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Summary
	 In highly stressful professions where decisions must be made under extreme pressure, mental readiness is a crucial factor in main-
taining performance, safety, and long-term well-being. Professions such as aviation, emergency medicine, military service, and law 
enforcement require individuals as well as entire teams to navigate unpredictable, high-stakes situations where cognitive agility, emo-
tion regulation, and stress resilience are essential. Without adequate mental preparedness, professionals and team members are more 
susceptible to impaired decision making, burnout, and psychological disorders, which can compromise both individual and organiza-
tional effectiveness. Despite its significance, mental readiness remains underemphasized in traditional selection and training programs, 
which often prioritize technical and physical skills. However, advancements in artificial intelligence (AI) and neuroscience offer new 
opportunities to enhance cognitive resilience. AI-driven predictive analytics, virtual reality (VR) training simulations, and biofeedback 
systems provide innovative methods for assessing and strengthening psychological preparedness. These technologies can help identify 
early signs of mental strain, optimize decision-making strategies, and develop personalized interventions to mitigate stress-related risks.
	 This paper explores the role of mental readiness in high-stress professions, emphasizing its impact on performance, safety, and 
mental health. It also examines emerging AI-based methodologies and psychological strategies designed to enhance resilience, im-
prove decision making, and foster long-term occupational sustainability. By integrating these approaches, organizations can better 
prepare individuals and team members for the psychological demands of their roles, reducing the likelihood of stress-induced errors 
and improving overall professional effectiveness.
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* * * * *

INTRODUCTION

In professions where the margin for error is razor thin 
and the consequences of failure can be life-altering, men-
tal readiness becomes as critical as physical or technical 
expertise. Stressful professions, including but not limited 
to civilian and military pilots, first responders, neuro and 
cardiac surgeons, special forces, air traffic controllers, fire-
fighters, and law enforcement demand exceptional mental 
fortitude and preparedness (Wiederhold, 2025). Individ-
uals in these fields routinely confront unpredictable and 
high-stakes situations, including life-threatening emer-
gencies, critical decision-making under pressure, and pro-
longed exposure to stress (Jacobs & Keegan, 2022). The 
ability to perform effectively and consistently in such en-
vironments is not merely a matter of technical proficiency 
or physical readiness; it is fundamentally linked to men-
tal readiness. Moreover, early detection, prediction, and 
prevention of mental health deterioration in high-stress 
professions are essential to minimize the risk of incidents 
influenced by human factors (Ćosić et al., 2024a).

Mental readiness encompasses a range of psycho-
logical, physiological and cognitive attributes and skills, 

including resilience, adaptability, situational awareness, 
emotion regulation, and stress resilience (Marquardt et al., 
2018, Ćosić, Popović, et al., 2012, Morrison and Fletcher, 
2002). Cognitive components, such as attention control, 
memory recall, decision making speed, and executive 
functioning, play a pivotal role in enabling individuals 
to process information rapidly and respond effectively 
in high-pressure situations. These skills not only enable 
rapid decision-making but also ensure that individuals 
can recover from setbacks and perform effectively over 
time. Cognitive appraisal is one process by which indi-
viduals interpret and evaluate stressors (vonRosenberg, 
2019). It is particularly important in high-risk scenarios, 
as it directly influences emotional and behavioral re-
sponses. Mental readiness is positively correlated to the 
feeling of confidence and being in control (McDonald 
et al., 1995). For example, surgeons must maintain un-
wavering focus during complex procedures, firefighters 
rely on rapid decision-making in unpredictable environ-
ments, and military personnel often operate under ex-
treme conditions that demand both split-second judgment 
and emotional control (McDonald et al., 1995). A lack of 
mental readiness can lead to cognitive, emotional, and 
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behavioral problems, including impaired decision-mak-
ing, heightened anxiety, and even maladaptive coping 
mechanisms. Mental readiness training has the potential 
to yield considerable preventative mental health advan-
tages, likely establishing a higher baseline level of resil-
ience, which could decrease the effects of chronic opera-
tional and organizational stressors (Ćosić, Srbljinović, et 
al., 2012). Research highlights the critical role of mental 
readiness in mitigating the adverse effects of occupational 
stressors, such as burnout, anxiety, depression, post-trau-
matic stress disorder (PTSD), and other mental health 
challenges (Arnsten, 2009; Ćosić, Popović, et al., 2012; 
Marquardt et al., 2018; McDonald et al., 1995; McEw-
en, 2007; Thompson & McCreary, 2006). Furthermore, 
fostering mental readiness contributes to improved team 
dynamics, better performance outcomes, enhanced long-
term well-being and overall organizational performance 
and functioning, on individual and group levels (Bowers 
et al., 2017; Cosic et al., 2016; Davison et al., 2017).

