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Abstract

Background: Neonatal mortality accounts for approximately 46% of global under-5 child mortality. The widespread access to
mobile devices in low- and middle-income countries has enabled innovations, such as mobile virtual reality (VR), to be leveraged
in simulation education for health care workers.

Objective: This study explores the feasibility and educational efficacy of using mobile VR for the precourse preparation of
health care professionals in neonatal resuscitation training.

Methods: Health care professionals in obstetrics and newborn care units at 20 secondary and tertiary health care facilities in
Lagos, Nigeria, and Busia, Western Kenya, who had not received training in Helping Babies Breathe (HBB) within the past 1
year were randomized to access the electronic HBB VR simulation and digitized HBB Provider’s Guide (VR group) or the
digitized HBB Provider’s Guide only (control group). A sample size of 91 participants per group was calculated based on the
main study protocol that was previously published. Participants were directed to use the electronic HBB VR simulation and
digitized HBB Provider’s Guide or the digitized HBB Provider’s Guide alone for a minimum of 20 minutes. HBB knowledge
and skills assessments were then conducted, which were immediately followed by a standard, in-person HBB training course that
was led by study staff and used standard HBB evaluation tools and the Neonatalie Live manikin (Laerdal Medical).

Results: A total of 179 nurses and midwives participated (VR group: n=91; control group: n=88). The overall performance
scores on the knowledge check (P=.29), bag and mask ventilation skills check (P=.34), and Objective Structured Clinical
Examination A checklist (P=.43) were similar between groups, with low overall pass rates (6/178, 3.4% of participants). During
the Objective Structured Clinical Examination A test, participants in the VR group performed better on the critical step of
positioning the head and clearing the airway (VR group: 77/90, 86%; control group: 57/88, 65%; P=.002). The median percentage
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of ventilations that were performed via head tilt, as recorded by the Neonatalie Live manikin, was also numerically higher in the
VR group (75%, IQR 9%-98%) than in the control group (62%, IQR 13%-97%), though not statistically significantly different
(P=.35). Participants in the control group performed better on the identifying a helper and reviewing the emergency plan step
(VR group: 7/90, 8%; control group: 16/88, 18%; P=.045) and the washing hands step (VR group: 20/90, 22%; control group:
32/88, 36%; P=.048).

Conclusions: The use of digital interventions, such as mobile VR simulations, may be a viable approach to precourse preparation
in neonatal resuscitation training for health care professionals in low- and middle-income countries.

(JMIR Med Educ 2022;8(3):e37297) doi: 10.2196/37297
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Introduction

Intrapartum asphyxia—the failure to breathe at birth—is a
common medical emergency that occurs in the newborn period,
and newborns with this condition require neonatal resuscitation
to survive. The outcome of neonatal resuscitation depends on
the availability of equipment and appropriately trained personnel
[1]. The periodic in-service training of health care professionals,
such as physicians, nurses, and midwives, on newborn
resuscitation has significantly decreased neonatal mortality,
which accounts for 46% of under-5 mortality globally [2-7].
Neonatal resuscitation training has largely depended on
in-person, daylong workshops and manikin-based simulation
exercises that are time-consuming and cost-intensive, resulting
in widely spaced intervals for refresher training [4].

Newer models of neonatal resuscitation training involving the
use of emerging technologies have been described [8,9]. Virtual
reality (VR) is a new technology that has been described as “the
learning aid of the 21st century,” as the feasibility and
applicability of VR have been demonstrated in nearly all aspects
of training and education [10,11]. The use of VR has provided
engaging, individualized, and incentivized practice opportunities
within immersive experiences [12], particularly under conditions
like the COVID-19 pandemic, during which social distancing
is encouraged.

Mobile VR simulations can be used to teach abstract ideas,
illustrate real-world phenomena, and motivate students. [13].
The unpredictability of how and when neonatal resuscitation
will be encountered in the clinical setting requires constant
preparedness and confidence building, which can be gained via
repeated practice (individually, in pairs, or as a small group).
Due to the high level of user involvement in VR simulations,
users may be exposed to materials more than once, lengthening
the time spent actively learning and enhancing skill acquisition
and retention. [9,14]. By connecting offline identities, game
scenarios, and actual interactions with and within a virtual
system, game-based learning enables learners to display abilities
and alter behaviors that are related to clinical practice [15-19].
Evidence suggests that simulation games increase posttraining
self-efficacy by 20%, declarative knowledge by 11%, procedural
knowledge by 14%, and retention by 9% [20].

Although most software simulations require a PC with sufficient
graphics capabilities or an advanced VR headset, mobile VR
simulations can be delivered on mobile phones via a low-cost
VR headset [9,21,22]. Health care professionals in low- and
middle-income countries (LMICs) now have practically
universal access to mobile phones, which encourages the
accessibility, scalability, flexibility, and effectiveness of
e-learning while lowering marginal costs. For instance, over
the past 20 years, mobile subscriptions and broadband
penetration have dramatically expanded in Nigeria [23].
According to the Nigerian Communications Commission, in
2020, there were 300 million connected mobile lines and 204
million active subscribers to Global System for Mobile
Communications networks in Nigeria, resulting in a teledensity
(the number of telephone connections) of 107 for every 100
individuals living in Nigeria [23].

