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Abstract

Background: Simulation-based education is crucial for training health care professionals in advanced cardiac life support.
However, access to high-fidelity in-person simulation is frequently limited by geographic, logistical, and financial constraints.
Augmented reality (AR) offers the potential to deliver remote, immersive training experiences that may overcome these
barriers, but its effectiveness compared with traditional simulation remains uncertain.

Objective: This study aimed to determine whether remote AR simulation is noninferior to traditional in-person simulation for
assessing team leader performance during a ventricular fibrillation cardiac arrest scenario.

Methods: This noninferiority randomized trial enrolled participants at the State University of Campinas (UNICAMP), Brazil,
and used cross-continental remote instruction from Stanford University (in the United States) for the AR arm. A total of 50
health care professionals were randomized to either remote AR simulation with a geographically distant instructor (n=25)
or traditional in-person simulation (n=25). All participants completed an identical ventricular fibrillation cardiac arrest case
as team leaders. Leader performance was assessed using an adapted, validated checklist-based instrument for cognitive
leadership and an observational behavioral measure (Behaviorally Anchored Rating Scale). Secondary outcomes included AR
participants’ evaluations of usability and ergonomics.

Results: A total of 42 participants fully completed the study procedures (remote AR group: n=22; traditional in-person group:
n=20). The AR group demonstrated noninferior performance compared to the traditional group across all outcomes. The mean
checklist scores were 41.6 (SD 6.2) and 42.6 (SD 5.8) in the remote AR group and traditional in-person group, respectively.
The AR group’s 95% CI (38.9-44.4) was above the 20% noninferiority threshold of 34.1. Usability and ergonomics were
favorably reported by most participants.

Conclusions: Participants in the remote AR simulation demonstrated noninferior team leader decision-making and behavioral
performance compared with those in traditional in-person simulation. These findings suggest that remote AR may be a viable
strategy to expand access to scenario-based assessment of cardiac arrest leadership, particularly in resource-limited settings.
AR participants also reported high usability and low ergonomic burden, indicating comfortable headset use.

Trial Registration: ClinicalTrials.gov NCT06326450; https://clinicaltrials.gov/study/NCT06326450
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Introduction

In an advanced cardiac life support (ACLS), the performance
of the team leader is a critical determinant of resuscitation
quality and patient outcomes. Effective leadership requires
rapid clinical decision-making, clear communication, and
coordinated task delegation to optimize team performance
under pressure [1]. Deficiencies in leadership behaviors can
compromise adherence to resuscitation algorithms and reduce
overall team efficiency, even when individual team mem-
bers possess strong technical skills [2,3]. Simulation-based
assessments provide structured environments to evaluate
these competencies objectively, integrating both technical and
nontechnical skills essential for safe patient care [4,5].

Despite its educational value, traditional in-person
simulation faces persistent barriers. High costs, logistical
complexity, and the requirement for physical facilities and
expert facilitators limit its scalability, particularly in resource-
constrained or geographically dispersed settings [6-8]. These
challenges highlight the need for accessible strategies capable
of delivering high-fidelity assessment without the infrastruc-
ture demands of traditional simulation.

Immersive technologies offer innovative pathways to
mitigate these limitations. Augmented reality (AR) simula-
tion has gained traction in health professions education
as a way to deliver interactive scenarios for learners. In
contrast to traditional virtual reality (VR), which replaces
the surrounding environment with a fully virtual setting,
AR augments the real world with digital information while
keeping learners embedded in a shared physical space.
Newer VR headsets now use a video “pass through” mode,
replacing fully computer-generated imagery in VR with the
natural world, simulating an AR experience. This distinc-
tion matters for clinical training that depends on direct
interaction with teammates, natural face-to-face communica-
tion, and the manipulation of authentic equipment and task
trainers, features that can be harder to preserve when the
environment is fully virtual. By overlaying interactive digital
elements onto real-world settings through head-mounted
displays (HMDs), AR enables learners to engage in realistic,
team-based scenarios while preserving face-to-face communi-
cation and allowing real-time remote facilitation [9]. This
ability to blend virtual overlays with task trainers and clinical
equipment enables mixed reality experiences that can mirror
key features of conventional simulation. Despite growing
adoption, existing studies have less often examined AR
through an instructional design lens or clearly demonstrated
what educational benefit AR provides beyond other simula-
tion approaches [10,11]. AR preserves the essential elements
of conventional simulation, such as realism, interactivity, and
teamwork, while providing a practical alternative to in-person
assessments.

Because this modality requires minimal equipment and
setup time, AR can be implemented flexibly in multipurpose
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clinical spaces, reducing scheduling constraints that often
restrict access to dedicated simulation centers. Prior stud-
ies suggest that it enhances learner engagement and repro-
duces essential elements of pediatric advanced life support
and ACLS, including leadership under pressure and team
coordination [12]. Participants report high usability, and AR
simulations can support complex task execution [13,14].

Remote instruction and assessment through AR simu-
lations offers promising potential for providing standar-
dized evaluation of clinical performance in settings where
traditional simulation is costly, difficult to scale, or inac-
cessible. To address this gap, we conducted an inter-
national, randomized noninferiority trial evaluating team
leader performance in a ventricular fibrillation (VF) cardiac
arrest scenario. The primary outcome was to determine
whether AR-based assessment yielded noninferior leadership
performance compared with traditional in-person simulation.
Secondary outcomes measured the AR participants’ evalua-
tion of usability and ergonomics.

Methods

Design

This international trial used a parallel, noninferiority design
with a 1:1 allocation ratio to compare team leader perform-
ance in a simulated VF cardiac arrest scenario. All partici-
pants were recruited and completed study procedures at the
State University of Campinas (UNICAMP), Brazil. Stanford
University functioned as the remote instructor site for the
AR arm. Participants were randomized to complete either a
remote instructor—led AR simulation or a traditional in-person
simulation. Recruitment occurred between June 20, 2024, and
August 2, 2024, across 2 academic centers. The study was
prospectively registered at ClinicalTrials.gov (NCT06326450;
March 15, 2024).

Following trial commencement, no significant modifica-
tions were made to the study protocol, including eligibility
criteria or protocol design, ensuring uniformity throughout
the investigation. Participants received consistent instructions,
regardless of their group. Minor logistical adjustments to
ensure smooth operation during data collection did not affect
the trial’s scientific integrity. This manuscript adheres to
the CONSORT (Consolidated Standards of Reporting Trials)
guidelines for noninferiority trials (Checklist 1) [15].

Ethical Considerations

The trial was conducted in accordance with the ethical
standards of the participating institutions and with the
principles of the Declaration of Helsinki. Approval was
obtained from the Institutional Review Board at UNICAMP,
Brazil (CAAE 79474024.7.0000.5404; approval: 6.893.573;
June 18, 2024). Institutional approval was also secured at
the collaborating site in the United States prior to participant
enrollment. All participants provided informed consent before
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participation and were assured of confidentiality and the
voluntary nature of their involvement. They did not receive
any financial compensation or material incentives for their
participation in the study.

