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Comparison of virtual reality
platforms to enhance medical
education for procedures

Nishant K. Shah?, Neil K. Taunk?, Russell Maxwell?,
Xingmei Wang?, Emily Hubley?, Shibu Anamalayil?,
Jacob W. Trotter! and Taoran Li'*

Department of Radiation Oncology, Perelman School of Medicine, University of Pennsylvania,
Philadelphia, PA, United States, 2Department of Biostatistics, Perelman School of Medicine, University
of Pennsylvania, Philadelphia, PA, United States

Background: Historically, medical education relied on apprentice-based
experiences requiring direct observation in patient cases. Simulation-based
education has been shown to improve resident confidence but can be time
intensive and difficult to coordinate. The COVID-19 pandemic demonstrated
the need to develop distributed educational tools. Virtual reality (VR) platform
has been shown to improve resident confidence and proficiencies. This pilot
study compared educational and cost effectiveness of low-cost cardboard
viewer VR (CVVR) and commercially available integrated headset VR (IHVR).

Methods and Materials: We created a 2D, 360-degree VR video of an
intracavitary brachytherapy case for treatment of cervical cancer. Radiation
oncology residents from a single ACGME-accredited training program were
recruited and randomized to IHVR or CVVR. Both groups were given unlimited
access to their randomized technology. Each resident performed a timed
intracavitary procedure on a simulator while five implant quality metrics
were recorded. A pre- and post-simulation questionnaire assessed self-
confidence, procedural knowledge, and perceived usefulness of VR
technology.

Results: There were 13 residents, including four post-graduate year (PGY)-2,
three PGY-3, two PGY-4, and four PGY-5, in the study. Both VR technologies
improved self-perceived overall confidence. Average time required for implant
(mean: CVVR - 200s vs IHVR - 235s, p = 0.38) and median objective
proficiencies of implant quality (5/5 in both group, p = 0.56) were similar.
There was no difference between CVVR and IHVR as useful, enjoyable and
engaging educational tool. Both groups would recommend the technology to
another trainee. IHVR-based program would cost ~33x more than CVVR-based
program based on an assessment of US-based programs.

Conclusion: CVVR is a cost-effective alternative to a IHVR as a virtual video-
based education tool.
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Introduction

Classical medical education depends on patient experiences
supplemented with 2D images, slideshow presentation or non-
immersive video-based education. However,
different

heterogeneous among trainees. Although this training can be

exposure to

patient and procedural experiences can be
effective, it may lack resident engagement and immersion
(Grassini et al., 2020; Monaghan 2020; Portelli et al., 2020).
Simulation-based education has been shown to improve
satisfaction, skill in multiple
subspecialities (Lynch et al., 2005; Lorello et al., 2014; Gupta
et al,, 2017; Zhao et al., 2018; Donnelly et al., 2020; Mesko et al.,

2020). One challenge to simulation-based education can be time-

confidence and medical

intensive, requires considerable equipment and coordination,
which limits a resident’s ability to repeat the simulation for
sustained learning. Similar to other procedural fields, resident
education was further impacted by the COVID-19 pandemic due
to decreased case volume, reduced resident staffing, and
limitation to conduct simulation-based education (SBE) due to
social distancing (Bambakidis and Tomei, 2020; Monaghan
2020). These limitations reveal a clear need to develop virtual
educational tools to complement any patient-based experiences.

In radiation oncology, brachytherapy is a procedural
of
(Dimopoulos et al., 2009a; Dimopoulos et al., 2009b; National

intervention critical in treatment cervical ~ cancer
Cancer Institute, 2016). Adequate procedural training is
necessary to improve tumor control and reduce complication
rates (Irvin et al., 2003; Viswanathan et al., 2012). Traditional
brachytherapy procedural training involves direct instruction
during real patient encounters. However, with decreasing
utilization of brachytherapy in cervical cancer over time, there
are fewer traditional teaching opportunities for resident
physicians (Han et al, 2013). Even prior to the COVID-19
pandemic, only about half of the residents graduating from
(ACGME)-
accredited programs expressed confidence in developing a
The
expressed that low case volume was the greatest barrier to
brachytherapy skill (Marcrom et al., 2019). This also reveals a

need to develop virtual educational systems to supplement

Accreditation Council for Medical Education

brachytherapy practice. majority of the residents

resident training.

