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Abstract

We examine a particular adversarial human—robot
interaction for which mobile robots influence the
behavior of people role-playing as a school shooter.
Using a high-fidelity virtual reality environment,
we conducted a controlled study with 150 partic-
ipants. Two autonomous robots predicted partic-
ipant movement and positioned themselves to in-
terfere and distract. The robots’ approach strat-
egy was manipulated—either moving directly into
the participant’s path (aggressive) or maintaining
distance (passive)—along with the level of distrac-
tion, ranging from no additional cues (low), to siren
and lights (medium), to siren, lights, and smoke
to impair visibility (high). An aggressive, high-
distraction robot configuration reduced the number
of victims by 46.6% relative to a no-robot control.
These results show that robot-based distraction can
meaningfully alter human behavior and outcomes
in adversarial settings, while also raising important
ethical questions about the use of such systems. in
school environments.

1 Introduction

Regrettably, school shootings in the United States have in-
creased dramatically. Among incidents involving at least one
victim, there were more school shootings in the last decade
(2016-2025) than in the previous five decades combined
(1966-2015) [Riedman, 2025]. The harm caused by school
shootings goes beyond the immediate victims. Students who
witness a shooting suffer high rates of Post-Traumatic Stress
Disorder (PTSD) and psychiatric disorders [Elklit and Kur-
dahl, 2013; Suomalainen et al., 2011].

Various approaches have been implemented to prevent
school shootings, including hardening school buildings,
adding security measures such as metal detectors, zero-
tolerance bullying programs, and profiling potential active
shooters [Mongan er al., 2009]. The effectiveness of these
efforts is unclear [Jonson, 2017; Crawford and Burns, 2015;
Borum et al., 2010]. More than half of schools have
hired armed school resource officers [Jonson, 2017; Adding-
ton, 2009; U.S. Department of Health and Human Services,
2015], even though armed officers are costly [Addington,

Figure 1: This study examines human behavior during a role-playing
task in which participants, acting as a shooter, interact with mobile
robots using loud noises, flashing lights, and/or smoke to disrupt
attention and decision-making.

20091, may signal to students that schools are unsafe [Bach-
man et al., 2011], and may not be an effective deter-
rent [James and McCallion, 2013].

This paper examines' whether a mobile robot can delay or
divert the attention of an active shooter, as illustrated in Fig. 1.
Rather than deploying a robot specifically for shooter inter-
vention, we envision that robots already present in the school
for other purposes, such as cleaning, could be activated dur-
ing an emergency by school alarms or local emergency per-
sonnel. Once activated, the robot would locate the shooter
using existing surveillance cameras, estimate the shooter’s
future location, and move toward the shooter to initiate a dis-
traction. We focus on the latter stages of this scenario, namely
the effectiveness of the robot’s strategy for approaching the
shooter and its method of distraction. Our overarching objec-
tive is to understand how to design a robot that could one day
delay an active shooter in order to save lives.

We assume that the robot is notified of the shooter’s pres-
ence and relies on existing surveillance infrastructure to es-
timate the shooter’s location. Prior work has demonstrated
the feasibility of tracking people during simulated emer-

IThis study was approved by an institutional review board (IRB)
prior to data collection.
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gencies [Nayyar and Wagner, 2022; Nayyar and Wagner,
2023]. We further assume that students and faculty shelter in
place, as recommended and observed in prior school shoot-
ings [Ausdemore, 2015], and that the school environment is
mapped such that a robot can localize and navigate using stan-
dard sensing and robotics frameworks [Quigley e al., 2009].
Under these assumptions, a robot can navigate to the general
vicinity of the shooter.

As a step toward understanding how robots might influ-
ence human behavior in violent emergencies, we conducted
a human-subject study in virtual reality in which university
students and faculty role-played as a school shooter during a
simulated incident. The study compared two robot approach
strategies and three methods of distraction to evaluate their
effects on shooter behavior and impact on the number of vic-
tims. Our results provide empirical evidence that robotic dis-
traction can delay shooter progress and reduce the number
of victims in this setting. To the best of our knowledge, this
is the first study to examine adversarial human—robot inter-
action in the context of a school shooting using controlled
human-subject experiments.

2 Related Work

For this research, the human shooter and the robot are ad-
versaries. We therefore review prior work on adversarial
robotics, focusing on systems developed for human adver-
saries and the extent to which human behavior is evaluated.