Participants

A faculty member not involved in data collection recruited
residents of internal medicine and emergency medicine at
UNICAMP because they require routine ACLS training. The
recruitment of internal medicine and emergency medicine
residents from the same institution resulted in a rela-
tively homogeneous participant population, with comparable
baseline exposure to ACLS training across groups, consistent
with the study’s focus on comparing assessment modalities.
Participants in both the traditional in-person group and remote
AR group received instruction from UNICAMP faculty
instructors, although the AR group’s UNICAMP instructor
was remotely located at Stanford’s School of Medicine.
Participants were excluded if they had a history of severe
motion sickness, current nausea, a history of seizures, or
required corrective glasses that would interfere with the
use of AR HMD. Participants requiring corrective glasses
that interfered with the safe fitting of the AR headset
were excluded from the remote AR group due to device
compatibility constraints. This exclusion was applied after
randomization when headset fitting was attempted. Potential
harms, such as physical discomfort, disorientation, or adverse
reactions to the AR headset, were predefined and moni-
tored, with participants instructed to report any symptoms
immediately during or after the simulation. Recruitment and
invitations to participate were conducted through direct oral
communication. Data collection occurred in the UNICAMP
simulation laboratory.

Randomization and Blinding

Participants were randomly assigned to either the traditional
in-person group or the remote AR group, using a computer-
generated randomization sequence (GraphPad Software, Inc).
Randomization was performed in a 1:1 allocation ratio to
ensure an equal distribution of participants between the
2 groups, without matching or stratification by specialty,
year of training, or prior clinical experience. To main-
tain allocation concealment and minimize selection bias,
the randomization sequence was generated by an independ-
ent researcher who was not involved in the recruitment,
enrollment, or data analysis processes. The independent
researcher had no access to participant identities, preserv-
ing impartiality in group assignment. Raters of participants’
performance were not blinded to group allocation because
ratings were performed live in the simulation setting and
the assigned modality was visually apparent. Raters were
aware of the study procedures and instruments but were not
informed of the expected direction of results. The research-
ers conducting the statistical analyses were blinded to group
assignments, using coded datasets to prevent bias while
interpreting results.
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Interventions

After screening, trained research assistants provided informed
consent to participants, who then completed demographic
questionnaires. Participants were randomly assigned to either
the traditional, in-person simulation or the remote-instruc-
tor AR simulation. Hereafter, these will be referred to as
the traditional in-person group and the remote AR group,
respectively. Participants were informed of their group
assignments after signing the informed consent form.

To ensure a comparable baseline skill set while preserving
the assessment-focused nature of the study, all participants
viewed the same brief, scripted 10-minute instructional video
immediately before the simulation. This video reviewed core
principles of effective team leadership, closed-loop commu-
nication, and the VF algorithm, based on the 2020 Amer-
ican Heart Association Guidelines [16]. It did not include
hands-on practice, rehearsal, or individualized feedback. This
minimal standardization was intended to reduce variability
related to prior exposure while avoiding training for the
test. Then, each simulation featured 1 participant serving as
the team leader, coordinating 3 actors assigned to spe-
cific resuscitation roles: chest compressions, ventilation, and
defibrillation or medications. These actors were nurses and
physicians who acted in scripted supporting roles consis-
tent with standard resuscitation team structures. This design
simulated a realistic interprofessional team, consistent with
contemporary best practices in resuscitation training [17].
Although the evaluation instrument includes items refer-
ring to actions performed by resuscitation team members,
these elements were used to operationalize assessment of
team leader performance rather than to evaluate individual
technical skills. All hands-on tasks were executed by trained
actor-participants following predefined scripts, while the team
leader was responsible for recognizing deficiencies, issu-
ing corrective instructions, coordinating task allocation, and
ensuring adherence to the resuscitation algorithm. The same
actors participated in both the AR and traditional scenarios.

The simulation followed a standard, scripted sequence of
events simulating an unexpected cardiac arrest (Multimedia
Appendix 1) [18]. In both groups, the participant’s role was to
lead the resuscitation, including defibrillation and adminis-
tration of medications such as epinephrine and amiodarone.
The instructor facilitated the simulation by controlling the
progression of the scenario and updating clinical parameters
in real time, in response to the participant’s decisions. The
instructor did not provide coaching, feedback, or suggestions
regarding clinical actions during the scenario.

In the traditional group, the simulation was facilitated by
an instructor who was physically present with the participant
in the simulation room. The equipment used included an
adult manikin (MegaCode; Laerdal Medical, Inc), a manual
defibrillator, a medication cart, a bag-valve-mask, advanced
airway equipment, and a stopwatch.

In the remote AR group, research assistants fitted
participants with a Magic Leap One (ML1) AR HMD
(Magic Leap, Inc). The ML1 used the Chariot AR Medical
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simulation software (Stanford Chariot Program) which
integrates real-time communication into a portable AR
medical simulator featuring a holographic patient, monitor,
and other medical equipment. The holographic patient’s
chest was aligned directly over a real compression torso to
provide tactile feedback for the actors. The software has
effectively delivered medical simulations in different contexts
[12-14,19,20]. Research assistants oriented participants to the
MLI and Chariot AR medical simulation software function-
alities before the simulation. Orientation to the AR sys-
tem required approximately 5 to 10 minutes and included
headset fitting, calibration, and a brief walkthrough of the
Chariot AR interface and communication features. Each
remote AR session used 4 HMDs: 1 ML1 worn by the
remote instructor at Stanford and 3 MLI1 devices at UNI-
CAMP worn by the team leader and two of the actor-par-
ticipants. Room requirements were consistent with standard
resuscitation simulation: a simulation room with adequate
space for the team and equipment, a bed or table to sim-
ulate a stretcher, and reliable broadband internet connectiv-
ity to support real-time remote facilitation. The participants
experienced the same clinical scenario as the in-person group.
However, instead of a mannequin, they interacted with a
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holographic patient and a holographic monitor (Figure 1).
In addition, the instructor performed this facilitation role
remotely from Stanford, using a headset to interact in real
time with participants located in Brazil.

In both groups, the instructor adjusted vital signs, pulses,
and other clinical cues in real time according to the par-
ticipant’s actions. In both cases, the simulation concluded
with the return of spontaneous circulation, evidenced by
the presence of a pulse and breathing. The scenario had an
average duration of 12 (SD 1.1) minutes. At the end, all
participants received a structured debriefing and completed
the postsimulation questionnaires.