This study involved a secondary analysis of data that were
collected during the electronic Helping Babies Breathe
(eHBB)/mobile Helping Babies Survive (mHBS) trial [24]. We
explored the feasibility and educational efficacy of using mobile
VR training and the digitized Helping Babies Breathe (HBB)
Provider’s Guide, compared to using the digitized HBB
Provider’s Guide alone, as an approach to precourse preparation
for health care professionals attending in-person HBB courses
in a low-resource setting. We hypothesized that, as measured
via precourse assessments using validated HBB evaluation
instruments, health care professionals who used mobile VR
simulations and the digitized HBB Provider’s Guide before the
course would be better prepared for in-person HBB training
compared to those who used only the digitized guide without
exposure to VR scenarios.

Methods

Study Design
This was a substudy of the prospective randomized controlled
trial of an educational intervention, which was described fully
elsewhere [24].

Study Population
Health care professionals (nurses or nurse-midwives) who
worked in labor, delivery, and newborn care units at 20
secondary and tertiary health care facilities in Lagos, Nigeria,
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and Busia, Western Kenya, and had not received training in
HBB within the previous 1 year were recruited to participate in
the eHBB study [24].

Randomization
Participants were consented and were randomized to receive
the eHBB and digitized HBB Provider’s Guide (VR group)
intervention or the digitized HBB Provider’s Guide–only
intervention (control group) before a standard in-person HBB
course (Figure 1).

Figure 1. CONSORT (Consolidated Standards of Reporting Trials) flow chart. eHBB: electronic Helping Babies Breathe; HBB: Helping Babies
Breathe; VR: virtual reality.

Intervention
The eHBB VR simulations consisted of 3 brief, 3- to 5-minute,
interactive 3D simulation scenarios that represented a newborn
requiring routine care, some resuscitation, or prolonged
resuscitation via positive pressure ventilation (Multimedia
Appendix 1). The simulations were accessed using a low-cost
VR headset and the eHBB virtual simulation app installed on
participants’ study phones. The digitized HBB Provider’s Guide
consisted of a digital version of the standard HBB, Second
Edition, Provider’s Guide on the mHBS powered by District
Health Information Software 2 (DHIS2; mHBS/DHIS2) app
that was installed on participants’ phones. The VR group had
access to the VR intervention and the digitized HBB Provider’s
Guide. The mobile simulation scenarios were brief, and each
could be completed within 3 to 5 minutes. A minimum of 20
minutes was given for the participants to familiarize themselves
with their study group materials. Although they were encouraged
to familiarize themselves with the eHBB VR simulation, the
VR group, at enrollment, was allowed to access all of their study
group materials (the eHBB VR simulation and digitized HBB
Provider’s Guide) without restrictions. The control group only
used the digitized HBB Provider’s Guide.

Precourse knowledge and skills assessments were then
conducted by trained study staff using the following
standardized tools: the HBB, Second Edition, knowledge check
multiple-choice questionnaire; the bag and mask ventilation
(BMV) skills check (a passing score was defined as correctly
performing all 14 steps); and the Objective Structured Clinical
Examination (OSCE) A checklist (a passing score was defined
as correctly performing at least 9 of the 12 steps, including the
required actions [items 4, 5, and 9]). The outcomes, which were
measured by using the BMV skills check and the OSCE A
checklist, were the health care professionals’ neonatal

resuscitation skills before the standard in-person HBB, Second
Edition, training course. The Neonatalie Advanced manikin
(Laerdal Medical) was used for the standardized collection of
data on BMV skills. Participants then received standard
in-person HBB, Second Edition, training. Postcourse and
follow-up evaluations for up to 6 months were described
previously [24].

Ethics Approval
This study was approved by the University of Lagos Health
Research Ethics Committee (reference number:
CMUL/HREC/09/18/445); Moi University Institutional
Research Ethics Committee, Indiana University Institutional
Review Board (reference number: 1807371465); and University
of Washington Institutional Review Board (reference number:
STUDY00005297).

Data Analysis
Data were collected in real time by trained research assistants
using the mHBS/DHIS2 mobile app [25] on dedicated Android
mobile devices, and paper data forms were used as backups. A
post hoc data analysis was performed for this study. Data were
analyzed by using SAS version 9.4 (SAS Institute) and R version
4.0.0 (R Foundation for Statistical Computing) software. BMV
performance data on the Neonatalie Live manikin were
transmitted from the manikin to an iPad (Apple Inc) via
Bluetooth and stored in a secure cloud database. Continuous
variables were presented as means with SDs or medians with
IQRs, and categorical variables were presented as numbers with
percentages. The Kruskal-Wallis test or Wilcoxon rank-sum
test was used to compare scores from the knowledge check,
BMV skills test, and OSCE A test between groups. The Fisher
exact test was used to compare overall test pass rates and pass
rates for individual test items of interest. The sample size was
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not chosen specifically for this substudy but was initially
determined to meet the goals of the primary study—to detect a
20% difference in pass rates on the OSCE B test between groups
at the 6-month follow-up evaluation time point with 80% power
[24]. Differences were considered significant when the 2-sided
P values were <.05.

Results

Demographic Characteristics
Data from 179 health care professionals who were assigned to
the VR and control groups were reviewed. Table 1 shows the

demographic characteristics of the study participants, which
were similar between the intervention (VR and digital guide)
and control (digital guide only) groups. Most of the participants
were female (162/179, 90.5%). Of the 179 participants, only
29 (16.2%) had ever undergone training on HBB, and all
previously trained health care professionals were trained with
the HBB, First Edition, curriculum. Nearly all of the participants
(163/179, 91.1%) owned a smartphone.

