteéss 1 month
after training; and (2) media-specific variables influencing

Furthermore, education and training of health care personnetdsning outcomes, such as usability, satisfaction, simulator

difficult with social diStanCing restrictions inalje and ShOl’tageSSickness' and the experience of presence and immersion.
of both PPEZ] and testing materials.

Introduction

Virtual reality (VR) uses computer systems to generate realiémemods
pseudoenvironments that provide users with visual, tactile, and . . .

auditory sensations, with the possibility of realistic interactisﬁgd_y Design, Se.ttlng, and Ethlcal AppI’OV?] _
with the virtual environmentld]. Milgram and Kishino {5  This is a prospective randomized controlled pilot 's'tudy,. taking
referred to mixed reality (MR) as the technologiich involve ~ place at the emergency department of the Inselspitaversity

the merging of real and virtual worlds. Hospital Bern, Switzerland!B], from September to November

VR simulation with the use of head-mounted devices (HMD%?

can offer a multisensory, 3-D, fully immersive, aade training The study population consisted of a convenience sample of
opportunity, avoiding the restrictions of social distancing aridedical students at the University of Bern. All participants
material shortaged ,17]. Through the concept of immersion attended on a voluntary basis; no remuneration was provided.
sense of presence, and interaction with the virtual environmbtprmed consent was obtained. Data were collected, analyzed,
in a real-time and realistic manner, VR simulation can cre&@d stored in anonymized form.

emotional experiences that facilitate experiential learningye ¢4 ethics committee deemed our study exempt from full
exceeding other 2-D learning modalitias][ ethical approval (Business Administration System for Ethics
The value of VR in medical education has already beG@mmittees Req-2020-00889).

demonstrated for various task$]19-30]. VR is often used for Inclusion/Exclusion

training skills of varying complexity, ranging from simple ] _ . )

nursing skills (Foley catheter placement, gaining venous acc8§ inclusion criteria were as follows: medical students (years
[31]) to laparoscopic/endoscopic/endovascular skigd2] or 3-6 out of a 6-year curriculum) at the University of Bern.
complex surgical procedure®t29,33,34]. It is suggested that The exclusion criteria consisted of unwillingness to participate
skills training as a first step to acquiring a competency cand&o provide informed consent.

better taught with VR than with traditional learning methods, ) o

because VR allows for a more active and immersive learnf@gseline Investigations

experience41]. Baseline Survey

Recent studies suggest that VR improves postinterventi®myrief survey about sociodemographic factors; prior training;
knowledge and skills of health professionals better thaAd experience in hand hygiene and PPE use, taking of
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respiratory samples (nasopharyngeal swab), andgerience Assessments/M easurements

with VR was performed after enroliment.

We evaluated the performance of hand disinfection, taking a
nasopharyngeal swab on a manikin, and contamination during

doffing of PPE Figure ).

Figure 1. Flowchart of the study. VR: virtual reality.

Total participants N=29
Baseline survey

(M

Pretest:
Hand disinfection {(number of missed areas)

N=15

Intervention group (VR)

Control group
N=14

Posttest 1 (directly after intervention):
Hand disinfection (number of missed areas)
Clinical simulation scenario (achieved items from the
17-item checklist during nasopharyngeal swab
acquisition}
Clinical simulation scenario (number of contaminated
areas during doffing)
Intervention survey: variables of media use

Posttest 2 (Follow-up 1 month after intervention):

Hand disinfection (number of missed areas)

Clinical simulation scenario (achieved items from the
17-item checklist during nasopharyngeal swab
acquisition)

Clinical simulation scenario (number of contaminated
areas during doffing)

Hand Disinfection
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RenderX

A performance analysis scheme (documentation of missed
locations; n=38 locations for each hand, with a total of 76 areas
Hand disinfection performance was evaluated usth@eescent investigated) was developed by the institutiorfeétion control
marker (Visirub conc and Sterillium, Hartmann AG) anéind medical educator team as adapted from Pan4f]alhe
UV-light scanning was performed using the Derma Litechegkitcome was the number of missed locations (range from 0 to
UV Multimedia device (KBD Ltd) at the time of enrollment7e; a lower number is better). Performance was supervised by
(pretest), directly after the intervention (postgsand 1 month an independent and trained rater, and the images were
after the intervention (posttest 2). Participants were blindfoldegctronically recorded and analyzed accordingegtedefined
during the assessment and were unable to assess their resgligme by a rater blinded to the interventfigifres 2and3).
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Figure 2. UV-light scanning of a perfectly disinfected palmar surface of the right hand.