The primary risk associated with the ML1 headset was
minor physical discomfort, such as pressure or irritation
from wearing the device. To minimize this risk, trained
staff ensured proper fitting and adjustment for each partic-
ipant. The MLI1 is a commercially available headset that
has undergone manufacturer testing and regulatory review
to ensure safety and compliance. Overall, the study posed
minimal risk to participants. All participants were informed of
their right to withdraw at any time without penalty, preserving
their autonomy and comfort throughout the trial.

Figure 1. Example view of the augmented reality (AR) simulation environment as seen through the Magic Leap One headset, showing the

holographic patient and monitor used during training.

Outcomes

Demographic data, collected via Google Forms prior to study
initiation, included age, gender, race, level of training, prior
exposure to in-person simulations, and prior exposure to AR.
The primary outcomes were assessed using two validated
instruments: (1) an adapted checklist-based tool, derived
from the Evaluation of Advanced Life Support Performance
instrument, measuring cognitive leadership and adherence to
resuscitation algorithms; and (2) the Behaviorally Anchored
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Rating Scale (BARS), evaluating observable nontechnical
behaviors.

For the adapted checklist, we calculated 2 types of scores
for each participant—objective and subjective—based on the
original instrument’s 26-item checklist and global rating scale
(Multimedia Appendix 1) [4]. Although originally developed
to assess both technical and nontechnical skills, in this study,
the instrument was adapted specifically to evaluate cogni-
tive performance and scenario leadership, such as clinical
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decision-making, adherence to resuscitation protocols, and
effective team coordination. No psychomotor or procedural
technical skills were assessed, as all hands-on resuscitation
tasks were performed by trained health care professional
actors under the direction of the participant. Accordingly,
we excluded checklist elements that require direct evalua-
tion of team members’ psychomotor execution (eg, chest
compression and ventilation technique or quality metrics).
We retained items that can be attributed to the team leader’s
cognition and directives, including recognition and prioriti-
zation of actions, algorithm adherence (eg, rhythm recog-
nition or defibrillation and medication timing), situational
awareness, and team coordination or closed-loop communi-
cation. The checklist items, each scored from -2 to +2,
covered two domains: (1) adherence to cardiopulmonary
resuscitation guidelines and (2) clinical decision making. The
objective score was obtained by summing the ratings across
the 26 items, reflecting the participant’s ability to manage the
crisis effectively. The subjective score was a global rating
from O to 10, assigned by the rater at the end of the sim-
ulation to summarize overall performance. These 2 scores
were independently assigned by 2 trained raters during each
session, and final scores were calculated as the average of
both raters’ assessments.

BARS is a tool designed to assess observable behav-
ioral competencies and combines qualitative and quantita-
tive assessment by linking specific behavioral examples
to numerical ratings. The four domains of this instrument
are: (1) vigilance situation-aware, (2) decision-making, (3)
communication, and (4) teamwork (Multimedia Appendix
1) [21]. BARS rates these domains as “poor,” “average,’
or “excellent” and assigns a score ranging from 1 to 9.
Two trained raters assessed behavioral competencies using
the BARS scale in real time during and immediately after
each simulation session, offering a complementary perspec-
tive on participants’ nontechnical performance. The BARS
domain scores were prespecified as secondary noninferiority
outcomes to provide supportive evidence on nontechnical
leadership performance.

Assessments were completed live during each simulation
session by 2 trained raters, and no video was recorded. Prior
to data collection, raters completed 3 calibration sessions
(trial runs) in which they practiced scoring using the adapted
checklist and BARS, reviewed the intent of each item and
domain, and discussed discrepancies with the research team
to standardize scoring.

The secondary outcomes included usability and ergonomic
perceptions of the AR system for participants in the AR
group. Usability was assessed using the system usability scale
(SUS; Multimedia Appendix 1) [22]. The SUS includes 10
items; each rated on a 5-point Likert scale from 1 (“Com-
pletely Disagree”) to 5 (“Completely Agree”). Ergonom-
ics were measured using the International Organization for
Standardization (ISO) 9241-400 scale (Multimedia Appendix
1) which is composed of 6 items, each rated on a 5-point
Likert scale from 1 (“Totally Disagree”) to 5 (“Totally
Agree”). AR group participants completed these question-
naires at the end of the simulation.

https://mededu.jmir.org/2026/1/e84367
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Sample Size

A typical mean score in the Evaluation of Advanced Life
Support Performance instrument during reasonable simulation
performance is 7.875, with an IQR from 7 to 8.75 [18].
Importantly, this estimate was derived from the instrument’s
0 to 10 subjective or global rating scale, which was retained
unchanged in our adapted version; thus, the sample size
calculation does not depend on the adapted objective checklist
score (0-52). Given a noninferiority margin of 20% and
assuming a SE of 1.3, 16 participants (8 in each group)
were needed to achieve 80% power with a 1-sided 95%
CI. To account for incomplete data and dropouts, a total
of 30 participants (15 in each group) was set as the min-
imal enrollment target. However, given that participants
were recruited from a single institution’s residency program,
no upper limit was imposed on enrollment. All interes-
ted volunteers were allowed to participate, even after the
minimum sample size required for statistical power had been
reached.

Statistical Analysis

The primary analysis was per-protocol and included
all randomized participants who completed the assigned
simulation session with a fully evaluable checklist and BARS
outcomes. Participants who did not attend the scheduled
session had no outcome measurements and were not included
in outcome analyses.

We conducted a noninferiority analysis using a 20%
noninferiority margin based on the in-person group’s mean
score. Because there is no established minimally important
educational difference for the adapted checklist or BARS
in ACLS leadership assessment, we prespecified a 20%
noninferiority margin as a pragmatic threshold, based on
consensus among the study team’s ACLS instructors, to
define acceptable similarity to the in-person benchmark.
Noninferiority was established if the lower bound of the
95% CI for the AR group’s mean score exceeded this
threshold. Performance scores from 2 independent raters were
averaged for analysis, and interrater reliability (IRR) was
assessed using the intraclass correlation coefficient (ICC).
ICC values between 0.50 and 0.75 were considered moderate,
0.75 to 0.90 as good, and values above 0.90 as excellent
[23]. We did not compute internal consistency indices (eg,
Cronbach a)) because the checklist is a structured performance
rubric spanning heterogeneous actions. We therefore report
IRR and coherence between objective and global scores.
BARS domain scores were computed at the participant level
by averaging the 2 raters’ ratings. Noninferiority for each
domain was evaluated using the prespecified 20% margin
relative to the traditional group mean, based on 95% Cls.
We did not perform superiority hypothesis testing (no P
values or standardized effect sizes). Usability and ergonomics
ratings were analyzed using descriptive statistics for the AR
group only. All analyses were performed in RStudio (RStudio
Team). No ancillary analyses were conducted.
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Results

Participant Flow and Baseline
Characteristics

We invited 50 residents to participate. Of these, 42 met
the inclusion criteria, agreed to participate, and completed
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all stages and questionnaires of the study. We randomized
participants into 2 groups: 20 (48%) in the traditional group
and 22 (52%) in the remote AR group. The flow diagram
of the participants is in Figure 2. Participants in both
groups were at comparable stages of postgraduate training,
as reflected by similar distributions of specialty and recent
ACLS exposure (Table 1).

