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ABSTRACT
Effective simulation-based police training requires exposure to realistic human behavior under uncertainty, particularly in situ-
ations involving escalation and use-of-force decisions. Virtual Reality (VR) enables immersive and repeatable training scenarios,
where behaviorally credible virtual humans (VHs)are important to produce realistic and operationally relevant simulated scenar-
ios. This paper presents a VH acting as a suspect during police interventions, whose behavior is governed by two parameters:
resistance and means. Resistance models compliance or aggression, while means represents the potential to inflict harm using
a weapon or object. These parameters drive a multimodal behavioral system integrating facial expression, posture and gesture,
gaze, locomotion, and voice interaction. Behavior selection is controlled by a state-machine architecture enabling escalation and
de-escalation in response to police actions, grounded in law-enforcement literature on proportional use of force. We evaluated
the model in immersive VR with police officers across scenarios combining resistance and means. Resistance primarily affected
perceived danger and intent, whereas means more strongly affected perceived capacity and opportunity. These findings validate
the framework and show that interpretable rule-based VHs can elicit differentiated threat appraisals in controlled and repeatable
VR scenarios, supporting their use for training and behavioral research in police contexts.

1 | Introduction

The use-of-force to maintain public order requires a delicate bal-
ance between the enforcement of the law and the protection of
the community. Police officers must continuously assess each sit-
uation to ensure that any force applied is reasonably necessary to
achieve lawful compliance, a principle commonly referred to as
proportionality [1]. In practice, proportionality is closely linked
to real-time threat appraisal, particularly the perceived hostile
intent of individuals and their capacity to cause harm [2].
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Officers routinely interact with individuals whose intentions,
emotions, and potential for harm are uncertain, requiring rapid
assessment of compliance, threat, and proportional response
under stress. Training for such encounters traditionally relies on
role-play or scripted scenarios, which are difficult to standard-
ize, costly to repeat, and limited in experimental control [3]. Vir-
tual Reality (VR) offers an alternative by enabling immersive,
repeatable simulations of critical incidents. The effectiveness of
VR-based police training depends on the realism and behav-
ioral coherence of the Virtual Humans (VHs) involved. Indeed,
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unrealistic behavior can break immersion and reduce training
value [3].

Most prior research on VR-based police training focuses on vir-
tual agents with binary roles, typically portraying either victims
or aggressors, and is predominantly situated in high-intensity
scenarios such as active shooter events, hostage situations, or
terrorist attacks [4]. These environments are often strongly
scripted, leaving limited room for interaction-dependent esca-
lation or de-escalation. Although such scenarios are valuable
for practicing tactical responses, they represent only a subset of
police activity. In everyday encounters, officers frequently oper-
ate in uncertain situations where intentions are unclear and
must be inferred through communication and observation. These
mid-level ambiguous interactions are especially important, as
threat perception is commonly shaped under uncertainty rather
than during overt violence.

This work addresses this gap by focusing on the design and vali-
dation of a VH portraying a suspect during a police intervention.
We introduce a behavioral model structured around two core
dimensions: resistance and means. Resistance is a single behav-
ioral continuum ranging from full compliance at one end to overt
aggression and active threat at the other, with intermediate states
such as passive noncompliance and defensive avoidance. Means
captures the suspect’s capacity to cause harm, such as possession
of a weapon or blunt object. These dimensions correspond to key
components of operational threat assessment, namely perceived
intent and perceived capability [1]. Together, they drive emo-
tional expression, action selection, and physical behavior, allow-
ing interactions to escalate or de-escalate dynamically in response
to officer behavior.

As part of the present study, the following research question is
addressed: Can resistance and means be effectively modeled in
a VH in a police context? To answer this question, we imple-
mented the proposed behavioral model and conducted an eval-
uation with police officers in an immersive VR simulation. We
assessed whether the threat perceived by officers during training
corresponded to the intended behavioral modeling of the virtual
suspect.

This work is part of a broader study investigating police
use-of-force decision-making. The present study focuses on the
modeling of the suspect behavior and its perceptual validation,
whereas behavioral analyses of officer actions and force-response
evaluation are reported in a separate study. The contribution of
this work is threefold: (i) a modular behavioral model for a vir-
tual suspect grounded in police concepts of resistance and threat
is developed; (ii) a multimodal model integrating emotion, action
selection, locomotion, physics, and vocal interaction within a
transparent state-machine-based controller is implemented; and
(iii) an evaluation with police officers demonstrating that varia-
tions in modelled resistance are reflected in perceived threat is
presented.

