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Introduction
Simulation is an indispensable, experiential 
training tool for health care professionals.1-3 
Technological advancements in the late 
20th century heralded mannequin task 
trainers and full-body simulators that 
mimicked human physiology.2 In addition 
to simulations at freestanding facilities, in 
situ simulations have grown in popularity 
given their ability to replicate scenarios in 
hospital care units with actual workflows.3

Medical simulations induce physiologic 
stress responses, which potentiate long-term 
memories.4 Unlike lectures and problem-
based learning discussions, simulations 
harness experiential learning to evoke 
apprehension during challenging scenarios, 
leading to greater recall.5 Stress hormones, 
particularly glucocorticoids, play a 
significant role in declarative memories.6,7 
In the absence of stress hormones, such 
as during pharmacological inhibition of 
glucocorticoids under study conditions, 
limited recall of declarative memories is 
observed in humans.6 Furthermore, when 
stress hormones increase during a tense 
situation, they activate the amygdala and 
hippocampus.6,7

Stress plays a significant role in medical 
simulation learning. High-fidelity 
simulations can evoke physiological 
stress responses in students, with heart 
rate increases observed during training.8 
Moderate stress levels can enhance 

performance and learning outcomes by 
providing optimal arousal levels.9,10 The 
autonomic nervous system (ANS) response 
is primarily mediated by a decrease in 
the parasympathetic activity rather than 
an increase in sympathetic activity.11 
Learning under stress is a complex process 
influenced by the ANS, which enhances 
alertness and attention.9 Learning also 
depends on the timing and context of stress 
hormone release, namely corticosteroids 
and adrenaline, and there is an interplay 
between the neural and endocrine 
response.9 The learning arousals that 
activate the amygdala and hippocampus 
are initiated by the ANS.12 Stimulating ANS 
responses during learning are typically not 
due to sympathetic activation, which occurs 
over several minutes, but parasympathetic 
withdrawal, which occurs in seconds.13 
One of the most reliable measures of 
parasympathetic activity is respiratory 
sinus arrhythmia (RSA), which indicates 
subtle changes in cardiac rate.14 Medical 
simulations that result in decreases in RSA, 
indicating parasympathetic withdrawal, 
further support the hypothesis that learning 
arousal contributes to the effectiveness of 
simulations on memory enhancement.1,15

In recent years, health care innovators have 
used augmented reality (AR) simulations 
to provide dynamic, interactive scenarios. 
While virtual reality (VR) immerses users 
in a completely virtual environment, AR 
overlays digital information onto the 

real world, and, unlike VR, AR provides 
opportunities for direct, participant 
interaction.15 AR can incorporate real-
world objects such as task trainers and 
medical equipment to create mixed reality 
experiences. Gaps in the literature involving 
AR simulation include the lack of research 
focusing on educational instructional 
design that explores the added educational 
value of these tools.16 In order to understand 
the educational benefits of AR simulations, 
it is imperative to establish the physiologic 
basis of equity between traditional forms 
of medical crisis simulation, which partly 
rely on inducing stressful scenarios that 
potentiate memories to support learning. 
Given the advantages of AR simulation and 
the ANS-mediated memory potentiation 
underlying simulation’s effectiveness, 
this investigation studied the physiologic 
responses of participants undergoing AR 
and traditional, in-person simulations.1,15 
The primary aim was to determine if the 
participants’ parasympathetic responses 
to an AR simulation were not inferior 
to the parasympathetic responses of a 
mannequin-based, in situ simulation. The 
secondary aims explored the usability, 
ergonomics, satisfaction, and learning 
effectiveness of the AR simulation.

Methods
Participants

The investigators conducted this study 
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in 2 simulation rooms in a freestanding, 
academic hospital in Northern California. 
Health care providers with direct patient 
interaction and resuscitation training 
were eligible, including nurses, physician 
assistants, physicians, and physician 
trainees. Participants with severe motion 
sickness, seizure disorder, nausea, or 
currently using chronotropic heart 
medications, such as β blockers, were 
excluded. The participants were similar to 
those studied in other simulation trials of 
pediatric medical crisis management.1,17 
In these previous studies, nurses, 
medical trainees, and faculty physicians 
underwent in-person simulation training 
in conjunction with components of the 
American Heart Association (AHA) 
Pediatric Advanced Life Support (PALS) 
training.17,18 One week prior and 2 days 
before study enrollment, electronic 
announcements publicized the opportunity 
to participate. Financial incentives were 
not offered. There were no changes to 
eligibility criteria or methods after trial 
commencement. The study adhered to 
CONSORT guidelines and was approved 
by the Stanford institutional review board 
(IRB 68663), Clinical Trials number NCT 
05674188.19