Figure 2. CONSORT (Consolidated Standards of Reporting Trials) flow diagram. AR: augmented reality; HMD: head-mounted display.
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|

}

25 traditional in-person

| 25 remote-instructor AR ‘

5 did not attend in- |,
person simulation

¥

20 completed traditional
in-person simulation

+ 1 did not attend remote simulation
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r
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instructar AR simulation

Table 1. Baseline demographic characteristics of participants in the traditional in-person group and remote augmented reality (AR) group.

Characteristics

Traditional (n=20)  Remote AR (n=22)

Demographics?

Age, mean (SD) 26.8 (1.9) 27.1 (2.3)

Female, n (%) 11 (55) 11 (50)
Specialty, n (%)

Internal medicine 18 (90) 18 (81.8)

Emergency medicine 2 (10) 4(18.2)
Time since last ACLSP course, n (%)

Never taken 0(0) 14.5)

<1 year 5(25) 6(27.3)

<2 years 8 (40) 7(31.8)

<3 years 4 (20) 4(18.2)

>3 years 3(15) 4(18.2)
How much do you work in emergency settings (1="little/not at all” to 5="a lot/routinely”’), mean (SD) 3.8(1.5) 39(1.2)
Have you ever used augmented reality in medical education? (yes=1 and no=0), n (%) 0(0) 0(0)

4For continuous variables, values are presented as mean (SD); for categorical variables, values are presented as n (%).

PACLS: advanced cardiac life support.

Primary Outcome: Team Leader
Performance

The remote AR group demonstrated comparable performance
to the traditional group in cognitive leadership tasks, in the

objective and subjective scores (Table 2). In all cases, the
lower bound of the 95% CI for the AR group exceeded the
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predefined noninferiority margin, confirming that this group
performed noninferiorly to the traditional in-person simula-
tion. IRR was good, with an ICC of 0.84 for the objective
score and 0.76 for the subjective score. Additionally, the
correlation between the 2 types of scores was 0.855 (95%
CI 0.745-0.920), indicating good internal coherence between
checklist-based performance and global assessments.

JMIR Med Educ 2026 | vol. 12 1e84367 I p. 6
(page number not for citation purposes)


https://mededu.jmir.org/2026/1/e84367

JMIR MEDICAL EDUCATION Gianotto-Oliveira et al

Table 2. Scores from the adapted checklist from Evaluation of Advanced Life Support Performance, compared across simulation modalities with
noninferiority thresholds.

Outcome Traditional, mean (SD) Remote AR?, mean (SD) Noninferiority marginb 95% CI (AR)
Objective score® 42.6 (5.8) 41.6(6.2) 34.1 38.9-44.4
Subjective scored 7.9 (1.0) 8.1(1.2) 6.3 7.6-8.6

2AR: augmented reality.

PNoninferiority cutoffs were defined as 20% below the in-person group mean for each outcome.

€Objective checklist score range = —52 to +52 (26 items scored —2 to +2). Higher scores indicate better performance. Subjective/global score range
= 0-10. Higher scores indicate better overall performance. Noninferiority cutoffs were defined as 20% below the in-person group mean for each
outcome.

dSubjective/global score range = 0-10. Higher scores indicate better overall performance.

The remote AR group demonstrated performance compara- AR group exceeded the predefined noninferiority margin,
ble to the in-person group using BARS (Table 3). For each indicating noninferior performance relative to traditional
BARS domain, the lower bound of the 95% CI for the in-person simulation.

Table 3. Leader behavior performance assessed with the Behaviorally Anchored Rating Scale (BARS), compared across simulation modalities with
noninferiority thresholds®.

Outcome Traditional, mean (SD)  Remote ARP, mean (SD) Noninferiority margin 95% CI (AR)
Vigilance (BARS) 8.2(0.7) 8.3(0.7) 6.5 8.0-8.6
Decision-making (BARS) 8.2 (0.8) 8.3(0.9) 6.5 7.9-8.7
Communication (BARS) 8.2(0.8) 8.1 (0.9) 6.6 7.8-8.5
Teamwork (BARS) 8.3(0.7) 8.4(0.6) 6.6 8.1-8.7

4BARS domain scores range from 1 to 9; higher scores indicate better performance. Noninferiority cutoffs were defined as 20% below the in-person
group mean for each outcome.
bAR: augmented reality.

Secondary Outcome: Usabi[ity to use, well-integrated, and worth frequent use, while they
disagreed with statements about complexity, inconsistency,

and cumbersomeness (Figure 3). Only the item regarding the
need for technical support drew mixed opinions. Overall, the
distribution indicates high perceived usability of the platform.

We computed the average overall SUS score (0-100), which
was 73.8 (SD 13.4) among AR participants (n=22), consis-
tent with good or acceptable usability. Most participants
agreed or strongly agreed that the AR system was easy

Figure 3. System usability scale (SUS) responses for the augmented reality (AR) simulation system (n=22).
Sus

| think that | would like
to use this system frequently

| found the system
unnecessarily complex

I thought the system
was easy to use

| think that | would need
the support of a technical
person to use this system

| found the various
functions in this system
were well integrated

| thought there was too
much inconsistency in
this system

Question

| would imagine that most
people would learn to use
this system very quickly

| found the system
very cumbersome to use

| felt very confident
using the system

| needed to learn a lot of
things before | could get
going with this system

0 25 50 75 1
Response (%)

(=1
=3

Strongly Disagree Disagree . Neither . Agree . Strongly Agree
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Secondary Outcome: Ergonomics

Regarding ergonomics, a majority rejected statements about
excessive bulk, fatigue, or high mental effort, and most
agreed the headset would be comfortable for extended use
(Figure 4). The responses support minimal physical or
cognitive burden during simulation.

Gianotto-Oliveira et al

No AR-related adverse effects (eg, nausea, dizziness, or
eye strain) were observed or reported during or immediately
after the simulation sessions, and no participant discontinued
the session due to headset discomfort. Minor connectivity
lag was noted at the beginning of some remote AR sessions,
but no session required termination or rescheduling, and all
simulations were completed as planned.

Figure 4. International Organization for Standardization (ISO) 9241-400 ergonomic responses for the augmented reality (AR) headset (n=22). ML1:

Magic Leap One.