Virtual reality (VR) offers a unique solution to educational
challenges by offering a socially distanced, on-demand,
immersive experience that has been shown to develop resident
confidence and technical proficiency (Ahlberg et al, 2007;
Pulijala et al., 2018; Khan et al., 2019; Baniasadi et al., 2020).
In the past, VR SBE has required expensive equipment including
commercially available headset such as Oculus® Go (Meta
Platforms Inc, Menlo Park, CA) stand-alone headset (Taunk
et al,, 2021). However, these high costs may present logistical
challenges and limit widespread access, which ultimately could
hinder the implementation of VR SBE into training programs.
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Thus, more cost-effective technologies should be investigated.
This pilot study compared educational and cost effectiveness of
low-cost cardboard viewer VR (CVVR) and commercially
available integrated headset VR (IHVR). In particular, this
study focuses on the 2D-360° immersive video aspect of VR
systems available to both THVR and CVVR systems. This study
excludes 3D-video and 180-degree videos, and additional
features afforded by IHVR including hand tracking.

Methods
Participants

All 18 Radiation Oncology residents from a single ACGME-
accredited training program were invited to participate in the
study. 13 radiation oncology resident physicians with or without
prior brachytherapy experience volunteered and were ultimately
recruited to participate in the VR SBE. Residents were
randomized 1:1 to two different virtual reality delivery
platforms: commercially available Oculus Go stand-alone VR
goggle or Google cardboard VR viewer (Alphabet Inc, Mountain
View, CA). Residents were given unique identifiers to anonymize
resident surveys and metrics of procedural proficiencies.

Materials

We filmed a 2D-360-degree stereoscopic training VR video of
an intracavitary cervical brachytherapy procedure on a Zoe pelvic
simulator (Gaumard Scientific, Miami, FL). Equipment included
a tandem and ring applicator (Mick Radionuclear Instruments,
Eckert & Zeigler BeBig, Berlin, Germany) and Alatus vaginal
packing balloons (Angiodynamics, Latham, NY). Narration over
the video was instructive describing tools, procedure steps, and
options. The video is freely available online at https://youtu.be/
rs42NXRyhkk. Additional details of the VR SBE video are
described in our prior work (Taunk et al., 2021).

The two virtual reality delivery platforms used in this study
were the Oculus Go stand-alone VR goggles and the Google
cardboard VR viewer. The Google cardboard VR viewer requires
a smartphone and a video is available online depicting setup of
the Google cardboard VR viewer at https://youtu.be/
47hU20FBLXA. It is important to note that there was one
centrally located IHVR system for all residents randomized to
the IHVR arm. However, each resident in the CVVR arm was
given their own VR device.

IHVR video resolution on Oculus Go was 2560x1140
(1280x1140 per eye), 89° field of view. CVVR resolution was
dependent on smartphone but ranged from 1334x750
(667x750 per eye) on iPhone 8, to 2532x1170 (1266x1170 per
eye) on iPhone 13 Pro, 60° field of view on Google Cardboard. In
the CVVR arm, YouTube (Alphabet Inc, Mountain View, CA)
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was used as the hosting platform as it automatically splits content
into left and right eye signals. In the ITHVR arm, Skybox VR
player (SOURCE Studio, Burnsville, NC) in the Oculus
environment was used as the hosting platform.

Survey data was collected anonymously from every
participant in the study using Qualtrics platform (Qualtrics
International Inc, Provo, UT).

Design and procedure

After creation of the VR training video and randomization of
participants to either Oculus Go or Google Cardboard, both
groups completed validated pre-VR SBE surveys describing
demographic information, self-confidence, and knowledge of
procedural steps (Pulijala et al., 2018; Zhao et al., 2018; Taunk
etal,, 2021). Both groups were given unlimited access to not only
their randomized VR technology but also to current training
materials including slideshows, 2D videos, and use of the pelvic
simulator.

After a minimum of 6 weeks of VR SBE access, residents
performed a timed intracavitary brachytherapy procedure on the
pelvic simulator during which five key objectively validated
proficiencies of implant quality were measured (Supplemental
Material A) (Zhao et al, 2018).

Following the simulated brachytherapy procedure, residents
completed a post-VR SBE survey describing self-confidence and
knowledge of procedural steps, and resident perceived usefulness
of the VR technology, and their learning experience (Lee, 2010;
Tcha-Tokey et al., 2016; Stepan et al., 2017).

A cost-effectiveness analysis comparing each technology was
conducted on 20 May 2022. Cost of the currently available VR
platform headset was gathered directly from the companies’
e-commerce stores (arvr.google.com/cardboard/get-cardboard/,
www.oculus.com/quest-2). Data on radiation oncology training
program number and size was gathered from Doximity
(Doximity Inc, San Francisco, CA) (residency.doximity.com/
specialties/59-radiation-oncology).

This study was approved by our institutional IRB.