The median scores (out of 18) on the precourse knowledge
check were similar for both groups (VR group: 15, IQR 14-16;
control group: 16, IQR 15-17; P=.29).

Table 1. Demographic characteristics of the study participants.

GroupCharacteristic

Control (n=88)VRa (n=91)

37 (9)37 (9)Age (years), mean (SD)

Sex, n (%)

8 (9)9 (10)Male

80 (91)82 (90)Female

Profession, n (%)

44 (50)43 (47)Nurse

44 (50)48 (53)Nurse-midwife

Country, n (%)

42 (48)44 (48)Kenya

46 (52)47 (52)Nigeria

Wardb, n (%)

63 (73)62 (71)Labor or delivery ward

18 (21)15 (17)Postnatal ward

4 (5)6 (7)NBUc or NICUd

1 (1)4 (5)Operating theater

Years of postqualification experienceb, n (%)

26 (30)22 (24)<5

25 (28)34 (38)5-10

13 (15)11 (12)11-15

8 (9)11 (12)16-20

16 (18)12 (13)>20

13 (15)16 (18)Prior HBBe training, n (%)

82 (93)81 (89)Owns a smartphone, n (%)

aVR: virtual reality.
bParticipants with missing values were excluded from the corresponding summary (ward: n=12; years of experience: n=2).
cNBU: newborn unit.
dNICU: neonatal intensive care unit.
eHBB: Helping Babies Breathe.
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BMV Skills
The overall performance on the precourse BMV skills check
was also similar between groups, with a median score (out of
14) of 4.93 (IQR 3-6) in the VR group and 5.32 (IQR 4-7) in

the control group (P=34). Among all participants, 1 participant
in the VR group achieved a passing score of 14. There were no
statistically significant differences in the pass rates for individual
test items between the VR and control groups, as shown in Table
2.

Table 2. Precourse bag and mask ventilation performance.

P valueGroupa, n (%)Steps

Control (n=79)Virtual reality (n=83)

.8745 (57)49 (59)Place baby on ventilation area

.1645 (57)38 (46)Stand at the baby’s head

.2139 (49)32 (39)Check that the mask size is correct

>.9940 (51)41 (49)Position the head slightly extended

.6058 (73)57 (69)Apply the mask to the face

.6020 (25)25 (30)Make a tight seal

.2116 (20)25 (30)Squeeze the bag

>.9920 (25)22 (27)Ventilate

.6610 (13)13 (16)Ventilate at 40 breaths per minute

.2844 (56)39 (47)Reapply mask

.4340 (51)36 (43)Reposition head

.8311 (14)13 (16)Clear mouth and nose of secretions

>.991 (1)2 (2)Open the mouth

.7119 (24)17 (20)Squeeze the bag harder

aIn total, 83 of the 91 participants in the virtual reality group and 79 of the 88 participants in the control group had bag and mask ventilation skills check
results available.

OSCE A Performance
The median scores (out of 12) on the precourse OSCE A
checklist were 5.91 (IQR 4-8) in the VR group and 5.83 (IQR
4-7) in the control group (P=.43). Only 4% (4/90) of the
participants in the VR group and 2% (2/88) of the participants
in the control group achieved passing scores. Participants’
performance on individual test items is shown in Table 3. The
two steps that the control group more frequently performed
were the identifying a helper and reviewing the emergency plan
step (VR group: 7/90, 8%; control group: 16/88, 18%; P=.045)
and the washing hands step (VR group: 20/90, 22%; control
group: 32/88, 36%; P=.048). Participants in the VR group
performed better on the critical step of positioning the head and
clearing the airway (VR group: 77/90, 86%; control group:
57/88, 65%; P=.002). In addition, the VR group tended to

perform better on the removing the wet cloth step than the
control group (VR group: 34/90, 38%; control group: 22/88,
25%; P=.08).

The precourse data from the Neonatalie Live manikin showed
that participants in both groups spent a median time of 160
seconds performing BMV, with a median ventilation rate of 29
(VR group: 29.4; control group: 29.3) breaths per minute. The
median percentages of ventilations with low pressures (VR
group: 4%, IQR 0%-12%; control group: 4%, IQR 0%-17%;
P=.27), ventilations with high pressures (VR group: 0%, IQR
0%-9%; control group: 0%, IQR 0%-2%; P=.20), and valid
ventilations (VR group: 19%, IQR 2%-59%; control group:
19%, IQR 0%-57%; P=.68) were similar between both groups.
The median percentage of ventilations that were performed via
head tilt was 75% (IQR 9%-98%) in the VR group and 62%
(IQR 13%-97%) in the control group (P=.35).
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Table 3. Precourse Objective Structured Clinical Examination A performance.

P valueGroupa, n (%)Steps

Control (n=88)Virtual reality (n=90)

.04516 (18)7 (8)Identifies a helper and reviews the emergency plan

.5552 (59)49 (54)Prepares the area for delivery

.04832 (36)20 (22)Washes hands

.4638 (43)44 (49)Prepares ventilation area

>.9954 (61)55 (61)Dries thoroughly

.0822 (25)34 (38)Removes wet cloth

>.9949 (56)51 (57)Recognizes baby is not crying

.00257 (65)77 (86)Positions head and clears airway

.8724 (27)23 (26)Stimulates breathing by rubbing the back

.3455 (62)63 (70)Recognizes baby is crying and breathing well

.3648 (55)56 (62)Clamps or ties and cuts the cord

.4640 (45)46 (51)Communicates with mother

aIn total, 90 of the 91 participants in the virtual reality group and all 88 participants in the control group had Objective Structured Clinical Examination
A results available.