ISO ergonomic scale (1ISO 9241-400)

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

Question

Eye fatigue was very high
Head fatigue was very high
| would be comfortable

using the device for
along time

Response

Discussion

Principal Findings

These findings suggest that remote AR simulation may serve
as a feasible alternative to traditional in-person simulation
for assessing team leader performance during cardiac arrest
scenarios. Beyond demonstrating noninferior outcomes, this
study highlights the practicality of AR for remote assess-
ment, characterized by high usability, minimal technical
barriers, and reliable real-time instruction. Our findings align
with evidence from systematic reviews and meta-analyses
demonstrating the feasibility of AR and VR simulations in
medical education [9,24,25]. While much of this literature
focuses on training applications, our study extends these
findings by showing that AR can also serve as a standar-
dized assessment modality, producing performance outcomes
comparable to conventional in-person simulation.

Evidence suggests that AR can preserve key elements
of team communication, including unbroken eye contact,
while enabling performance outcomes comparable to those
seen in conventional manikin-based simulations [12,26,27].
In addition, AR can deliver real-time clinical prompts and
integrate simulated patient data to support decision-making
during assessment scenarios [28]. While current evidence
does not consistently demonstrate superiority over traditional
methods of basic and advanced life support training, our
findings contribute to the growing recognition of immer-
sive technologies as promising and scalable alternatives

https://mededu.jmir.org/2026/1/e84367
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for resuscitation education and assessment across diverse
contexts [24].

Video conferencing has also enabled remotely instructed
simulations. For example, remote neonatal training showed
noninferior technical skills at 2 months among inexperienced
medical students, supporting its use in resource-limited
settings [29]. A key strength of our study was its cross-conti-
nental, parallel group, noninferior randomized design testing
instructor-led AR simulation for team leader performance in
a simulated cardiac arrest scenario. By delivering cross-con-
tinental remote facilitation from Stanford while conducting
all learner assessments at UNICAMP, this study serves as
a proof of concept for international remote AR assessment.
Broader generalizability across settings and learner popula-
tions will require replication in additional sites. The required
setup (4 headsets, a compression torso, and broadband
internet) directly addressed logistical barriers noted in
implementation reviews [5]. This portability makes AR
simulation especially relevant for rural hospitals, humanitar-
ian settings, and low- and middle-income countries with
limited access to simulation centers [9,24].

While this study supports the feasibility of using remote
AR simulation for assessing team leader performance,
it is important to critically consider whether this level
of technological immersion is necessary for the inten-
ded evaluation goals. Desktop simulations, video-enhanced
medical scenarios, and computer-based training modules
are well-established, low-cost alternatives that can effec-
tively assess decision-making and communication in certain
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contexts, particularly for single-provider scenarios [30-33].
These approaches are scalable, accessible in low-resource
environments, and do not require specialized hardware or
technical support. In settings where only cognitive rehear-
sal or basic assessment is required, they may represent
more pragmatic solutions. Our study introduces an addi-
tional modality of simulation-based assessment, focusing
specifically on team leader performance. Such an approach
could be particularly relevant for certification processes in
which demonstration of leadership competence is a required
component.

The rationale for using AR in this study was to replicate
not only the cognitive demands but also the spatial aware-
ness and real-time team coordination involved in resuscita-
tion leadership. AR can integrate contextual cues, spatial
orientation, and immersive team interactions that are more
representative of the clinical environment than screen-based
tools. Unlike video-enhanced medical scenarios, which are
typically linear and observer-based, AR allows for active,
embodied participation in real-time decision-making within a
simulated physical space, thereby enhancing the ecological
validity of assessment. This immersive approach supports
evaluation of leadership behaviors such as spatial coordina-
tion, situational awareness, and communication under time
pressure. Moreover, because only the team leader, defibrilla-
tion operator, and remote instructor require HMDs, the same
hardware can serve larger cohorts through staggered sessions
or observer roles, lowering per learner costs compared to
setups using multiple high-fidelity mannequins. After initial
capital costs, software and headset upkeep are more afford-
able than ongoing maintenance of complex mannequins
[34]. As broadband access expands, AR-enabled simulation
provides a scalable option for delivering standardized clinical
assessments in underserved settings [9].

Participants generally rated ergonomics and usability
as adequate. This was encouraging, as prior studies have
reported nausea, dizziness, and visual discomfort after short
VR or AR sessions [26,27,35]. Unlike VR, AR reduces
motion sickness by allowing natural visual grounding [35].
In our study, scenarios lasted around 12 minutes, likely
minimizing adverse effects. Continued improvements in
headset design may also have contributed.

Although AR is less established than in-person or
VR simulation, it offers potential educational benefits by
integrating digital content with the physical environment,
enabling learners to interact with both holographic and real
clinical tools. This combination may enhance immersion
and support knowledge transfer, particularly in scenarios
requiring spatial awareness and team coordination. As AR
technologies become more accessible, they could serve as a
complementary option within a spectrum of simulation-based
assessment modalities, particularly where portability and cost
efficiency are priorities. Continued research is needed to
define its role, establish validity evidence, and determine how
AR-based assessments relate to long-term clinical perform-
ance and patient outcomes.
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Limitations

This study had several limitations. First, recruitment at a
single institution limits external validity, and replication
at other sites is needed. Second, enrolling only residents
restricts generalizability to other learner groups, especially
medical students. Third, usability and ergonomic data were
self-reported, which may introduce response bias despite the
use of validated scales. Fourth, the study evaluated perform-
ance at a single time point and therefore does not provide
information on longitudinal consistency or reproducibility
of assessment outcomes. Fifth, 2 participants were excluded
after randomization due to incompatibility between corrective
glasses and the AR headset. This exclusion applied only
to the AR group and reflects a technical device limitation
rather than participant characteristics. Sixth, cardiopulmonary
resuscitation technical quality metrics (eg, compression depth,
rate, and recoil) were not measured; therefore, our findings
speak to team leader cognition and nontechnical behaviors
(decision-making, communication, and coordination) rather
than hands-on resuscitation technical performance. Seventh,
the study used a single VF scenario, which may not cap-
ture the full range of skills needed for real-world cardiac
arrest. Finally, because assessments were conducted live and
the simulation modality was visually apparent, raters were
not blinded to group allocation, which may have introduced
observer bias in favor of or against the AR modality.

While this study focused on team leader performance,
future research should incorporate additional outcomes such
as chest compression quality and other key resuscitation
tasks. Expanding to diverse scenarios would strengthen
the ecological validity of AR-based assessment. While
acknowledging that role rotation, common in ACLS training,
was not implemented, further studies could examine
whether AR platforms are suitable for assessing compe-
tence across multiple roles. Future studies should explore
how AR platforms can provide real-time, objective metrics
to support standardized, instructor-independent evaluations.
These innovations may enable scalable, competency-based
credentialing in settings with limited faculty resources.
Further research is also needed to determine whether
these immersive features confer measurable advantages over
simpler screen-based approaches when the primary goal is
leadership-focused assessment.