2 | Related Work

VR has been widely adopted for training and behavioral research
in high-risk domains such as emergency response, military

operations, aviation, and law enforcement, where realism, safety,
and exposure to stress are essential [5, 6]. Immersive VR envi-
ronments allow trainees to experience complex and potentially
hazardous situations while preserving experimental control,
repeatability, and ethical constraints. That is, VR enables con-
trolled manipulation of situational variables such as uncertainty,
time pressure, and threat level, which are difficult or unethical
to reproduce in real-world training contexts.

Reviews of immersive serious games and VR-based training sys-
tems emphasize that training effectiveness depends strongly on
scenario credibility, interaction fidelity, and the ability to measure
behavioral outcomes [7, 8].

Meta-analytic evidence further suggests that VR can support
the development of social and interpersonal skills when train-
ing scenarios are job-relevant and grounded in multidisciplinary
design approaches combining domain expertise, psychology, and
human-computer interaction [9]. These findings motivate the
use of VR not only for procedural training, but also for studying
decision-making and behavior under uncertainty.

2.1 | Threat Appraisal and Use-of-Force
Frameworks in Policing

Operational threat appraisal in policing is commonly structured
around two dimensions: intent and capacity to cause harm [1, 2].
Officers assess these using behavioral cues such as posture, ges-
tures, and object possession, and calibrate their response accord-
ing to the proportionality principle [1]. Use-of-force continua for-
malize this process by mapping levels of resistance to appropriate
responses [10, 11]. Grounding virtual suspect behavior in these
frameworks allows training scenarios to align with operational
practices. De-escalation communication protocols further sup-
port this process by guiding officers toward compliance while
minimizing the use of force in ambiguous situations [12, 13].

2.2 | Soft Skills, Stress, and Affect in Immersive
Simulation

Beyond technical proficiency, soft skills such as communication,
emotional regulation, and situational assessment are increasingly
recognized as critical in complex social interactions [14, 15]. In
police contexts, these skills are central to managing ambiguous
encounters and preventing unnecessary escalation.

Immersive VR has been shown to elicit meaningful emotional,
cognitive, and physiological responses, supporting experiential
learning under stress and enabling measurement-based feedback
[8]. VR has also been widely used as a tool for controlled emotion
elicitation in behavioral research [16]. Previous studies further
show that VHs displaying coherent affective cues can evoke real-
istic user reactions, such as stress, empathy, and threat appraisal
[17].

Presence and arousal have long been identified as key contribu-
tors to behavioral realism in immersive simulations, with semi-
nal studies showing that virtual environments can induce stress
responses comparable to real-world situations [18, 19]. These
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findings highlight the importance of believable virtual agents
whose behavior remains consistent across modalities and inter-
action contexts.

2.3 | Behavior Modeling and Interpretability
in Virtual Humans

A core challenge in VH design is the modeling of behavior that is
both expressive and interpretable [20, 21]. Classical approaches
to virtual agent control, including finite-state machines, hier-
archical state machines, and behavior trees, offer transparency,
predictability, and ease of authoring [22]. These properties are
particularly important in training and experimental contexts,
where reproducibility and instructor control are required.

More cognitively inspired architectures attempt to represent
internal states such as goals, beliefs, emotions, and intentions
to drive behavior [23]. Although these approaches can generate
richer and more adaptive interactions, they also introduce chal-
lenges related to parameter tuning, transparency, and experimen-
tal control. In experimental policing research, interpretability is
especially important because specific threat dimensions must be
isolated while maintaining reproducibility across participants,
which can limit the suitability of highly complex behavioral mod-
els in training contexts.

Recent work has explored AI-driven approaches, including nat-
ural language processing and data-driven interaction models,
to increase conversational realism in VHs or humanoid robots
[24, 25].

2.4 | Multimodal Virtual Humans
for Interactive Training

Effective interactive training requires VHs capable of produc-
ing coherent multimodal behavior, integrating facial expression,
gaze, posture, gesture, locomotion, object manipulation, and
speech [26–28]. Prior work in animation and simulation shows
that behavioral credibility depends not only on individual modal-
ities, but also on their temporal coordination and consistency
with the interaction context [29]. In immersive environments,
these aspects become even more critical, as the perceived social
presence and believability of virtual characters are higher in VR
than in non-immersive platforms [30].