Despite its evident importance, mental readiness is 
often overlooked in selection and preparation programs 
for high-risk professions. This gap in focus underscores 
the need for a more comprehensive approach to training 
and professional development—one that integrates men-
tal readiness, as a core component alongside physical and 
technical competencies. This paper aims to explore the 
significance of mental readiness in high-risk professions, 
assessing its impact on performance, safety, and mental 
health outcomes. It will also discuss strategies to enhance 
mental readiness, including resilience training, stress 
inoculation, the incorporation of psychological support 
systems, and the potential of artificial intelligence (AI)-
based technologies. By emphasizing the importance of 
mental readiness, this research seeks to contribute to 
a broader understanding of how to better prepare indi-
viduals for the demands of high-risk occupations, better 
performance and sustainable career to meet the mental 
demands of such job position, adapt successfully in the 
presence of extreme risk, and successfully continue tasks.

Mental readiness as a complex construct encompass-
es sub dimensions such as attentional control, goal set-
ting, relaxation, activation, self-confidence, self-talk and 
imagery. It can be also seen as a set of personality traits, 
an assortment of skills or ways of behaving and thinking, 
or a combination of both personality traits and behav-
iors. States of mental readiness are related to all thoughts, 
feelings, beliefs, intentions, actions, memories, and per-
ceptions, i.e., overall individual cognitive, emotional, 
physiological, or behavioral states, that are present at a 
given moment in time to successfully cope with startle as 
unexpected and unpredictable situations. Under extreme 
conditions, chaos and uncertainty, mental readiness is 

the ability to control variations in peak performance and 
retain rational judgment. People who are mentally ready 
can manage severe stress and grow mentally stronger due 
to factors such as character, behavior, resilience, cogni-
tive skills and social acuity.

Research conducted in a variety of work settings such 
as sports, military and medicine, has integrated mental 
readiness dimensions to increase human performance in 
critical task episodes (Ćosić, Popović, et al., 2012; Krane, 
1994; Marquardt et al., 2018; McDonald et al., 1995; 
Thompson & McCreary, 2006). High-stress professions—
whether in healthcare, law enforcement, military, or other 
demanding fields—place a significant strain on mental 
endurance. These jobs require prolonged focus, quick 
decision-making, and the ability to remain calm under 
pressure. Over time, the mental toll of constant stress 
can lead to burnout, cognitive fatigue, and reduced per-
formance. Maintaining mental readiness and endurance 
in high-stress professions is essential for long-term suc-
cess and well-being. By developing coping strategies that 
strengthen mental readiness professionals can navigate 
the challenges of their jobs more effectively (Kent et al., 
2018; Maresca et al., 2022).

MENTAL, COGNITIVE, 
EMOTIONAL AND 
BEHAVIORAL STATES

Each mental state corresponds to one or more specific 
dynamic state variables, such as neuronal firing rates or 
synaptic weights that describe specific dynamics of dif-
ferent neural networks. For example, these mental states 
might be related to valence and arousal, which are at-
tributed to the dimensional model of emotional process-
es, or attributed to different cognitive processes, such as 
perceptions, attention, memories, or variables which en-
codes our visceral state (Thornton & Tamir, 2024). Men-
tal states also represent internal, or endogenous, factors 
that shape human behavior, as well as moods, emotions, 
motivation which trigger actions, reasoning, and plan-
ning states (Thornton & Tamir, 2024).