Figure 3. UV-light scanning of right hand dorsal surface. Missing areas of hand disinfection, right hand: digitus I, dorsal, distal phalanx; digitus II,
dorsal, distal, and middle phalanx; digitus Ill, dorsal, distal, and middle phalanx; digitus 1V, dorsal, distal phalanx; digitus V, dorsal, distal, and middle
phalanx (total number of missed locations=8).
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Obtaining the Nasopharyngeal Swab and Evaluating was applied to the participants’ hands, forearnmdtarso before

Contamination During Doffing the doffing of PPE. After doffing, 10 areas (right hand, right

rearm, right upper arm, left hand, left foreakeft, upper arm,

rso ventral, torso dorsal, neck, head/ears) were analyzed by

V lighting for contamination by an independent rater. The

outcome was the number of contaminated areas (range from O

The correct procedure of taking a nasopharyngeal swab sanpl#0; a lower number indicated a better result).

as well as possible contamination while doffing were evaluated .

directly after the intervention (posttest 1) and 1 month after fervention

intervention (posttest 2). Participants were randomized to either the intervention group
. . . . (VR simulation) or control group in a 1:1 ratio using a

An independent and Frglned rater blinded to th_e 'mervent,'égmputer-generated system.

assessed each participant’s performance using a 17-item

checklist adapted fron8[10] based on the CDC guidelines foVR Simulation

PPE B6], WHO guidelines for hand hygienes][ and Tne intervention group was trained in COVID-19-related skills

international recommendations for taking a nasopharyngg§|ng the VR simulation (the Covid-19 VR Strikes Back

swab B]; this checklist was developed by the institution'gCVRSB) module, version 1.1.6), a software platfaeveloped

infection control and medical educator teaMultimedia by ORamaVR SA, and the Oculus Rift S head mounted device

Appendix ). The outcome was the number of points achievgdd hand controllers (Facebook Inc). The propyedRamaVR

on the checklist (range 0-17; a higher number aftpandicated  goftware medical VR training application is available free of

a better result). charge for all VR desktop and mobile HMD] (Figure 4.

Contamination during the procedure was evaluated Usifige participants performed two runs in the simulation using the
fluorescent lotion (Dermalux Testlotion S, KBD Ltd), whichsingle player modus.

COVID-19 testing on a manikin (Little Anne, Laerdal Medical

A simulation setup for conducting a nasopharyngeal swab E)}
using proper hand hygiene and PPE was installed.

Figure 4. Screenshot of the virtual reality (VR) application, Covid-19 VR Strikes Back, showing the taking of a nasopharyngeal swab.

L

C |G Usability for both training modules was assessed using the
ontrol Group After-Scenario Questionnaire (ASQ)7, which assesses the
The control group was trained using traditional learninghse of task completion, satisfaction with completion time, and
methods: printed instructions and local instruction videos @atisfaction with supporting information on a 7-point Likert

COVID-19-related skills, ie, PPE donning and doffing, as wejtale (total score ranges from 1, full satisfaction, to 7, poor
as formal videos on proper hand hygiene accorditigg WHO  satisfaction)

and on taking a correct nasopharyngeal sardidle [ i , , , ,
The User Satisfaction Evaluation Questionnaire (USE@) [

Intervention Survey contains 6 questions with a 5-point Likert scale to evaluate user
Both groups were evaluated regarding variables of media §8ésfaction (total score ranges from 6, poor satisfaction, to 30,
according to established questionnaires. excellent satisfaction).
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For the VR simulation, “visually induced motion sickness” wg®) achieved items from the 17-item checklist during
assessed with 4 items (hausea, headache, blurred visi@asopharyngeal swab acquisition, (3) the number of
dizziness) according to the Simulator Sickness Questionnaomtaminated areas during doffing, and (4) variables of media
(SSQ) adapted from Kennedy etéd)] (total score ranges from use. Within-group differences for different time points were
1, no simulator sickness, to 5, strong simulator sickness). tested using the Wilcoxon matched-pairs signed-rank test.

Presence and immersion in the virtual world was determiniedr all tests, & value <.05 was considered significant. For this
according to the 6-item questionnaire developed Ipjlot study, no adjustment for multiple testing was performed.
Slater-Usoh-Steed()] (total score ranges from 1, no immersiork-urthermore, pairwise comparisons were favored over more
to 7, full immersion). complex analyses, such as mixed linear regression analysis.

