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Abstract:

Introduction: Distractions and interruptions may interfere with concentration, working memory, and timely decision-
making. This study aimed to analyze the visual attention patterns of medical interns during the management of a
multiple-trauma patient in a realistic virtual reality (VR) emergency scenario using eye-tracking technology integrated
into VR simulation. Methods: This cross-sectional simulation-based study was conducted among 15 medical interns at
Tehran University of Medical Sciences. Participants were exposed to a 242-second high-fidelity VR trauma scenario rep-
resenting a crowded ED with multiple environmental distractions and interruptions. Eye-tracking data were collected
using the HTC Vive Pro Eye headset. The scenario was divided into four predefined temporal intervals. Areas of interest
(AOIs) were defined and classified as relevant (main patient, key treatment team members, and essential equipment)
or distractors (nonessential environmental and emotional stimuli). Main outcome measures included cumulative gaze
time on relevant and distractor AOIs, gaze time outside defined AOIs, and the Relevant/Distractor ratio. Results: A total
of 253,075 gaze samples were obtained, with a mean of 16,871.7 + 2,097.0 samples per participant. The mean duration
of valid eye-tracking data was 238.5 + 12.3 seconds per participant, corresponding to approximately 98.6% of the total
scenario time. Across all intervals, gaze was predominantly directed toward relevant AOIs, and this pattern became pro-
gressively stronger over time. The Relevant/Distractor ratio increased from 3.41 + 1.58 in the initial interval to 27.60 +
26.12 in the final interval, while attention to distractor AOIs decreased from 19.2% to 4.7%. Spatially, the head and face
of the main injured patient, the emergency medicine resident, and the patient monitor consistently attracted the great-
est attention. Conclusion: Medical interns progressively adopted a more structured and goal-directed visual attention
strategy, increasingly prioritizing vital clinical information over distracting stimuli. VR-based eye tracking appears to be
a feasible and informative tool for assessing attentional behavior and may support targeted educational interventions
in trauma training.
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1. Introduction

The emergency department (ED) is considered one of the
most complex and high-pressure clinical environments,
where physicians must make critical and accurate decisions

in the shortest possible time (1). This issue becomes even
more important when they are faced with patients with mul-
tiple trauma, as these patients require rapid assessment, si-
multaneous interventions, and multidisciplinary coordina-
tion (2).
of ATLS principles plays a vital role in standardizing initial

Under such circumstances, the implementation

assessments, identifying immediate life-threatening condi-
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tions, and appropriately prioritizing therapeutic interven-
tions, and it is recognized as the reference approach in the
management of trauma patients (3). However, the crowded
emergency environment is full of distractions and various
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interruptions that can have substantial negative effects on
the treatment process; these include environmental noise,
equipment alarms, the arrival of patients’ companions, tele-
phone calls, sudden requests, and the unavoidable multi-
tasking of staff (4-6). By disrupting concentration and work-
ing memory, these distractions and interruptions increase
the likelihood of medical errors and delays in treatment,
thereby affecting the quality of care (7). The results of one
study indicate that physicians and nurses in the ED experi-
ence an average of approximately 11 interruptions per hour,
amounting to a total of 1205 interruptions in their work-
flow over the course of the study (8). Therefore, training fu-
ture physicians to function effectively in such crowded and
chaotic environments is both essential and critical. Medi-
cal education should be designed in a way that strengthens
students’ ability to maintain concentration, make correct de-
cisions, and interact effectively with other members of the
healthcare team under stressful conditions (9). Existing ev-
idence suggests that simulation is one of the effective meth-
ods for teaching the management of distractions and inter-
ruptions in emergency settings. This approach allows stu-
dents to practice their skills in maintaining focus, making
rapid decisions, and responding to interruptions in a safe
environment, which consequently improves accuracy and
safety in patient care (10). Simulation-based training should
be designed so that students can strengthen their skills in
critical situations through the use of realistic emergency sim-
ulations (11). In recent years, emerging technologies, par-
ticularly Virtual Reality (VR), have gained a special place in
medical sciences education (12). VR-based simulators, by
creating realistic and controlled emergency environments,
enable medical students to practice vital skills such as cri-
sis management, rapid decision-making, and effective per-
formance under pressure (13). These environments are de-
signed to reproduce the stressors and distractions present in
real emergency situations and thereby enhance students’ ca-
pacity to cope with complex and unpredictable clinical con-
ditions (14, 15). Nevertheless, realistic simulation alone is
not sufficient. To prevent medical errors and improve ed-
ucational processes, it is essential that distracting factors
be carefully identified and analyzed, especially in crowded
emergency situations (10, 16). In this regard, eye-tracking
technology, which has been specifically incorporated into VR
headsets, can serve as a powerful tool for analyzing attention
patterns and identifying distraction-inducing factors (17). By
examining gaze pathways and users’ points of focus, this
technology enables researchers to analyze students’ atten-
tional patterns in simulated environments and investigate
how their attention is distributed under crowded conditions
(18, 19). Findings from previous studies have shown that the
combination of realistic simulations and eye-tracking tech-
nology can play a significant role in improving decision-
making skills and reducing clinical errors through precise
analysis of attention patterns, identification of distracting
factors, optimization of decision-making processes, and en-