Non-lethal adversarial robots have been developed for
law enforcement and patrol applications [Nguyen and Bott,
2001; Lundberg and Christensen, 2007; Knutsson, 2025;
Cramer and Hauser, 2021]. A survey of law enforcement
agencies indicated that, if available, robots would be used
frequently to inspect hazardous areas or as a tool for hostage
negotiation [Nguyen and Bott, 2001]. In another study, a spe-
cial weapons and tactics unit (SWAT) was given a mobile
robot with camera and siren for five months and concluded
that the robot was suitable for hostage negotiation [Lundberg
and Christensen, 2007]. Law enforcement in China has intro-
duced a 275-pound spherical robot capable of speeds up to 22
miles per hour to track and pursue suspects [Knutsson, 2025].
In the United States, law enforcement has tested a four-legged
robot dog for similar purposes, where it has shown promise
for use in hostage situations [Cramer and Hauser, 2021].
Much of this work emphasizes feasibility and operational ef-
fectiveness from the perspective of law enforcement, with
limited empirical analysis of human adversary behavior.

Adversarial robot patrolling. Whereas regular patrolling
focuses on area coverage and threat detection, adversar-
ial patrolling assumes the presence of an intelligent adver-
sary [Huang er al, 2019]. Agmon et al. introduced a
multi-robot patrolling strategy based on randomized Marko-
vian policies to improve robustness against learned adver-
saries [Agmon et al., 2011]. Subsequent work has exam-
ined coordinated attacks [Sless et al., 2014], decentralized
patrolling under limited communication [Alam et al., 2015],
and deceptive strategies that make environments appear more
secure and improve resource use [Talmor and Agmon, 2017].
In these studies, the adversary is typically modeled abstractly

or algorithmically, and human decision-making is not directly
observed or measured.

3 Experimental Setup

We used virtual reality to conduct an experiment that required
participants to role-play as a school shooter. The experiment
was conducted in a virtual replication of Columbine High
School, the site of a well-documented school shooting in the
United States. The environment was populated with non-
player characters (NPCs) acting as students and teachers. For
five minutes, the participant attempted to shoot NPCs, while
two robots (one per floor) tried to intervene.

Participants. University students and faculty were re-
cruited using poster and email advertisements. Because 96—
97% of school shooters are male, participation was restricted
to males [Peterson and Densley, 2023]. Additional inclusion
criteria required participants to be at least 18 years old and
not prone to motion sickness. Participants were initially paid
$15 per hour; this rate was later increased to $30 per hour to
improve recruitment. Individuals were not allowed to partic-
ipate more than once. This study was IRB approved.

Independent Variables. As an initial investigation of the
potential for robots to intervene and distract school shooters,
we manipulated two independent variables:

* Robot approach was either passive, in which the robot
followed the participant by five meters, or aggressive,
where the robot raced to the shooter’s predicted future
position (five seconds ahead).

* Distraction level increased from auditory cues only
(low), to combined auditory and visual cues (medium),
to the addition of robot-deployed smoke that partially
obscured vision (high).

Figure 2: Participants were seated in a swivel chair with an HTC
Vive headset. Shoe interfaces (Cybershoes) were strapped over their
shoes allowing them to move through the simulation by making a
walk motion. Valve Index controllers were strapped to hands for
hand movements and shooting.
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Figure 3: The simulation environment (left) was a replica of Columbine High School (right). A finite-state machine was used to control NPC
behavior. The visible NPCs are in a relaxed state. The real image on the right was released by Bill Ockham in 2023 [Ockham, 2023].

Dependent Variables. The following dependent variables
were recorded for each participant:

e Number of victims (V). A count of the number of NPCs
shot during the trial.

* Robot gaze (GT): A proportion of total frames where
the participant’s eyes were looking directly at the robot.

The selected variables inform us about the potential value of
the research and why our approach might work. All gaze
and behavioral data were recorded at 2 Hz; brief eye closures
were retained as natural behavior (blink rate: M = 2.6%, SD
= 2.2%), with no systematic tracking loss across conditions:
The raw data is available on GitHub. Due to the sensitive
nature of the scenario, the simulation environment is available
from the authors upon request.