Intervention

Research assistants (RAs) recruited 
eligible participants. After screening for 
exclusion criteria, participants provided 
consent, demographic information, and 
completed pre-simulation questionnaires. 
Participants were randomized using an 
electronic random number generator 
with 1:1 allocation to either a traditional, 
mannequin-based simulation or an 
AR simulation. Each simulation had 1 
participant who served as the team leader 
with the ability to direct 2 actors: an airway 
role and a combined pharmacist and chest 
compressor role. Before the simulation, 
the simulation instructor conducted a 
scripted orientation that reviewed effective 
communication skills and the AHA 
PALS algorithm for cardiac arrest to both 
groups.18

After the instructional overview, the 
simulation instructor explained the scope 
of the roles of the actors. All participants 
were then equipped with chest biometric 

sensors (BioNomadix RSP&ECG 
Transmitter with the BioNomadix Logger; 
BIOPAC Systems, Inc.), which measured 
parasympathetic nervous system activity 
via electrocardiogram (ECG) RSA at 1000 
Hz.1 Before beginning the intervention, 
participants sat quietly to record baseline 
RSA data for 60 seconds. The biometric 
sensors remained on throughout the 
intervention and for an additional 60 
seconds after the simulation to record the 
recovery phase. The BIOPAC system is the 
industry standard for measuring RSA as 
they transmit both ECG and respiratory 
data, reflecting the variation in heart rate 
throughout the respiratory cycle.1 ECG 
alone offers suboptimal source signal for 
heart rate variability (HRV) analysis, as 
estimating RSA from an ECG assumes a 
regular breathing pattern.20 HRV short-
term measurements are obtained by 
the dynamic relationship between the 
parasympathetic and sympathetic nervous 
systems and the regulatory control of heart 
rate from RSA, the baroreceptor reflex, and 
modulation of vascular tone.21

The traditional, in-person simulation 
was an apneic, pulseless, pediatric 
mannequin in ventricular fibrillation that 
participants discovered on arriving at the 
patient’s bedside. During the simulation, 
participants directed the actors to initiate 
cardiopulmonary resuscitation (CPR), 
perform defibrillation, and administer 
epinephrine. A simulation instructor 
modulated the vital signs in response to the 
participants’ actions during the simulation, 
including converting to spontaneous 
circulation (ROSC) in the final stages of 
the simulation. On ROSC, the participants 
directed the actors to check a pulse.

The same scenario was used for the 
AR simulation. The RA fitted the AR 
participants to the Magic Leap 1 (ML1, 
Magic Leap, Inc.) headset and the instructor 
oriented the participants. Similar to the in-
person group, these participants discovered 
a pediatric patient in ventricular fibrillation, 
but instead of a mannequin, they saw the 
actors along with a holographic patient in 
addition to a holographic gurney, monitor 
with vital signs, defibrillator, and bag valve 
mask. The simulation instructor modulated 
the holographic vital signs, pulses, and 
breath sounds in response to participant 
actions. After ROSC, the participants 

requested a pulse check. At the end of the 
traditional and AR simulations, after ROSC, 
the instructor provided a scripted debrief 
to each participant. After the debrief, 
participants completed post-simulation 
questionnaires. Five months after the study 
intervention, participants received an email 
questionnaire to assess longitudinal recall.

Objectives

The primary objective was to determine 
if the participants’ parasympathetic 
responses to the AR simulation were 
not inferior to the parasympathetic 
responses of the traditional simulation. The 
secondary objectives explored the usability, 
ergonomics, satisfaction, and learning 
effectiveness of the AR simulation. The 
authors hypothesized that the AR group’s 
RSA response would be noninferior to the 
traditional group. In addition, the authors 
hypothesized that the AR group would 
report high levels of usability, ergonomics, 
and satisfaction and that both groups 
would score similarly on longitudinal recall 
questionnaires.