Conclusions

This international noninferiority randomized trial found that
remote AR simulation produced team leader performance
comparable to traditional in-person simulation in a VF arrest
scenario. Usability scores were high and ergonomic bur-
den was low, indicating that learners operated the head-
set comfortably and with minimal technical support. These
findings suggest that remote instructor-led AR simulation
may be a feasible option for delivering standardized, team-
based assessment of cardiac arrest leadership in contexts
where geographic, logistical, or financial constraints limit
access to conventional simulation.

JMIR Med Educ 2026 | vol. 12 184367 | p. 9
(page number not for citation purposes)


https://mededu.jmir.org/2026/1/e84367

JMIR MEDICAL EDUCATION Gianotto-Oliveira et al

Acknowledgments

The authors would like to acknowledge the Stanford Chariot Program for the development of immersive technologies,
specifically in augmented reality medical simulation.

Funding
The study was funded by the Stanford Chariot Program.

Data Availability
Data are available from the corresponding author upon reasonable request.

Authors’ Contributions

RG-0O and MR: conceived and designed the work, led the acquisition of the data and its analysis, and drafted the work for
publication; drafted the initial manuscript and subsequent revisions of the manuscript; final approval and agreement to be
accountable for all aspects of the work. MQ, FZ, AF, LK, and AP: substantial contributions on the design of the work, data
acquisition, and the writing of the manuscript. BC: substantial contributions to the data analysis or interpretation and the
writing of the manuscript. DC-F and TJC: conceived and designed the work, analyzed and interpreted the data, and critically
revised the manuscript. All authors have read and approved the final manuscript.

Conflicts of Interest
None declared.

Multimedia Appendix 1

Standardized simulation script for cardiac arrest scenario.
[DOCX File (Microsoft Word File), 1544 KB-Multimedia Appendix 1]

Checklist 1

CONSORT checklist.
[PDF File (Adobe File), 214 KB-Checklist 1]

References

1. Fernandez Castelao E, Russo SG, Riethmiiller M, Boos M. Effects of team coordination during cardiopulmonary
resuscitation: a systematic review of the literature. J Crit Care. Aug 2013;28(4):504-521. [doi: 10.1016/j.jcrc.2013.01.
005] [Medline: 23602030]

2. Cooper S, Wakelam A. Leadership of resuscitation teams: "Lighthouse Leadership". Resuscitation. Sep
1999;42(1):27-45. [doi: 10.1016/s0300-9572(99)00080-5] [Medline: 10524729]

3. Andersen PO, Jensen MK, Lippert A, @stergaard D. Identifying non-technical skills and barriers for improvement of
teamwork in cardiac arrest teams. Resuscitation. Jun 2010;81(6):695-702. [doi: 10.1016/j.resuscitation.2010.01.024]
[Medline: 20304547]

4. Peltonen LM, Peltonen V, Salanterd S, Tommila M. Development of an instrument for the evaluation of advanced life
support performance. Acta Anaesthesiol Scand. Oct 2017;61(9):1215-1231. [doi: 10.1111/aas.12960] [Medline:
28832902]

5.  Cheng A, Lockey A, Bhanji F, Lin Y, Hunt EA, Lang E. The use of high-fidelity manikins for advanced life support
training—a systematic review and meta-analysis. Resuscitation. Aug 2015;93:142-149. [doi: 10.1016/j.resuscitation.
2015.04.004] [Medline: 25888241]

6. Cusimano MD, Cohen R, Tucker W, Murnaghan J, Kodama R, Reznick R. A comparative analysis of the costs of
administration of an OSCE (Objective Structured Clinical Examination). Acad Med. Jul 1994;69(7):571-576. [doi: 10.
1097/00001888-199407000-00014] [Medline: 8018269]

7. Walsh K, Jaye P. Cost and value in medical education. Educ Prim Care. Sep 2013;24(6):391-393. [doi: 10.1080/
14739879.2013.11494206] [Medline: 24196592]

8. Brown C, Ross S, Cleland J, Walsh K. Money makes the (medical assessment) world go round: the cost of components
of a summative final year Objective Structured Clinical Examination (OSCE). Med Teach. Jul 2015;37(7):653-659. [doi:
10.3109/0142159X.2015.1033389] [Medline: 25923233]

9. Barteit S, Lanfermann L, Bérnighausen T, Neuhann F, Beiersmann C. Augmented, mixed, and virtual reality-based head-
mounted devices for medical education: systematic review. JMIR Serious Games. Jul 8,2021;9(3):e29080. [doi: 10.
2196/29080] [Medline: 34255668]

10. Kassutto SM, Baston C, Clancy C. Virtual, augmented, and alternate reality in medical education: socially distanced but
fully immersed. ATS Sch. Dec 2021;2(4):651-664. [doi: 10.34197/ats-scholar.2021-0002RE] [Medline: 35079743]

https://mededu jmir.org/2026/1/e84367 JMIR Med Educ 2026 | vol. 12 184367 | p. 10
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=mededu_v12i1e84367_app1.docx
https://jmir.org/api/download?alt_name=mededu_v12i1e84367_app1.docx
https://jmir.org/api/download?alt_name=mededu_v12i1e84367_app2.pdf
https://jmir.org/api/download?alt_name=mededu_v12i1e84367_app2.pdf
https://doi.org/10.1016/j.jcrc.2013.01.005
https://doi.org/10.1016/j.jcrc.2013.01.005
http://www.ncbi.nlm.nih.gov/pubmed/23602030
https://doi.org/10.1016/s0300-9572(99)00080-5
http://www.ncbi.nlm.nih.gov/pubmed/10524729
https://doi.org/10.1016/j.resuscitation.2010.01.024
http://www.ncbi.nlm.nih.gov/pubmed/20304547
https://doi.org/10.1111/aas.12960
http://www.ncbi.nlm.nih.gov/pubmed/28832902
https://doi.org/10.1016/j.resuscitation.2015.04.004
https://doi.org/10.1016/j.resuscitation.2015.04.004
http://www.ncbi.nlm.nih.gov/pubmed/25888241
https://doi.org/10.1097/00001888-199407000-00014
https://doi.org/10.1097/00001888-199407000-00014
http://www.ncbi.nlm.nih.gov/pubmed/8018269
https://doi.org/10.1080/14739879.2013.11494206
https://doi.org/10.1080/14739879.2013.11494206
http://www.ncbi.nlm.nih.gov/pubmed/24196592
https://doi.org/10.3109/0142159X.2015.1033389
http://www.ncbi.nlm.nih.gov/pubmed/25923233
https://doi.org/10.2196/29080
https://doi.org/10.2196/29080
http://www.ncbi.nlm.nih.gov/pubmed/34255668
https://doi.org/10.34197/ats-scholar.2021-0002RE
http://www.ncbi.nlm.nih.gov/pubmed/35079743
https://mededu.jmir.org/2026/1/e84367