Hypotheses. A total of 45 hypotheses were pre-registered
on the Open Science Framework (OSF), many of which were
exploratory. For this paper, we focus on a subset> of hypothe-
ses related to the selected dependent variables (1, G'?). The
full preregistration, including hypotheses and analyses not re-
ported in detail here, is available on OSF.

H1. The number of victims (V') will decrease with increased
level of distraction.

H2. The number of victims (V') will decrease with increas-
ingly aggressive robot approach.

H3. The shooter’s attention to the robot (G*) will increase
with increased distraction level.

H4. The shooter’s attention to the robot (G*) will increase
with increasingly aggressive robot approach.

H5. The presence of a robot will reduce the number of vic-
tims (V) relative to the baseline condition without a
robot.

ZRestricting analysis to a subset of hypotheses did not affect our
use of multiple-comparison correction [Holm, 1979]. The total num-
ber of hypotheses within each family was still used to determine the
appropriate adjustment.

Procedure. The procedure is depicted in Figure 4. Upon
arrival to the lab, the participant was asked to complete a
consent form. The participant was then outfitted with virtual
reality equipment, enabling them to view a virtual environ-
ment that resembled the lab where the experiment was taking
place. An NPC resembling the experimenter then led the par-
ticipant first through a training procedure which allowed them
to practice moving and shooting in the virtual environment.
Next, the NPC led participants on a tour of the school high-
lighting points of interest. Because most school shooters have
detailed knowledge of the school, the purpose of this tour was
to increase the subject’s familiarity with the school. The par-
ticipant was then given a virtual handgun. Finally, NPCs rep-
resenting students, faculty, and staff arrived on campus. The
shooting began once the participant fired their first shot and

‘ Consent form ’ —»‘ Handgun issued ’

Y Y

‘ VR equipment ’ ‘ NPCs arrive ’

Y Y
‘ Practice moving ’ ‘ Shooting period ’

& shooting (5 min duration)

Y Y

‘ Walkthrough school

points of interest
Figure 4: Each participant followed the procedure above upon ar-
rival. Once the experiment was complete, they were paid. Partici-
pants could quit at any time if they felt physical and/or mental dis-
comfort and they would still be paid.

‘ Post-experiment survey
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continued for a total of five minutes, reflecting the duration
of the majority (approximately 69%) of documented active
shooter incidents [Federal Bureau of Investigation, 2014]. In
all test conditions, it was assumed that surveillance cameras
could provide the robot with the shooter’s current location,
which then served as input to our shooter position model to
predict the future position of the shooter.

Non-Player Characters (NPCs). Non-player characters
(NPCs) were controlled by a finite state machine (FSM), a
common practice for modeling evacuees [Sheeba and Jaya-
parvathy, 2021; Che er al., 2015; Kielar et al., 2014]. The
FSM was designed to mimic the “Run. Hide. Fight” response
recommended by the Department of Education [U.S. Depart-
ment of Education, 2013]. Fighting is difficult to accurately
simulate and rarely occurs during actual school shootings, so
this option was disregarded. The resultant FSM is depicted
in Figure 5. The default state of the NPC was relaxed. When
triggered by seeing the shooter, victim, or alarmed individ-
ual, the NPC would transition to an alarmed state. From the
alarmed state, the NPC would transition to a hiding state with
a 75% probability or to an escaping state with 25% probabil-

1ty.

Robots. The robots were designed to simulate the Agile-X
Ranger Mini 2.0 (RM2) shown in Figure 6. Similar to the
RM2, the simulated robot could move in all directions. The
RM2 has a maximum speed of 1.7 m/s, which is slightly faster
than the average walking speed [Fitzpatrick et al., 2006]. Ac-
cordingly, we set the maximum speed of the robots to be
130% of the walking speed of the participant in the simu-
lation. The robot’s approach behavior was driven by a multi-
channel LSTM encoder—decoder model [Xue et al., 2018;
Pfeiffer et al., 2018], which has been successfully applied to

triggered

0.

Figure 5: A finite state machine is used to guide the behavior of
each NPC. The column of ovals describes an NPC’s possible behav-
ioral states for the experiment. The lines denote transitions between
different states. The numbers associated with a transition represent
the probability of the transition. NPCs remain in a ’Relaxed’ state
until they are triggered by seeing the shooter or alarmed NPC. The
column of rectangles describes the animation used to generate each
behavior in the simulation.