Statistical analyses

Likert scale questions were compared using the Exact
Wilcoxon Rank sum accompanied with Wilcoxon Rank Sum
with Z test. Normality was assessed using the Shapiro Wilks test
and equality of variance was tested using Levene’s test. Matched
paired analyses were also implemented when appropriate to
compare pre-to post-simulation changes in the both VR
technology groups. The analysis was not adjusted for
multiplicity. Welch’s ¢ test was used to compare implant time
differences. All categorical variables (e.g., sex, post-graduate year
(PGY) level, last usage, etc) were compared using Fisher’s exact
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test. Statistical analyses were conducted using SAS version
9.2 and GraphPad Prism 9 (GraphPad Software, San Diego,
CA) software packages. Two-tailed p-values less than a type I
error rate of 0.05 were considered statistically significant. Figures
were created using GraphPad Prism 9. All bar graphs display
median values with 95% confidence intervals, unless stated
otherwise.

Results
Study population

There were 13 residents who participated in the VR
curriculum. These included four post-graduate year (PGY)-2,
three PGY-3, two PGY-4, and four PGY-5. All 13 completed the
pre-simulation and post-simulation survey. Overall, 84.5% (n =
7) of
intracavitary

11) of the participants were male. Seven (53.8%, n =

residents had previously performed an
brachytherapy procedure, while six (46.2%, n = 6) had no
prior experience. There were six residents randomized to
IHVR and seven residents randomized to CVVR. There was
no difference in sex between the two groups. Although there was
not statistically significant difference in PGY level between the
groups, there was a numerically higher percentage of PGY-2/
3 residents in the CVVR group compared to the IHVR group
(71% [n = 5] vs. 33% [n = 2], Fisher’s exact test, p = 0.53).
Additionally, a higher percentage for residents in the IHVR had
completed prior brachytherapy experience (83% [n = 5] vs. 29%
[n = 2]). No residents in both groups had extensive experience

with either VR technology, defined as more than 5 uses (Table 1).

Subjective and objective procedural
proficiency

On pre-VR SBE and post-VR SBE survey, resident self-
confidence, self-report assembling skill, and self-reported
insertion skill in both CVVR and IHVR groups were
independently collected. In these surveys, a score of five
represents confidence of performing the procedure at the level
of an attending physician.

Residents in the CVVR reported an improvement in overall
self-confidence from a median score of two before VR SBE to a
median score of 4 (paired f-test resulting in a t (13) = -4.6, p =
0.0038) see Figure 1. The Shapiro-Wilks test showed a normal
distribution (W = 0.86, p = 0.14). Moreover, residents in the
CVVR arm described an improvement in self-report assembling
skills from a median of two to a median of 4 after VR SBE (paired
t-test resulting in a t (13) = -4.6, p = 0.0038). The Shapiro-Wilks
test showed a normal distribution (W = 0.86, p = 0.14). Likewise,
the perceived insertion skills in the CVVR arm improved from a
median of two-four following VR experience (paired t-test
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TABLE 1 Baseline Data on VR groups.

10.3389/frvir.2022.1000035

CVVR n (%) IHVR n (%) p-value
Total Number of Residents 7 6
Sex 1.00
Male 6 (86%) 5 (83%)
Female 1 (14%) 1 (17%)
PGY Level 0.53
PGY2-3 5 (71%) 2 (33%)
PGY4-5 2 (29%) 4 (67%)
Prior brachytherapy experience 0.10
Yes 2 (29%) 5 (83%)
No 5 (71%) 1 (17%)
5+ prior IHVR uses 1.00
Yes 0 (0%) 0 (0%)
No 7 (100%) 6 (100%)
5+ prior CVVR uses 1.00
Yes 0 (0%) 0 (0%)
No 7 (100%) 6 (100%)

CVVR, cardboard viewer virtual reality; IHVR, integrated headset virtual reality.

resulting in a t (13) = -6.0, p = 0.001). The Shapiro-Wilks test
showed a normal distribution (W = 0.83, p = 0.09).

A similar assessment of pre- and post-survey self-reported
proficiencies was completed in the IHVR arm. Residents in the
IHVR group reported an improvement in overall confidence
from a median of three—4 (paired t-test resultinginat (11) = -3.8,
p = 0.01). The Shapiro-Wilks test showed a normal distribution
(W =0.87, p = 0.21). Residents in the IHVR arm also noted an
improvement in assembling skills from median of three-4
(paired t-test resulting in a t (11) = - 196 3.9, p = 0.01). The
Shapiro-Wilks test showed a normal distribution (W = 0.83, p =
0.10). Residents did not report an improvement in perceived
insertion skills with a median of three before and median of
3 after the VR SBE (paired f-test resulting in a t (11) = -2.0, p =
0.10). The Shapiro-Wilks test showed a normal distribution (W =
0.82, p = 0.09).