hancement of cognitive abilities under high-pressure condi-
tions (20 - 22). However, to the best of our knowledge, few
studies have specifically analyzed and evaluated distracting
factors in a simulated emergency environment with realis-
tic interruptions through eye tracking. Therefore, the present
study analyzes the attentional patterns of medical interns in
asimulated emergency environment using VR equipped with
eye-tracking technology. The aim of this research is to iden-
tify factors affecting impaired concentration and decision-
making during the management of patients with multiple
trauma. The results of this analysis may provide a basis for
designing targeted educational interventions that ultimately
lead to improved decision-making accuracy, reduced medi-
cal errors, and enhanced quality of patient management in
crowded emergency settings.

2. Methods
2.1. Study design and setting

This was a single-group, descriptive pilot, simulation-based
eye-tracking study conducted in a hospital emergency sim-
ulation environment using a high-fidelity virtual reality
trauma management scenario. No intervention, control, or
comparison group was included; therefore, assessment com-
parability between groups was not applicable. All partici-
pants were exposed to the same VR scenario and were as-
sessed using the same headset, eye-tracking calibration pro-
cedure, temporal intervals, AOI definitions, data extraction
protocol, and outcome measures. To design the scenario,
common interruptions and distractions in the ED such as
alarm sounds, background conversations, staff movement,
family member interference, and the simultaneous presence
of multiple patients were first identified based on a prelim-
inary literature review and a review of emergency medicine
experts’ experiences; subsequently, the scenario script was
developed accordingly. The scenario was performed in the
emergency simulation setting by a trained group consist-
ing of a standardized patient, a patient companion, nurses,
medical students, an emergency medicine resident, ED staff,
and a prehospital emergency team, and a 360-degree video
recording of the scene was obtained. The camera was po-
sitioned at the location of the decision-making physician so
that the participant’s viewpoint in the VR environment would
correspond to the real decision-making position in the ED.
The visual content was converted into an interactive VR en-
vironment using 3DVista Virtual Tour Suite software, and a
dedicated software application based on Unreal Engine and
the official eye-tracking plugin was developed to record gaze
trajectories. In this system, at each frame, the intersection
point of the user’s gaze ray with the displayed content surface
was recorded, and its coordinates were stored after conver-
sion into the display coordinate system. Ultimately, the eye-
tracking output included temporal data, including times-
tamp, horizontal and vertical gaze coordinates (X, Y), and
grayscale and colored heat maps for each time interval. The
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entire scenario lasted 242 seconds, during which each partic-
ipant, in the role of the decision-making physician, encoun-
tered a multiple-trauma scene in a crowded ED.

2.2. Eligibility Criteria

The study population consisted of medical interns at Tehran
University of Medical Sciences. Inclusion criteria were com-
pletion of at least 1.5 emergency medicine clerkship credits,
passage of at least six months since the beginning of the in-
ternship period, and completion of at least one month of the
emergency medicine internship rotation, in order to ensure
that participants were familiar with the ED environment and
the basic principles of trauma management. Exclusion crite-
ria included visual impairment or low vision affecting the use
of the VR headset or eye-tracking system, use of psychotropic
or antidepressant medications with a potential impact on
concentration and cognitive performance, severe sleep de-
privation or insomnia within 24 hours prior to scenario exe-
cution, use of reflective eyeglasses or colored contact lenses
that could interfere with eye-tracking registration, absence
from the study session, or withdrawal at any stage of the re-
search. Individuals meeting any of these exclusion criteria
were not included in the final analysis, and only data from
participants who met all inclusion criteria and had none of
the exclusion criteria were analyzed.

2.3. Sample Size and Sampling Method

The study population given the pilot nature of the study, the
implementation complexity of the VR scenario, and resource
limitations (time, equipment, and manpower), the sample
size was set at 15 participants. Sampling was performed us-
ing a convenience/feasibility-based method; thus, eligible
interns who were present in the emergency medicine depart-
ment during the study period and were willing to participate
were voluntarily enrolled in the study. Owing to practical lim-
itations, randomization and further increase in sample size
were not feasible, and the study was designed and conducted
with the aim of describing the preliminary pattern of visual
attention in a simulated trauma scenario and assessing the
feasibility of using an eye-tracking system in a VR environ-
ment.

