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Foreword

Police service is far more than applying regulations or mastering tactical
techniques. It is profoundly human — shaped by encounters under extreme
pressure, by split-second decisions, and by the daily confrontation with
suffering, violence, and extreme human situations. We who practice this
profession do not only place our bodies and competence at the service of
society, but also our own nervous systems, minds, and souls.

This book focuses on this very human aspect, connecting current insights
from neuroscience and psychology with the specific demands of daily
police work. The goal is not just to impart knowledge, but to awaken
understanding — for one's own inner workings and for the possibilities of
specifically strengthening them.

Why neuroscience in Police Service?

Stress in police service is not an exception, but inherent to the structure.
When an officer goes on a call, the brain activates a highly complex
response system within milliseconds: stress hormones such as cortisol and
adrenaline are released, perception narrows, and muscle tone and heart rate
increase. This process is not a weakness, but evolution — an ancient
protective reaction.

The problem: The same reaction that would have saved us from a lion in
the savannah can become a burden in modern police operations. It impairs
nuanced thinking, complicates communication, distorts perception, and — if
chronically activated — can become a serious health hazard. Those who
know and understand these mechanisms can counter them. Those who
ignore them are at their mercy.

Basic neuroscientific knowledge — explained simply and prepared for
practical application — is therefore not an academic gimmick. It is a tool. A
tool that can help police officers understand themselves better, react more
appropriately, and remain healthy in the long term.

Communication, emotional control, and stress resilience

The central themes of this book include communication, emotional
regulation, adaptive thinking, and stress resilience. These areas are closely
linked neuroscientifically: Anyone under heavy stress communicates
differently — often more briefly, more aggressively, or in a more
misunderstood way. Control over one's own emotional experience is not a
matter of willpower alone, but a matter of well-trained neural circuits.



The brain possesses the capacity for so-called neuroplasticity — it can
change and adapt through experience and targeted training. This means:
Professional communication under pressure can be learned. Emotional
stability in extreme situations can be trained. Stress resilience is not innate,
but built up. This insight should motivate everyone who bears
responsibility in the education and training of police officers.

Rethinking training

In-service training in the police sector has made enormous progress over
the past decades — in the tactical area, in promoting physical performance,
and in weapons handling. However, one area has often remained
underrepresented: the systematic promotion of psychological competence
and neurobiological self-reflection.

Research clearly shows that realistic stress training, which prepares the
body for real strain, is more effective than purely cognitive learning. So-
called stress inoculation — the controlled confrontation with stress situations
under safe conditions — demonstrably improves decision quality, emotional
regulation, and performance under pressure. Cognitive-motor combined
training, which addresses mental and physical demands simultaneously,
prepares officers better for the double load of real operations than isolated
forms of exercise.

This book aims to contribute to equipping training coordinators, instructors,
and executives with the necessary fundamental knowledge to rethink,
assess, and apply corresponding concepts. Not as an end in itself — but for
the people who perform their service daily and for whose performance we,
as police trainers, also bear a share of responsibility.

Structure and organization

The book is divided into thematic chapters that can each be read
independently but result in a coherent picture in their entirety. Therefore, it
may happen that individual relevant points are repeated across chapters in
order to keep the respective chapters individually applicable. Technical
terms from neuroscience and psychology are introduced where they are
needed — always with the goal of making them understandable and
applicable. Academic prior knowledge is not required.

The topics covered range from the basics of the autonomic nervous system
to decision-making processes under stress, cognitive biases, and vigilance,
through to communication, moral injury, intercultural competence, and
realistic simulation in education and training.



A book for those in service

This book was not written to academicize police work or to weigh it down
with theory. It was written because the people who are on duty every day
deserve to be equipped with the best available insights — not only about the
world out there, but also about what is going on inside them.

Those who understand why they think differently under pressure can take
countermeasures. Those who know how communication derails under
stress can shape it consciously. Those who know the mechanisms of fear,
exhaustion, and moral injury can better help themselves and others. This
knowledge is not a luxury — it is part of professional competence.

It is the author's wish that this book makes a contribution — to personal
reflection, to the optimization of training, and not least to the well-being of
all those who daily stand on the line between safety and danger.

For reasons of simplicity and fluid text structure, gender-specific language
forms have been avoided.



Chapter 2:
The autonomic nervous system in extreme situations

Neurobiological foundations and psychological options for action in the
context of Police Operations

In the course of their service, police officers are repeatedly exposed to
extreme stress situations—from life-threatening confrontations to
emotional states of emergency when dealing with victims of serious violent
crimes. What happens physiologically and psychologically in such
moments is not a sign of weakness or lack of training, but the result of
cross-generational evolution: the autonomic nervous system takes
command. This introductory chapter illuminates, from neuroscientific and
psychological perspectives, how the autonomic nervous system reacts
under high stress, which neurobiological cascades are set in motion, and
what effects this has on perception, cognition, motor skills, and decision-
making ability. Based on current research, practice-oriented strategies are
also presented, through which officers can better understand, regulate, and
adaptively shape their stress response in the long term.

It is 02:47 a.m. Two officers respond to a call regarding domestic violence.
As they enter the apartment, a man rushes toward them with a knife. In a
fraction of a second, everything changes: the heart rate sky-rockets to over
180 beats per minute, focus narrows like a tunnel, the sense of time
expands strangely, and hands tremble—even though both officers have
completed thousands of hours of operational training.

What occurs in these seconds is not a malfunction. It is the human body's
precise, evolutionarily tested emergency program—controlled by a network
of nerves, hormones, and brain structures that knows neither rank nor
professional experience. The autonomic nervous system has taken control.