Outcomes

Demographic data were collected before 
the intervention, including, age, gender, 
race, level of training, and prior exposure 
to AR. The primary outcome compared 
the difference in mean RSA from before to 
during the simulation and from during to 
after the simulation between groups. RSA 
was measured using the chest biometric 
sensors. Parasympathetic responses were 
indexed as RSA, the high-frequency heart 
rate variation controlled by efferent fibers 
of the vagus nerve during breathing.14 
A trained researcher performed a visual 
analysis of the RSA data for motion artifact 
and aberrant identification of ECG R waves 
using MindWare Technologies, LTD. In 
alignment with standard protocols, the 
authors compared RSA group differences 
in 30-second epochs.1,22 

Secondary outcomes were measured 
using the System Usability Scale (SUS) to 
assess usability, the ISO 9241-400 to assess 
ergonomics, and the Simulation Design 
Scale (SDS) to assess user satisfaction23-25 
(Supplemental Online Material, 
Appendices 1 through 3). The SUS and ISO 
9241-400 scales were only administered to 
the AR group because they were used to 
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assess the usability and ergonomics of the 
headsets. Finally, learning effectiveness 
was evaluated using an assessment sent to 
participants 5 months after the simulation 
(Supplemental Online Material, Appendix 
4). The assessment included 10 multiple-
choice questions related to key learning 
points about resuscitation management. 
Each participant received 5 electronic 
reminders to complete the assessment and 
data were stored in Research Electronic 
Data Capture (REDCap).26

Sample Size

The mean RSA for a 35-year-old adult 
was considered to be 6.81 with a standard 
deviation (SD) of 1.16.24 As the SD of RSA 
in adults is approximately 15%, a difference 
of less than 10% between groups was 
considered to be noninferior.27 A sample 
size of 106 participants (53 in each group) 
was calculated based on a power of 90%, 
type 1 error of 5%, noninferior margin of 
10%, and a sampling ratio of 1:1.27,28

Randomization Sequence Generation

Participants were randomized using an 
electronic random number generator with 
1:1 allocation using Excel (Microsoft).29

Randomization Allocation Concealment 
and Implementation

At the time of enrollment, after application 
of exclusion criteria, the RAs used the 
generator to assign groups. The sequence 
was concealed until interventions were 
assigned.

Blinding
Before randomization, participants 
and researchers were not aware of the 
participants’ group assignment. Participant 
blinding was not possible given study 
design. Final analyses were performed by 
a blinded statistician.

Statistical Methods
To test the differences in mean RSA 
from before to during the simulation 
(intervention phase) and from during to 
after the simulations (recovery phase), a 
split-plot analysis of variance (ANOVA) 
was used. Confidence intervals (CIs) were 
also calculated to compare the differences 
of change in RSA during the intervention 
and recovery phases between both groups. 

For noninferiority to be established for the 
AR group compared with the traditional 
group during the intervention phase, the 
lower limit of the 2-sided 95% CI would 
need to be higher than the noninferiority 
margin of −0.681 (10%, or less than 1 SD, 
of the population mean RSA value of 6.81), 
equivalent to a 1-sided test with an a value 
of 0.025. Similarly, noninferiority for the 
recovery phase would be established if 
the upper limit of the 2-sided 95% CI was 
lower than the established margin of 0.681. 
Descriptive statistics were used to analyze 
the results of the SUS and the ISO 9241-
400. The SDS data were non-normal, so 
Wilcoxon Rank Sum Tests were used to 
assess equivalence in mean reported scores 
for each item. The recall assessment survey 
was analyzed using a 2-tailed unpaired t 
test assuming unequal variances.

Results
Participant Flow
A total of 111 participants were enrolled. No 
participants were excluded after exclusion 
criteria were applied. An RA randomized 
56 participants to the AR simulation and 
55 participants to the traditional simulation 
(Figure 1).

Recruitment

Participants were recruited March 20-
22, 2023. After the sample size needed 
to sufficiently power the study’s primary 
outcome was met, recruitment stopped. 
Follow-up surveys were emailed to 
participants in August 2023.

Baseline Data

The mean ages for the AR and traditional 
groups were 38.0 ± 10.5 and 38.3 ± 9.3 
years, respectively. The AR group had 71.4% 
women and 55.4% White participants and 
in the traditional group, 67.3% were women 
and 50.9% were White. Nursing was the 
most common occupation and the second 
most common was attending physician. 
Most reported using immersive simulation 
experiences fewer than 10 times (Table 1).