Discussion

Principal Findings
This study is the first to demonstrate the feasibility and
educational efficacy of using mobile VR simulations and digital
manuals as an approach to precourse preparation for health care
professionals undergoing neonatal resuscitation training in a
low-resource setting. The overall precourse performance on
knowledge assessments was higher than the overall precourse
performance on skills assessments. Although the precourse
mobile VR simulation and the reading of a digital manual prior
to training did not result in a substantial number of participants
achieving a passing score on the HBB skills assessments that
were administered before the session, the use of these materials
may promote interest in learning. The group that only reviewed
the digital manual demonstrated significantly better performance
than the VR group on the OSCE A for the identifying a helper
and reviewing the emergency plan step (P=.045) and washing
hands step (P=.048) However, the performance of the critical
positioning the head and clearing the airway step via head tilt
to open the airway occurred more frequently in the VR group.

A growing body of evidence from well-designed studies
supports the use of simulation to enhance clinical performance
[1,8,20,26,27]. The use of VR simulation was associated with
changes in stress physiology in a study by Chang et al [28]. Our
precourse simulation introduces neonatal resuscitation to
participants and may promote interest in learning. It may also
save costs and shorten the in-person training time for participants
who have already had an immersive experience with the HBB
course [10,29].

Using mobile VR simulations can help individuals build skills
and confidence for cognitive tasks; thus, such simulations
complement formal in-person training that focuses on
manikin-based psychomotor tasks, such as BMV [9,30]. The

VR group performed better on specific cognitive tasks. Though
not statistically significant (P values were >.05 for various tasks;
Tables 2 and 3), this incremental benefit demonstrates the
potential of VR training to support knowledge and performance
skills. Those exposed to the VR simulation demonstrated better
knowledge of when a child should be suctioned and other
cognitive steps, such as removing the wet cloth and clamping
and cutting the cord. They were more likely to recognize when
the baby was not crying and when the baby was crying and
breathing well. These steps are relevant to quickly initiating
neonatal resuscitation and appropriately discontinuing
resuscitation when the baby has responded, and they are taught
at later points in the in-person HBB course curriculum.

Of note, the identifying a helper and reviewing the emergency
plan step is featured early in the HBB digital guide, as it is a
part of preparing for a delivery; thus, it is possible that this
concept was more easily recalled by participants in the control
group. Although this concept is also presented in the VR
simulation, there is no specific action required by the learner,
unlike in other more active elements of the simulation. Featuring
a conversational helper in the VR simulation may help to
emphasize this aspect of preparing for a delivery.

Communication with the mother is an important element of
respectful care [31]. There is evidence that even if health care
professionals are skilled in managing pregnancy and birth
complications, women may refuse to seek care and discourage
others from doing so when they have previously experienced
disrespectful care [32]. Manikin-based simulations and VR
simulations have been used to teach nontechnical skills and
have been shown to improve communication attitudes
[27,33,34]. We found that participants in the VR group
communicated with the mother with greater frequency during
the OSCE evaluation, thereby demonstrating that they
recognized the importance of prospectively providing
information and engaging with the mother via effective
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communication, which are essential elements of respectful care
[32].

This study demonstrated the feasibility of using mobile VR
simulations for precourse training on neonatal resuscitation in
a low-resource setting. Computer-based training simulations,
such as HeartCode Pediatric Acute Life Support and the
Neonatal Resuscitation Program eSim programs, have been
used to complement in-person courses in high-resource settings,
with participants being assigned to perform the computer-based
simulations up to 1 month before attending in-person courses
[9,35,36]. Although simulation laboratories and equipment are
lacking [37], the broad use of mobile devices in LMICs supports
the need for innovations in the design and distribution of
simulation education materials on mobile devices for
self-directed learning [9,24]. Nearly all of the participants in
our study (163/179, 91%) owned a smartphone. Mobile VR
simulations are more accessible to learners than manikin-based
simulations or computer-based simulations in low-resource
settings, where mobile phones are widely used [23,24,38]. As
the receptiveness to VR training is high, spending additional
time in individualized precourse exposure may improve learners’
performance [39-41].

Limitations to This Study
Some limitations may affect the interpretation of our
results. First, although it would have been reasonable to conduct
a baseline skills assessment prior to and after introducing the
digital interventions to participants, this analysis was not
preplanned, and due to the logistical constraints posed by

multiple assessments, we performed precourse assessments in
both the VR and control groups after their exposure to the digital
interventions but prior to the in-person course. Second, although
the VR scenarios were brief and could be completed within 3
to 5 minutes, the minimum time (20 minutes) allotted for digital
intervention familiarization prior to the precourse knowledge
and skills assessments may not have permitted participants to
experience the full impact of the interventions. Increasing the
pretraining VR exposure time may optimize learning and reduce
in-person training time. Finally, mobile VR simulations may
be more suitable for gaining cognitive skills and less suitable
for gaining psychomotor skills or learning how to perform
manual tasks. Nevertheless, this study provides a possible insight
into the relative contribution of precourse exposure and the
feasibility of undergoing a mobile VR simulation prior to
neonatal resuscitation training in an LMIC setting. Future studies
should explore the potential for cost savings or shorter in-person
training times for participants who have already been exposed
(ie, immersive exposure) to the HBB course content prior to
the in-person training [10,29].