On matched paired analysis, there were also non-statistically
significant improvements in the ability to correctly order the
steps of the brachytherapy procedure on post-simulation survey
compared to pre-simulation survey in both VR viewer groups
(CVVR: 71.4% from 42.9%, p = 0.59; IHVR: 83.3% from 50.0%,
p = 0.55).

Average time required for implant was similar in both group
(mean: CVVR - 200 s vs IHVR - 235 s, Welch’s ¢ test, p = 0.38).
Median objective proficiencies of implant quality were 5/5 for
both the CVVR and IHVR group.
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Comparison of VR technology as learning
tool

On Shapiro Wilks test, all Likert scale questions were not
normally distributed. On Levene’s test, most questions had equal
variance between the two groups. Z test was mostly concordant
with the Exact Wilcoxon Rank Sum Test. When evaluated on a
Likert scale with 5 as strongly agree and 1 as strongly disagree, the
median response rate evaluating CVVR versus IHVR as a useful
learning tool (4 vs. five; W [NCVVR =7, NIHVR = 6] = 53.00, z =
1.61, p = 0.14), enjoyable learning experience (4 vs. five; W
[NCVVR =7,NIHVR = 6] = 52.50, z = 1.58, p = 0.11), engaging
tool (4 vs. five; W [NCVVR = 7, NIHVR = 6] = 4650,z = 1.35, p =
0.18), and easy to use (5 vs. 5, W [NCVVR = 7, NIHVR = 6] =
48.00,z=0.97, p = 0.49) was similar. The residents in both groups
felt strongly that they would recommend a similar technology to
another trainee (median: CVVR - 4 vs. IHVR - 5, W [NCVVR =
7, NIHVR = 6] = 54.00, z = 2.01, p = 0.07). Residents in both the
CVVR and the IHVR groups felt their respective VR technology
made them more interested to learn the topic. Residents felt that
both technologies were successful in delivering factual
information, improving understanding of basic concepts,
helping identify the main/important issues of brachytherapy,
and helping summarize material. Residents in groups felt that
their VR technology stimulated them to learn more, increased
their learning/academic performance, enhanced effectiveness of

frontiersin.org
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FIGURE 1

Median Pre-simulation and Post-simulation self-reported (A) overall confidence, (B) perceived insertion skill, (C) perceived insertion skill, and
(D) comfort with independently performing. Bar graph represents the median response score + 95% confidence interval in each group, CVVR and
IHVR, before and after simulation. * represents statistical significant, p < 0.05 based on paired t-test.

How useful as a learning tool was the technology assigned to you?

How emoyable was it to learn from the technology assigned to you?

IGAGING was the technology assigned to you?

How strongly would you recommend the technology assigned to you to another trainee?:
How easy was it to learn how to use the technology assigned to you?

| was more interested to learn the topics.

| learned a lot of factual information in the topics.

1 gained a good understanding of the basic concepts of the materials

| learned to identify the main and important issues of the topics.

I'was interested and stimulated to learn more.

| was able to summarize and concluded what | learned

The learning activities were meaningful

What | learned, | can apply in real context

Using this type of computer program as a tool for learning in classroom increase/will increase my learning and academic performance.
Using this type of computer program enhances/will enhance the effectiveness on my leamning.
This type of computer program allows/will allow me to progress at my own pace.

This type of computer program is useful in supporting my leaming.

There is a sense of presence (being there) while leaming with this type of computer program.

FIGURE 2

CVVR Responses (n=7) IHVR Responses (n=6)
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Representative self-reported evaluation of virtual reality technology. The heat map shows the percentage of trainees in each group, CVVR and
IHVR, responding to each question (x-axis) to options in the Likert scale (y-axis). Yellow represents 100% response and blue box represents 0%

response.

learning, allowed them to progress at their own pace, and
supported their learning. Residents in both groups agree their
respective VR technologies were meaningful in their learning.
Moreover, residents believed what they learned from the VR
technology could be applied in a real context. Both the CVVR
and the THVR created a sense of presence “being there” for the
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residents. A representative figure of some of these key findings is
shown in Figure 2.

The usability and flow of the VR-based simulation experience
was evaluated on a scale of 1-10 with 10 representing strongly
agree. The median response rates were largely similar in the two
groups. Residents felt that both VR platforms involved them
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TABLE 2 Evaluation of virtual reality technology as a learning tool.