Figure 6: Comparison of the real robot (left) to the simulated robot
(right) used in the experiment.

pedestrian trajectory prediction. Details of this model can
be found in the supplementary material online. The model
takes sequences of prior locations and the relative position of
objects as input, while the output is a sequence of predicted
future locations. Shooter position was estimated via simu-
lated surveillance cameras and processed off-board; latency
and prediction error did not vary across participants or condi-
tions.

To create distractions, arms with LED lights were added to
the robot to wave back and forth. This design is based on pre-
vious designs that have been used on evacuation robots [Robi-
nette et al., 2014]. A flashing light was also added to the
top of the robot, a loud speaker to act as a siren, and a se-
curity smoke device, similar to what has been recently sold
as a security device [Smokescreen, 2024]. The smoke device
releases puffs of smoke at a frequency of 1.0 Hz, in order to
disrupt the vision of the shooter.

Size of Study. A pre-experiment power analysis based on
pilot data indicated that approximately 30 participants per
condition were required to detect medium effects on victim
count. A full 2 x 3 factorial design (approach type x dis-
traction level) plus a no-robot control would have required
>210 participants. Two conditions were removed based
on pilot results showing that passive approach with low or
medium distraction produced no measurable effect on out-
comes (AV =~ 3, p = .50; AS = 0.6, p = .95), consistent
with minimal robot salience (mean gaze ~ 6%). Analyses of
the retained conditions remain valid for the stated hypothe-
sis tests, but should not be interpreted as estimating the full
approach X distraction interaction or as ruling out smaller ef-
fects from the omitted passive low- and medium-distraction
conditions. A total of 150 participants were recruited and as-
signed a condition using block randomization.

Ecological Validity. Admittedly, the data from our study
is not based on the actions of real school shooters. Using
school shooters as a study population is not possible because
most school shooters are killed during their attack or are cur-
rently serving prison sentences. To maximize ecological va-
lidity, we matched our participant demographics to those re-
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ported for school shooters. Prior research shows that 96% of
school mass shooters are male with a mean age of 22.8 years
(£8.1) [Peterson and Densley, 2023]. Accordingly, our par-
ticipants were all male with a mean age of 23.5 years. Prior
work has compared the behavior of participants role-playing
as school shooters in VR with that of actual school shoot-
ers, using measures such as number of shots fired, shot ac-
curacy, and number of victims [McClurg and Wagner, 2025;
McClurg and Wagner, 2026]. These studies found the two
populations to be statistically equivalent on these key mea-
sures. Finally, participants also reported high task seriousness
(M = 4.35, SD = 0.86) and immersion (M = 3.82, SD =
0.91) on a 5-point Likert measure. Taken together, these find-
ings serve as evidence that ecologically valid data can be pro-
duced by asking subjects to act as active shooters, although
more work will be necessary to fully validate this approach.

Although it may seem counterintuitive, the behavior of
most school shooters is generally rational and shows lit-
tle evidence of being shaped by complex emotions (e.g.,
fear), crowd dynamics, police presence, or situational fac-
tors [Grider et al., 2000; Fox News, 2018; Fox, 2024;
State of Connecticut, 2012]. Rather, school shooters tend
to stroll through the environment at a measured (not hur-
ried) pace, engage (rather than avoid) police, and linger in
specific areas of the environment. School shooter behavior
is typically characterized as deliberative and rational (from
the perspective of maximizing harm) and not chaotic, con-
fused, or unpredictable [Grider et al., 2000; Fox News, 2018;
Fox, 2024; State of Connecticut, 2012]. Moreover, histor-
ical data investigating the shooter’s state of mind during a
shooting does not exist, in part because many shooters perish
during the attack [Peterson and Densley, 2023]. Most data
related to shooters captures factors that could serve as a mo-
tive or be used to predict who will become a shooter. On
the other hand, school shooter behavior during the shooting
has been documented as deliberative, calm and focused on
generating victims [Burrows et al., 2022; John Pirro, 2013;
Ausdemore, 2015].