Statistical Analysis

Data were analyzed using SPSS, version 22 (IBM @atjon),
and Stata 16.1 (StataCorp). Sample Characteristics

Baseline characteristics are presented as numbers Hn@tal, 29 students completed the study (control group, n=14;

percentages or medians and interquartile rangeg descriptive intervention group, n=15)Fgure 3. All students included
statistics as appropriate. completed the whole study. There were no dropouts. The

. ) baseline characteristics of the participants are detail€ahite
The intervention and control group were compared regardig\o significant differences were found regardiegder, mean

the baseline characteristics by chi-square test and Wilcoxpph educational level in medical school, need to wear glasses,
rank sum test as applicable. previous experience with computer games, or previous

The Wilcoxon rank sum test was used at a specific time pd#@perience with VR. Likewise, previous education and
between the study groups for the comparison ébailoutcome €xperience regarding hand disinfection, use of PPE, and taking
groups: (1) the number of missed areas during Hiimfection, Nnasopharyngeal swabs did not show any significéfieteinces.

Results
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Table 1. Baseline characteristics of the study sample (N=29).

VRZgroup (n=15) Control group (n=14) P value
Sociodemographic factors
Female gender, n (%) 9 (60) 9 (64) .81
Age (years), median (IQR) 23 (22-25) 22.5 (22-24) .56
Year of medical school, n (%) 44
3 1(7) 2 (14)
4 14 (93) 11 (79)
5 0(0) 1(7)
Wears glasses, n (%) 8 (53) 8 (57) .84
Plays computer gamesregularly (Likert scaler&sponseb), n (%) 95
1 10 (67) 10 (71)
2 427) 3(21)
3 0(0) 0(0)
4 0 (0) 0(0)
5 1(7) 1(7)
Uses VR regularly (Likert scaler&sponseb), n (%)
1 15 (100) 14 (100)
Previous education and experience
Previous education in hand disinfection, n (%) 14 (93) 11 (79) .25
Previous education in PP (%) 6 (40) 3(21) 28
Previous no. of swabs, median (IQR) 0 (0-0) 0 (0-0) .54
UsesPPEreguIarIy(LikertscaJeresponseb), n (%) 36
1 10 (67) 8 (57)
2 3 (20) 2 (14)
3 0(0) 3(21)
4 1(7) 0 (0)
5 1(7) 1(7)

3/R: virtual reality.
BLikert scale: 1, completely disagree, to 5, completely agree.
°PPE: personal protective equipment.

.. . IQR 6-14, in the control groufP=.34). For the secondary
Hand Disinfection outcome, at posttest 2, again, no significant difiee was noted
There was no significant difference in the number of missgétween the intervention and control groups (median 14, IQR
areas during hand disinfection at baseline (intervention grogp17, in the intervention group vs median 11, IQR 7-16, in the
median 21, IQR 11-27, vs control group: mediariQ®& 14-21; control groupP=.74). In both groups, no significant difference
P=.47) (Table 2. Both groups performed significantly bettefyas found between posttests 1 and 2 (interventiomgP=.11;
after training without a significant group difference (posttest gbntrol groupP=.25) (Table 3.
(median 7, IQR 4-14, in the intervention group vs median 10,
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Table2. Comparison between the VR group and the control group regarding hand disinfection, nasopharyngeal swab testing, and contamination durir
doffing.

Values, median (IQR) P value

VRZgroup (n=15) Control group (n=14)

Number of missing areas during hand disinfection (out of 76 possible areas)

Pretest 21 (11-27) 20 (14-21) A7
Posttest 1 7 (4-14) 10 (6-14) .34
Posttest 2 14 (8-17) 11 (7-16) 74

Nasopharyngeal swab test score (out of 17 points)
Posttest 1 14 (13-15) 12 (11-14) .03
Posttest 2 14 (14-16) 14 (14-15) 79
Number of contaminated body areas during doffing (out of 10 possible areas)
Posttest 1 2 (2-4) 3(1-4) .64
Posttest 2 1(0-2) 0(0-1) .18

3/R: virtual reality.

Table 3. Comparison between posttests 1 and 2 for the VR group and the control group.

Values, median (IQR) P value
Posttest 1 Posttest 2
Hand disinfection (number of missing areas)
VR2group 7 (4-14) 14 (8-17) A1
Control group 10 (6-14) 11 (7-16) .25
Swab test (score out of 17)
VR group 14 (13-15) 14 (14-16) 28
Control group 12 (11-14) 14 (14-15) .02
Doffing (number of contaminated areas)
VR group 2 (2-4) 1(0-2) .005
Control group 3(1-4) 0(0-1) .003

3V/R: virtual reality.