For police officers, understanding these biological processes is crucial for
several reasons: it explains why certain reactions in extreme situations are
almost inevitable; it forms the basis for effective stress management and
operational training; it is relevant for the correct interpretation of witness
statements and self-reports after critical incidents; and it contributes to the
prevention of Post-Traumatic Stress Disorder (PTSD).



The autonomic nervous system: The silent conductor

The autonomic nervous system (ANS) - also called the vegetative nervous
system - is the part of our nervous system that regulates vital bodily
functions automatically and largely unconsciously: heartbeat, breathing,
digestion, body temperature, blood pressure, and hormone levels. Unlike
the somatic nervous system, which controls voluntary movements, the ANS
works in the background 24/7 - like an autopilot that is never switched off.

Anatomically, the ANS is divided into three main branches: the
sympathetic, the parasympathetic, and the lesser-known enteric nervous
system (the "gut brain" that regulates the gastrointestinal tract). For
understanding stress reactions, the sympathetic and parasympathetic
systems are primarily relevant.

A major misunderstanding in everyday language is the idea that the
sympathetic and parasympathetic systems are simple adversaries, like on
and off switches. In fact, both systems are in a constant, finely balanced
equilibrium - known as autonomic balance. The health of the nervous
system is measured precisely by the flexibility with which it can switch
between these states.

The Polyvagal Theory: A three-stage model

With his Polyvagal Theory (1994, expanded 2011), neuroscientist Stephen
Porges presented a more nuanced model of the ANS that is particularly
insightful for the police context. Porges describes three hierarchically
organized response systems that are evolutionarily built upon one another
and are activated in a fixed order as the perception of threat increases.

The oldest system, the dorsal vagal response, leads to immobilization and
dissociation ("freeze/shutdown") in the face of overwhelming threat with
no escape.

The phylogenetically younger sympathetic system mobilizes energy for
fight or flight. Finally, the evolutionarily recent social engagement system
enables cooperative communication and de-escalating interaction when a
situation is assessed as safe.

This three-stage hierarchy is of outstanding practical importance for police
officers for two reasons: First, it explains why some victims "freeze" in
traumatic situations and are unable to defend themselves - a phenomenon
that is frequently misunderstood in interrogations and in court. Second, it
clarifies that the quality of communication in police contact depends on the
neurobiological state of the counterpart.



The neurobiology of the stress response

To understand what happens in the brain during a shootout, one must know
an almond-sized structure in the temporal lobe: the amygdala. This ancient
brain center is our emotional early warning system - a biological smoke
detector that permanently scans for threat signals.

The amygdala processes incoming sensory stimuli before they reach
conscious awareness. Within 12-25 milliseconds, it assesses whether a
situation is to be classified as "dangerous" - significantly faster than we can
think about it. This happens via the so-called "Low Road" path of
emotional processing: a direct connection from the thalamus (the central
switch for sensory impressions) to the amygdala, which functions without a
detour through the thinking frontal lobe.

When the amygdala registers danger, it triggers a cascade in milliseconds -
the so-called "amygdala hijack": it sends alarm signals to the
hypothalamus, which then initiates the body's entire stress response.
Simultaneously, the activated amygdala partially inhibits the prefrontal
cortex - the part of the brain responsible for rational thinking, impulse
control, and complex decision-making.

An officer overwhelms an aggressive suspect. Afterward, he can hardly
remember exactly how the restraint took place - the action "just went
automatically.”" At the same time, he did not perceive details such as colors
or noises of the surroundings at all. Neurobiologically, the activated
amygdala throttled the function of the prefrontal cortex and activated the
basal ganglia, which recall automated, intensively trained movement
sequences. The system prioritizes efficiency over reflection.

As soon as the amygdala sounds the alarm, the hypothalamus sets two
parallel hormone systems in motion, putting the body into a state of combat
within seconds to minutes.

The fast axis: Adrenaline (Epinephrine)

Via the sympathetic nervous system, the hypothalamus activates the
adrenal medulla, which releases adrenaline (and noradrenaline) into the
blood within seconds. Adrenaline is the sprinter among stress hormones: it
acts immediately, intensely, and for a short period.

The effects are instantly palpable: heart rate and blood pressure rise
sharply, bronchi dilate, blood is diverted from digestive organs to skeletal
muscles and the brain, pupils dilate, sweat production increases, and pain
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perception is temporarily dampened. This reaction is fully active within 3—
5 seconds - it is biologically impossible to suppress it willfully.

The slow axis: Cortisol (HPA Axis)

In parallel, but more slowly (taking effect after 10-30 minutes), the
hypothalamus activates the so-called HPA axis (hypothalamic-pituitary-
adrenal axis). The result is the release of cortisol - the primary long-term
stress hormone. Cortisol mobilizes energy reserves, modulates the immune
system, enhances the consolidation of emotional memories (which is why
traumatic experiences remain so vivid in memory), and, with persistently
high levels, impairs the function of the hippocampus, which is responsible
for forming coherent memories. The latter is particularly relevant for
operational debriefings and witness statements.

One of the most fascinating findings in stress physiology - and one with
immediate relevance for police training - comes from the research of
military psychologist Dave Grossman: heart rate functions as a reliable
indicator of the degree of sympathetic activation and correlates directly
with cognitive and motor performance.

In the optimal range between 115 and 145 beats per minute, reaction time is
at its peak and gross motor skills are optimal - this is known as the "optimal
combat performance zone." From about 145 bpm, fine motor skills begin to
decline, tunnel vision sets in, and complex thinking is restricted. Above 175
bpm, memory disturbances and psychomotor failure are possible; in cases
of extreme over-activation (over 185 bpm), there is a risk of freeze
response and dissociation.