Conclusions
The use of digital interventions, such as mobile VR, is feasible
and may be a viable approach to precourse preparation in
neonatal resuscitation training for health care professionals in
LMICs. The role of mobile VR simulation should be further
evaluated in the context of training health care professionals in
low-resource settings, particularly when access to in-person
training with manikin-based simulations is limited.

Data Availability
Data are available on reasonable request. Deidentified data are available on request from RU (nestprog@uw.edu).
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Multimedia Appendix 1
Helping Babies Breathe 2 virtual reality app demo (2020).
[DOCX File , 70 KB-Multimedia Appendix 1]

References

1. Garvey AA, Dempsey EM. Simulation in neonatal resuscitation. Front Pediatr 2020 Feb 25;8:59 [FREE Full text] [doi:
10.3389/fped.2020.00059] [Medline: 32158737]

2. Perin J, Mulick A, Yeung D, Villavicencio F, Lopez G, Strong KL, et al. Global, regional, and national causes of under-5
mortality in 2000-19: an updated systematic analysis with implications for the Sustainable Development Goals. Lancet
Child Adolesc Health 2022 Feb;6(2):106-115 [FREE Full text] [doi: 10.1016/S2352-4642(21)00311-4] [Medline: 34800370]

3. Reisman J, Arlington L, Jensen L, Louis H, Suarez-Rebling D, Nelson BD. Newborn resuscitation training in resource-limited
settings: A systematic literature review. Pediatrics 2016 Aug;138(2):e20154490. [doi: 10.1542/peds.2015-4490] [Medline:
27388500]

4. Pammi M, Dempsey EM, Ryan CA, Barrington KJ. Newborn resuscitation training programmes reduce early neonatal
mortality. Neonatology 2016;110(3):210-224 [FREE Full text] [doi: 10.1159/000443875] [Medline: 27222260]

5. Matendo R, Engmann C, Ditekemena J, Gado J, Tshefu A, Kinoshita R, et al. Reduced perinatal mortality following
enhanced training of birth attendants in the Democratic Republic of Congo: a time-dependent effect. BMC Med 2011 Aug
04;9:93 [FREE Full text] [doi: 10.1186/1741-7015-9-93] [Medline: 21816050]

6. Neonatal mortality. UNICEF Data. 2021 Dec. URL: https://data.unicef.org/topic/child-survival/neonatal-mortality/ [accessed
2022-08-17]

JMIR Med Educ 2022 | vol. 8 | iss. 3 | e37297 | p. 7https://mededu.jmir.org/2022/3/e37297
(page number not for citation purposes)

Ezenwa et alJMIR MEDICAL EDUCATION

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=mededu_v8i3e37297_app1.docx&filename=e83ea6e2d262eb7639575039d74daa51.docx
https://jmir.org/api/download?alt_name=mededu_v8i3e37297_app1.docx&filename=e83ea6e2d262eb7639575039d74daa51.docx
https://doi.org/10.3389/fped.2020.00059
http://dx.doi.org/10.3389/fped.2020.00059
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32158737&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2352-4642(21)00311-4
http://dx.doi.org/10.1016/S2352-4642(21)00311-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34800370&dopt=Abstract
http://dx.doi.org/10.1542/peds.2015-4490
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27388500&dopt=Abstract
https://www.karger.com?DOI=10.1159/000443875
http://dx.doi.org/10.1159/000443875
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27222260&dopt=Abstract
https://bmcmedicine.biomedcentral.com/articles/10.1186/1741-7015-9-93
http://dx.doi.org/10.1186/1741-7015-9-93
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21816050&dopt=Abstract
https://data.unicef.org/topic/child-survival/neonatal-mortality/
http://www.w3.org/Style/XSL
http://www.renderx.com/


7. Niermeyer S. From the Neonatal Resuscitation Program to Helping Babies Breathe: Global impact of educational programs
in neonatal resuscitation. Semin Fetal Neonatal Med 2015 Oct;20(5):300-308. [doi: 10.1016/j.siny.2015.06.005] [Medline:
26265602]

8. Bucher SL, Cardellichio P, Muinga N, Patterson JK, Thukral A, Deorari AK, et al. Digital health innovations, tools, and
resources to support Helping Babies Survive programs. Pediatrics 2020 Oct;146(Suppl 2):S165-S182. [doi:
10.1542/peds.2020-016915I] [Medline: 33004639]

9. Ghoman SK, Patel SD, Cutumisu M, von Hauff P, Jeffery T, Brown MRG, et al. Serious games, a game changer in teaching
neonatal resuscitation? A review. Arch Dis Child Fetal Neonatal Ed 2020 Jan;105(1):98-107 [FREE Full text] [doi:
10.1136/archdischild-2019-317011] [Medline: 31256010]

10. Rogers S. Virtual reality: The learning aid of the 21st century. Forbes. 2019 Mar 15. URL: https://www.forbes.com/sites/
solrogers/2019/03/15/virtual-reality-the-learning-aid-of-the-21st-century/?sh=21c1dbd1139b [accessed 2021-11-24]

11. Radianti J, Majchrzak TA, Fromm J, Wohlgenannt I. A systematic review of immersive virtual reality applications for
higher education: Design elements, lessons learned, and research agenda. Comput Educ 2020 Apr;147:103778 [FREE Full
text] [doi: 10.1016/j.compedu.2019.103778]