JMIR MEDICAL EDUCATION Gianotto-Oliveira et al

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

Asoodar M, Janesarvatan F, Yu H, de Jong N. Theoretical foundations and implications of augmented reality, virtual
reality, and mixed reality for immersive learning in health professions education. Adv Simul (Lond). Sep 9,
2024;9(1):36. [doi: 10.1186/s41077-024-00311-5] [Medline: 39252139]

Hess O, Qian J, Bruce J, et al. Communication skills training using remote augmented reality medical simulation: a
feasibility and acceptability qualitative study. Med Sci Educ. Oct 2022;32(5):1005-1014. [doi: 10.1007/s40670-022-
01598-7] [Medline: 35966166]

Tsai A, Bodmer N, Hong T, et al. Participant perceptions of augmented reality simulation for cardiac anesthesiology
training: a prospective, mixed-methods study. J Educ Perioper Med. 2023;25(3):E712. [doi: 10.46374/volxxv_issue3
Tsai] [Medline: 37720369]

Friedman N, Zuniga-Hernandez M, Titzler J, et al. Prehospital pediatric emergency training using augmented reality
simulation: a prospective, mixed methods study. Prehosp Emerg Care. 2024;28(2):271-281. [doi: 10.1080/10903127.
2023.2224876] [Medline: 37318845]

Piaggio G, Elbourne DR, Altman DG, Pocock SJ, Evans SJTW, CONSORT Group. Reporting of noninferiority and
equivalence randomized trials: an extension of the CONSORT statement. JAMA. Mar 8, 2006;295(10):1152-1160. [doi:
10.1001/jama.295.10.1152] [Medline: 16522836]

Panchal AR, Bartos JA, Cabaiias JG, et al. Part 3: adult basic and advanced life support: 2020 American Heart
Association guidelines for cardiopulmonary resuscitation and emergency cardiovascular care. Circulation. Oct 20,
2020;142(16_suppl_2):S366-S468. [doi: 10.1161/CIR.0000000000000916] [Medline: 33081529]

Bochatay N, Ju M, O’Brien BC, van Schaik SM. A scoping review of interprofessional simulation-based team training
programs. Simul Healthc. Feb 1,2025;20(1):33-41. [doi: 10.1097/SIH.0000000000000792] [Medline: 38526045]
Peltonen V, Peltonen LM, Rantanen M, et al. Randomized controlled trial comparing pit crew resuscitation model
against standard advanced life support training. J Am Coll Emerg Physicians Open. Jun 2022;3(3):e12721. [doi: 10.
1002/emp2.12721] [Medline: 35601649]

Caruso TJ, Hess O, Roy K, et al. Integrated eye tracking on Magic Leap One during augmented reality medical
simulation: a technical report. BMJ Simul Technol Enhanc Learn. 2021;7(5):431-434. [doi: 10.1136/bmjstel-2020-
000782] [Medline: 35515734]

Qian J, Rama A, Wang E, et al. Assessing pediatric life support skills using augmented reality medical simulation with
eye tracking: a pilot study. J Educ Perioper Med. 2022;24(3):E691. [doi: 10.46374/volxxiv_issue3 gian] [Medline:
36274998]

Watkins SC, Roberts DA, Boulet JR, McEvoy MD, Weinger MB. Evaluation of a simpler tool to assess nontechnical
skills during simulated critical events. Simul Healthc. Apr 2017;12(2):69-75. [doi: 10.1097/STH.0000000000000199]
[Medline: 28704284]

Brooke J. SUS: a “quick and dirty” usability scale. In: Usability Evaluation In Industry. 1st ed. CRC Press; 1996:6.
ISBN: 9780748404605

Koo TK, Li MY. A guideline of selecting and reporting intraclass correlation coefficients for reliability research. J
Chiropr Med. Jun 2016;15(2):155-163. [doi: 10.1016/j.jcm.2016.02.012] [Medline: 27330520]

Cheng A, Fijacko N, Lockey A, et al. Use of augmented and virtual reality in resuscitation training: a systematic review.
Resusc Plus. Jun 2024;18:100643. [doi: 10.1016/j.resplu.2024.100643] [Medline: 38681058]

Sun R, Wang Y, Wu Q, et al. Effectiveness of virtual and augmented reality for cardiopulmonary resuscitation training: a
systematic review and meta-analysis. BMC Med Educ. Jul 5, 2024;24(1):730. [doi: 10.1186/s12909-024-05720-8]
[Medline: 38970090]

Sun WN, Hsieh MC, Wang WF. Nurses’ knowledge and skills after use of an augmented reality app for advanced
cardiac life support training: randomized controlled trial. J Med Internet Res. Dec 5, 2024;26:e57327. [doi: 10.2196/
57327] [Medline: 39636667]

Toohey S, Wray A, Hunter J, et al. Comparing the psychological effects of manikin-based and augmented reality—based
simulation training: within-subjects crossover study. JMIR Med Educ. Aug 1,2022;8(3):e36447. [doi: 10.2196/36447]
[Medline: 35916706]

Zhu E, Hadadgar A, Masiello I, Zary N. Augmented reality in healthcare education: an integrative review. Peer]J.
2014;2:469. [doi: 10.7717/peerj.469] [Medline: 25071992]

Mediratta RP, Clary MK, Liang JW, et al. Remote versus in-person pre-service neonatal resuscitation training: a
noninferiority randomized controlled trial in Ethiopia. Resuscitation. Apr 2025;209:110556. [doi: 10.1016/].resuscitation.
2025.110556] [Medline: 39986344]

Shahrezaei A, Sohani M, Taherkhani S, Zarghami SY. The impact of surgical simulation and training technologies on
general surgery education. BMC Med Educ. Nov 13, 2024;24(1):1297. [doi: 10.1186/512909-024-06299-w] [Medline:
39538209]

https://mededu.jmir.org/2026/1/e84367 JMIR Med Educ 2026 | vol. 12 184367 | p. 11