Numbers Analyzed

One participant in the AR group (1 of 56) 
and 4 in the traditional group (4 of 55) 
did not complete the simulation due to 
schedule conflicts that prohibited them 
from completing the intervention. The 
remaining 106 participants completed the 

study protocol and were analyzed for the 
primary outcome (Figure 1). There were 
no protocol deviations and no participants 
crossed assignments.

Outcomes

In the split-plot ANOVA to assess the 
difference in mean RSA between the 
intervention and recovery phases of the 
simulations, there was no interaction effect 
between the 2 groups and the phase of the 
experiment (P = .270) (Figure 2). Both 
groups experienced a decrease in mean 
RSA from baseline to during the simulation 
(P < .001 in both groups) and an increase 
in RSA from during the simulation to the 
recovery period afterward (P < .001 and 
P = .035 for AR and traditional groups, 
respectively).

For the intervention phase, the RSA mean 
change was −0.400 (95% CI, −0.624 to 
−0.177; P < .001) in the AR group and 
−0.437 (95% CI, −0.661 to −0.213; P < .001) 
in the traditional group. The difference in 
change between the 2 groups was −0.037 
(95% CI, −0.349, 0.276; P = .816). The 
CI’s lower limit, −0.349, was greater than 
−0.681, thus supporting noninferiority at 
the .025 significance level (Table 2). The 
RSA mean change from the recovery phase 
was 0.481 (95% CI, 0.259–0.704; P < .001) 
in the AR group and 0.243 (95% CI, 0.017–
0.469; P = .035) in the traditional group. The 
difference in change between the 2 groups 
was −0.238 (95% CI, −0.551 to 0.075; P = 
.216). Because the CI’s upper limit, 0.075, 
was lower than 0.681, noninferiority at the 
.025 significance was supported (Table 2).

The results of secondary outcomes for 
usability, ergonomics, satisfaction, and 
learning effectiveness were also analyzed. 
The mean SUS score of the AR group was 70.5 
± 14.5. The ISO 9241-400 results of the AR 
group showed that 34 participants (65.38%) 
reported feeling comfortable using the 
headset for a long time. Four participants 
(7.69%) felt that the concentration required 
to operate the device was very high and 3 
(5.77%) participants felt that eye fatigue 
was very high (Figure 3).

After analyzing the results of the SDS, 
the only item to return a difference was 
related to fidelity involving whether the 
simulations had real-life factors, situations, 
and variables built into the scenarios. For 
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this item, the AR group mean was 4.24 
and the traditional group mean was 4.56 
(P = .016). For the assessment of learning 
effectiveness, the assessment questionnaire 
was completed by 12 participants in the AR 
group and 15 participants in the traditional 
group. The average recall score was 74.2% ± 
24.7% in the AR group and 66.6% ± 19.9% 
in the in-person group (P = .4).

Adverse Events

There were no adverse events throughout 
the study. No participants reported any 
harm and there were no incidents of 
motion sickness, seizures, vomiting, or 
nausea from either the AR or traditional 
group participants.

Discussion
This study’s findings demonstrated that 
both AR and traditional simulations led 
to significant changes in RSA associated 
with parasympathetic responses, with the 
AR group showing noninferior changes 
compared with the traditional group. 
Secondary outcomes indicated favorable 
usability of the AR technology, evidenced 
by a mean SUS score of 70.5, and positive 
ergonomics, as most participants disagreed 
with the negative aspects related to device 
comfort in the ISO 9241-400 survey. 
Satisfaction levels were similar in both 
AR and traditional groups across most 
categories, with a slight but significant 
difference noted in fidelity. In terms of 
learning effectiveness, we observed no 
difference between the 2 groups based on 
the outcomes of the recall questionnaire.

The primary result demonstrated that 
during the same pediatric cardiac arrest 
simulation scenario involving an apneic, 
pulseless child in ventricular fibrillation, 
the AR simulations evoked a similar degree 
of parasympathetic withdrawal compared 
with traditional, in situ simulations. This 
pivotal result suggests that AR simulations 
effectively induce the same level of stress 
that is well-documented in traditional 
medical simulations involving medical 
emergencies.30,31 Stress plays a crucial role 
in improving knowledge acquisition and 
the AR simulations effectively generated 
this necessary response.6,30,31 This finding 
substantiates a recent crossover study that 
also indicated that AR and traditional 

simulations elicited comparable stress 
responses.30 Our study adds to those 
findings with the incorporation of RSA 
as a stress biomarker, a method validated 
by previous studies but not explored in 
previous AR simulation investigations.12,14 
Given the noninferior stress response, AR 
simulations may achieve similar learning 
outcomes observed in those learning under 
traditional simulations.30-32