Mental states during startle operations and processing 
of unexpected situations and events might be characterized 
by heightened alertness and vigilance caused by a sudden 
stressful event. The impact of startle on working memory, 
short-term and long-term memory, as well as a temporary 
break in memory can lead to difficulties in decision-mak-
ing, which might be very high security risk (Diarra et al., 
2023; Sarmiento et al., 2024). Additionally, repeated ex-
posure to startling events can impact long-term cognitive 
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functions. Therefore, reliable monitoring of mental state 
during startle operations could help to prevent the po-
tentially dangerous effects of stress. Mental readiness in-
volves cognitive and emotional processes influenced by 
neurotransmitters and hormones (Salzman & Fusi, 2010). 
For example, norepinephrine enhances alertness in stress-
ful situations, while dopamine boosts focus and motiva-
tion (McEwen, 2007). Serotonin stabilizes mood, sup-
porting emotional resilience. Acetylcholine aids memory 
and learning, essential for cognitive function. Cortisol, in 
moderation, enhances alertness but can impair readiness 
if chronically elevated. Adrenaline prepares the body for 
immediate action, temporarily sharpening mental focus. 
The interplay between neurotransmitters and hormones 
affects mental readiness. For instance, stress hormones 
can alter neurotransmitter levels, impacting mood and 
cognitive function (Souza-Talarico et al., 2011). There-
fore, maintaining a balance of these chemicals through 
lifestyle choices like exercise, diet, and mindfulness prac-
tices can help enhance mental readiness.

Emotion significantly influences cognitive functions 
such as perception, attention, learning, and problem-solv-
ing. High-stress situations can impair essential cognitive 
states needed for decision-making and planning, increas-
ing the risk of critical errors. Negative emotions like fear 
and anxiety further disrupt performance (Cosic et al., 
2024). Real-time monitoring of operational data during 
sudden or unexpected events is crucial for maintaining ef-
fective task execution. Cognitive state directly affects per-
formance, including motor efficiency and decision making, 
making it a key area of research in fields such as surgery, 
firefighting, sports and driving (Dias et al., 2018; Frost et 
al., 2021; Hernandez-Mendo et al., 2019; Marquardt et al., 
2018; McDonald et al., 1995). Various sensors, including 
electroencephalogram, functional near infrared spectros-
copy, electrocardiogram, electromyogram, breathing rate 
monitors, and electrodermal activity sensors are used to 
assess physiological, emotional, and cognitive states in 
the laboratory but less so in real life situations.

During a startle response, sensory neurons triggered by 
sound, sight, smell, or vibration quickly signal potential 
threats, transmitting spikes from the sensory cortex to the 
amygdala, hypothalamus, and brainstem, ultimately reach-
ing the locus coeruleus which releases norepinephrine, and 
increases alertness, attention, and stress responses (Hormi-
go et al., 2015; Naegeli et al., 2018). The locus coeruleus 
integrates input from various brain areas, including the 
hypothalamus and cortex, to manage stress and arousal 
signals. The amount of norepinephrine released is linked 
to how a threat is perceived, influencing responsiveness 
(Haas & George, 1989). However, excessive norepineph-
rine release, particularly in response to prolonged stress, 

can impair higher cognitive functions in the prefrontal cor-
tex, prompting instinctual reactions (Bouras et al., 2023). 
Chronic activation of the locus coeruleus can lead to sus-
tained high norepinephrine levels, contributing to anxiety, 
fear, and intrusive memories, and may increase the risk of 
post-traumatic stress disorder and depression (Borodovit-
syna et al., 2018; Bouras et al., 2023; Naegeli et al., 2018).

The prefrontal cortex (PFC) is essential for higher-or-
der cognitive functions and is highly sensitive to the ef-
fects of stress. Even mild acute stress can quickly impair 
prefrontal cognitive abilities, while prolonged stress can 
cause structural changes in the PFC (Arnsten, 2009).

These effects are particularly significant in high-pres-
sure situations where PFC-mediated abilities, such as 
decision-making and task management, are crucial for 
success. The PFC is extensively connected to other brain 
regions that regulate emotions, motor actions, attention, 
and error monitoring. It also links to areas like the locus 
coeruleus, substantia nigra, and ventral tegmental area, 
which regulate norepinephrine and dopamine release 
(Salzman & Fusi, 2010). Under stress, the amygdala ac-
tivates stress pathways that increase these neurotransmit-
ters, weakening PFC regulation and enhancing the amyg-
dala’s influence, which can impair emotional control and 
decision-making (Arnsten, 2009). The PFC integrates 
information from both external and internal sources, in-
cluding emotions and cognitive plans, making it vital 
for maintaining mental readiness (Friedman & Robbins, 
2022; Salzman & Fusi, 2010). As such, comprehensive 
mental readiness training is essential to prevent exagger-
ated stress responses and cognitive decline through im-
proved PFC activity, enhancing situational awareness and 
performance across various operational scenarios.