Contamination During Doffing

t|\lo significant difference between the number of contaminated

At pogttest .1’ the intervention group perforr_ned S|gn|f|can %ﬁas during doffing was found between the groups at both time
better in taking a nasopharyngeal swab, scoring a median of 1/ : o
oints (Table 2. However, in both groups, a significant

points on the ;7—|tem checklist (IQR 13-15) versus 12 pOIr{r%esduction of contamination was noted at posttest 2 compared

(IQR 11-14) in the control groupP€.03) (Table 2. No ) . ] i
A ; to, posttest 1 (intervention group: posttest 1, median

significant differences between the groups were found after 1 . . ; .

. contaminated areas 2, IQR 2-4; posttest 2, mediataminated
month at posttest 2P€.79) for long-term retention as the - i : )
secondary outcome areas 1 IQR 0-2P=.005; control group: posttgst 1,_ median

' contaminated areas 3, IQR 1-4; posttest 2, mediataminated
The number of actual nasopharyngeal swabs performed in grels 0, IQR 0-17=.003).
life between posttests 1 and 2 did not differ between the groups . .
ariables of Media Use

(VR group, median no. of swabs 0, IQR 0-0; control group,

median swabs 0, IQR 0-B=.56). The results of the intervention survey regarding usability,
satisfaction, simulator sickness, sense of presence, and
immersion are detailed ifable 4

Nasopharyngeal Swab Acquisition
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Table 4. Variables related to media use.

Values, median (IQR) P value

VRZgroup (n=15) Control group (n=14)
After-Scenario Questionnaire scBre 1(1-3) 3(2-4) .002
User Satisfaction Evaluation Questionn&ire 27 (23-28) 22 (20-24) 01
Simulator Sickness Questionnaire, abbrevilted 1(1-3) N/A® N/A
Presence and immersion according to Slater-Usoh-'Steed 5(5-9) N/A N/A

3/R: virtual reality.

bRange 1 to 7 (1=full satisfaction).

‘Range 6 to 30 (30=optimal satisfaction).
dRange 1 to 5 (1=no simulator sickness).

EN/A: not applicable.

fRange 1 to 7 (7=full presence and immersion).

The ASQ revealed a significantly better result for the VE&ffective than conventional hand hygiene instruction in a small
module (median score in the intervention group: 1, IQR 1-@oup (n=12) of young children.

median score in the control group: 3, IQR 2%;002), as did
the USEQ (median score in the intervention group: 27/30, |

2%28; median score in the control group: 22/30, IQR 0- need for effective instructio”[L1]. However, the performance
P=.01). A ; X . ;
significantly improved in both groups after the instruction,
The median score in the 4-item SSQ in the intervention gradgspite the limited technical possibilities to simulate the hand
was 1 (IQR 1-3), thus revealing good tolerability of the VRiovements of disinfection with the need to hold the standard
simulation. controllers in both hands while performing the correct

. L . : ovements. To minimize this limitation, participants could see
Presence and immersion in the virtual world according to the

guestionnaire of Slater, Usoh, and Steed was high (mediarr\]% correct .mover_’nents of their avatars hands (without the
controllers) in a mirror.
on a scale from 1 to 7, IQR 5-5).

|srformance of correct hand hygiene in our study was poor at
aseline, in accordance with the existing evidesitessing the

) ] This study adds to the body of evidence that VR simulation can
Discussion help with the acquisition of simple skills, in combination with
increased user satisfaction. Furthermore, our study highlights
In this study, we demonstrated that our VR simulation wastfé necessity of strong collaborations betweenldpees, users,
least as effective as traditional Iearning methods (Video m educators to ensure that these new techno|ogies can

written instruction) in training medical students iromplement and enhance existing educational curricula.
COVID-19-related skills—namely, the correct performance of

hand hygiene, use of PPE, and taking of a nasopharyngeal s¥@Hables of Media Use

specimen—and that it provides a benefit in user satisfactiorGatisfaction is considered to be one of the key components of
. L usability 48]. The satisfaction of participants in the VR group
Effectiveness of Training measured by the USEQ was significantly higher than that of
For the most investigated steps of the training, both educatiof@l participants in the control group. As most of our students
methods improved performance to a similar extent withoutagre inexperienced in VR, the novelty effect may have added
significant difference. However, students in the VR group the results. This effect consists of an increase in perceived
performed significantly better in acquiring a nasopharynge@ability of a technology due to its newness or the tendency for
swab SpECimen on a manikin direCtly after the intervention tlmformance to |n|t|a||y improve when new techno|ogy is
the control group, but this finding may be a result of multip|gstituted, not because of any actual improvement in learning
testing. Furthermore, the medians of the two groups omyachievement but in response to increased interest in the new
differed by 2 pOintS ona 17—p0int outcome scale, and the |qB§hn0|ogy However, Huang and Co||eagu§$] [State that
overlapped. novelty does not necessarily increase learning achievement.