12. Sheik-Ali S, Edgcombe H, Paton C. Next-generation virtual and augmented reality in surgical education: A narrative review.
Surg Technol Int 2019 Nov 10;35:27-35. [Medline: 31498872]

13. Vishwanath A, Kam M, Kumar N. Examining low-cost virtual reality for learning in low-resource environments. 2017 Jun
Presented at: DIS '17: Designing Interactive Systems Conference 2017; June 10-14, 2017; Edinburgh, United Kingdom p.
1277-1281. [doi: 10.1145/3064663.3064696]

14. Murphy AA, Halamek LP. Educational perspectives: Simulation-based training in neonatal resuscitation. Neoreviews
2005;6(11):e489-e492. [doi: 10.1542/neo.6-11-e489]

15. Waggoner Z. My Avatar, My Self: Identity in Video Role-Playing Games. Jefferson, NC: McFarland & Company; 2009.
16. Parsons TD, Rizzo AA. Affective outcomes of virtual reality exposure therapy for anxiety and specific phobias: a

meta-analysis. J Behav Ther Exp Psychiatry 2008 Sep;39(3):250-261. [doi: 10.1016/j.jbtep.2007.07.007] [Medline: 17720136]
17. Seymour NE. VR to OR: a review of the evidence that virtual reality simulation improves operating room performance.

World J Surg 2008 Feb;32(2):182-188. [doi: 10.1007/s00268-007-9307-9] [Medline: 18060453]
18. Robb A, White C, Cordar A, Wendling A, Lampotang S, Lok B. A comparison of speaking up behavior during conflict

with real and virtual humans. Comput Human Behav 2015 Nov;52:12-21. [doi: 10.1016/j.chb.2015.05.043]
19. Shorey S, Ng ED. The use of virtual reality simulation among nursing students and registered nurses: A systematic review.

Nurse Educ Today 2021 Mar;98:104662. [doi: 10.1016/j.nedt.2020.104662] [Medline: 33203545]
20. Sitzmann T. A meta-analytic examination of the instructional effectiveness of computer-based simulation games. Pers

Psychol 2011 May 27;64(1):489-528. [doi: 10.1111/j.1744-6570.2011.01190.x]
21. Nagunwa TP, Lwoga ET. Developing an eLearning strategy to implement medical competency based curricula: Experiences

from Muhimbili University of Health and Allied Sciences. Int J Educ Dev Using Inf Commun Technol 2012;8(3):7-21
[FREE Full text]

22. Umoren RA, Bucher S, Purkayastha S, Ezeaka C, Esamai F, Mairami A, et al. eHBB/mHBS-DHIS2: mobile virtual reality
provider training in Helping Babies Breathe. Pediatrics 2020 Jul;146(1_MeetingAbstract):290-292 [FREE Full text] [doi:
10.1542/peds.146.1MA4.290]

23. Subscriber data. Nigerian Communications Commission. URL: https://www.ncc.gov.ng/statistics-reports/subscriber-data
[accessed 2021-11-24]

24. Umoren R, Bucher S, Hippe DS, Ezenwa BN, Fajolu IB, Okwako FM, et al. eHBB: a randomised controlled trial of virtual
reality or video for neonatal resuscitation refresher training in healthcare workers in resource-scarce settings. BMJ Open
2021 Aug 25;11(8):e048506 [FREE Full text] [doi: 10.1136/bmjopen-2020-048506] [Medline: 34433598]

25. Bucher S, Meyers E, Kshatriya BSA, Avanigadda PC, Purkayastha S. Development of an innovative mobile phone-based
newborn care training application. In: Innovations in Bio-Inspired Computing and Applications. 2019 May 21 Presented
at: 9th International Conference on Innovations in Bio-Inspired Computing and Applications (IBICA 2018); December
17-19, 2018; Kochi, India p. 361-374. [doi: 10.1007/978-3-030-16681-6_36]

26. Umoren R, Ezeaka VC, Fajolu IB, Ezenwa BN, Akintan P, Chukwu E, et al. Perspectives on simulation-based training
from paediatric healthcare providers in Nigeria: a national survey. BMJ Open 2020 Feb 10;10(2):e034029 [FREE Full text]
[doi: 10.1136/bmjopen-2019-034029] [Medline: 32047019]

27. Bender J, Kennally K, Shields R, Overly F. Does simulation booster impact retention of resuscitation procedural skills and
teamwork? J Perinatol 2014 Sep;34(9):664-668. [doi: 10.1038/jp.2014.72] [Medline: 24762413]

28. Chang TP, Hollinger T, Dolby T, Sherman JM. Development and considerations for virtual reality simulations for resuscitation
training and stress inoculation. Simul Healthc 2021 Dec 01;16(6):e219-e226. [doi: 10.1097/SIH.0000000000000521]
[Medline: 33273419]

29. Krokos E, Plaisant C, Varshney A. Virtual memory palaces: immersion aids recall. Virtual Real 2018 May 16;23(1):1-15
[FREE Full text] [doi: 10.1007/s10055-018-0346-3]

JMIR Med Educ 2022 | vol. 8 | iss. 3 | e37297 | p. 8https://mededu.jmir.org/2022/3/e37297
(page number not for citation purposes)