Our study intentionally focuses on shooter behavior and we
assume that although unique psychological trauma may mo-
tivate the shooter, the actions taken by most shooters are in
pursuit of their goal to maximize casualties. Essentially, they
move through the environment searching for potential victims
and attack them. This assumption is supported by numer-
ous police reports and investigations [Burrows er al., 2022;
John Pirro, 2013; Ausdemore, 2015]. As such, our experi-
mental procedure is face valid; we ask participants to shoot as
many NPCs as possible, a task described to each participant
three times before the shooting period began and confirmed
with post-experiment responses indicating participants took
the task seriously.

4 Experimental Results

Data was collected from October — December 2024 from a
total of 172 participants. Data from participants who did not
finish the simulation due to physical discomfort (13), emo-
tional discomfort (7), or hardware error (2) were discarded.
For reasons described in the previous section, the subjects

were all male with an average age of 23.5 years. The race
distribution of subjects was 43.3% Caucasian, 38.3% Asian,
3.3% Black, and 15.0% other.

Hypothesis Testing. For statistical analysis, we conducted
Welch’s unequal-variance ¢-tests with a standard significance
level of o = 0.05. Holm-Bonferroni correction [Holm, 1979]
was applied to reduce the likelihood of Type I family-wise er-
ror, whereas families were determined by grouping strongly
correlated dependent variables.? Given approximate normal-
ity across conditions (|skew| < 1, |kurtosis| < 1.1) and
n > 30 per condition, Welch’s ¢-tests were appropriate; con-
firmatory Generalized Linear Model (GLM) and negative bi-
nomial analyses yielded consistent conclusions and are re-
ported in the supplementary material online. Unless explicitly
stated, we report uncorrected significance values. For com-
pleteness, Table 1 presents p-values with and without correc-
tion.

Our first hypothesis (H1) is partially supported. Using an
aggressive approach, the effect of using light distractors by
the robot on the number of victims (Vjoiy, — Vined) Was
not significant, ¢(57.99) = 0.863, p = 0.392. The effect
of smoke distractors on the number of victims (V,,eq —
Vhign), however, was significant, ¢(57.97) = 3.146, p =
0.003. Yet, the effect of both light and smoke distractors
on the number of victims (Vs — Vhign) Was significant,
t(57.99) = 4.039, p < .001. Our second hypothesis (H2) is
not supported. In the retained high-distraction comparison,
aggressive approach did not significantly reduce the num-
ber of victims relative to passive approach (Vpess — Vagg)s
t(57.06) = 1.704, p = 0.094. Our third hypothesis (H3)
is partially supported. With an aggressive approach, the
effect of light distractors on the shooter’s attention to the
robot (GE, — GE_,) was significant, ¢(46.98) = —2.477,
p = 0.017. In contrast, the effect of smoke distractors on
the shooter’s attention (Gﬁed — GhRiqh) was not signifi-
cant, t(54.78) = 1.906, p = 0.062. The effect of lights

and smoke on the shooter’s attention (Gf},, — G}t ;) was

not significant, ¢(53.95) = —0.467, p = 0.642. Our fourth
hypothesis (H4) is partially supported. With a high level of
robot distraction, the effect of the increasingly aggressive ap-
proach on the shooter’s attention (G;faSs — Gfgg) was sig-
nificant, £(42.46) = —6.524, p < .001. Our fifth hypoth-
esis (HS) is supported. The effect of the robot presence on
the number of victims (Vy,one — Viobor) Was significant,
(40.38) = 2.782, p = 0.008. More specifically, the best-
case condition—approaching aggressively with smoke and
lights—produced significantly fewer victims than having no
robot, £(54.71) = 4.359, p < .001. Figure 7 presents the dis-
tributions of the primary dependent variables per condition,
with significance annotated. Across participants, the number
of shots directed at the robot was negatively correlated with
total victims (r = —.37, p < .001), indicating that drawing
fire toward the robot was associated with fewer casualties.
The effects of robot intervention are summarized in Ta-
ble 1, where we report both original and adjusted p-values,

3There were strong correlations between victims and shots fired
(r = 0.69), as well as gaze towards and shots fired at the robot
(r = 0.62).
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Figure 7: Victims (left) and gaze at the robot (right) across robot conditions. Error bars'show means with 95% CI. Bold labels indicate
differences from the no-robot control. Asterisks denote significance from Welch’s ¢-test: *p < 0.05, **p < 0.01, ***p < 0.001.

descriptive statistics, and effect size. With respect to the
number of victims (1), there is some evidence of a small-
to-medium effect when using an aggressive (versus passive)
robot approach. There was also some evidence of a small
effect in using lights (versus no lights) as distractors. The
effect of adding smoke, as well as adding lights and smoke,
was large and statistically significant, reducing the number of
victims by 35.6% and 41.3%, respectively. Finally, the best-
case robot condition, approaching aggressively with smoke
and lights, had a large and significant effect, reducing the
number of victims by 46.6% as compared to the control (no
robot) condition.