Although AR simulations are unlikely 
to replace traditional simulations, the 
availability of AR as a reasonable alternative 
is important. The financial implications 
of integrating AR into a traditional 
simulation program must be considered. 
Depending on the degree of immersion, 
the costs associated with programming 
and hardware can range from several 
hundred to thousands of dollars.33 
Traditional mannequins can also range in 
cost from several hundred to thousands 
of dollars.33 However, dedicated spaces 
such as simulation centers come with 
additional financial burdens including staff, 
audiovisual equipment, and simulation 
technicians, as well as substantial initial 
and fixed operating costs.34 Although AR 
simulations also have ongoing operating 
costs, these are mainly associated with 
software and hardware updates, which 
may be substantially more affordable than 
traditional mannequin maintenance. In 
addition, AR simulations, although cost-
effective in certain aspects, do require 
user training, information technology 
infrastructure, licensing renewals, and 
hardware updates.

Unlike experiences in head-mounted 
displays in which the natural world is 
excluded, AR retains direct eye contact and 
preserves visual cues, which play essential 
roles in communication among simulation 
participants.1,35 This may explain AR’s ability 
to produce a physiological response similar 
to that of in-person simulations. These 
elements of AR simulations that promote 
nonverbal cues and bolster collaboration 
are critical for experiential learning.

The secondary outcomes highlight the 
usability and ergonomics of AR, particularly 
the ML1 headset, as essential factors for its 
integration into medical education. The 
SUS score suggests a good level of usability, 
which is a positive indicator for future 
adoption and integration.36 Furthermore, 

a high SUS indicates that this device has 
a high likelihood of integrating well into 
current simulation curricula without a 
steep learning curve. This score resonates 
with findings from other studies that 
emphasize the usability and ergonomics 
of similar simulation technologies in 
health care settings.37 Ergonomically, the 
ML1 headset was well-received, mirroring 
positive user experiences in similar settings 
with the ML1, where most participants were 
comfortable using the device for extended 
periods and few found it mentally taxing to 
operate.37 This is reassuring, as the headset 
is not likely contributing to extraneous 
cognitive load from prolonged use which 
would affect the educational experience. 
These results, capturing both usability and 
ergonomics, support the ML1 headset’s 
potential for widespread adoption.

Both groups reported high satisfaction 
in key categories such as objectives and 
information, support, problem-solving, 
and feedback, affirming the effectiveness of 
AR for educational simulations. However, a 
small but statistically significant difference 
was observed in the fidelity category, in 
which AR users reported less realism than 
traditional, in-person simulations. This was 
attributed to holograms in lieu of actual 
resuscitation equipment used in the AR 
simulations. Despite this, the congruence 
in satisfaction scores across most categories 
underscores the participants’ positive 
reception of AR simulations as a viable 
training tool.

Longitudinal recall, a measure of the 
impact of these simulations on memory, 
was expected to show parallel results 
between the groups, given that both groups 
experienced similar stress.12,38 Although 
only about 1 in 4 participants completed 
the recall assessment, the knowledge recall 
was similar between groups. Even though 
this finding lacked statistical power of the 
primary aim, it did further corroborate that 
the AR group’s experience was noninferior 
to the traditional group’s experience.

Limitations

This study measured RSA, which is 
dynamic, and selected 30-second epochs 
in alignment with standard protocol for 
RSA analyses.1,22 However, it is possible that 
shorter epochs may have altered the findings 
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of the study in an unpredictable direction. 
The study also included a heterogeneous 
group of health care workers, potentially 
leading to unmeasured differences and 
variability that is not fully controlled for, 
especially in de-escalation techniques. 
However, we intentionally included a 
variety of health care workers to increase 
generalizability. Also, the mean age of RSA 
used to derive the sample size calculation 
was not identical to the mean age of these 
participants but, given negligible changes 
in resting sympathetic tone during this age 
period, any effects on the results of this 
study would be expected to be negligible. 
An additional limitation included the 
variability in participants’ familiarity with 
the PALS algorithm that could influence 
the recall assessment scores as more 
experienced participants would have 
greater familiarity with knowledge. Of note, 
the participants were not asked about any 
interval PALS education before the recall 
assessment. Third, the recall assessment 
was internally developed and not based 
on a previously validated scale. This was 
intentionally done to provide a custom 
assessment tool specific to the scenario and 
debrief, although without prior validation, it 
may have lacked construct validity. Finally, 
the completion of the recall assessment 
experienced significant attrition, with only 
27 participants responding to the survey. 
Even though this degree of attrition is not 
uncommon, it did reduce statistical power 
of that particular result. Future studies 
are needed to explore longitudinal recall 
assessments related to long-term memory 
retention.