Question IHVR CVVR Hedge's Shapiro- Levene’s W Exact Exact
median median effect Wilk test Wilcoxon Wilcoxon

(range) (range) size p_value’  p_value' Rank sum Z-test
(N =16) (N=7) test p_value'
p_value'

1 How useful as a 5.0 (4.0, 5.0) 4.0 (3.0, 5.0) 1.00 0.0045 0.24 53.00 0.14 1.61 0.13
learning tool was the
technology assigned

to you?

2 How enjoyable was it | 5.0 (3.0, 5.0) 4.0 (3.0, 5.0) 0.87 0.0009 0.85 52.50 0.11 1.58 0.14
to learn from the
technology assigned
to you?

3 How ENGAGING 5.0 (4.0,5.0) 4.0 (3.0, 5.0) 0.93 0.0002 0.05 46.50 0.18 1.35 0.21
was the technology
assigned to you?

4 How strongly would 5.0 (5.0, 5.0) 4.0 (2.0, 5.0) 1.24 0.0002 <0.0001 54.00 0.07 2.01 0.07
you recommend the
technology assigned to
you to another
trainee?

5 How easy was it to 5.0 (4.0, 5.0) 5.0 (3.0, 5.0) 0.59 0.0002 0.17 48.00 0.49 0.97 0.35
learn how to use the
technology assigned

to you?

6 I was more interested | 5.0 (4.0, 5.0) 5.0 (4.0, 5.0) 0.17 0.0001 0.96 44.00 1.00 0.25 0.80
to learn the topics

7 1 learned a lot of 5.0 (4.0, 5.0) 4.0 (3.0, 5.0) 0.89 0.0052 0.33 52.00 0.19 1.48 0.17
factual information in
the topics
8 1 gained a good 5.0 (4.0, 5.0) 4.0 (4.0, 5.0) 0.78 0.0001 0.57 50.50 0.27 1.35 0.20

understanding of the
basic concepts of the
materials

9 I learned to identify 5.0 (4.0, 5.0) 4.5 (3.0, 5.0) 0.72 0.0005 0.15 45.50 0.42 1.15 0.27
the main and
important issues of the
topics

10 I was interested and 5.0 (4.0, 5.0) 4.0 (3.0, 5.0) 0.82 0.0007 0.20 51.00 0.23 1.41 0.18
stimulated to learn
more

11 1 was able to 5.0 (4.0, 5.0) 4.0 (4.0, 5.0) 1.12 0.0002 0.71 53.50 0.10 1.81 0.09

summarize and

concluded what I
learned

12 The learning activities | 5.0 (5.0, 5.0) 4.0 (4.0, 5.0) 141 0.0001 <0.0001 54.00 0.07 2.05 0.06
were meaningful

13 What I learned, I can | 5.0 (5.0, 5.0) 4.0 (3.0, 5.0) 1.24 0.0002 <0.0001 54.00 0.07 2.02 0.07
apply in real context

14 Using this type of 5.0 (5.0, 5.0) 4.0 (4.0, 5.0) 1.41 0.0001 <0.0001 54.00 0.07 2.05 0.06
computer program as
a tool for learning in
classroom increase/
will increase my

15 Using this type of 5.0 (5.0, 5.0) 4.0 (4.0, 5.0) 141 0.0001 <0.0001 54.00 0.07 2.05 0.06
computer program

(Continued on following page)
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TABLE 2 (Continued) Evaluation of virtual reality technology as a learning tool.

Question IHVR CVVR Hedge's Shapiro- Levene’s W Exact Exact
median median effect Wilk test Wilcoxon Wilcoxon

(range) (range) size p_value’  p_value' Rank sum Z-test
(N =16) (N=7) test p_value'
p_value'

enhances/will enhance
the effectiveness on
my learning

16  This type of computer | 5.0 (5.0, 5.0) = 4.0 (3.0, 5.0) 1.24 0.0002 <0.0001 54.00 0.07 2.02 0.07
program allows/will
allow me to progress

at my own pace

17 = This type of computer | 5.0 (5.0, 5.0) 4.5 (4.0, 5.0) 1.19 0.0001 <0.0001 48.00 0.18 1.81 0.10
program is useful in
supporting my
learning

18 There is a sense of 5.0 (5.0, 5.0) 5.0 (4.0, 5.0) 1.05 0.0001 <0.0001 51.00 0.19 1.66 0.12
presence (being there)
while learning with
this type of computer
program