These findings have direct implications for firearms and operational
training: exercises under simulated stress train not only motor sequences
but also the neural management of the stress state. The goal is not to
eliminate the stress response - that is biologically impossible - but to
broaden the optimal performance zone and accelerate regulation after stress
peaks.

One of the most common sources of misunderstanding - both in operational
debriefings and in criminal and disciplinary proceedings - is the
discrepancy between what officers report after a critical incident and what
1s documented by camera recordings or other evidence. This discrepancy is
not a sign of lying or lack of attention. It is the neurobiologically
predictable result of extreme stress reactions.
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Tunnel vision (Tachypsychia)

Under extreme stress, the brain radically narrows its focus of attention.
Perception concentrates on the identified threat object - usually the
opponent's weapon or face. Peripheral stimuli are literally blocked out of
consciousness, often even out of visual processing itself.

In practical terms, this means: an officer focused on an armed perpetrator
may indeed "not see" whether there are other people in the room - even
though his eyes were open and the scene was included in his field of vision.
The visual system filtered the information before it could reach
consciousness.

Time distortion

After critical incidents, officers frequently report that everything happened
"as if in slow motion." Less frequently, they describe the opposite: that
everything was over "unbelievably fast." Both forms of experience are
documented. The experienced time expansion - tachypsychia - is caused by
the massive release of catecholamines (adrenaline, noradrenaline), which
briefly increase neural processing speed. The brain "processes" more
information per second - which is subjectively experienced as a slowed
passage of time. This is not a physiological advantage, as the increased
processing speed is simultaneously accompanied by selective attention.

Dissociation and emotional numbness

During or after traumatic events, many officers report a feeling of unreality:
they observe themselves as if from the outside (depersonalization), the
environment seems unreal like in a film (derealization), or emotional
reactions only set in hours or days after the event.

Neurobiologically, this is a protective reaction: in the case of an extreme
overwhelm response, the dorsal vagus nerve activates endogenous opioids
and dampens emotional processing. Consciousness partially "shuts down"
to regulate the intensity of the experience. This dissociation is not a sign of
coldness or psychopathology - it is a neurological protective mechanism.

Memory gaps and fragmented memories

One of the most significant findings for investigative proceedings after
critical incidents is that memories of extreme situations are structurally
different from normal memories. The hippocampus - responsible for
forming coherent, chronologically ordered memories - is impaired in its
function under extreme stress by cortisol and adrenaline.
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Instead, the amygdala takes over primary memory storage - but in the form
of fragmented, sensory-emotional impressions without a linear time
structure.

The result: after a shootout, officers may remember certain sensory details
very precisely (the smell, the sound of the weapon, a facial expression), but
have gaps regarding the number of shots fired, the exact sequence of
events, or the position of other persons in the room.

Initial statements directly after a critical incident are neurobiologically
unreliable and should not be considered a final account. Memories of
extreme situations often only complete themselves in the hours and days
afterward (cognitive processing).

A structured interview (e.g., following the cognitive interview principle)
should take place no earlier than 24 - 48 hours after the incident.
Contradictory initial statements are not an automatic indication of
untruthfulness - they can be neurobiologically determined.

Operational psychologists should be routinely involved in debriefings.

The freeze response: The forgotten fourth F

In popular psychology, the "fight-or-flight" response is generally well-
known. Less known, but highly relevant for daily police work, are two
other response options of the nervous system: Freeze and Fawn
(submission/appeasement). More recently, researchers have spoken of a
"4F model."

The freeze response is interpreted by many officers as personal failure if
they - whether in training or in a real situation - suddenly "freeze" and
cannot act. Neurobiologically, however, this is by no means a character
flaw. It is an archaic protective reaction that was evolutionarily
programmed for prey animals: freezing deceives the attacker about the state
of the victim and can be life-saving in some situations.

For emergency forces, however, the freeze phenomenon is problematic, as
professional action in extreme situations requires active responses.
Research shows that freeze responses can be reduced through training - but
only if the training is sufficiently realistic and conducted with simulated
stress. "Dry" shooting range training under normal conditions does not train
the activation response of the ANS.
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The freeze concept is particularly relevant for the interrogation of victims
of violent and sexual offenses: many victims report that they "did not fight
back" - which is often interpreted as consent or otherwise misevaluated.
Neurobiologically, the freeze response (tonic immobilization) is an
autonomically controlled protective reaction that cannot be willfully
suppressed. Officers with knowledge of this reaction can conduct trauma-
sensitive interviews and record them forensically correctly. We will go into
the exact origin in more detail in a later chapter.

Long-Term effects and PTSD: When the alarm system doesn 't switch off

The acute stress response is biologically sensible. It becomes a problem
when the alarm system no longer switches oft: when the body remains in a
state of alert weeks or months after a traumatic event, when everyday
smells or noises suddenly trigger the full reaction of the stress system, or
when sleep and social relationships are permanently impaired.

Post-Traumatic Stress Disorder (PTSD) is one of the most common mental
illnesses among occupational groups exposed to regular extreme stress.
Current meta-analyses show that 7 - 19% of all police officers meet the
diagnostic criteria for PTSD in the course of their careers - a significantly
higher rate than in the general population (approx. 1.3 - 3%)).