Different emotional states have a particularly strong 
impact on attention, modifying its selectivity in particu-
lar and influencing behavior and action motivation. The 
amygdala is most often discussed in the context of emo-
tional processes since it is extensively interconnected 
with the PFC, especially the posterior orbitofrontal cortex, 
and the anterior cingulate cortex (Salzman & Fusi, 2010). 
Sensory input reaches the amygdala from higher-order 
visual, auditory, and somatosensory cortices, while its 
output extends to various target structures, including the 
PFC, striatum, sensory cortices, hippocampus, and sub-
cortical regions that regulate autonomic and hormonal re-
sponses linked to emotion. Emotions vary along two key 
dimensions: valence (positive vs. negative) and intensity 
(arousal). These factors are strongly encoded in the in-
teraction between the amygdala and prefrontal circuits 
(Salzman & Fusi, 2010). 

Integration and interaction among mental, cognitive 
and emotional states determine human mental readiness 
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as function of time. A crucial element of cognitive-emo-
tional interaction is the growing evidence that cognitive 
processing is influenced by and operates alongside emo-
tional processing. Notably, key brain regions involved in 
emotional processing include the amygdala, cingulate cor-
tex, orbitofrontal cortex, and mid-ventral prefrontal cortex 
(Seitz, 2022). Appropriate ontology or taxonomy for smart 
fusion of all these mental states and processes could be ex-
tremely important and tricky research topic since for ex-
ample, stress and mental workload are sometimes difficult 
to disentangle due to the similarity of their physiological 
indicators like increase in heart rate (Causse et al., 2024).

ARTIFICIAL INTELIGENCE 
IN MENTAL READINESS 
ASSESSMENT

In recent years, advancements AI have presented new 
opportunities to enhance mental readiness in stressful 
professions. AI-driven tools, such as predictive analytics, 
virtual reality (VR) training simulations, and biofeedback 
systems, offer innovative ways to assess, train, and monitor 
cognitive and psychological preparedness. Early identifi-
cation and monitoring of individuals with low stress resil-
ience are crucial to preventing long-term mental health dis-
orders. The treatment of mental disorders, their prevention, 
and the promotion of mental well-being are three essential 
pillars of modern psychiatry (Jakovljevic, 2023). AI-based 
predictive methodologies integrate multimodal neuro-psy-
cho-physiological data sets to assess mental health risks, 
detect suicidal ideation, and enhance automated treatment 
delivery. By leveraging diverse data sources, such as brain 
imaging, biomarkers, and social media activity, AI has 
the potential to transform psychiatry from predominantly 
pharmacotherapy to a more data-driven, analytic disci-
pline, improving early detection and prevention strategies 
for vulnerable individuals (Ćosićet al., 2020). AI can be 
utilized to create personalized training programs that sim-
ulate high-stress scenarios tailored to specific professions 
such as law enforcement, healthcare, military service, air 
traffic control, and firefighting (Ćosić et al., 2024a; Wie-
derhold, 2025). For instance, AI-powered VR simulations 
allow emergency responders to practice handling high- 
stress scenarios in a controlled environment, building their 
resilience before facing real-life challenges (Bernardo, 
2017; Haase et al., 2004). In other examples, neuro and 
cardiac surgeons can use VR simulations to practice rare 
and high-stakes procedures, while firefighters can engage 
in AI-designed drills that replicate hazardous scenarios 
(Alaraj et al., 2011; Bernardo, 2017; Haase et al., 2004).

VR therapy is an innovative tool in psychiatry, offer-
ing controlled and immersive environments for treating 
anxiety disorders, PTSD, eating disorders, and addiction 
(Maples-Keller et al., 2017). By enabling graded expo-
sure, cognitive restructuring, and guided visualization, VR 
enhances traditional psychotherapeutic techniques while 
improving patient engagement and treatment outcomes 
(Dilgul et al., 2020; Maples-Keller et al., 2017). AI sys-
tems could monitor stress levels and provide interventions 
in real time to maintain peak performance. Assessing 
mental readiness during exposure to startle-based opera-
tions—high-intensity, sudden events that require immedi-
ate action—can involve AI-based tools that measure phys-
iological responses, such as heart rate variability and skin 
conductance response, alongside cognitive assessments of 
situational awareness and decision-making speed (Endsley, 
1995). Additionally, AI-powered mental health support 
systems can provide real-time feedback and interventions, 
helping to address stress and fatigue before they impact 
performance (Cornet & Holden, 2018). High-stress profes-
sions, such as law enforcement, healthcare, military ser-
vice, civilian and military pilots, air traffic controllers, and 
firefighting demand rigorous mental health evaluations and 
innovative therapeutic approaches to maintain psychologi-
cal resilience and operational readiness. Cutting-edge tools, 
including AI-based predictive models, personalized treat-
ment strategies, and VR therapy, hold great potential for 
identifying and addressing stress-related disorders before 
they escalate. By adapting evidence-based interventions 
like cognitive-behavioral exposure therapy, stress inocu-
lation training, and emotion regulation techniques, these 
methods can enhance coping mechanisms, improve mental 
readiness, and support long-term well-being in high-risk 
occupational settings (Ćosić et al., 2024a).