Ezenwa et alJMIR MEDICAL EDUCATION

XSL•FO
RenderX

http://dx.doi.org/10.1016/j.siny.2015.06.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26265602&dopt=Abstract
http://dx.doi.org/10.1542/peds.2020-016915I
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33004639&dopt=Abstract
https://europepmc.org/abstract/MED/31256010
http://dx.doi.org/10.1136/archdischild-2019-317011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31256010&dopt=Abstract
https://www.forbes.com/sites/solrogers/2019/03/15/virtual-reality-the-learning-aid-of-the-21st-century/?sh=21c1dbd1139b
https://www.forbes.com/sites/solrogers/2019/03/15/virtual-reality-the-learning-aid-of-the-21st-century/?sh=21c1dbd1139b
https://www.sciencedirect.com/science/article/pii/S0360131519303276?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0360131519303276?via%3Dihub
http://dx.doi.org/10.1016/j.compedu.2019.103778
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31498872&dopt=Abstract
http://dx.doi.org/10.1145/3064663.3064696
http://dx.doi.org/10.1542/neo.6-11-e489
http://dx.doi.org/10.1016/j.jbtep.2007.07.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17720136&dopt=Abstract
http://dx.doi.org/10.1007/s00268-007-9307-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18060453&dopt=Abstract
http://dx.doi.org/10.1016/j.chb.2015.05.043
http://dx.doi.org/10.1016/j.nedt.2020.104662
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33203545&dopt=Abstract
http://dx.doi.org/10.1111/j.1744-6570.2011.01190.x
https://files.eric.ed.gov/fulltext/EJ1084131.pdf
https://publications.aap.org/pediatrics/article/146/1_MeetingAbstract/290/4340/eHBB-mHBS-DHIS2-Mobile-Virtual-Reality-Provider
http://dx.doi.org/10.1542/peds.146.1MA4.290
https://www.ncc.gov.ng/statistics-reports/subscriber-data
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=34433598
http://dx.doi.org/10.1136/bmjopen-2020-048506
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34433598&dopt=Abstract
http://dx.doi.org/10.1007/978-3-030-16681-6_36
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=32047019
http://dx.doi.org/10.1136/bmjopen-2019-034029
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32047019&dopt=Abstract
http://dx.doi.org/10.1038/jp.2014.72
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24762413&dopt=Abstract
http://dx.doi.org/10.1097/SIH.0000000000000521
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33273419&dopt=Abstract
https://link.springer.com/article/10.1007/s10055-018-0346-3
http://dx.doi.org/10.1007/s10055-018-0346-3
http://www.w3.org/Style/XSL
http://www.renderx.com/


30. Horwood C, Haskins L, Luthuli S, McKerrow N. Communication between mothers and health workers is important for
quality of newborn care: a qualitative study in neonatal units in district hospitals in South Africa. BMC Pediatr 2019 Dec
16;19(1):496 [FREE Full text] [doi: 10.1186/s12887-019-1874-z] [Medline: 31842824]

31. Nassar AK, Al-Manaseer F, Knowlton LM, Tuma F. Virtual reality (VR) as a simulation modality for technical skills
acquisition. Ann Med Surg (Lond) 2021 Nov 27;71:102945. [doi: 10.1016/j.amsu.2021.102945] [Medline: 34840738]

32. Shakibazadeh E, Namadian M, Bohren MA, Vogel JP, Rashidian A, Pileggi VN, et al. Respectful care during childbirth
in health facilities globally: a qualitative evidence synthesis. BJOG 2018 Jul;125(8):932-942 [FREE Full text] [doi:
10.1111/1471-0528.15015] [Medline: 29117644]

33. Sweigart LI, Umoren RA, Scott PJ, Carlton KH, Jones JA, Truman B, et al. Virtual TeamSTEPPS(®) simulations produce
teamwork attitude changes among health professions students. J Nurs Educ 2016 Jan;55(1):31-35. [doi:
10.3928/01484834-20151214-08] [Medline: 26812380]

34. Bracq MS, Michinov E, Jannin P. Virtual reality simulation in nontechnical skills training for healthcare professionals: A
systematic review. Simul Healthc 2019 Jun;14(3):188-194. [doi: 10.1097/SIH.0000000000000347] [Medline: 30601464]

35. Sawyer T, Umoren RA, Gray MM. Neonatal resuscitation: advances in training and practice. Adv Med Educ Pract 2016
Dec 23;8:11-19 [FREE Full text] [doi: 10.2147/AMEP.S109099] [Medline: 28096704]

36. Gray MM, Umoren RA, Josephsen J, Chitkara R, Strand M, Ramachandran S, et al. Gaps in neonatal provider performance
on standardized simulations: A report from the NRP eSim study. Pediatrics 2020;146(1_MeetingAbstract):375-377 [FREE
Full text] [doi: 10.1542/peds.146.1MA4.375]

37. Turkot O, Banks MC, Lee SW, Dodson A, Duarte S, Kaino M, et al. A review of anesthesia simulation in low-income
countries. Curr Anesthesiol Rep 2019 Feb 28;9(1):1-9 [FREE Full text] [doi: 10.1007/s40140-019-00305-4]

38. Frehywot S, Vovides Y, Talib Z, Mikhail N, Ross H, Wohltjen H, et al. E-learning in medical education in resource
constrained low- and middle-income countries. Hum Resour Health 2013 Feb 04;11:4 [FREE Full text] [doi:
10.1186/1478-4491-11-4] [Medline: 23379467]