Neurobiology of PTSD

On a neurobiological level, PTSD sufferers show characteristic changes in
three brain structures: The amygdala is over-activated - the threat traffic
light is permanently on red, and neutral stimuli are classified as dangerous.
Flashbacks and intrusions are expressions of this dysregulated amygdala
activity. The hippocampus is shrunken: chronic cortisol pressure damages
hippocampal neurons and impairs the ability to place traumatic memories
in a temporal context - the memory remains present "timelessly." The
prefrontal cortex is inhibited: the "reason switch" is less active under
permanent stress load, which makes impulse regulation, emotional
processing, and rational risk assessment more difficult.

Crucial for prevention: these neurobiological changes are not permanently
unalterable. Trauma-focused therapy methods such as EMDR (Eye
Movement Desensitization and Reprocessing) or trauma-cognitive
behavioral therapy demonstrably lead to measurable structural changes in
the brain—the amygdala calms down, the hippocampus reorganizes
memories, and the prefrontal cortex regains regulatory competence.
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Early detection and destigmatization

One of the greatest challenges in the police sector is the culture of
emotional self-denial: "I can handle it," "It’s part of the job," "I’'m not a
weakling." This culture, historically deeply anchored in professional
identity, is neurobiologically counterproductive: a lack of social support
after traumatic experiences is one of the strongest predictors for the
development of PTSD. Modern organizational psychology and
neuroscientific findings speak a clear language: resilience is not the
absence of stress, but the ability for regulation and restoration. Those who
seek professional support early after a critical incident protect not only their
mental health but also their long-term ability to serve.

Regulation and resilience: Practical strategies for Police Service

The knowledge of neurobiological stress reactions would be worthless if it
had no consequences for training and practice. In the following, evidence-
based strategies are presented that are relevant both for the individual
officer and for institutional training.

Breath control: The fastest regulation of the ANS

Breath is the only autonomic bodily function that can be controlled
willfully - and thus the most direct way to influence the ANS. Slow,
prolonged exhalation activates the parasympathetic system via the vagus
nerve and demonstrably lowers heart rate and cortisol levels within seconds
to minutes.

The "Tactical Breathing" (Box Breathing) developed by Dave Grossman
involves the following sequence: inhale for 4 seconds — hold for 4 seconds
— exhale for 4 seconds — hold for 4 seconds. Clinical studies prove a
measurable reduction in heart rate and a reactivation of the prefrontal
cortex after just a few cycles. Use cases include preparation before high-
risk operations, waiting situations, and deactivation after critical incidents.

Additionally, resonance breathing (Coherent Breathing) with 5 - 6 breaths
per minute has proven effective as a training method to increase heart rate
variability. With daily practice of 10 minutes, significant improvements in
ANS regulation capacity appear after a few weeks.
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Stress Inoculation Training

The concept of stress inoculation - originally developed by Donald
Meichenbaum (1985) and adapted for military and police contexts - is
based on the principle that controlled exposure to moderate stress changes
the neural response to extreme stress. The brain learns through experience:
if an officer repeatedly trains under simulated stress (increased heart rate,
time pressure, emotional provocation), he builds neural pathways that
remain activatable even under maximum load. Simultaneously, the
amygdala "learns" through positive experiences in stressful training
situations that activation is not necessarily linked to failure. Proven
measures include:

- Training exercises with preceding physical exertion (sprint or strength
exercises before the shooting range)

- Scenario training with unforeseen elements and emotional pressure
- Mental skills training: cognitive restructuring, self-talk under stress
- Operational debriefings with a neuropsychological perspective

- Realistic VR training with biofeedback monitoring

Heart Rate Variability (HRV) as a training biomarker

Heart rate variability (HRV) - the fine variation in the time intervals
between heartbeats - has established itself as one of the most valid
biomarkers for the function of the autonomic nervous system and
psychophysiological resilience. A high HRV indicates that the ANS can
switch flexibly between sympathetic activation and parasympathetic
recovery. Low HRV correlates with increased susceptibility to PTSD,
burnout, and limited decision-making ability.

For police service, HRV biofeedback offers both diagnostic and therapeutic
possibilities: HRV values measured at rest can serve as a baseline and
recovery indicator after stressful operations. In clinical studies, HRV
biofeedback training shows significant effects on PTSD symptoms, anxiety
levels, and cognitive function.
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Social regulation: The neglected factor

From the perspective of Polyvagal Theory, social connection is the
evolutionarily youngest - and thus most powerful - form of ANS regulation.
Conversation, eye contact, prosodic voice, and physical proximity to
trusted persons activate the ventral vagus nerve, trigger the release of the
"cuddle hormone" oxytocin, and demonstrably lower sympathetic
activation faster than solitary relaxation techniques.

Practically, this means: the follow-up talk with the operational partner after
a stressful event is not a weakness - it is a neurobiological means for self-
regulation. Teams that cultivate psychological safety for open
communication after critical incidents demonstrably reduce the PTSD
prevalence among their members.

Institutional responsibility: The organization as a stress factor

A neurobiologically informed view of the police profession must go
beyond the individual officer. Research on work-related stress and PTSD
consistently shows: the strongest predictor for mental health in high-risk
areas 1s not the number of traumatic events, but the perceived support from
the organization.

Officers who are primarily confronted with internal investigations, blame-
shifting, or a lack of information after a critical firearm use develop PTSD
significantly more often than those who experience support, transparency,
and normalization of their reactions. The message from research is clear:
institutional reactions to critical incidents are psychobiological
interventions - whether intended or not.