With respect to the shooter’s attention (GT), there was a
large and statistically significant effect when using an aggres-
sive (versus passive) approach, which increased the shooter’s
gaze toward the robot by 190.5%. There is also evidence

(significant before adjustment) of a moderate-to-large effect
when adding lights as distractors, increasing the shooter’s
gaze towards the robot by 35.1%. Adding smoke as a dis-
tractor had a moderately adverse effect, although this obser-
vation is more likely due to participants having greater diffi-
culty tracking the robot in a smoky environment, rather than
because they attended to the robot less.

Survey Responses. After completing the experiment, par-
ticipants were asked to rate the importance, helpfulness, and
perceived danger of the study. The majority rated the study
as very to extremely important (86%) and helpful (75%),
while most reported that the experience was not at all or only
slightly dangerous (75%). These findings suggest that partici-
pants engaged seriously with the task and viewed the research
as valuable, supporting the credibility of the data.

Effect p-value p-value Mean Mean Mean Effect

Hypothesis A— B (original) (adjusted) (Condition A) | (Condition B) | Difference (%) | Size, |d|
View = Vimed 0.392 0.392 32.10 £ 12.57 | 29.23 +12.73 —8.9% 0.22
1 Vined = Vhign 0.003 v | 0.021 v | 29.23+£12.73 | 18.83 +12.45 —35.6% 0.84
View = Vhign <.001 v | 0.001 v | 32.10+12.57 | 18.83+12.45 —41.3% 1.06
2 Viass = Vagg 0.094 0.469 24.80 +14.17 | 18.83 £12.45 —24.1% 0.45
GE,—=GE_, | 0017 v ] 0118 9.55+3.69 | 12.90+6.26 +35.1% 0.65
3 GE . — Gﬁgh 0.062 0.371 12.90 4+ 6.26 10.08 £ 4.89 —21.9% 0.50
GE., — Gﬁ-gh 0.642 1.000 9.55 £+ 3.69 10.08 £+ 4.89 +5.5% 0.10
4 Gl..—GE, <001 v]<.0001 v | 347+243 | 10.08+4.89 +190.5% 1.71
5 Vione = Vrobot | 0.008 v | 0.057 35.23 +£15.99 | 26.24 £ 13.93 —25.5% 0.60
Vione = Voest | <.001 v | 0.001 v | 35.23+15.99 | 18.83 £12.45 —46.6% 1.14

Table 1: Summary of the reported effects of robot intervention. Post-hoc adjustment of p-values is determined by Holm-Bonferroni [Holm,

1979] method. Checkmarks indicate respective p-values are significant (p < 0.05).
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5 Discussion

Our findings suggest that robot-based harm reduction may
operate through two related mechanisms: capturing shooter
attention and impairing target engagement. Aggressive ap-
proach increased gaze toward the robot, consistent with at-
tention capture. However, the strongest reduction in vic-
tim counts occurred under high distraction, where smoke ap-
peared to reduce visibility rather than increase sustained gaze
toward the robot. Complementary analyses in the supple-
mentary material online suggested that high-distraction con-
ditions reduced firing behavior without substantially reduc-
ing movement, supporting the interpretation that smoke dis-
rupted target engagement rather than simply slowing partici-
pants down. These findings have design implications for fu-
ture response robots. First, multi-modal distractors should be
prioritized over single-channel cues such as lights or sirens.
Second, an aggressive approach strategy appears to enhance
distraction by forcing visual confrontation, though future sys-
tems may need to balance aggressiveness against safety for
bystanders. Third, our results motivate real-time adaptation:
a robot might escalate from passive to aggressive behaviors or
vary distractor intensity based on the shooter’s current state
(e.g., proximity to victims, orientation toward exits). These
implications should guide future testing rather than suggest
deployment readiness.