2.4. Data Collection

After explaining the study objectives and providing initial
instruction on headset use, multipoint eye-tracking cali-
bration was performed for each participant using the HTC
Vive Pro Eye headset to ensure that gaze recording accu-
racy was within an acceptable range. The participant was
then positioned, either standing or sitting, in the role of the
decision-making physician, and the VR content, consisting
of a crowded ED with a patient with multiple trauma (traf-
fic accident with lower-limb amputation and unstable vi-
tal signs), was presented for 242 seconds. Throughout the
scenario, despite realistic interruptions and disturbances in-
cluding alarm sounds, background conversations, people
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entering and moving through the environment, family mem-
ber interference, the presence of other patients, and clini-
cal changes in the main patient the participant was required
to maintain focus on the primary patient and make critical
decisions related to treatment priorities in four consecutive
temporal stages, such as selection of the first airway man-
agement intervention, fluid resuscitation, respiratory mea-
sures, or intervention on the injured limb. For more pre-
cise analysis of the eye-tracking data, and considering the
changing position and priority of areas of attention through-
out the scenario, the entire scenario was divided by con-
sensus of two emergency medicine specialists into four time
intervals: 0-66, 66-101, 101-156, and 156-242 seconds. In
each interval, areas of interest (AOIs) were defined based on
two-dimensional gaze coordinates. In total, 14 AOIs were
identified, including the head and face of the main injured
patient (AOI1), the main patient monitor (AOI2), the emer-
gency medicine resident (main colleague) (AOI3), the inter-
vening medical student (AOI4), the intervening nursing stu-
dent (AOI5), the emergency nurse (main colleague) (AOI6),
prehospital nurse (AOI7), the distressed mother of the main
patient (AOI8), the ambulatory trauma patient and compan-
ion (AO19), ED staff (AOI10), the amputated lower limb of the
main injured patient (AOI11), important equipment and de-
vices (AOI12), the deceased patient and family (AOI13), and
the emergency police officer (AOI14); the boundary coordi-
nates of each AOI were determined on the real scene image.
AOISs related to the main patient (head and face, amputated
limb, monitor), key members of the treatment team (emer-
gency medicine resident, emergency nurse), and vital equip-
ment were classified as “relevant” AOIs, whereas the remain-
ing AOIs were classified as “distractor” AOIs. This classifica-
tion was performed a priori for each time interval based on
the clinical decision-making objectives of that interval and
by consensus of two emergency medicine specialists, and
was adjusted in an interval-specific manner when necessary,
according to scene changes and decision-making priorities.
The eye-tracking output file for each participant included
time (timestamp) and gaze coordinates (%, y) from second 0
to 242. For each temporal sample, it was determined whether
the gaze point fell within the boundaries of any AOI; accord-
ingly, each sample was assigned an AOI label or, if it did not
match any AOI, was recorded as “outside AOL.” The viewing
duration for each AOI in each time interval was calculated by
counting the number of samples within the AOI (n) and di-
viding it by the effective sampling rate of the device (f) (view-
ing time in seconds = n/f). Accordingly, for each partici-
pant and each time interval, cumulative gaze time on rele-
vant AOIs, cumulative gaze time on distractor AOIs, gaze time
outside AOIs (Outside_sec), and seconds with no valid data
(Missing_sec) were extracted; in addition, eye-tracking heat
maps were generated for visual comparison of attention pat-
terns across different intervals.
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2.5. Handling of missing eye-tracking data

Missing eye-tracking data were defined as time periods dur-
ing which no valid gaze coordinate was recorded by the eye-
tracking system. Invalid or missing samples were not im-
puted or replaced, because artificial interpolation could dis-
tort the true gaze allocation pattern. Instead, these periods
were excluded from AOI-specific gaze time calculations and
were reported separately as Missing_sec for each participant
and each time interval. For each temporal interval, tracked
time was calculated as the total interval duration minus Miss-
ing sec. The proportions of gaze time directed toward rele-
vant AOIs, distractor AOIs, and outside predefined AOIs were
interpreted in relation to the available tracked data. Partic-
ipants with valid calibration and usable gaze data were re-
tained in the analysis, and the extent of missing data was re-
ported descriptively in the Results section.

2.6. Sensitivity Analysis

To examine whether the main descriptive findings were in-
fluenced by the participant with the highest amount of miss-
ing eye-tracking data, a sensitivity analysis was performed
by repeating the interval-level descriptive analysis after ex-
cluding this participant. The main attention indices, includ-
ing Relevant_sec, Distractor_sec, Outside_sec, and the Rel-
evant/Distractor ratio, were recalculated for the remaining
participants and compared descriptively with the primary
analysis including all participants. Because of the pilot and
descriptive nature of the study, this sensitivity analysis was
not used for hypothesis testing, but rather to assess the ro-
bustness of the observed temporal pattern of attention allo-
cation.