Evidence-based institutional measures include the implementation of
standardized psychological first aid (CISD/CISM) after defined triggering
events, mandatory basic neuropsychological training in police education,
destigmatization of mental healthcare by leaders acting as role models,
optional HRV diagnostics in high-stress areas, structured debriefings with
psychologically trained personnel, and the adjustment of shift planning
based on scientific findings on circadian rhythms and cortisol dynamics.
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Conclusion

Understanding the autonomic nervous system in extreme situations does
not mean explaining away or trivializing stress reactions. It means
respecting the biology of survival and acting more professionally,
humanely, and sustainably on the basis of this respect.

For police officers, this knowledge is transformative on several levels: in
the field, it creates mental stability because unexpected physical reactions
are experienced not as a loss of control, but as normal. In debriefing, it
protects against unjustified self- and external criticism for
neurobiologically inevitable reactions. In prevention, it forms the basis for
targeted training that addresses the right systems under the right conditions.
And in dealing with victims and witnesses, it enables more empathetic,
forensically correct interactions.

The message of modern neuroscience is both sobering and empowering:
the body under extreme stress is not an enemy to be defeated - it is a highly
developed survival system that, with the right knowledge, training, and
institutional support, can become a valuable partner.

“He who knows the biology of stress does not lose control - he wins it
back.”

Guiding principle of police stress physiology
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Chapter 3:
The stress response of the Police Officer

Police officers are regularly confronted with acute stress situations in the
course of their professional duties, requiring peak psychological and
physical performance. This technical article examines the complete
neurobiological and psychological process of a stress response - from
sensory stimulus perception and amygdalar threat assessment to
hypothalamic stress axis activation, cortical action planning, and motor
execution. Particular attention is paid to stress-induced limitations in
cognitive and physical performance, such as tunnel vision, time distortion,
memory impairment, and gross motor patterns. The findings are directly
relevant to training, operational tactics, and psychological aftercare in
police service.

Policing is among the most psychologically and physically demanding
professions in the public sector. Officers are confronted with a wide
spectrum of potentially life-threatening situations during operations - from
arrests of aggressive individuals and the use of firearms to mass incidents
and terrorist attacks. These situations activate at their core an evolutionarily
conserved neurobiological mechanism: the acute stress response.
Understanding this chain of reactions is not only of scientific interest but
has immediate practical consequences for operational training, tactical
decision-making, legal evaluation of police actions, and psychological
aftercare. Nevertheless, education and further training often provide too
little space for the systematic teaching of these fundamentals.

Phase model of stress response: Overview

Classic stress research - significantly shaped by Hans Selye (1936) and his
General Adaptation Syndrome (GAS) - distinguishes three main phases that
also serve as an orientation framework in the police context. These have
been considerably refined by newer neurobiological research.

In the context of police operations, the alarm phase and the first minutes of
the resistance phase are particularly relevant for decision-making, as life-
altering actions are performed within this window. The exhaustion phase is
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of importance for the long-term health of officers, particularly in the
context of chronic stress.

Stimulus perception and sensory processing
Peripheral sensors: The portal of information

The first step of every stress response is the perception of a potential
stressor by the sensory organs. In police operations, the visual system
(perception of weapons, aggressive posture, movement patterns), the
auditory system (screams, shots, communication), and the somatosensory
system (vibrations, pain) are primarily involved.

The conversion of physical stimuli into electrical nerve impulses occurs in
the specialized receptor cells of the respective sensory organs. These
signals are transmitted via neural pathways toward the brain.

The thalamic switch and parallel processing pathways

Decisive for the speed of the stress response are two parallel cortical
processing routes, as described by Joseph LeDoux in his groundbreaking
research: The "Low Road" leads directly from the thalamus to the
amygdala - fast, crude, and affective. The "High Road" leads via the
sensory cortex to the amygdala - slower, but more differentiated and
contextualized.

In a threat context, this means: even before an officer consciously perceives
that an opponent is drawing a weapon, the amygdala has already made an
initial, crude threat assessment and initiated the first physiological
reactions. This mechanism has evolutionary advantages - however, in a
professional context, it costs precision and increases the risk of erroneous
reactions.

Threat assessment: The Amygdala as an alarm system
Neuroanatomy and function

The amygdala - an almond-shaped nuclear complex in the medial temporal
lobe - is the central organ for emotional threat assessment. It consists of
several subnuclei, where the basolateral complex (BLA) processes sensory
input and the central nucleus (CeA) coordinates the stress response.
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The amygdala has direct connections to almost all relevant brain regions: to
the hypothalamus (triggering the neuroendocrine stress axis), to the
brainstem (autonomic stress reactions such as increased heart rate, pupil
dilation), to the prefrontal cortex (regulation and inhibition), to the
hippocampus (contextual classification and emotional memory), and to the
motor systems.

Threat relevance matching and emotional conditioning

The amygdala evaluates incoming stimuli by matching them against threat
patterns stored in emotional memory - a process that occurs largely
unconsciously. It recognizes biologically relevant threat signals particularly
efficiently, such as direct eye contact, attack-preparatory postures, rapid
approach movements, or the appearance of weapons.

Through professional experience and repeated exposure training, the
amygdala can be conditioned: stimuli repeatedly associated with danger
activate the stress response faster and more strongly. This so-called fear
conditioning is a double-edged sword in the police context - it can generate
life-saving reaction speed but can also lead to hypervigilance and
inappropriate reactions to non-threatening stimuli.

Neuroendocrine Stress Axis activation
The SAM Axis: Immediate Response in Milliseconds

The Sympatho-Adreno-Medullary axis (SAM axis) is responsible for the
immediate, lightning-fast stress response. Originating from the amygdala,
the hypothalamus activates the sympathetic nervous system via the
brainstem. This stimulates the adrenal medulla to release adrenaline
(epinephrine) and noradrenaline (norepinephrine) into the blood.