In applied training contexts, particularly in law enforcement,
VHs must support a broad repertoire of actions and responses
while remaining controllable by instructors. Many existing sys-
tems rely on scripted or static scenarios that emphasize extreme
situations such as active shooters or hostage crises. Although
useful, these scenarios offer limited support for training every-
day police interactions. By contrast, ambiguous mid-level resis-
tance situations are especially informative for studying escalation
and de-escalation dynamics, as officers’ perception of threat and
response is most sensitive under conditions of uncertainty rather
than during overt violence.

Pan and Hamilton emphasize that although VR offers strong
advantages in experimental control, reproducibility, and

ecological validity, it also introduces methodological challenges
related to presence, simulator sickness, ethics, and experimental
design [3]. They identify the creation of fully interactive VHs
capable of sustained and believable social interaction as a central
challenge for the field, requiring close collaboration between
psychologists, VR technologists, and AI researchers.

In this context, existing limitations motivate the development
of parameterized and interpretable behavioral models that iso-
late core threat components while preserving multimodal real-
ism and experimental control. Such approaches are well suited
to immersive training and behavioral research, where ecological
validity, reproducibility, and training relevance must be balanced.

3 | Virtual Human Design

The VH is controlled by a behavioral state machine that selects
actions and responses, regulates emotional state, and adapts
facial and bodily expressions during the interaction. Within the
simulation, the VH represents a potential suspect encountered
during a police intervention.

The VH is implemented as a modular agent instantiated from
a library of 3D characters. Its behavior is governed by two
high-level parameters: resistance and means. Both parameters are
grounded in police use-of-force literature: the resistance scale
is derived from established use-of-force continua [10, 11], and
the means dimension corresponds to the capacity-to-cause-harm
component of operational threat appraisal [1, 2]. The procedu-
ral communication protocol (described in Section 3.3) is derived
from Swiss police training practice [12]. These parameters influ-
ence emotional expression, action selection, and physical behav-
ior, enabling controlled escalation and de-escalation in response
to officer actions (Figure 1). Together, they allow the generation
of a wide variety of situations while remaining interpretable for
instructors and researchers. Importantly, these parameters corre-
spond to two central components of operational threat appraisal:
perceived hostile intent and perceived capacity to cause harm.

Resistance is modeled as a six-level ordinal scale ranging from
cooperation to lethal aggression (Table 1). The scale is derived
from established police use-of-force frameworks [10, 11] and
represents progressively increasing hostility and noncompliance.
Lower levels correspond to cooperative or passively resistant
behavior, intermediate levels capture defensive or active resis-
tance, and the highest level represents explicit violent intent
involving a deadly threat.

Means represents the suspect’s potential capacity to cause harm.
The model is designed to support multiple categories of means,
including bare hands, blunt objects (e.g., wrench), and edged
weapons (e.g., knife), and can be extended to additional cate-
gories such as firearms. In the present evaluation, two means
conditions were used: bare hands and a blunt object (wrench), as
they provide a controlled level of ambiguity regarding their poten-
tial use as weapons. Means constrains the set of available actions
and biases the expression of threat-related behaviors.

Resistance and means are initialized at the beginning of each
scenario and may evolve dynamically during the interaction,
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FIGURE 1 | Representative examples of the Virtual Human’s appearance and action repertoire. The VH exhibits cooperative, compliant, and con-
frontational behaviors through coordinated facial expression, posture, and object interaction in response to officer behavior.

TABLE 1 | Suspect resistance levels.

Level Description Level Description

1 Cooperative 4 Active resistance
2 Verbal or passive

resistance
5 Aggressive

confrontation
3 Defensive

resistance/fleeing
6 Deadly threat

allowing escalation or de-escalation in response to officer behav-
ior. Dynamic adaptation is implemented exclusively at Resistance
Level 3 and is not disclosed to the participating officers. More
broadly, participants were completely blind to the existence and
structure of the resistance scale: they were not told that scenarios
differed along a defined resistance dimension, nor were they
informed of the number of levels. This design makes Level 3
particularly critical, as it represents an ambiguous situation in
which officers may successfully de-escalate the encounter by
applying appropriate procedural communication, or conversely
trigger escalation through inappropriate actions. Such interme-
diate ambiguity is especially relevant for studying calibration
processes, since escalation and de-escalation dynamics are
typically most sensitive in non-extreme conditions.

This mirrors real-world police interventions, where intent and
threat are often uncertain. Furthermore, dynamic resistance at
Level 3 enables training of a structured communication proce-
dure derived from police practice. Before the use of force, offi-
cers are expected to follow four successive elements: Request,
Context, Options, and Confirmation (RCOC) [12]. The officer
must first issue a clear request, then explain the contextual
risk (e.g., the person is holding an object that could be used
as a weapon), communicate available options and their conse-
quences, and finally confirm the intention to use force if noncom-
pliance persists.