19 The visual aspects of | 9.5 (8.0, 10.0) = 9.0 (7.0, 10.0) 0.42 0.013 0.40 46.50 0.57 0.61 0.55
the virtual

environment

involved me

20  The sense of moving | 9.5 (9.0, 10.0) 10.0 0.34 0.0020 0.10 43.50 0.86 0.16 0.88
around inside the (7.0, 10.0)
virtual environment

was compelling

21 I was involved in the 10.0 9.0 (6.0, 10.0) 0.85 0.0018 0.024 50.00 0.27 1.17 0.26
virtual environment (9.0, 10.0)
experience
22 The virtual 8.5 (5.0, 10.0) = 9.0 (2.0, 10.0) 0.25 0.018 0.28 43.00 0.92 0.07 0.94

environment was
responsive to actions
that I initiated

23 My interactions with | 8.5 (6.0, 10.0) | 9.0 (5.0, 10.0) 0.29 0.013 0.33 44.00 0.84 0.22 0.83
the virtual
environment seemed
natural
24 1 was able to actively 10.0 9.0 (8.0, 10.0) 0.00 0.0026 0.24 44.50 0.71 0.32 0.76
survey the virtual (6.0, 10.0)

environment using
vision

25 I felt proficient in 8.5 (6.0, 10.0) = 9.0 (7.0, 10.0) -0.24 0.045 0.60 39.50 0.72 -0.30 0.77
moving and
interacting with the
virtual environment at
the end of the

experience
26 I thought the 10.0 9.0 (2.0, 10.0) 0.53 0.0002 0.065 48.00 0.40 0.86 0.41
interaction device (7.0, 10.0)

(Oculus headset,
Google cardboard)
was easy to use
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FIGURE 3

Distribution of time of last use of virtual reality technology

prior to the actual procedure. The bar graph shows percentage
(v-axis) of trainees in CVVR (green) and IHVR (red) based on their
last use of the virtual reality technology (x-axis). Fisher's Exact

test (p = 0.20) shows no difference between the two groups for
last use of virtual reality technology.

(CVVR-9 vs. IHVR-9.5, W [NCVVR = 7, NIHVR = 6] = 46.50,
z=0.61, p = 0.57) were compelling (CVVR-10 vs. IHVR-9.5, W
[NCVVR = 7, NIHVR = 6] = 43.50, z = 0.16, p = 0.86), was
responsive (CVVR-9 vs. IHVR-8.5, W [NCVVR = 7, NIHVR =
6] = 43.00, z = 0.07, p = 0.92), and felt natural (CVVR-9 vs.
IHVR-8.5, W [NCVVR = 7, NIHVR = 6] = 44.00,z = 0.22, p =
0.84). Both groups were actively able to survey the environment
(CVVR-9 vs. IHVR-10, W [NCVVR = 7, NIHVR = 6] = 44.50,
z = 0.32, p = 0.71) and felt proficient in interacting with the
virtual environment (CVVR-9 vs. IHVR-8.5, W [NCVVR = 7,
NIHVR = 6] = 39.50, z = -0.30, p = 0.72). Neither group felt that
their VR technology was inconsistent (CVVR-1 vs. IHVR-1.5,
W [NCVVR = 7, NIHVR = 6] = 34.50, z = -1.09, p = 0.36). More
residents felt that the CVVR was more cumbersome than IHVR
(CVVR-3vs.IHVR-1, W [NCVVR =7,NIHVR = 6] =27.50, z =
-2.08, p = 0.04). Overall, both groups felt that their VR technology
was enjoyable (CVVR-8 vs. IHVR-9.5, W [NCVVR = 7,
NIHVR = 6] = 40.00, z = -0.22, p = 0.82). Comprehensive
Likert scale response data is depicted in Table 2.

There were stark differences in the time between last usage of
the VR technology with 50% of the residents in the IHVR group
(n = 6) completing the last VR SBE more than 2 weeks before the
procedure (Figure 3). In contrast, the majority of residents in the
CVVR group (n = 7, 57%) completed the last VR SBE within 1 h
before the procedure. Despite these qualitative differences, there
was not enough power to show statistical significance with these
findings on Fisher’s Exact test (p = 0.20).

There were some challenges with both VR technologies
expressed by the residents in free text comments. The IHVR
group would have liked to have the VR technology available
closer to the time of the actual procedure and wished the IHVR
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had better battery life. The CVVR group expressed challenges
with fitting their phones into the cardboard and would have liked
if the viewer had straps, so the residents did not have to
hold them.