2.7. Ethics statement

This study was reviewed and approved by the Ethics
Committee in Research of Tehran University of Med-
ical Sciences before implementation (ethics
IR.TUMS.MEDICINE.REC.1402.058). All procedures were
conducted in accordance with the ethical principles of the

code:

Declaration of Helsinki. Participation was entirely voluntary.
Before enrollment, all participants received sufficient in-
formation about the study objectives, procedures, duration
of the VR scenario, eye-tracking data recording, potential
discomfort related to VR headset use, confidentiality of
data, and their right to withdraw from the study at any time
without any educational or administrative consequences.
Written informed consent was obtained from all participants
prior to participation. Personal information was kept confi-
dential, and each participant was assigned a unique code. No
personal identifiers were included in the analytical dataset.
Participants were also informed that if they experienced any
physical or psychological discomfort during the VR scenario,
including dizziness, nausea, visual discomfort, or anxiety,
the session would be stopped immediately and they could
withdraw from the study.

2.8. Statistical Analysis

The statistical analysis was planned according to the descrip-
tive and pilot nature of the study. The main objective was
to describe temporal and spatial patterns of visual atten-
tion during a single VR-based trauma scenario rather than
to compare intervention groups or test the effectiveness of
an educational intervention. For each participant and within
each of the four predefined time intervals, the following eye-
tracking indices were calculated: cumulative gaze time on
relevant AOIs (Relevant_sec), cumulative gaze time on dis-
tractor AOIs (Distractor_sec), gaze time outside predefined
AOISs (Outside_sec), the ratio of gaze time on relevant AOIs to
distractor AOIs (Relevant/Distractor ratio), and seconds with
no valid eye-tracking data (Missing_sec).

For each time interval, continuous variables were summa-
rized using mean, standard deviation, minimum, and max-
imum values. At the AOI level, the mean and standard de-
viation of gaze duration for each AOI were calculated across
participants to identify regions that attracted the highest and
lowest levels of visual attention. Temporal changes in gaze al-
location were presented descriptively using summary tables
and trend graphs.

Because this was a single-group pilot study with a small sam-
ple size and no control or comparison group, no inferential
statistical tests were performed. Accordingly, no regression
modeling or statistical adjustment for potential confounding
variables was conducted. Potential confounding was mini-
mized at the design and measurement levels by exposing all
participants to the same VR scenario, using the same head-
set and calibration procedure, applying identical AOI defini-
tions and temporal intervals, and extracting the same out-
come measures for all participants. The findings were there-
fore interpreted as preliminary descriptive patterns rather
than causal or comparative effects.

3. Results
3.1. Data quality and eye-tracking performance

In this study, eye-tracking data were collected from 15 med-
ical students at the internship level during a realistic trauma
management scenario with a nominal duration of 242 sec-
onds using the HTC Vive Pro Eye headset, yielding a total
of 253,075 gaze samples. The mean number of recorded
samples per participant was 16,871.7 + 2,097.0, ranging from
9,658 to 18,275 samples.
scenario, the mean availability of valid eye-tracking data for
each participant was 238.5 + 12.3 seconds (range: 194-242
seconds), indicating that most participants maintained sta-
ble tracking for nearly the entire 242-second period. In this

Considering the duration of the

analysis, the variable Missing sec was defined as the num-
ber of seconds during which no valid eye-tracking sample
was recorded. On this basis, a total of 52 seconds out of the
3,630 seconds of total simulation time (15 participants x 242
seconds) lacked valid data, corresponding to approximately
1.4% of the total study time. The distribution of Missing_sec
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showed that 11 participants had no missing seconds, two
participants had only 1-2 seconds of missing data, and one
participant experienced 48 seconds of data loss, indicating
overall high tracking quality with a major defect occurring in
only one case. In the sensitivity analysis excluding the partic-
ipant with 48 seconds of missing data, the overall temporal
pattern remained unchanged: gaze allocation continued to
be predominantly directed toward relevant AOIs across all in-
tervals, distractor-related gaze time decreased over time, and
the Relevant/Distractor ratio showed a progressive increase
throughout the scenario. The effective eye-tracking sampling
rate, expressed as the number of samples per recorded sec-
ond, was on average 70.45 + 6.28 samples per second (range:
49.78-75.52 Hz), which is consistent with the technical spec-
ifications of the hardware used. In addition, all x and y co-
ordinate values were within the normalized range of 0 to 1,
and no samples were recorded outside the screen bound-
aries, confirming the geometric adequacy and overall stabil-
ity of eye-tracking data quality in this sample (Figure 1 & 2).