Officers are trained on these criteria and are aware of the objec-
tive elements governing the proportional use of force; however,
they are not informed that these elements directly modulate the
VH’s resistance during the experiment. Validation of procedural

compliance is performed by the instructor through a graphical
interface, allowing human judgment for criteria that may require
interpretation. This design enables controlled examination of
procedural compliance without explicitly cueing the evaluation
criteria.

3.1 | Emotion Control

Emotional expression is conveyed through the coordinated con-
trol of facial animation, posture, gesture, gaze, and speech. Facial
expressions are driven by an emFACS-inspired mapping [31]
between emotional states and facial Action Units (AUs) [32].
These AUs are controlled through an abstraction layer that links
AU activations to blendshapes and skeletal joints.

Body posture and gestures vary as a function of resistance,
transitioning from relaxed idle and conversational behaviors to
tense, defensive, or aggressive stances. Several idle animations
are selected and assigned according to resistance level, allowing
the VH to maintain a consistent baseline posture (e.g., relaxed,
tense, or defensive) even in the absence of active interaction.
Speech recordings are selected to match both emotional state and
communicative intent, with controlled variations in prosody and
semantic content. Body gestures were implemented using motion
capture animations sourced from a commercial asset library. A
set of discussion-oriented gesture animations was selected and
categorized according to emotional states and resistance levels.
These gestures are primarily used during speech-based interac-
tions. For each speech response, a set of candidate gestures is
defined based on two criteria: compatibility with the duration of
the audio clip and congruence with the VH’s current emotional
state and resistance level. During runtime, a gesture is randomly
selected from this candidate set and synchronized with the corre-
sponding audio clip, ensuring variability while preserving behav-
ioral consistency. In addition to conversational gestures, specific
full-body animations (e.g., fighting posture) are explicitly associ-
ated with particular actions and resistance levels. These anima-
tions are triggered deterministically by the behavior controller to
reflect escalation dynamics and ensure clear communication of
intent.
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Due to hardware and perceptual constraints, fine facial cues may
become difficult to perceive beyond approximately four meters,
particularly under low-light conditions. Consequently, vocal and
semantic cues play a critical role in conveying affect and intent.
To emphasize the importance of vocal expression and avoid repet-
itive responses that could reduce immersion, a professional actor
recorded multiple variations of each response using different
tones of voice. The actor, with previous experience in police train-
ing and expertise in portraying suspects, recorded a total of 480
audio clips. These clips are selected dynamically during the sim-
ulation based on the officer’s request, the current resistance level,
and the suspect’s means.

Given the large number of audio clips, lip synchronization is
achieved through real-time audio feature extraction to detect
visemes. This approach avoids preprocessing hundreds of audio
files and storing corresponding facial animations, which would
otherwise increase memory usage and complicate blending with
emotion-driven facial expressions during idle behavior.

In addition, each response is systematically paired with body ges-
tures reflecting the suspect’s current emotional state and resis-
tance level, ensuring coherent multimodal expression across
speech, posture, and movement. This coupling enhances behav-
ioral readability and supports consistent interpretation of intent
by the officer.

3.2 | Action Manager

The Action Manager implements the action repertoire of the VH,
covering locomotion, object manipulation, compliance behav-
iors, and physical actions such as kneeling or going to the floor.
Actions are organized into two categories: individual actions,
which can be executed independently (e.g., navigation, holding,

or using an object), and interaction actions, which are explicitly
triggered in response to officer requests.

Locomotion relies on pathfinding to produce movements that
respect environmental constraints, obstacles, and interpersonal
distance. Object manipulation supports coherent interaction
sequences through animations for taking, holding, using, and
placing items. For example, the VH can walk toward the offi-
cer, retrieve an identification card from a pocket, and hand it
to the officer as part of a compliance action. These capabilities
are essential for maintaining behavioral plausibility in scenarios
involving tools or potential weapons.

The repertoire of interaction actions is organized into functional
categories of officer requests, including contextual inquiries (6),
identity verification (3), safety and visibility commands (6), spa-
tial control instructions (6), de-escalation attempts (5), and inter-
action management actions (7), for a total of 33 distinct actions.
Each action is instantiated across five resistance levels (R1-R5),
producing resistance-dependent execution variants such as vocal
tone, response latency, and compliance patterns while main-
taining a consistent action set across experimental conditions.
Resistance level 6 corresponds to immediate physical aggression
and therefore does not rely on interaction actions. This consis-
tency ensures that observed differences in officer appraisal can
be attributed to parameter modulation rather than variations in
the action repertoire.