Mental readiness as complex brain-body interac-
tions can be assessed by comprehensive multimodal 
neuro-physiological measurements and appropriate task 
objective defined as the difference between ideal, need-
ed or expected task performance, and reality. Different 
task conditions, such as high mental workload, physical 
or mental stress, distracted attention, fatigue, excessive 
workload, decline of performance, loss of confidence, or 
situational disorientation can significantly impair human 
cognitive functions and decision-making abilities leading 
to human performance degradation. Assessment of mental 
readiness during unpredictable and unexpected stressful 
operations requires real time synchronization of data re-
lated to human neuro-psycho- physiological features and 
corresponding environmental conditions related to spe-
cific objectives or task performance. This synchronicity 
among all relevant real time input information is extreme-
ly important for accurate computation of mental readiness 
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which must be preserved during computation time. Real 
time cross-correlation analysis of human multimodal 
physiological, emotional and cognitive fluctuations with 
ongoing changes of operational context and task complex-
ity is critically important for realistic semantic interpreta-
tions of individual’s functional states and mental readiness. 
For example, in aviation, a pilot’s semantic interpretation 
of all flight parameters, such as flight weather conditions, 
operational and tactical situations, and situational aware-
ness, is critically important for evaluation of their flight 
performance. Increases in heart rate during steady state 
stationary flight could be used to signal potential pilot 
mental stress or overload, while normal heart rate increase 
is usually associated with take-off and landing. Therefore, 
context analysis is extremely important for correct inter-
pretation of different physiological fluctuations and appro-
priate thresholds or limits for each neuro-physiological 
state variable during some specific operational conditions. 
Using the above example, a heart rate increase over a pre-
defined baseline limit of what is expected during landing 
could be used to signal difficulties that may require specif-
ic alarm or intervention by air traffic control. Understand-
ing interactions of all these neuro-psycho-physiological 
multimodal features within specific flight environments is 
crucial for developing strategies for how to manage and 
mitigate the negative impact of startle situations, especial-
ly for pilots who are operating in highly stressful unpre-
dictable and unexpected flight conditions. Therefore, syn-
chronized consideration of flight context, pilots’ mental 
states and their performance in real time are a prerequisite 
for the reliable estimation of pilots’ mental readiness. Real 
time neurophysiological measurements and their contex-
tual interpretation may detect drift towards safety bound-
aries and risky performance or operators’ functional states 
which may lead to potential disaster.

New wearable noninvasive technologies available to-
day offer a tremendous opportunity to acquire human’s 
multimodal neuro-psycho-physiological signals for assess-
ing their mental readiness. Continuous and comprehensive 
real time monitoring of complex physiological parameters 
using a wide range of wearable sensors which enable accu-
rate identification of challenging physiological, emotional 
and cognitive states. Various sensors monitor physiologi-
cal and behavioral states. Electrodermal activity (EDA) or 
skin conductance response (SCR) tracks skin conductance 
associated with sympathetic vs parasympathetic activi-
ty (Posada-Quintero & Chon, 2020). Electrocardiogram 
(ECG) records heartbeats, while electroencephalogram 
(EEG) and electromyography (EMG) detect brain, mus-
cle, and nerve activity. Photoplethysmography (PPG) es-
timates heart rate and blood oxygen levels (Dzedzickis 
et al., 2020). Respiratory belts (RB) track breathing, and 

electrooculogram (EOG) monitors eye movements. Accel-
erometers, gyroscopes, and magnetometers capture body 
movement. Modern technology utilizes up to 1,200 digi-
tal sensors to analyze 8,000 physiological and behavioral 
features, enabling advanced machine learning applications 
in health and behavior analysis (Dang et al., 2023; Sab-
ry et al., 2022). Longitudinal tracking and monitoring of 
human multimodal neuro-psycho-physiological features 
are a valuable source of information for prediction of hu-
man mental readiness and functional performance during 
stressful startle operations (Cosic et al., 2019).