(page number not for citation purposes)


https://doi.org/10.1186/s41077-024-00311-5
http://www.ncbi.nlm.nih.gov/pubmed/39252139
https://doi.org/10.1007/s40670-022-01598-7
https://doi.org/10.1007/s40670-022-01598-7
http://www.ncbi.nlm.nih.gov/pubmed/35966166
https://doi.org/10.46374/volxxv_issue3_Tsai
https://doi.org/10.46374/volxxv_issue3_Tsai
http://www.ncbi.nlm.nih.gov/pubmed/37720369
https://doi.org/10.1080/10903127.2023.2224876
https://doi.org/10.1080/10903127.2023.2224876
http://www.ncbi.nlm.nih.gov/pubmed/37318845
https://doi.org/10.1001/jama.295.10.1152
http://www.ncbi.nlm.nih.gov/pubmed/16522836
https://doi.org/10.1161/CIR.0000000000000916
http://www.ncbi.nlm.nih.gov/pubmed/33081529
https://doi.org/10.1097/SIH.0000000000000792
http://www.ncbi.nlm.nih.gov/pubmed/38526045
https://doi.org/10.1002/emp2.12721
https://doi.org/10.1002/emp2.12721
http://www.ncbi.nlm.nih.gov/pubmed/35601649
https://doi.org/10.1136/bmjstel-2020-000782
https://doi.org/10.1136/bmjstel-2020-000782
http://www.ncbi.nlm.nih.gov/pubmed/35515734
https://doi.org/10.46374/volxxiv_issue3_qian
http://www.ncbi.nlm.nih.gov/pubmed/36274998
https://doi.org/10.1097/SIH.0000000000000199
http://www.ncbi.nlm.nih.gov/pubmed/28704284
https://doi.org/10.1016/j.jcm.2016.02.012
http://www.ncbi.nlm.nih.gov/pubmed/27330520
https://doi.org/10.1016/j.resplu.2024.100643
http://www.ncbi.nlm.nih.gov/pubmed/38681058
https://doi.org/10.1186/s12909-024-05720-8
http://www.ncbi.nlm.nih.gov/pubmed/38970090
https://doi.org/10.2196/57327
https://doi.org/10.2196/57327
http://www.ncbi.nlm.nih.gov/pubmed/39636667
https://doi.org/10.2196/36447
http://www.ncbi.nlm.nih.gov/pubmed/35916706
https://doi.org/10.7717/peerj.469
http://www.ncbi.nlm.nih.gov/pubmed/25071992
https://doi.org/10.1016/j.resuscitation.2025.110556
https://doi.org/10.1016/j.resuscitation.2025.110556
http://www.ncbi.nlm.nih.gov/pubmed/39986344
https://doi.org/10.1186/s12909-024-06299-w
http://www.ncbi.nlm.nih.gov/pubmed/39538209
https://mededu.jmir.org/2026/1/e84367

JMIR MEDICAL EDUCATION Gianotto-Oliveira et al

31.

32.

33.

34.

35.

Liaw SY, Chua WL, et al. Desktop virtual reality versus face-to-face simulation for team-training on stress levels and
performance in clinical deterioration: a randomised controlled trial. J Gen Intern Med. Jan 2023;38(1):67-73. [doi: 10.
1007/s11606-022-07557-7] [Medline: 35501626]

Dubovi I. Online computer-based clinical simulations: the role of visualizations. Clin Simul Nurs. Aug 2019;33:35-41.
[doi: 10.1016/j.ecns.2019.04.009]

Kononowicz AA, Woodham LA, Edelbring S, et al. Virtual patient simulations in health professions education:
systematic review and meta-analysis by the Digital Health Education Collaboration. J] Med Internet Res. Jul 2,
2019;21(7):e14676. [doi: 10.2196/14676] [Medline: 31267981]

Hippe DS, Umoren RA, McGee A, Bucher SL, Bresnahan BW. A targeted systematic review of cost analyses for
implementation of simulation-based education in healthcare. SAGE Open Med. 2020;8:2050312120913451. [doi: 10.
1177/2050312120913451] [Medline: 32231781]

Rochlen LR, Levine R, Tait AR. First-person point-of-view-augmented reality for central line insertion training: a
usability and feasibility study. Simul Healthc. Feb 2017;12(1):57-62. [doi: 10.1097/STH.0000000000000185] [Medline:
27930431]

Abbreviations

ACLS: advanced cardiac life support

AR: augmented reality

BARS: Behavioral Assessment Rating Scale
CONSORT: Consolidated Standards of Reporting Trials
HMD: head-mounted display

ICC: intraclass correlation coefficient

IRR: interrater reliability

ISO: International Organization for Standardization
SUS: system usability scale

VF: ventricular fibrillation

VR: virtual reality

Edited by Sergio Guinez-Molinos; peer-reviewed by Gerrit J Noordergraaf, Thanat Tangpaisarn, Yue Yang; submitted
19.Sep.2025; final revised version received 27 .Dec.2025; accepted 15 Jan.2026; published 16 Mar.2026

Please cite as:

Gianotto-Oliveira R, Rojas M, Queiroz M, Zanchetta F, Ferrari A, Kojima L, Paula A, Campos B, Cecilio-Fernandes D,
Caruso TJ

Remote Augmented Reality Versus Traditional Simulation for Team Leader Assessment in a Cardiac Arrest Scenario:
Noninferiority Randomized Controlled Trial

JMIR Med Educ 2026;12:e84367

URL: hitps://mededu.jmir.org/2026/1/e84367

doi: 10.2196/84367

© Renan Gianotto-Oliveira, Marcos Rojas, Maria Queiroz, Fldvia Zanchetta, Anabel Ferrari, Lucas Kojima, Alexandre
Paula, Bruno Campos, Dario Cecilio-Fernandes, Thomas J Caruso. Originally published in JMIR Medical Education (https://
mededu.jmir.org), 16.Mar.2026. This is an open-access article distributed under the terms of the Creative Commons Attri-
bution 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.

https://mededu.jmir.org/2026/1/e84367 JMIR Med Educ 2026 | vol. 12 184367 | p. 12

(page number not for citation purposes)


https://doi.org/10.1007/s11606-022-07557-7
https://doi.org/10.1007/s11606-022-07557-7
http://www.ncbi.nlm.nih.gov/pubmed/35501626
https://doi.org/10.1016/j.ecns.2019.04.009
https://doi.org/10.2196/14676
http://www.ncbi.nlm.nih.gov/pubmed/31267981
https://doi.org/10.1177/2050312120913451
https://doi.org/10.1177/2050312120913451
http://www.ncbi.nlm.nih.gov/pubmed/32231781
https://doi.org/10.1097/SIH.0000000000000185
http://www.ncbi.nlm.nih.gov/pubmed/27930431
https://mededu.jmir.org/2026/1/e84367
https://doi.org/10.2196/84367
https://mededu.jmir.org
https://mededu.jmir.org
https://creativecommons.org/licenses/by/4.0/
https://mededu.jmir.org/
https://mededu.jmir.org/2026/1/e84367

	Remote Augmented Reality Versus Traditional Simulation for Team Leader Assessment in a Cardiac Arrest Scenario: Noninferiority Randomized Controlled Trial
	Introduction
	Methods
	Design
	Ethical Considerations
	Participants
	Randomization and Blinding
	Interventions
	Outcomes
	Sample Size
	Statistical Analysis

	Results
	Participant Flow and Baseline Characteristics
	Primary Outcome: Team Leader Performance
	Secondary Outcome: Usability
	Secondary Outcome: Ergonomics

	Discussion
	Principal Findings
	Limitations
	Conclusions