3.3 | Behavior Control

Behavior selection is governed by a state machine that deter-
mines the VH’s reactions to officer actions and environmental
conditions (Figure 2). The model combines three complemen-
tary mechanisms: request compliance, escalation-de-escalation
dynamics, and reactive safety triggers.

FIGURE 2 | Virtual Human behavioral state machine. Request handling depends on resistance level and repeated attempts, with an
escalation-de-escalation mechanism (blue) and proximity/timeout safety triggers (red) producing defensive, fleeing, or aggressive reactions. Key: 𝑟 =
resistance level; 𝑛attempt = number of attempts; distance/time = trigger thresholds.
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3.3.1 | Request Compliance

Whenever the officer issues a request corresponding to an inter-
action action (e.g., showing identification), the VH decides
whether to comply according to its resistance level 𝑟. Resistance,
therefore directly controls cooperative attitude. At level 𝑟 = 1
requests are always accepted. Level 𝑟 = 2 models passive resis-
tance by refusing the first attempt, but accepting all subsequent
attempts without exception (i.e., from the second attempt onward
the request is always complied with, with no further conditions).
At levels 𝑟 ≥ 4, requests are consistently refused with increasingly
hostile responses, while level 𝑟 = 6 produces immediate attack
behavior.

3.3.2 | Escalation-De-Escalation at Intermediate
Resistance

Resistance level 𝑟 = 3 represents an ambiguous situation in
which the interaction outcome depends on communication qual-
ity. The branching logic is hierarchical, not a set of parallel
alternatives: the first request is always refused at 𝑟 = 3, as at
𝑟 = 2. Only on the second attempt does a RCOC-based eval-
uation occur: the system checks whether the officer correctly
provided Context, Options, and Confirmation. If all elements
are present, resistance decreases to 𝑟 = 2 for the remainder of
the scenario and the request is accepted; otherwise the request
is refused and resistance increases to 𝑟 = 4. After this transi-
tion, the system cannot return to level 𝑟 = 3, forcing the interac-
tion toward either compliance or confrontation. The figure cap-
tion of Figure 2 reflects this two-stage logic: attempt number is
checked first, and the RCOC evaluation applies only at the second
attempt.

3.3.3 | Reactive Proximity and Timeout Triggers

In addition to verbal interaction, the state machine continu-
ously monitors spatial and temporal conditions. The proximity
trigger is defined by an interpersonal distance threshold of 0.5
meters. When the officer crosses this threshold, the VH imme-
diately produces a reaction determined by its resistance level:
remaining passive (𝑟 = 1–2), attempting to flee (𝑟 = 3), adopt-
ing a fighting stance while holding position (𝑟 = 4), advanc-
ing toward the officer in a fighting stance (𝑟 = 5), or attacking
(𝑟 = 6).

A similar reaction is triggered by a timeout condition if the inter-
action remains unresolved. Timeout durations are set to 90 s for
both escalation (fight) and disengagement (exit) states. These val-
ues are fixed across all scenarios to ensure consistency and repro-
ducibility of the interaction dynamics.

The incorporation of proximity- and time-based triggers reflects
operationally relevant situational cues that can independently
influence perceived threat and escalation dynamics. Together,
these mechanisms allow the VH to respond both to commu-
nication quality and to physical pressure, producing controlled
escalation and de-escalation while preserving interpretability and
experimental reproducibility.

4 | Implementation

The virtual character was designed using Character Creator, and
the application was developed in C# within the Unity game
engine. The system was deployed using a wireless HTC Vive Pro
Eye head-mounted display and Valve Index controllers, provid-
ing precise motion tracking and natural hand-based interaction
for object manipulation and tool use. The emotion control sys-
tem was implemented using the Geneva Virtual Human Toolkit
[32], enabling real-time control of facial expressions based on
emotion-driven parameters. Officer speech is captured via voice
recognition and mapped to a predefined command set (e.g., show
hands, step back, provide identification). The recognition module
serves as an assisting tool rather than a fully autonomous dia-
logue system: detected commands are highlighted to the instruc-
tor, who can manually validate the intended request, through
a graphical interface. Validated commands then influence state
transitions.