The result is a systemic mobilization of bodily resources within seconds:
heart rate and blood pressure rise (increased oxygen supply to the muscles),
bronchi dilate (improved ventilation), glucose is mobilized from the liver
and muscles (energy provision), peristalsis is inhibited, and blood clotting
1s prepared.
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The HPA Axis: Reinforcement and prolongation

The Hypothalamic-Pituitary-Adrenal axis (HPA axis) sets in with a slight
delay - within minutes to hours - and prolongs and reinforces the stress
response.

The hypothalamus releases Corticotropin-Releasing Hormone (CRH),
which stimulates the pituitary gland to release Adrenocorticotropin
(ACTH). ACTH, in turn, stimulates the adrenal cortex to produce cortisol.

Cortisol is the primary stress hormone of the HPA axis and exerts far-
reaching effects: it increases blood sugar through gluconeogenesis, inhibits
inflammatory reactions and immune functions, influences memory
consolidation in the hippocampus, and acts directly back on the prefrontal
cortex.

Cognitive processing and action planning
Role of the Prefrontal Cortex

The prefrontal cortex (PFC) is the neurobiological basis for higher
cognitive functions: planning, decision-making, impulse control, moral
judgment, and the regulation of emotional reactions. Ideally, the PFC
moderates the amygdala response through top-down inhibition.

Under acute, intense stress, however, this prefrontal influence is massively
restricted - a phenomenon referred to as "prefrontal shutdown" (PFC
Downregulation). Adrenaline and noradrenaline act directly on the PFC,
disrupting synaptic transmission in the networks responsible for working
memory and cognitive control. This shifts behavioral control from reflected
control to fast, automated, and emotionally driven reactions.

Stress-Induced limitations of cognitive processes

Narrowing of the Focus of Attention:Under high stress, a characteristic
narrowing of attention onto salient threat stimuli occurs. In the police
context, this manifests as so-called tunnel vision (Weapon Focus Effect):
the field of vision narrows to the perceived source of threat - often the
opponent's weapon - while peripheral information such as the number of
attackers, escape routes, or the behavior of bystanders fades from
consciousness.

Neurobiologically, this is attributed to the prioritization by the amygdala,
which focuses cognitive resources on the threat stimulus and inhibits other
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cortical processing capacities. The Weapon Focus Effect is a well-
replicated finding in forensic psychology and has direct implications for
witness reliability after extreme situations.

Working memory and decision quality: Working memory - the ability to
hold and manipulate current information in the short term - is significantly
restricted under stress. Studies show that working memory capacity can
drop by up to 30—40% under moderate to high stress. This impairs the
ability to simultaneously consider multiple action options, correctly apply
tactical rules, and adequately process verbal information (commands,
situational updates).

Time perception distortion: Time distortions - tachypsychia (perceived
slowing of time) or bradypsychia (perceived acceleration of time) - are
frequently reported phenomenological experiences in extreme situations.
Tachypsychia ("slow-motion" experience) is neurobiologically explained
by the increased neuronal processing speed under the influence of
adrenaline, as well as by selective focus, which increases subjective
information density.

Impairment of complex decision-making processes. Police situations often
require complex decisions under time pressure and information uncertainty.
Under high stress, the brain tends toward heuristic, simplified decision
strategies ("rule-of-thumb thinking") and activates behavioral schemas
deeply anchored through training and experience. This makes the quality of
prior training processes the decisive variable for the quality of action in an
emergency.

Motor action execution under tress
Motor control systems

Motor actions are coordinated by a hierarchically organized system: the
primary motor cortex (M1) sends direct signals to spinal cord neurons; the
supplementary motor area (SMA) and the premotor cortex (PMC) plan and
sequence movements; the cerebellum modulates precision and timing; the
basal ganglia regulate movement initiation and inhibition.

Stress-induced gross motor skills

Under acute high stress, a characteristic transition from fine to gross motor
patterns occurs. Adrenaline increases muscle tone and promotes fast,
powerful large-muscle movements - evolutionarily optimized for fight or
flight. Simultaneously, control over fine motor skills suffers: grip precision,
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writing ability, finger dexterity, and complex hand sequences are
significantly impaired.

For the police officer, this means specifically: opening holsters under high
stress takes significantly more time than in training; firearm technique
degrades (reloading and clearing malfunctions become more error-prone);
and activating safety mechanisms requires intensive overtraining-
automation.

Stress-induced tremor

Adrenaline-mediated stress-induced tremor occurs, particularly in the
extremities (hands, fingers). This tremor directly impairs shooting accuracy
and the fine motor operation of equipment. Neurobiologically, stress tremor
1s due to excessive stimulation of the muscles and altered cerebellar
modulation.

The role of automated schemas

A critical protective mechanism against stress-induced motor degradation is
the extensive overtraining of tactical behavioral sequences. Through
thousands of repetitive iterations, sequences of action are encoded as
procedural memory schemas in the basal ganglia and cerebellum. These
can be retrieved almost automatically under stress - with less dependence
on prefrontal control. This explains the practical training principle "Train
like you fight": the more operational actions are encoded as automatisms,
the less they are impaired by stress-induced PFC downregulation.

Stress-related psychological and physical limitations
Memory dysfunction

The hippocampus, central to the processing of declarative memories (fact-
based knowledge), is particularly vulnerable to stress-induced cortisol
release. Acutely elevated cortisol inhibits hippocampal long-term
potentiation (LTP) and thus impairs the consolidation of new memory
content.