Cost effectiveness analysis

There are 90 radiation oncology residency programs with a
total of 813 resident physicians in the United States as of 2020.
The costs of the VR platforms were based on analysis completed
in May 2022. The Cardboard viewer can be made for free using
everyday items available at the local hardware store but is also
commercially sold. One model Maxbox VR (Pyrite VR LTD,
Bromley, UK) costs $9 + tax USD. CVVR requires smartphone
usage and therefore is another cost associated with creating a
CVVR-based VR SBE curriculum. The cost of a smartphone was
excluded from this analysis because prior studies of US medical
residents have shown 90-100% of medical residents already own
smartphones (Katz-Sidlow et al., 2012; Boruff and Storie, 2014;
Terry and Terry, 2018). The cost of WiFi and cellular services is
excluded. All residents in this study used their own smartphone
and all smartphones were compatible with CVVR. Each resident
already had pre-downloaded YouTube app and no cost was
incurred for using the hosting platform. No resident in this
study had their own IHVR device available so there was a
centrally located Oculus Go Stand-alone headset with equal
access to all residents. Because the Oculus Go Stand-alone is
no longer commercially available by the manufacturer, Quest two
was utilized for cost effectiveness analysis. Quest two costs $299 +
tax USD. Table 3 shows the total cost for the VR technology. If
purchasing a single VR headset for each residency program, the
cost of initiating a IHVR program is ~33x or 3,322% increase in
cost than CVVR program ($26,910 vs. $810, respectively).
Similarly, if a VR headset was given to each individual
resident, the program would cost ~33x or 3,322% more with
IHVR program compared to CVVR program ($243,097 for
IHVR compared to $7,317 for CVVR). Even in a setup
similar to this study, in which each resident receives a CVVR
(87,317) or there is only one IHVR for the whole program
(826,910), CVVR programs cost $19,593 less or result in
368% savings.

Discussion

Medical education evolved over time. Initially, education
relied on a combination of patient experiences and 2D
pictures, text, slideshows and non-immersive videos. SBE tools
have been shown to be effective complements to real patient
experiences. However, the COVID-19 pandemic has unmasked
the needs to develop of distributed, immersive and repeatable
education curriculum, such as VR SBE. Our group previously

frontiersin.org


https://www.frontiersin.org/journals/virtual-reality
https://www.frontiersin.org
https://doi.org/10.3389/frvir.2022.1000035

Shah et al.

TABLE 3 Cost of virtual reality delivery platform for residency training.

CVVR for each program  CVVR for each resident®

10.3389/frvir.2022.1000035

IHVR for each program  IHVR for each

resident
Cost of VR Content Delivery Tech | $9 $9 $299 $299
Number of Programs 90 90
Number of Residents 813 813
Total Cost $810 $7,317 $26,910 $243,087
Cost Difference -$6,507 - +$19,593 +$235,770

CVVR, cardboard viewer virtual reality; IHVR, integrated headset virtual reality.
“Used for baseline cost analysis.

demonstrated that use of IHVR-based simulation can augment
resident confidence and technical skill when performing
brachytherapy procedures (Taunk et al., 2021). However, with
expansion of VR use in medical education, we need to identify
technology that is not only an effective educational tool but also
cost-effective so a scalable VR SBE program can be created. To
our knowledge, this study is the first to compare virtual reality
technologies for medical education.

Virtual reality as an educational tool has been demonstrated
as effective in multiple different medical sub-disciplines (Ahlberg
et al., 2007; Khan et al., 2019; Baniasadi et al., 2020; Ros 2021).
Early VR studies utilized computer-based VR delivery platforms.
A study utilizing LapSim (Surgicalscience, Goteborg, Sweden)
VR simulator showed that VR education for trainees performing
laparoscopic cholecystectomy improved resident error rate and
speed. LapSim is a software program used on Windows XP
computer with a virtual laparoscopic interface (Ahlberg et al.,
2007). Thirteen
laparoscopic procedures, were randomized to VR training or

residents, who were inexperienced in
control arm. Residents had their first 10 procedures video-taped
and independently reviewed. Residents in the VR-based
education arm consistently had lower rates of errors and
shortened surgical times when compared to the control arm.
In another study, sixteen surgical residents were randomized to
VR training or control for laparoscopic cholecystectomy. Non-
VR trained residents were nine times more likely to injure the
gallbladder or burn non-target tissue. Moreover, there were six
times less errors during the procedure for residents who
underwent VR training. Similar to the prior study, the virtual
reality platform (MIST VR system) is a desktop PC based VR
delivery system (Seymour et al., 2002). One limitation of a
computer-based system is it does not create a 360-degree
immersive environment. This study found residents who use
an immersive system, such as CVVR and THVR platform, were
stimulated to learn more, felt the information they learned could
be applied to a real context, and felt a sense of presence “being
there” during the virtual procedure.