5 | Evaluation

Participants took part in a within-subjects experiment in which
each officer experienced all six scenarios. Each session began in a
virtual preparation area corresponding to the ground floor of the
building. This space was used to familiarize participants with the
virtual environment and train them in the use of their virtual duty
belt, which included a baton, handcuffs, pepper spray, a firearm,
and a radio. Participants completed a short VR tutorial lasting a
few minutes to learn how to use the equipment, interact with the
system, and complete questionnaires in VR.

Questionnaires were administered after each scenario, and at the
end of the experiment. To preserve immersion, all questionnaires
were integrated directly into the virtual environment. The study
was approved by the University of Geneva Ethics Committee and
by the Geneva police. Participants signed an informed consent
before their participation.

At the beginning of each scenario, participants received an inter-
vention request via their virtual radio, simulating a call from a
central dispatch station. These dispatch messages were recorded
by a police officer routinely responsible for dispatching and infor-
mation transmission in real operations. The content of the mes-
sages was intentionally brief and vague, reporting only that a
person matching a short description had been observed in the
parking area. Several dispatch messages were recorded and ran-
domly assigned across trials. No specific tactical instructions were
provided in order to preserve ambiguity and avoid biasing partic-
ipant’s behavior.

During the intervention, participants could also use their radio
to communicate with the central station, for example, to request
backup, report an arrest, or signal the end of the intervention.
Specific prerecorded responses were used to simulate dispatch
feedback, including cases where backup was unavailable, and
the officer was required to manage the situation alone. These
radio interactions served as ecological realism devices and did not
affect the virtual suspect’s behavioral state or the state machine
transitions. This interaction reinforced realism while maintain-
ing experimental control.
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Participants accessed the parking environment, where the sce-
narios took place, via a virtual elevator. Scenarios were not subject
to a fixed time limit and ended based on participant actions and
interaction outcomes. Scenario duration varied according to par-
ticipant behavior, with an average duration of approximately 1.5
min (𝑀 = 98.45 𝑠, 𝑆𝐷 = 48.84 𝑠). Participants were free to use
any tool available on their duty belt, including physical force and
firearms, if they judged it necessary according to their profes-
sional assessment.

All participant actions, including verbal requests, movements,
tool usage, and decisions, were automatically recorded for sub-
sequent behavioral analysis.

5.1 | Design, Scenarios, and Participants

The VH was evaluated in immersive VR with police officers
across six scenarios combining resistance and means: R2M0,
R2M1, R3M0, R3M1, R4M0, and R5M1. Scenario order was
counterbalanced to control for ordering effects, with participants
exposed to either ascending or descending resistance levels. A
total of 58 police officers from the Geneva Police participated in
the study. Participants were active-duty officers serving in opera-
tional roles and had at least two years of field experience, ensur-
ing a high level of competence and familiarity with use-of-force
procedures. The sample comprised 39 males (67%) and 19 females
(33%) participants. Participants ranged in age from 25 to 58 years
(𝑀 = 37.3, 𝑆𝐷 = 7.3). Professional seniority ranged from 1 to 34
years of service (𝑀 = 12.6, 𝑆𝐷 = 7.9). All participants had prior
field experience and were familiar with standard police interven-
tion procedures.

5.2 | Measures

We collected self-report measures assessing (i) immersion, (ii)
VR sickness, (iii) suspect threat appraisal, and (iv) participant
emotional response. All questionnaires were presented directly
within the virtual environment using five-point Likert-type
response scales (0 to 4). VR sickness was assessed after the train-
ing phase and again after the final scenario using a questionnaire
inspired by the revised motion sickness questionnaire (MSQ) [33,
34]. An immersion questionnaire was administered at the end of
the experiment. At the end of each scenario, participants returned
to the virtual elevator area and completed a set of short question-
naires. Suspect threat appraisal was assessed using four items.
Three items reflected threat dimensions used in police training
and prior literature: intention (will), means (capacity), and pos-
sibility (opportunity) to pose a threat (e.g., “Did the suspect show
the intent to pose a threat?”). A fourth item assessed overall per-
ceived danger (e.g., “Did you feel in danger?”), allowing com-
parison between a global danger judgment and more specific
threat components [1, 16, 35–37]. These items are aligned with
commonly used threat appraisal frameworks in policing. Partic-
ipants also reported their emotional state using a predefined list
of emotions (stress, anger, surprise, disappointment, worry (used
here as a proxy for anxiety), satisfaction, and regret), selecting
up to three emotions per scenario on a five-point Likert scale
(0–4). For analysis, we focused on a subset of emotions (anger,

anxiety, stress, and surprise) that are most commonly associated
with threat appraisal and stress responses in policing contexts.