3.2. Temporal pattern of attention allocation to
critical and distracting regions

First time interval

In the initial interval of the scenario (0-66 seconds), the mean
gaze time directed at critical regions was 34.69 + 6.87 sec-
onds, corresponding to approximately 52.6% of the total time
in this interval. During the same interval, gaze time directed
at distracting regions was 12.70 + 6.47 seconds, equivalent
to about 19.2% of the interval, whereas gaze time outside
the defined AOIs was 17.54 + 5.14 seconds, corresponding to
26.6% of the recorded time. The Relevant/Distractor ratio in
this phase was 3.41 + 1.58, indicating that although visual at-
tention was predominantly focused on critical elements from
the outset, a considerable proportion of attention was still al-
located to distracting stimuli (Table 1).

Second time interval

In the second interval (66-101 seconds), the mean gaze time
toward critical regions increased to 21.20 + 4.03 seconds,
equivalent to approximately 60.6% of the interval, whereas
gaze time toward distracting regions declined to 4.73 + 3.03
seconds, accounting for about 13.5% of the interval, and gaze
time outside AOIs was 8.47 + 4.71 seconds, equivalent to
24.2%. At this stage, the Relevant/Distractor ratio rose to 7.52
+ 6.98, suggesting greater participant focus on critical infor-
mation and reduced sensitivity to nonessential environmen-
tal stimuli (Table 1).

Third Time Interval

In the third interval (101-156 seconds), the mean gaze time
directed at critical regions was 29.69 + 8.09 seconds, corre-
sponding to approximately 54.0% of the interval. Gaze time
directed at distracting regions was 4.74 + 5.65 seconds (about
8.6%), while gaze time outside AOIs was 20.10 + 8.65 sec-
onds, equivalent to nearly 36.5% of the interval. The Rele-
vant/Distractor ratio increased to 13.65 + 9.49 in this interval,
showing that despite an increase in overall scene scanning

Archives of Academic Emergency Medicine. 2026; 14(1): e33

(Outside), the relative share of attention allocated to distract-
ing regions declined even further (Table 1).

Final time interval

In the final interval of the scenario (156-242 seconds), the
mean gaze time toward critical regions reached 47.71 + 10.02
seconds, accounting for approximately 55.5% of the interval,
whereas distracting regions attracted only 4.05 + 5.35 sec-
onds of gaze time, equivalent to about 4.7%, and gaze time
outside the defined AOIs was 32.91 + 7.63 seconds, corre-
sponding to 38.3% of the interval. At this point, the Rele-
vant/Distractor ratio reached its highest value, 27.60 + 26.12,
indicating a very strong concentration on critical regions and
a minimization of attention to distracting stimuli toward the
end of trauma management (Table 1).

3.3. Overall tracking coverage across intervals

Across all intervals, the mean Missing sec was less than 1.5
seconds, and the mean tracked_sec values were 64.93, 34.40,
54.53, and 84.67 seconds, respectively, demonstrating valid
data coverage in more than 98% of the seconds in each inter-
val.

3.4. AOI-level analysis and spatial pattern of at-
tention

At the level of individual AOIs, the spatial pattern of attention
showed that participants’ gaze was consistently concentrated
on the main patient and key members of the treatment team.
In the 0-66 second interval, the longest fixation time was ob-
served for the emergency medicine resident (AOI3), with a
mean of 12.47 + 2.78 seconds, followed by the head and face
of the main injured patient (AOI1) with 12.14 + 3.38 seconds,
whereas the intervening nursing student (AOI5) was viewed
for only 0.31 + 0.46 seconds. In the 66-101 second interval,
this pattern was repeated; the emergency medicine resident
and the head and face of the injured patient accounted for
the longest gaze durations, with means of 10.44 + 3.26 and
10.39 + 3.65 seconds, respectively, while the emergency po-
lice officer (AOI14) had no recordable viewing time. In the
101-156 second interval, the greatest gaze duration was di-
rected toward the head and face of the main injured patient
(14.65 + 5.55 seconds) and the patient monitor (AOI2) with
9.29 + 5.47 seconds, whereas the ED staff (AOI10) were almost
entirely ignored, with only 0.02 + 0.09 seconds of observa-
tion. In the final 156-242 second interval, the head and face
of the main injured patient, with 23.66 + 7.59 seconds, and
the emergency medicine resident, with 14.83 + 5.52 seconds,
once again ranked as the most frequently viewed regions,
whereas the distressed mother of the main patient (AOI8) at-
tracted only 0.03 + 0.11 seconds of attention (Table 2).