Ethical Considerations. This research raises ethical issues
related to both eventual deployment and participant safety.
The risk of over-reliance, false positives and negatives, and
intentional misuse (e.g., triggering the robot for fun) must be
weighed against the system’s potential for saving lives. Al-
though the robot’s distractors were selected to avoid direct
physical force and reduce risk in false-positive scenarios in-
volving students or staff, communication and rescue efforts
could still be impacted if the robot malfunctions, ‘gives stu-
dents a false sense of escapability, or obstructs first respon-
ders. Because of the high-stakes nature of this work, addi-
tional research will be needed before deploying or relying on
such a system. In particular, any deployed system would re-
quire evaluation with school communities, staff, administra-
tors, and first responders, especially for design choices such
as smoke in enclosed spaces.

In addition to societal and deployment risks, we considered
the potential impact of this study on the participants them-
selves. We found no evidence that participants were emotion-
ally harmed by participating in this research. Post-experiment
surveys indicated that over 75% of participants felt the study
was either not-at-all or only slightly dangerous. Participants
were told that they could quit at any point if they felt phys-
ical and/or emotional discomfort and would still receive full
payment; only 7 out of 172 participants chose to withdraw
for this reason. To minimize risk further, we provided all par-
ticipants with the contact information for university mental
health services should they experience distress after leaving
the site of the experiment. The experiment was intentionally
designed to be face valid, avoiding deception or surprise, and
was approved by the Institutional Review Board.

Limitations. Several limitations should be considered
when interpreting these results. First, this study necessarily

relied on participants acting as shooters rather than real shoot-
ers, as direct access to actual school shooters is not feasible.
Participants also knew they were acting within a simulation
with no real victims or legal consequences, which may have
affected their motivation, risk perception, and responses to
robot distraction. However, prior work and our own partic-
ipant surveys indicate that behavior in this paradigm is sta-
tistically equivalent to historical data on key measures such
as shot rate, victim rate, and accuracy [McClurg and Wag-
ner, 2025; McClurg and Wagner, 2026]. Second, the experi-
ment used scripted NPC behaviors based on the widely rec-
ommended “Run. Hide. Fight” protocol, which reflects ob-
served victim behavior but may not capture the full variabil-
ity and social dynamics of real incidents [Ausdemore, 2015;
John Pirro, 2013]. Third, robot behaviors were limited to
a small set of distraction conditions and did not account
for potential adversarial adaptation or multiple coordinated
attackers. Instead, this study intentionally isolated the ef-
fect of several key distractors in the most common shoot-
ing paradigm: single-shooter incidents [Peterson and Dens-
ley, 2023]. Finally, the simulated robots were idealized and
did not include sensor noise, actuation error, or real-world
delays. Nonetheless, the distraction modalities themselves —
loud noises, bright lights, and smoke — are physical phenom-
ena likely to have similar effects in practice.

6 Conclusion

This paper explores the application of robots to delay and/or
distract school shooters. Our human subject experiment,
which asks participants to act as a school shooter in virtual
reality, provides evidence that a robot can be used to reduce
the number of victims in a shooting event. One specific robot
condition — aggressively approaching the shooter with both
lights and smoke — significantly reduced the number of vic-
tims by 46.6%, compared to having no robot. Beyond the
empirical results, this work contributes a framework for safe,
reproducible study of high-risk and adversarial human-robot
interaction scenarios. By combining immersive virtual reality
with well-defined robot behaviors, our approach enables sys-
tematic and ethically viable testing of robot strategies under
conditions that would be infeasible or unsafe to reproduce in
the real world.

Future work should increase the fidelity and scope of simu-
lation while moving toward staged, controlled validation out-
side VR. This includes modeling sensor noise, actuation er-
ror, and latency to better approximate real-world robot perfor-
mance. Additional experiments could also generate empirical
models of victims, staff, and first responders, allowing future
simulations to capture more of the broader response system.
Failure modes should also be studied, including possible side
effects of distraction, such as whether smoke slows victim
evacuation or interferes with rescue operations. Beyond sim-
ulation, controlled exercises with first responders would be
needed to evaluate how such robots affect response behav-
ior, communication, and rescue operations. Together, these
efforts would support more generalizable design guidelines
and the responsible development of robots for school safety.
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