Conclusion
Parasympathetic withdrawal during 
AR simulations were not inferior to the 
parasympathetic withdrawal during 
traditional simulations, an essential element 
for successful learning during medical 
simulations. The notable usability and 
ergonomic scores highlight AR simulation’s 
potential as a valuable educational 
tool in health care. Overall, this study 
underscores AR simulation’s promise in 
medical education, offering an innovative, 
immersive, and interactive approach to 
training health care professionals.
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Abstract

Background: Traditional medical simulations leverage stressful scenarios to 
potentiate memory. Augmented reality (AR) simulations provide cost-effective 
experiences using holograms instead of mannequins. This study investigated the 
physiologic response to AR simulations.

Methods: This was a noninferiority, controlled trial at an academic, pediatric 
hospital in Northern California among health care workers randomized to AR 
or traditional, in situ medical simulations. The primary outcome investigated 
parasympathetic tone. Biometric sensors assessed parasympathetic tone as 
respiratory sinus arrhythmia (RSA). A difference in RSA of less than 10% between 
groups was considered noninferior. Secondary outcomes explored usability, 
ergonomics, satisfaction, and recall with the System Usability Scale (SUS), ISO 
9241-400, Simulation Design Scale (SDS), and an electronic questionnaire 5 months 
after the intervention, respectively.

Results: A total of 111 participants were enrolled and 106 analyzed. Both groups 
experienced a decrease in mean RSA from baseline to during the simulation (P 
< .001 for both groups). Subsequently, there was an increase in RSA from the 
simulation period to the recovery period (P < .001 for the AR group and P = .035 for 
the traditional group). Regarding secondary outcomes, the mean SUS score of 70.5 
suggested good usability, 65.38% of AR participants reported feeling comfortable 
using the headset, and satisfaction in both groups was similar except for differences 
in use of real-life factors. The recall assessment was completed by 12 AR and 15 
traditional participants, with similar scores between the 2 groups (P = .4).

Conclusions: AR simulations produced a noninferior change in parasympathetic 
tone compared with traditional simulations. Future investigations may explore the 
effectiveness of AR simulations for developing nontechnical skills during remote 
training. (Registration: Clinical Trials Registry NCT 05674188.)

Keywords: Simulation, augmented reality, education, anesthesiology, immersive 
technologies
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Figure 1. Flow diagram of study participants. The number of participants from initial enrollment to randomization in addition to follow-
up (F/U) is visualized. A total of 111 participants met inclusion and exclusion criteria and were enrolled. A total of 106 participants were 
included in the study, as 5 participants did not complete the simulation scenarios due to scheduling conflicts. Twenty-seven participants 
completed the 5-month follow-up Longitudinal Recall Assessment questionnaire. Abbreviation: AR, augmented reality.
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Figure 2. Trend in respiratory sinus arrhythmia (RSA) changes between augmented reality (AR) and traditional groups. A split-plot analysis 
of variance was used to assess the difference in mean RSA. The linear prediction of RSA refers to the mathematical model used to estimate 
RSA based on linear relationships between physiological signals (heart rate variability and respiratory signal). Both groups displayed a 
significant decrease in mean RSA from baseline to during the simulation followed by a significant increase in mean RSA from the end of the 
simulation to the recovery phase. These findings established noninferiority between the AR and traditional groups.
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Figure 3. Ergonomics survey of augmented reality (AR) headsets. The ISO-9241-400 was used to assess ergonomic factors of human-AR 
interaction. Thirty-four participants (65.38%) reported feeling comfortable using the headset for a long time. Four participants (7.69%) felt 
that the concentration required to operate the device was very high and 3 (5.77%) participants felt that eye fatigue was very high.
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Table 1. Participant Demographics