6 | Results

6.1 | Immersion and VR Sickness

Self-reported VR sickness remained low throughout the session.
Nausea, dizziness, fatigue, and headache were all far below the
predefined stopping threshold. Participants reported good levels
of immersion in VR, with all four items exceeding the scale mid-
point (2.0 on a 0 to 4 scale), indicating above-average engagement
across all dimensions: immersion in the virtual environment,
interaction with the suspect as if real, treatment of the suspect
as real, and perception of the suspect as real (Table 2).

6.2 | Threat Appraisal and Resistance

Multilevel ANOVAs were conducted for each dependent variable
(perceived danger, intention to harm, means/capacity, and possi-
bility/opportunity). Resistance level (R2–R5) and weapon pres-
ence (M0, M1) were included as fixed effects, scenario order as
a covariate, and participant as a random intercept. A corrected
threshold of 𝛼 = 0.005 was applied.

R4 scenarios were presented only in the unarmed condition, and
R5 only in the weapon condition, partially confounding resis-
tance and means at extreme levels. Therefore, resistance effects
are most interpretable between R2 and R3, where both means
conditions were tested.

Analyses showed strong effects of resistance and means on
all threat appraisal dimensions (all 𝑝 < 0.0001). Perceived dan-
ger and intent increased with resistance, whereas capacity and
opportunity were primarily elevated in weapon-present condi-
tions. Scenario order also significantly influenced ratings and was
retained as a covariate. Table 3 summarizes the descriptive statis-
tics, and Figure 3 displays the mean threat ratings.

Across conditions, all threat dimensions increased with resis-
tance, with the largest increase between R4 and R5, where
weapon presence likely amplified perceived danger and capac-
ity (Figure 3). The means manipulation had a particularly
strong effect on perceived capacity and opportunity. Emo-
tional responses were also influenced by both resistance and

TABLE 2 | VR immersion and sickness measures.

VR Immersion VR Sickness

Measure Mean SD Measure Mean SD

Immersion in VR 3.02 0.81 Nausea 0.19 0.44
Interact as if real 2.81 0.87 Dizziness 0.36 0.59
Treat suspect as if
real

3.02 0.94 Fatigue 0.75 0.82

Perceive suspect as
if real

2.74 0.94 Headache 0.23 0.63
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TABLE 3 | Threat appraisal dimensions across Resistance (R) and Means (weapon presence, M) conditions (mean, SD; multilevel ANOVA 𝑝-values).

Danger Means Possibility Intention

Levels/Scenarios Mean SD Mean SD Mean SD Mean SD

Resistance 2 (R2M0-R2M1) 0.81 1.20 1.90 1.62 2.00 1.35 0.52 1.19
3 (R3M0-R3M1) 1.46 1.20 2.13 1.62 2.28 1.36 1.72 1.20

4 (R4M0) 1.24 2.01 1.54 2.61 1.94 2.30 2.06 1.94
5 (R5M1) 2.76 2.01 3.48 2.61 3.39 2.30 3.22 1.94
ANOVA 𝑝 < 0.0001 𝑝 < 0.0001 𝑝 < 0.0001 𝑝 < 0.0001

Means 0 (R2M0-R3M0-R4M0) 0.85 0.96 1.29 0.80 1.63 0.83 1.27 1.30
1 (R2M1-R3M1-R5M1) 1.99 0.96 3.09 0.80 3.01 0.84 1.97 1.30

ANOVA 𝑝 < 0.0001 𝑝 < 0.0001 𝑝 < 0.0001 𝑝 < 0.0001

FIGURE 3 | Mean threat appraisal (left) and self-reported emotions (right) across scenarios, separated by means condition (M = 0, unarmed; M =
1, wrench). Ratings are displayed on a 0–4 Likert scale.

TABLE 4 | Multilevel ANOVA results for emotional ratings (𝑅 = resistance, 𝑀 = means).

Emotion Factor F df1 df2 p Emotion Factor F df1 df2 p

Anger All 8.05 5 271.63 < 0.0001 Stress All 36.95 5 270.15 < 0.0001
𝑅 13.18 3 271.25 < 0.0001 𝑅 40.75 3 270.46 < 0.0001
𝑀 1.42 1 271.20 0.2337 𝑀 73.11 1 271.04 < 0.0001

Anxiety All 10.45 5 270.33 < 0.0001 Surprise All 16.79 5 270.82 < 0.0001
𝑅 14.54 3 270.14 < 0.0001 𝑅 20.69 3 270.66 < 0.0001
𝑀 27.04 1 270.57 < 0.0001 𝑀 53.83 1 270.87 < 0.0001

means for anxiety, stress, and surprise, whereas anger was
driven primarily by resistance and was not significantly affected
by means (𝑝 = 0.23). Table 4 and Figure 3 summarize these
results.