3.5. Temporal trends in key AOIs

Examination of the temporal trend of several key AOIs also
revealed a coherent pattern. Gaze time directed at the head
and face of the main injured patient remained high across
all intervals and increased from approximately 12 seconds in
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the initial interval to more than 23 seconds in the final inter-
val, indicating sustained and progressively intensified focus
on the principal source of life threat. Gaze time toward the
emergency medicine resident was high during the first two
intervals, decreased markedly in the 101-156 second interval
(mean: 2.91 + 2.00 seconds), and then rose again to a high
level at the end of the scenario; this fluctuation likely reflects
a change in the resident’s role or spatial position within the
scene. Attention to the patient monitor, in the intervals in
which this AOI was present, particularly during the middle
and final phases, accounted for a considerable share of total
attention, suggesting that students repeatedly referred to the
patient’s vital signs. In contrast, attention to the distressed
mother of the main injured patient was relatively high at the
beginning of the scenario (4.88 + 3.32 seconds) but declined
sharply in subsequent intervals and became almost negli-
gible in the final interval; this pattern may indicate a grad-
ual reduction in the attentional weight of emotionally salient
but nonessential stimuli during the more advanced stages of
trauma resuscitation (Table 2).

3.6. Overall summary of the visual attention pat-
tern

Overall, the findings indicate that students directed their at-
tention predominantly toward critical regions from the very
beginning of the scenario, and as time progressed, the rela-
tive share of attention allocated to distractor AOIs decreased
while the Relevant/Distractor ratio increased progressively.
In the final stages, the visual attention pattern was charac-
terized by a very strong focus on the main patient, the emer-
gency medicine resident, and the patient monitor, together
with minimal attention to noncritical environmental stimuli.
The high quality of the eye-tracking data across all intervals
supports the validity of these patterns and provides a basis
for the application of inferential tests to compare time inter-
vals or different participant subgroups (Figure 3).

4, Discussion

The findings of this study indicate that, when confronted
with a realistic trauma scenario in a VR environment ac-
companied by interruptions and environmental distractions
in the ED, medical interns dynamically and temporally shift
their visual attention allocation strategy toward clinically rel-
evant stimuli. Specifically, gaze directed at critical AOIs re-
mained predominant throughout the scenario and became
more pronounced over time, whereas attention to distrac-
tor AOIs progressively declined, and the Relevant/Distractor
ratio increased markedly from the beginning to the end of
the scenario. From the perspective of situation awareness
theory, this pattern may be interpreted as reinforcement of
Level 1 situation awareness (i.e., the acquisition/extraction
of relevant information from the environment), because eye
tracking specifically captures the trace of visual information
gathering and does not necessarily indicate comprehension
or projection (Levels 2 and 3) (23).

In comparison with the existing literature, the predominant
gaze concentration in the present study on the patient/head
and face, followed by the monitor and a key team member,
is consistent with eye-tracking findings from trauma sim-
ulation studies. For example, Damji et al., using a head-
mounted eye tracker (Mobile Eye XG) and defining fixation
(>0.2 seconds) within predetermined AOIs, demonstrated
that in a trauma scenario, the greatest proportion of visual
attention was allocated to the patient/manikin, followed by
the monitor and team members, suggesting that even un-
der high-pressure conditions, the core stimuli involved in
clinical decision-making usually remain the main focus of
gaze (24). Likewise, the increasing structure of attention over
time is consistent with the idea that after an initial phase of
broad scanning and the formation of a mental model of the
patient’s condition, the individual moves toward more goal-
directed gaze strategies. Evidence from emergency educa-
tion has shown that gaze metrics may be associated with per-
formance evaluation in simulated resuscitation tests; there-
fore, changes in the ratio of relevant to irrelevant atten-
tion in the present study may represent a potential behav-
ioral indicator of cognitive maturation and/or reduced non-
purposeful visual search during task performance (25). Other
studies have also shown that in critical situations, gaze distri-
bution particularly toward monitoring components changes
and adapts to the critical state. For instance, in the simu-
lation study by Roche et al. in anesthesia, the visual atten-
tion of staff toward monitoring components differed between
noncritical and critical conditions (26), which is conceptually
consistent with our observed pattern regarding the promi-
nence of the patient monitor across different intervals and
the increasing concentration on critical elements.

On the other hand, the marked reduction in attention to
emotional and environmental stimuli (such as the distressed
mother, police officer, and secondary patients) may be inter-
preted in a dual manner. On the one hand, it may reflect ef-
fective filtering of distractions and preservation of xABCDE
priorities in the crowded emergency environment. On the
other hand, it also raises the possibility that some commu-
nicative or safety-related cues (for example, team interac-
tions, environmental hazards, or information provided by
family members) may receive less attention because of in-
tense focus on core stimuli. Therefore, it is recommended
that future studies correlate gaze indices with performance
outcomes including decision-making accuracy, time to crit-
ical interventions, errors, and nontechnical skills to deter-
mine the point at which ignoring distractions shifts from be-
ing a cognitive advantage to becoming a risk, especially in
scenarios in which some environmental stimuli deliberately
carry clinical information (27).