Characteristic Value
Cohort AR Traditional
Mean age, SD 38.0 ± 10.5 38.3 ± 9.3
Sex, n (%)
  Male 15 (26.8) 18 (32.7)
  Female 40 (71.4) 37 (67.3)
  Unknown/Chose not to disclose 1 (1.8 ) 0
Race,a n (%) 
  American Indian or Alaskan Native 1 (1.8) 1 (1.8)
  Asian 16 (28.6) 16 (29.1)
  Black or African American 5 (8.9) 7 (12.7 )
  Native Hawaiian or Other Pacific 0 0 
  White 31 (55.4) 28 (50.9)
  Unknown / Chose not to disclose 3 (5.4) 3 (5.5 )
  Other 3 (5.4) 3 (5.5)
Ethnicity, n (%)
  Hispanic or Latino 7 (12.5) 3 (5.5)
  Not Hispanic or Latino 47 (83.9) 48 (87.3)
  Unknown/Chose not to disclose 2 (3.6) 4 (7.3)
Occupation, n (%)
  Nurse 20 (35.7) 22 (40.0)
  Physician 15 (26.8) 13 (23.6)
  Physician trainee 10 (17.9) 10 (18.2)
  Respiratory therapist 2 (3.6) 3 (5.5)
  Other (eg, nurse practitioner, imaging tech, physician assistant) 9 (16.1) 7 (12.7)
Previous exposure to AR, n (%)
  0 times 30 (53.6) 26 (47.3)
  1-2 times 22 (39.3) 19 (34.5)
  3-5 times 4 (7.1) 7 (12.7 )
  6-10 times 0 0
  >10 times 0 3 (5.5)
Level of resuscitation certification,a n (%)
  None 1 (1.8) 0
  Basic Life Support (BLS) 38 (67.9) 38 (69.1)
  Advanced Cardiovascular Life Support (ACLS) 36 (64.3) 39 (70.9)
  Pediatric Advanced Life Support (PALS) 42 (75.0) 41 (74.5)
  Neonatal Resuscitation Program (NRP) 13 (23.2) 11 (20.0)
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No. times providing resuscitative efforts on a person, n (%)
  0 times 9 (16.1) 9 (16.4)
  1-2 times 10 (17.9) 13 (23.6)
  3-5 times 13 (23.2) 10 (18.2)
  6-10 times 6 (10.7 ) 5 (9.1)
  >10 times 29 (32.1) 18 (32.7)
Received training on effective communication skills during 
resuscitation, n (%)
  Yes 53 (94.6) 50 (90.9)
  No 3 (5.4) 5 (9.1)
Previously worked as a front-line health care worker with direct 
contact to patients who were critically ill and in need of resuscitation, 
n (%)
  Yes 51 (91.1) 47 (85.5)
  No 5 (8.9) 8 (14.5)
  If yes, for how long did you work in this context?
    1-6 mo 2 (3.9) 3 (6.4)
    7-11 mo 1 (2.0) 0
    1-2 y 7 (13.7) 2 (4.3)
    >3 y 41 (80.4) 42 (89.4)

	                a Multiple answers allowed.

Table 2. Mean RSA Changes During Intervention and Recovery Phasesa

Change in Mean RSA During Intervention Change in Mean RSA During Recovery
Mean (95% CI) P Mean (95% CI) P

Traditional −0.437 (−0.661 to −0.213) <.001 0.243 (0.017 to 0.469) .035
AR −0.400 (−0.624 to −0.177) <.001 0.481 (0.259 to 0.704) <.001
Difference −0.037 (−0.349 to 0.276) .816 −0.238 (−0.551 to 0.075) .216

	 a Intervention occurred from baseline to during the simulation. Recovery occurred during to after the simulation.
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Appendix 2. Document of Ergonomics Survey ISO 9241-400 

 
Strongly 
Disagree 

Disagree Neither 
Agree nor 
Disagree 

Agree Strongly 
Agree 

1  2  3  4  5  
The ML1 device is too bulky or 
too heavy  

          

The mental effort (concentration) 
required to operate the device was 
very high  

          

Arm and hands/fingers fatigue 
were very high  

          

Eye fatigue was very high            
Head fatigue was very high            
I would be comfortable using the 
device for a long time  
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Appendix 3. Document of Simulation Design Scale 
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Appendix 4. Document of Longitudinal Recall Assessment 

 

 