Machine and deep learning methods can significantly 
enhance the prediction of human mental readiness and 
performance by analyzing complex patterns of large neu-
ro-psycho- physiological datasets, considering operation-
al context and human performance during startle opera-
tions (Chen et al., 2022; Garriga et al., 2022; Le Glaz et al., 
2021; Sabry et al., 2022). These predictive models can be 
continuously retrained with real time data, improving ac-
curacy and adaptability in dynamic environments. Using 
machine learning and deep learning (ML/DL) algorithms, 
such models can predict individual mental readiness and 
performance by evaluating nonlinear relationships be-
tween contextual conditions, human reactions, and men-
tal states, helping to prevent errors or failures. Various 
algorithms, such as Support Vector Machines, Random 
Forests, and Recurrent Neural Networks, are employed to 
create these models, while traditional methods like fuzzy 
logic may offer advantages for real time applications re-
quiring speed and precision (Sarker, 2021). The ML/DL 
models should be continually trained and updated with 
new multimodal neurophysiological data during specif-
ic task execution. Domain knowledge related to specific 
task, job or mission is essential for the model’s accuracy. 
However, the inclusion of irrelevant features can reduce 
model accuracy, emphasizing the importance of selection 
of only domain relevant features, for example, heart rate, 
breathing rate, and motion acceleration features.

DISCUSSION

This article builds upon our long-standing research 
on various aspects of mental health, related to stress 
resilience, VR and AI applications (Beroš et al., 2021; 
Ćosić et al., 2010, 2018; Cosic et al., 2019, 2020; Ćosić 
et al., 2020, 2021; Cosic et al., 2024; Ćosić et al., 2024b, 
2024a; Ćosić, Popović, et al., 2012; Ćosić, Srbljinović, et 
al., 2012; Kopilaš, 2019; Kurtak et al., 2024). Conducted 
in collaboration with academic institutions such as Em-
ory University School of Medicine, Hadassah Hebrew 
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University, Wayne State University School of Medicine, 
Harvard University, and Massachusetts General Hospital, 
our research has been focused on high-risk professions, 
such as military special forces, air traffic controllers, and 
pilots (Cosic et al., 2019; Cosic et al., 2024). These proj-
ects have been funded by NATO’s Science for Peace Pro-
gram, European Defence Fund among others.

Unfortunately, the lack of mental readiness is often 
overlooked as a key risk factor, and can be the main 
cause in many tragic accidents related to highly stress-
ful professions and occupations during unpredictable and 
unexpected events or situations. Therefore, mental read-
iness, particularly among those at high risk due to high 
workload, fatigue, or exhaustion, are crucial to minimize 
potential tragic incidents and consequence caused by hu-
man factors. Their overloaded, stressful professional life-
style and inadequate rest can disrupt circadian rhythms, 
leading to fatigue, burnout, anxiety, depression, chronic 
stress and potentially culminating in posttraumatic stress 
disorder in the event of trauma exposure. The long-term 
consequences of such states can adversely affect overall 
performance, behavior and decision-making processes, 
potentially leading to tragic accidents and loss of life.

Contextual features may also include valence and arous-
al as components of the dimensional emotional model, like 
level of perceived stress, i.e., emotional context of current 
situation and its changes during startle operations. Reliable 
and accurate expert labeling or annotation of valence and 
arousal during different flight conditions is important for 
training of corresponding ML/DL models, enabling deep-
er semantic understanding of startle dynamic complexity. 
Dynamics of these variations and their cross-correlation 
with neuro-psycho- physiological changes and human 
performance determine the level of their mental readiness. 
The difference between expected states and conditions and 
unexpected startle events can cause proportional activa-
tion of stress-related brain networks. For example, such 
startle events can release dopamine and norepinephrine in-
flux towards cortical structures, particularly parietal cortex 
which is in charge in cooperation with prefrontal structures 
for situational awareness. Consequentially, the limbic net-
work induces hyperactivation of the sympathetic nervous 
system and proportional neuro-psycho-physiological feed-
back which can be measured in real time. Prestartle, startle 
and post-startle fluctuations of an individual’s multimodal 
neurophysiological feedback illustrate variations of their 
emotional states, such as fear, stress, anxiety, and cogni-
tive appraisal, including attention tunneling, distracted 
attention, and cognitive overload. In order to get a better 
and deeper understanding of operational contexts and sit-
uational awareness during unpredictable and unexpected 
startle situations we need stronger support and assistance 

of state- of-the-art tools and means of artificial intelligence, 
particularly generative AI.