From a methodological perspective, the very high quality of
the data (high percentage of valid data) indicates that eye
tracking in VR can be operationally feasible and reliable for
emergency scenarios. However, the hardware literature on
eye-tracking headsets, including the Vive Pro Eye, empha-
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sizes that data quality depends on factors such as calibration
status, head movement, and the spatial position of visual tar-
gets, and these factors should therefore be standardized and
reported in future protocols (28, 29).

From an educational perspective, the growing literature sug-
gests that patterns of visual attention can be used both
for feedback and debriefing and for predicting perfor-
mance/cognitive load. For example, in skill-based simula-
tors, attentional patterns may predict novice performance
and cognitive load (30), and in certain resuscitation domains,
eye tracking has been used to explore cognitive processes
and enrich simulation-based education (20, 31). Therefore,
from the perspective of intervention design, our findings
may contribute to the development of benchmark patterns
for visual attention during different stages of a trauma sce-
nario, and subsequently, through the use of gaze replay in de-
briefing, may help target the skill of selective attention while
maintaining environmental awareness (20, 32).

Given the pilot nature and limited sample size of the present
study, future research should employ multicenter designs
with larger sample sizes and probabilistic (random) sam-
pling in order to improve the generalizability of visual at-
tention patterns during trauma management among interns
and other professional groups, including residents, attend-
ing physicians, and emergency nurses, and to enable cross-
level comparisons of skill. It is also recommended that fu-
ture studies, in addition to descriptive analyses, use infer-
ential tests and more advanced models such as mixed lin-
ear models or data-mining and clustering approaches based
on fixation patterns to identify distinct attention profiles and
examine their associations with clinical performance, speed
and accuracy of decision-making, and diagnostic error. In-
vestigating the effects of educational interventions based on
eye-tracking feedback, such as presenting trainees with heat
maps of experts’ gaze patterns and comparing them with
their own patterns, within randomized trials focused on ed-
ucational outcomes and long-term retention of skills, may
also represent an important direction for future research.
Moreover, developing more diverse scenarios with differ-
ent trauma patient profiles for example, penetrating trauma,
multisystem injury, pediatric trauma—and varying levels of
complexity and environmental distraction, together with ex-
amining the intra-individual stability of attention patterns
across different situations, may lead to a deeper understand-
ing of how visual attention skills generalize. Finally, integrat-
ing eye-tracking indices with other objective measures, such
as physiological stress markers (heart rate and skin conduc-
tance), perceived cognitive load, and objective in-scenario
performance, is recommended to better explain the rela-
tionship between attention, mental workload, and decision-
making quality in trauma education.

5. Limitations

This study was a single-center pilot investigation with a small
sample size (15 interns) and convenience sampling, and it in-
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cluded only medical interns from one university; therefore,
the generalizability of the findings to other universities, ex-
perience levels, and professional groups is limited. The sce-
nario was also implemented in a VR environment based on
a 360-degree video and a single type of multiple-trauma in-
jury; although it had high fidelity in relation to a real ED, it
does not necessarily represent all trauma types and real clin-
ical conditions. The definition of AOI boundaries, the label-
ing of regions as “relevant” or “distractor,” and the division
of the scenario into four intervals were all based on expert
judgment, and alternative designs might yield somewhat dif-
ferent quantitative values. From a technical perspective, the
data were collected using a specific headset model (HTC Vive
Pro Eye) and were analyzed primarily on the basis of gaze
duration; more detailed ocular micro-patterns and certain
potential sources of error, such as calibration quality, head
movement, and missing data in one participant, could not
be fully controlled. In addition, the analyses were mainly de-
scriptive, and because of the limited sample size, inferential
tests and systematic assessment of clinical performance were
not used to link attention patterns to performance outcomes.
Furthermore, participants’ awareness that eye tracking was
being recorded may itself have influenced their gaze behav-
ior to some extent.