In the police context, this has direct practical consequences: officers are
often unable to reconstruct a seamless memory of the sequence of events
after extreme incidents. Gaps in memory, fragmentations, and sequencing
distortions (incorrect temporal classification of events) are normal and are
not an expression of attempts to deceive, but rather a stress-physiological
reality.
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Dissociative phenomena

In extreme stress situations, officers frequently report dissociation - an
experience of unreality, detachment, or a kind of "automatic" execution of
action without clear awareness. Neurobiologically, dissociation correlates
with overactivation of the anterior cingulate cortex (ACC) and inhibition of
hippocampal context processing. Derealization experiences ("It was like a
movie") and depersonalization experiences ("I saw myself from the
outside") are frequently reported phenomena after firearm use and other
life-threatening situations.

Post-traumatic reactions

When the stress response exceeds the brain's processing capacity, an Acute
Stress Reaction (ASR) - which we will address later - or Post-Traumatic
Stress Disorder (PTSD) can develop. Characteristics include intrusions
(unwanted re-experiencing), avoidance behavior, negative cognitive and
emotional changes, and hyperarousal.

Neurobiologically, PTSD is associated with persistent overactivation of the
amygdala, reduced hippocampal inhibition, and dysfunctional prefrontal
regulatory capacity. Altered stress axis sensitivity can persist permanently
and fundamentally change the processing of future stressors.

Auditory and visual exclusion

Officers often report the phenomenon of auditory exclusion after firearm
use: shots that were demonstrably loud by measurement were hardly or not
at all perceived in the experience. This is neurobiologically explainable by
the prioritization of attention by the stress system as well as by the
analgesic and sensory-dampening effect of endogenous opioids
(endorphins, enkephalins) released under high stress.

Analogously, visual exclusions can occur: certain areas of the visual field -
particularly peripheral zones - are not consciously perceived despite
objective stimuli.

Increased pain tolerance

The repertoire of endogenous opioids released under stress significantly
increases pain tolerance. Despite severe injuries - gunshot wounds, stab
wounds - officers may initially report little or no pain sensation and remain
capable of acting. While this phenomenon is evolutionarily sensible
(fighting despite injury), it poses medical risks as life-threatening injuries
may be underestimated.
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Exhaustion and recovery physiology

After an intense stress response, a characteristic exhaustion phase occurs:
the cortisol plateau drops, sympathetic activation subsides, and
parasympathetic regulatory mechanisms gain the upper hand. Officers often
experience extreme fatigue, muscle exhaustion, tremors, and emotional
depletion immediately after the event. The recovery of the HPA system
requires sufficient sleep, nutrition, and time. Chronically repeated high-
stress activations without sufficient recovery times lead to a progressive
dysregulation of the stress system - with increased basal cortisol release,
disturbed negative feedback, and ultimately neuroendocrine exhaustion.

Implications for training and operational preparation
Stress inoculation as a training principle

The concept of Stress Inoculation Training (SIT) - developed by Donald
Meichenbaum - is based on the principle of controlled exposure to
increasing stress to calibrate neurobiological stress systems and automate
cognitive coping strategies. In the police context, this means: realistic
operational scenarios with progressive difficulty, physiologically
measurable stress loads, and immediate evaluation.

Automation of tactical core actions

Action sequences intended to be performed reliably under stress must be
trained to the point of automation - far beyond mere mastery. The target
should be procedural over-automation: actions should be retrievable
without explicit cognitive control. This applies to weapon handling, tactical
communication, self-protection movements, and first aid measures.

Mental simulation and cognitive preparation

Mental training - the cognitive anticipation and simulation of operational
scenarios - activates similar neural networks as real execution and
strengthens tactical memory schemas. Techniques such as "if-then
planning" (implementation intentions) can reduce the cognitive load during
operations by making decisions in advance.
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Psychological aftercare and prevention
Psychological first aid after extreme situations

Immediately following distressing operations, structured Psychological
First Aid (PFA) is crucial. Elements include: active listening without
judgment, normalization of experienced reactions, ensuring safety and care,
and facilitating social support. The earlier debriefing model (Critical
Incident Stress Debriefing, CISD) according to Mitchell is viewed more
critically today; current guidelines recommend PFA as the primary
measure.

Long-term prevention of chronic stress

Institutional protective factors for mental health in the police service
include: structured stress rotation and recovery periods, low-threshold
access to psychological support, destigmatization of mental stress reactions
in the organizational culture, peer support programs, as well as sports and
the promotion of physical regeneration.

Conclusion

The stress response of a police officer is not a psychological failure but a
biologically unavoidable, evolutionarily optimized mechanism that unfolds
both life-saving and potentially harmful consequences in modern
operational scenarios. The neurobiological foundations - from thalamic
stimulus transmission to amygdala threat assessment, SAM and HPA axis
activation, prefrontal downregulation, and through to gross motor skills and
memory dysfunction - are robustly researched, and their implications for
training, operational tactics, and law are soundly derivable.

Scientifically informed police training that explicitly addresses these
mechanisms can significantly improve the quality of action under stress,
reduce the risk of operational errors, and strengthen the long-term health of
officers. The destigmatization of stress-related psychological reactions
within the police organization remains one of the most important cultural
tasks for the coming years.
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Chapter 4: Acute Stress Reaction (ASR)

Neuropsychological and psychological foundations with reference to police
service

During their careers, police officers are confronted with situations that lie
far outside everyday human experience: the use of firearms, the death of
colleagues, mass casualties, or involvement in the most serious violent
crimes. In such moments, the human body and mind react in a way that
differs fundamentally from the everyday stress response. This phenomenon
1s known as Acute Stress Reaction (ASR)—an intense, time-limited
psychological and physical reaction to an exceptionally stressful event.