39. Lange AK, Koch J, Beck A, Neugebauer T, Watzema F, Wrona KJ, et al. Learning with virtual reality in nursing education:
Qualitative interview study among nursing students using the Unified Theory of Acceptance and Use of Technology model.
JMIR Nurs 2020 Sep 01;3(1):e20249 [FREE Full text] [doi: 10.2196/20249] [Medline: 34345791]

40. Moore N, Yoo S, Poronnik P, Brown M, Ahmadpour N. Exploring user needs in the development of a virtual reality-based
advanced life support training platform: Exploratory usability study. JMIR Serious Games 2020 Aug 07;8(3):e20797 [FREE
Full text] [doi: 10.2196/20797] [Medline: 32763877]

41. Kyaw BM, Saxena N, Posadzki P, Vseteckova J, Nikolaou CK, George PP, et al. Virtual reality for health professions
education: Systematic review and meta-analysis by the Digital Health Education Collaboration. J Med Internet Res 2019
Jan 22;21(1):e12959 [FREE Full text] [doi: 10.2196/12959] [Medline: 30668519]

Abbreviations
BMV: bag and mask ventilation
DHIS2: District Health Information Software 2
eHBB: electronic Helping Babies Breathe
HBB: Helping Babies Breathe
LMIC: low- and middle-income country
mHBS: mobile Helping Babies Survive
mHBS/DHIS2: mobile Helping Babies Survive powered by District Health Information Software 2
OSCE: Objective Structured Clinical Examination
VR: virtual reality

Edited by T Leung; submitted 15.02.22; peer-reviewed by E Andrikopoulou, S Jung, Y Cao, X Wu; comments to author 27.06.22;
revised version received 14.07.22; accepted 31.07.22; published 12.09.22

Please cite as:
Ezenwa BN, Umoren R, Fajolu IB, Hippe DS, Bucher S, Purkayastha S, Okwako F, Esamai F, Feltner JB, Olawuyi O, Mmboga A,
Nafula MC, Paton C, Ezeaka VC
Using Mobile Virtual Reality Simulation to Prepare for In-Person Helping Babies Breathe Training: Secondary Analysis of a
Randomized Controlled Trial (the eHBB/mHBS Trial)
JMIR Med Educ 2022;8(3):e37297
URL: https://mededu.jmir.org/2022/3/e37297
doi: 10.2196/37297
PMID:

JMIR Med Educ 2022 | vol. 8 | iss. 3 | e37297 | p. 9https://mededu.jmir.org/2022/3/e37297
(page number not for citation purposes)

Ezenwa et alJMIR MEDICAL EDUCATION

XSL•FO
RenderX

https://bmcpediatr.biomedcentral.com/articles/10.1186/s12887-019-1874-z
http://dx.doi.org/10.1186/s12887-019-1874-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31842824&dopt=Abstract
http://dx.doi.org/10.1016/j.amsu.2021.102945
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34840738&dopt=Abstract
https://europepmc.org/abstract/MED/29117644
http://dx.doi.org/10.1111/1471-0528.15015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29117644&dopt=Abstract
http://dx.doi.org/10.3928/01484834-20151214-08
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26812380&dopt=Abstract
http://dx.doi.org/10.1097/SIH.0000000000000347
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30601464&dopt=Abstract
https://dx.doi.org/10.2147/AMEP.S109099
http://dx.doi.org/10.2147/AMEP.S109099
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28096704&dopt=Abstract
https://publications.aap.org/pediatrics/article/146/1_MeetingAbstract/375/4415/Gaps-in-Neonatal-Provider-Performance-on
https://publications.aap.org/pediatrics/article/146/1_MeetingAbstract/375/4415/Gaps-in-Neonatal-Provider-Performance-on
http://dx.doi.org/10.1542/peds.146.1MA4.375
https://link.springer.com/article/10.1007/s40140-019-00305-4
http://dx.doi.org/10.1007/s40140-019-00305-4
https://human-resources-health.biomedcentral.com/articles/10.1186/1478-4491-11-4
http://dx.doi.org/10.1186/1478-4491-11-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23379467&dopt=Abstract
https://nursing.jmir.org/2020/1/e20249/
http://dx.doi.org/10.2196/20249
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34345791&dopt=Abstract
https://games.jmir.org/2020/3/e20797/
https://games.jmir.org/2020/3/e20797/
http://dx.doi.org/10.2196/20797
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32763877&dopt=Abstract
https://www.jmir.org/2019/1/e12959/
http://dx.doi.org/10.2196/12959
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30668519&dopt=Abstract
https://mededu.jmir.org/2022/3/e37297
http://dx.doi.org/10.2196/37297
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


©Beatrice Nkolika Ezenwa, Rachel Umoren, Iretiola Bamikeolu Fajolu, Daniel S Hippe, Sherri Bucher, Saptarshi Purkayastha,
Felicitas Okwako, Fabian Esamai, John B Feltner, Olubukola Olawuyi, Annet Mmboga, Mary Concepta Nafula, Chris Paton,
Veronica Chinyere Ezeaka. Originally published in JMIR Medical Education (https://mededu.jmir.org), 12.09.2022. This is an
open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in JMIR Medical Education, is properly cited. The complete bibliographic information,
a link to the original publication on https://mededu.jmir.org/, as well as this copyright and license information must be included.

JMIR Med Educ 2022 | vol. 8 | iss. 3 | e37297 | p. 10https://mededu.jmir.org/2022/3/e37297
(page number not for citation purposes)

Ezenwa et alJMIR MEDICAL EDUCATION

XSL•FO
RenderX

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