There are few VR and MR simulations for training harfgccording to them, the increase of learning a_chimma: is more
hygiene, and high quality evidence of their effectivenessdgPendent on a match between the learning content and the
limited [39,40,42]. Shimada and colleagued]] targeted '€@ming method. The embodied learning method in VR is
preschool children, using a data glove instead of hand_hgﬁ{t|_cularly appropriate for mst_ructlng d|ff|cult_knowledge and
controllers to obtain the posture of user’s hand as a VR devigRtial knowledgedl]. It remains to be elucidated whether
They used Leap Motion to obtain the posture of a hand’qﬁtlsfactlon with and efficiency of VR simulation8l decrease
contrast to our setting, which used only commercially availaifiéer time as the technology becomes more widespread.
standard hardware. They found that their VR system was more
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However, with potentially increasing technological advancemly. Second, the study not only assesses the effect of training
a certain novelty effect will remain. on performance gains but also includes a quantification of skill

[)(?tention over time. Third, we compared the novel VR

To mak_e our VR trammg_a\(allable 10 as many users as POSSINEention to an established educational altéraaather than
we avoided using specialized hardware such as that use&gm

many other studies of VR skill training. It could be speculated no intervention.
that this use of off-the-shelf controllers may reduce the realismaddition, attrition bias was nonexistent becaliggarticipants
of the VR simulation. However, we were able to demonstratempleted the study protocol without dropping out.
that a high degree of immersion and satisfaction could Re . ) : . . .
. : . . . . S a practical benefit, our VR simulation program is available
achieved with our simulation even with standarditare. This ] .
for free; thus, program directors and educators are able to

may be even more pronounced with future developments, suclill T . . . .
. ) " enhance their existing curricula with an effective novel adjunct
as hand tracking without the need for traditional controllers.

or alternative, or replicate the study setting.
This “experience of presence” in VR, which could bZh
i

. : " his study has severéimitations including its single center
demonstrated in our study, is known to correlate positively with " : . -
- . esign, which restricts external validity. The number of
training effectivenes$p,53).

participants in our study was limited due to the large logistical
Skill Retention and human resources required to conduct the study during a
In the follow-up after 1 month, there were no significarﬂandemic' Therefore, the detection of small difiees between

differences between the groups regarding any outcome. T_trﬁgning modz_ilif[i_es is not poss_ible W_ith our study design. There
cannot be explained by different exposures, as there wadshde Possibility of selection bias, based on volunteer
difference in the mean number of swabs performed in real ff@nvenience sampling of medical students, as well as a possible
in the meantime. One possible explanation is teeparticipants perf(_)rmance_ bias, Wlth al!ocanon_ to th_e interventional group
prepared more deliberately for the second appointment, as ing to higher motivation, sat|sfact_|0n, and performanc_e.
might have suspected that it would involve a repetition of tf}@ need to use hand-held controllers instead of hand-tracking
first assessment (“assessment drives learnisg]) [lost motor might have further impacted the efﬂuency_ofthéM_mulatlon; _
skills are lost over time, or at least the level of performanf@Wever, we wanted to apply technological equipment that is
deteriorates, starting as soon as 1 day after trairbsy [ Widely available.

Maagaard et al5] detected that the laparoscopic skills ofurthermore, the correlation of these findings to clinical,

novices acquired in VR simulator training deteriorated in gtient-oriented outcomes remains to be validated.

period between 6 and 18 months without further training. .
_ Conclusion
We were able to show that the observed learning effect was

maintained over the observed time frame of 1 month in b(%tﬂ our knowledge, this is the first study using a VR simulation
learning groups. Whether there will be a differeincgkill decay Fc))FEraln health care personnel in the correct dsawd hygiene,

. . 7 E, and taking a nasopharyngeal swab specimen and to
between the two learning methods in the long run remains an . : e .
. . compare the effectiveness to established traditional training
important open question.

(video and written instructions). VR simulation was at least as
Strengths and Limitations effective as traditional learning methods in training medical
Our study has severatrengthsto point out. First, the study students while providing a benefit in user satisfaction. These

assesses outcomes of direct clinical relevance, not surroggﬁéglts add t_o_the growing qu_y of gwdence that VR is a.u.seful
such as performance on multiple-choice tests arazdisfaction tool for acquiring and maintaining simple and complex clinical
skills.
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that the subjects were medical students. However, readers are advised to carefully assess the validity of any potential explicit
implicit claims related to primary outcomes or effectiveness.
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