This article examines the nature of ASR from a neuroscientific and
psychological perspective, highlights the key differences from the regular
stress response, and embeds the phenomenon within the specific context of
police service.

What is an Acute Stress Reaction?

An Acute Stress Reaction is a short-term but intense psychological
response to a traumatic or exceptionally stressful event. It is established as
a distinct disorder in the International Classification of Diseases (ICD-11)
and occurs in immediate temporal connection with the triggering event -
usually within minutes to a few hours. By definition, it subsides within 24
to 72 hours.

Triggering events are considered situations that represent or could represent
a significant threat to life and limb - of one's own person or of others. In the
police service, these include, among others:

— Use of firearms with a fatal outcome

— Deployments involving a threat to one's own life (e.g., threat by a
weapon)

— Confrontation with victims of the most severe violent or sexual offenses
— Mass casualty incidents and disaster response

— Death or serious injury of colleagues on duty
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The regular stress response — A brief introduction

To understand ASR, it is helpful to first understand the normal stress
response. Everyday stress - such as time pressure, a difficult conversation,
or physical exertion - triggers a clearly regulated chain reaction in the body.

The central actor is the so-called stress axis in the brain: the hypothalamus
(a region deep in the brain) sends a signal to the pituitary gland, which in
turn activates the adrenal glands. These release the stress hormone cortisol.
Parallel to this, the autonomic nervous system - the part that functions
unconsciously - releases the chemical messengers adrenaline and
noradrenaline via the adrenal medulla.

The consequences are well known: increased heart rate, heightened
alertness, muscle tension, and accelerated breathing. The body prepares for
action. As soon as the stressor is removed, these values return to normal.
This reaction is adaptive - it helps to overcome challenges and maintains
performance.

The Acute Stress Reaction — When the system is overwhelmed

ASR differs from the regular stress response not only in intensity but
fundamentally in its quality. During extreme events - particularly when the
brain assesses the situation as life-threatening or subjectively
uncontrollable - the normal regulatory mechanism loses its controlling
function. What follows is not an orderly mobilization of resources, but a
reaction at the limit of human processing capacity.

Neurobiological processes

The focus is on the amygdala, an almond-shaped area deep in the brain that
functions as an emotional alarm system. It processes threat stimuli at a
speed that far precedes conscious thought. In the event of an extreme
threat, the amygdala fires a powerful alarm pulse and instantaneously
activates the body's entire stress apparatus.

At the same time, the activity of the prefrontal cortex - the region behind
the forehead responsible for rational thinking, planning, and impulse
control - is massively inhibited. This mechanism has evolutionary roots: in
an acute danger situation, survival should be ensured not by long
deliberation, but by immediate action. In modern police operations,
however, this same reaction can lead to complex decision-making
processes - such as assessing the proportionality of the use of force - being
significantly impaired.
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The stress hormones adrenaline and cortisol are released to an extent that
goes far beyond normal stress levels. This leads to a series of physical and
cognitive side effects that those affected often experience as alien and
frightening.

Another important neurobiological aspect concerns memory: the
hippocampus, a brain structure responsible for categorizing experiences in
a temporal and spatial context, functions with significant limitations under
extreme stress. This explains why those affected often remember events
fragmentarily, in a disorganized manner, or with gaps - a phenomenon that
is of particular relevance during the police recording of facts after critical
incidents.

Psychological symptoms of ASR

The symptoms of ASR can be divided into several areas:
Emotional reactions

- Intense fear, horror, helplessness, or emotional numbness
- Emotional blunting ("I felt nothing")

- Feelings of guilt or shame, even without objective cause

- Spontaneous outbursts of tears or, conversely, complete emotional
blockage

Cognitive reactions

- Mental narrowing (tunnel vision), loss of concentration

Repeatedly reliving the situation mentally (intrusive thoughts)

Disorientation, confusion regarding time and place

Inability to make decisions or severely slowed reactions
Physical reactions

- Strong trembling, sweating

- Nausea, dizziness, tachycardia (racing heart)

- Numbness in limbs
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- Exhaustion and lack of strength despite high levels of activation
Dissociation

Particularly characteristic of ASR is the occurrence of dissociative states.
Those affected describe experiences such as "being in a movie," "watching
oneself from the outside" (depersonalization), or the feeling that the
surroundings are unreal (derealization). These reactions are not signs of
psychological weakness, but neurobiologically explainable protective
mechanisms of the brain, which seeks a way to limit the flood of
information in an unsolvable situation.

Specifics in law enforcement

Compared to other professional groups, police officers are subject to
increased exposure to potentially traumatizing events. This is exacerbated
by the fact that police service demands a professional facade: officers are
expected to function in extreme situations, make decisions, and remain fit
for duty after the incident. This stands in fundamental contradiction to the
biological reality of ASR.

Three specific aspects deserve attention in the police context:
Cognitive limitations and proportionality

The inhibition of the prefrontal cortex caused by ASR can significantly
restrict the ability to make a differentiated assessment of the situation.
Officers who experience a critical event may be impaired in their
perception, communication, and decision-making in the subsequent
situation - a circumstance that must be taken into account during official
follow-up, witness interviews, and legal evaluations.

Memory and ability to testify

Incomplete or contradictory accounts after critical incidents are often not a
sign of a lack of care or even an intent to deceive, but rather an expression
of neurobiologically induced memory fragmentation. Memories are often
only successively reconstructed in the hours and days following the event
and may change in the process. This is well-supported by science and has
direct consequences for questioning strategies after critical incidents.
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