6. Conclusions

The findings of this study demonstrated that the use of eye
tracking in a high-fidelity VR-based trauma management
scenario with the HTC Vive Pro Eye headset provides a de-
tailed and objective depiction of the visual attention pat-
terns of medical interns when confronted with a complex
and distraction-rich scene, while data quality in practice was
acceptably high; on average, approximately 98.6% of the to-
tal scenario time contained valid data. Analysis across the
four temporal intervals of the scenario showed that, from the
very beginning of the encounter, interns directed a substan-
tial proportion of their attention toward critical regions, in-
cluding the main patient, key treatment team members, and
important equipment, and that this focus became stronger
over time. Specifically, the ratio of gaze time directed toward
relevant AOIs relative to distractor AOIs increased from ap-
proximately 3.4 in the first interval to more than 27 in the
final interval, while the share of distractor regions declined
from nearly one-fifth of the time in the initial interval to less
than 5% by the end of the scenario. At the spatial level,
the head and face of the main injured patient, the emer-
gency medicine resident, and the patient monitor were iden-
tified as the primary attentional foci across most intervals,
whereas environmental and emotional elements such as the
distressed mother, secondary patients, staff, and police ac-
counted for only a small fraction of total gaze time, and this
fraction particularly for emotional stimuli decreased sharply
as the scenario progressed. Taken together, these patterns
suggest that when medical interns face a trauma scene in a
realistic, crowded, and interruption-laden environment, they
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gradually move toward a more purposeful and structured vi-
sual attention pattern in which vital clinical information is
increasingly prioritized over distracting stimuli. This charac-
teristic may potentially serve as an objective marker for eval-
uating and improving decision-making skills in trauma edu-
cation.
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JE1IERH General eye-tracking indices across four-time intervals

Time range (s)* Relevant_sec Distractor_sec |Outside_sec Relevant/Distractor Missing_sec
0-66 34.69+6.87 12.70 +6.47 17.54+5.14 3.41+1.58 1.07+4.13
66-101 21.20+4.03 4.73+3.03 8.47+4.71 7.52+6.98 0.60+2.32
101-156 29.69+8.09 4.74+5.65 20.10+£8.65 13.65+9.49 0.47+1.81
156-242 47.71£10.02 4.05+5.35 32.91+7.63 27.60+£26.12 1.33+4.10
*Time in seconds. Data are presented as mean + standard deviation.
Gaze time on area of interests (AOIs) across four-time intervals (seconds)
AOI Type |0-66 |66-101 101-156 156-242
Relevant
Head & face — main patient (AOI1) 12.14+3.38 10.39+3.65 14.65+5.55 23.66 +7.59
Amputated lower limb — main patient (AOI11) 1.53+1.84 0.07+0.20 0.07+£0.14 0.07+0.15
ED nurse — main colleague (AOI6) 1.65+0.79 0.03+0.08 2.72+1.73 0.96+1.21
Monitor — main patient (AOI2) 6.13 +£3.78 NA* 9.29+5.47 8.13+4.68
ED resident — main colleague (AOI3) 12.47+2.78 10.44+3.26 2.91+2.00 14.83 £5.52
Important equipment and devices (AOI12) 0.77£0.85 0.28+0.72 0.06 £0.23 0.07+0.16
Distractor
Ambulatory trauma and companion (AOI9) 2.06+1.43 0.04+0.14 0.51+1.33 0.71+1.89
ED staff (AOI10) 1.10+0.78 0.80+1.49 0.02+0.09 0.25+0.94
Distressed mother — main patient (AOI8) 4.88+3.32 0.05+0.19 2.17+4.59 0.03+0.11
Prehospital nurse (AOI7) 2.12+2.59 0.04+0.08 NA* NA*
Intervening nursing student (AOI5) 0.31+0.46 0.69+0.87 0.27+0.38 1.45+1.58
Intervening medical student (AOI4) 0.60+0.87 3.09+1.84 1.52+£1.42 0.95+1.39
Deceased patient and family (AOI13) 1.16+1.08 0.02+0.07 0.21+£0.58 0.48+1.21
ED police officer (AOI14) 0.47+0.51 0.00+0.00 0.03+0.12 0.18+0.60

*NA indicates that the AOI was not present in the scene during that time interval. Data are presented as mean + standard deviation.

10

Areas of Interest (AOIs) were defined, and a heatmap was generated based on time intervals. 0-66 & 66-101 (A): Visualization of AOIs
during the 0-66 & 66-101 second interval. Relevant AOIs are delineated by blue borders, while distractor AOIs are marked by white borders.
0-66 & 66-101 (B): This heatmap illustrates eye-tracking and gaze allocation from 0-66 & 66-101 seconds for 15 medical students, based on the

distribution of AOIs.
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Areas of Interest (AOIs) were defined, and a heatmap was generated based on time intervals. 101-156 & 156-242 (A): Visualization of
AOIs during the 101-156 & 156-242 second interval. Relevant AOIs are delineated by blue borders, while distractor AOIs are marked by white
borders. 101-156 & 156-242 (B): This heatmap illustrates eye-tracking and gaze allocation from 101-156 & 156-242 seconds for 15 medical
students, based on the distribution of AOIs.
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