Taken together, these results support the resistance and means
modeling adopted in this work. Resistance primarily influenced
perceived intent and danger, while means selectively increased
perceived capacity. This dissociation indicates that participants
differentiated behavioral and capability cues as intended. These
effects were observed under controlled and reproducible condi-
tions, supporting the use of the proposed VH model for study-
ing threat perception and decision-making in immersive police
training.

7 | Discussion

The results show that resistance and means can be effectively
modeled in a VH for police training. Officers’ threat appraisals
followed the intended behavioral parameters in a coherent man-
ner: resistance primarily influenced perceived intent and danger,
while means selectively increased perceived capacity. This disso-
ciation aligns with established models of threat appraisal [1, 2],
suggesting that the virtual suspect engages operational reasoning
rather than eliciting generic alarm responses.

The use of explicit behavioral parameters enabled controlled
and reproducible manipulation of threat cues while preserv-
ing consistent behavior across trials. This controllability is
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essential for studying decision-making under uncertainty, as
it limits unintended variability in the agent’s behavior. The
resistance scale, grounded in use-of-force continua [10, 11],
produced differentiated and interpretable responses, indicat-
ing that the virtual suspect’s behavior is legible in operational
terms. The dynamic escalation at intermediate resistance fur-
ther supports training scenarios where communication qual-
ity influences outcomes, reflecting contemporary emphasis on
de-escalation.

The scenarios focused on ambiguous everyday encounters rather
than extreme situations, allowing calibrated uncertainty without
destabilizing interactions. This design supports the study of pro-
portional responses and interaction quality.

The system relies on an interpretable rule-based architecture,
ensuring reproducibility, instructor control, and isolation of key
behavioral variables. While more flexible data-driven approaches
could increase realism, they would introduce variability that is
difficult to control in experimental and training contexts. Hybrid
approaches may be explored in future work.

Several limitations should be noted. Scenario order influenced
results, indicating carryover effects inherent to the within-subject
design. More specifically, starting with lower-intensity scenarios
tended to reinforce underuse of force in subsequent encounters,
whereas exposure to high-intensity scenarios was associated with
increased use of force in later situations. These effects are exam-
ined in greater detail in ongoing work on proportionality and
police use-of-force decision making.

All scenarios were conducted in a single environment, which
may limit generalizability, as environmental context affects
threat perception [1]. Variability in audio and gesture sets,
while increasing realism, may also introduce uncontrolled vari-
ation. Additionally, the use of a single virtual suspect lim-
its generalization across characters. Finally, verbal interac-
tion relied on constrained speech recognition; future work
could integrate more flexible language models while preserving
interpretability.

8 | Conclusion

The results demonstrate that resistance and means can be effec-
tively modeled in a VH for police training contexts. These find-
ings directly answer the research question, showing that the pro-
posed parameterization produces differentiated and theoretically
coherent threat appraisals in trained police officers, supporting
the validity of both the behavioral model and the simulation
framework.

This paper introduced and validated a dynamic VH suspect
designed for immersive police training. The system modu-
lates two interpretable behavioral parameters, resistance and
means, to generate coherent interaction trajectories and differ-
entiated perceptions of threat. Across controlled VR scenarios
with police officers, resistance primarily influenced perceived
danger and hostile intent, whereas means affected perceived
capacity and opportunity. These results indicate that participants

distinguished between intent-related and capability-related cues
in a manner consistent with operational threat appraisal.

The proposed model produces predictable and reproducible
behavioral variations while preserving instructor control and
multimodal realism, making it suitable both for behavioral
research and for training situations where realism must be
balanced with experimental control and repeatability. Beyond
validating a behavioral architecture, the resistance–means
parameterization provides a structured framework for investi-
gating threat appraisal, escalation, and proportional decision
making in immersive police interventions.

More broadly, similar modeling principles could be extended
to other high-stakes domains such as emergency medicine,
first-responder operations, or crisis intervention training, where
practitioners must assess ambiguous situations and adapt com-
munication and action accordingly.

Future work may incorporate richer dialogue systems and more
adaptive behavior while maintaining transparency and repro-
ducibility, which remain essential for both pedagogy and scien-
tific investigation.
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