With advancements in VR delivery techniques, Pulijala et al.
showed that Oculus Rift based immersive VR experience
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improved self-confidence in oral facial maxillary surgical
residents compared to a control group when performing Le
Fort I osteotomy (Pulijala et al.,, 2018). Similarly, Stepan et al.
showed that Oculus Rift VR system could be used as an
educational tool for teaching neuroanatomy. Moreover, sixty-
six medical students were randomized to VR experience versus
online textbook based educational control. Medical students in
the VR group felt that the learning experience was more
engaging, enjoyable, and useful. Furthermore, they scored
higher on motivation assessment (Stepan et al, 2017). Ros
et al. evaluated the pedagogical value of virtual reality training
in lumbar puncture training. Learners were randomized to
traditional education or virtual reality. They found the
learners in the virtual reality group performed the procedure
with less error and in less time (Ros et al., 2021). Similar to these
studies, our prior study used a similar IHVR system and showed
similar results with improvement in self-confidence and
engagement in residents undergoing cervical intracavitary
brachytherapy training (Taunk et al, 2021). Although an
effective educational tool, IHVR is expensive and can make
scaling the VR SBE challenging. In this study, CVVR platform
was found to be a cost-effective alternative to IHVR as an
immersive video educational tool. Both VR delivery systems
improve resident self-confidence and self-perceived technical
proficiency. There were also no significant differences in
average time to implant and median objective technical
proficiencies between the two groups. Trainees found both
platforms to be useful, engaging, and enjoyable. Residents
would also recommend the technology to other trainees. Of
note, in this study, there was only one IHVR headset in a
central location for the residents in the IHVR arm but each
resident in the CVVR arm had their own viewer, which may
account for a lack of difference noted between the two VR
platforms.

There were several limitations to the current study. One
limitation is that this is a single-institution study. There were
small resident numbers which may limit statistical power for
some comparisons conducted, and further investigation with
larger learners need to be completed to validate the results. In
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light of that, this is the only and largest series comparing
effectiveness of two separate VR delivery platforms in medical
education. Furthermore, it is important to note the baseline
characteristics of this study. 84.5% of participants were male.
Although this was representation of our training institution, it is
not representation of the gender distribution in training
nationally. As such, any future validation study should
endeavor to have a more comprehensive representation of
gender. Moreover, a higher percentage of residents in the
IHVR had completed at least 2 years of training and had
prior brachytherapy experience. Even given that difference, it
is encouraging to see that those in the IHVR group still reported
improvement in overall confidence.

Another limitation is that this study has a narrow scope and
only investigates immersive video as an educational tool. It does
not compare other features of IHVR such as hand tracking that
can improve interaction with the virtual learning environment.
The IHVR technology is constantly advancing and newer IHVR
systems, such as the Quest two utilized in the cost effective
analysis, may continue to improve immersive experience with
outward facing camera allowing hand tracking and limited
haptic feedback. Although this feature may be available in
CVVR in
smartphones to utilize this feature. Another limitation is that
the educational video was filmed in 2D-360°. 3D-360-degree
video acquisition may also improve immersive educational

the future, it will likely need expensive

experience for residents. However, 3D-360-degree video
acquisition does require an additional camera and more
sophisticated post production for stereoscopic stitching that
may pose a challenge for expansion of the VR curriculum.
Moreover, this study is limited to 360-degree video capturing
and does not discuss the role of 180-degree virtual reality
experience and educational value. Both technologies assume
some degree of technology literacy for appropriate use. This
study does not investigate difference in symptoms related to
technology use such as dizziness/vertigo, which would be an
important consideration to expand the virtual reality education
program. Future studies should determine difference in
technology-related side effects. The cost effectiveness analysis
is restricted to the dissemination of a virtual reality based
training program and does not include projected monetary
value from improved training experience.

However, these limitations present significant opportunities.
A low-cost delivery system would allow for faster and more
widespread distribution of academic medical content without
large limiting cost burdens. This assumes the presence of
smartphones with either preloaded content, or access to fast
internet with WiFi or cellular service. Expansion of VR
curriculum would simply require additional video content
which can be scaled not just within radiation oncology
procedures, but also across other disciplines of medicine, both
procedural and anatomic education. Moreover, this VR delivery
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system could be expanded to education of nursing, other
healthcare staff, and even patients.

In conclusion, this pilot study compared IHVR and CVVR as
VR delivery systems. Both VR SBE platforms showed
improvement in residents’ self-confidence, and objective and
subjective technical skills when performing intracavitary
cervical brachytherapy. Resident physicians found both IHVR
and CVVR immersive, highly engaging, and enjoyable
educational tools. This study found CVVR as a cost effective
alternative to IHVR when developing a video-based VR SBE
curriculum.
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