AI-driven predictive methods can detect early signs of 
psychological problems, enabling timely interventions to 
prevent severe mental health conditions in high-stress oc-
cupations. Explainable AI can serve as an intuitive digital 
assistant, identifying specific patterns and subtle warning 
signs of mental decline, thus facilitating prompt preven-
tion and intervention. Longitudinal tracking of neuro-psy-
cho-physiological responses could help predict stress re-
silience, mental health disorders, and performance under 
stress, which are crucial for task safety. Monitoring their 
cognitive, emotional, and behavioral states during startle 
operations could identify individuals at risk of acute or 
chronic mental health issues. Using AI and ML to ana-
lyze these data may allow early detection of mental health 
problems and the selection of individuals for preventive 
training or treatments. This approach could reduce unex-
plained tragic events linked to human factors and mental 
health. Continuous monitoring of their physiological data, 
combined with preventive treatments like cognitive-be-
havioral therapy, mindfulness, and stress inoculation 
training, should be integral to mental health strategies.

State of the art technology based on wearable digi-
tal sensors, digital therapeutic apps and new AI and ML 
tools and means may provide tremendous opportunities 
to improve a continuum of mental health and well-being 
in highly stressful professions, encompassing stress inoc-
ulation training, prediction, prevention and treatment. A 
variety of wearable devices, like smart watches, armbands, 
wristbands, chest straps, shoes, helmets, glasses, lenses, 
rings, textiles, and hearing aids can collect huge amounts 
of data which might be used by a variety of ML meth-
ods, like deep neural networks for training and predictive 
modeling of human mental states. The complexity of 
these applications may require high computational pow-
er, particularly with an increased number of customized 
multisensory inputs and modalities, numerous neuro-psy-
cho-physiological features and sophisticated ML training 
algorithms. Therefore, these applications will require suf-
ficient distributed processing power, an adequate amount 
of memory, high-speed interfaces capable of moving large 
amounts of data, multisensory and multimodal input-out-
put interaction devices, etc. Such applications need im-
mediate analysis and processing of large data sets, timely 
decisions, and accurate decision-making.

Usage of distributed architectures and cloud comput-
ing related to analysis of big data sets on multiple hierar-
chical levels, as along with advanced ML algorithms and 
advanced analytics, may provide accurate and insightful 
identification of individuals with compromised mental 
health. While cloud computing offers the flexibility of 
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storage and computational resources on- demand, it comes 
with compromises in higher costs, power consumption, la-
tency, and challenges for preserving the privacy of both 
the data and the ML model. If the sensor data is stored on 
centralized servers with personally identifiable informa-
tion about an individual’s mental health, and if that infor-
mation is hacked, the individual’s privacy might be com-
promised. Therefore, acquiring and processing sensory 
data on local devices keeps the data private and decreases 
the latency for the prediction/classification, because there 
is no need to transmit large amounts of data from edge 
devices to the cloud outside of the user’s control. How-
ever, this cloud-edge computing architecture depends on 
specific applications, the size of the data streams and ML 
models to be used in training and testing.

CONCLUSION

Continuous and comprehensive monitoring of complex 
human physiological parameters using a wide range of 
wearable sensors enables the early identification of com-
promised physiological and cognitive states. This approach 
offers several advantages, such as improved safety and 
security, better healthcare management and an enhance-
ment in performance quality, life satisfaction, and over-
all well-being. Recent literature suggests that improving 
mental health care and safety management, supported by 
AI-based tools and methods, should be a fundamental part 
of a stronger prevention strategy to avoid the serious con-
sequences of mental health decline within highly stressful 
professions (Ćosić et al., 2020; Cosic et al., 2024; Ćosić et 
al., 2024b; Thakkar et al., 2024). The capacity to make fast-
er and more accurate predictions is crucial for stopping the 

progression from acute stress to severe chronic disorders 
like PTSD or burnout. This is especially important for in-
dividuals in high-risk, high-stress roles with constant cog-
nitive demands. Timely predictive modeling could, there-
fore, be lifesaving for employees dealing with significant 
mental health challenges. As technology continues to ad-
vance, bringing more processing power, larger data storage 
capacities, a wider range of sensors, more sophisticated AI 
and ML algorithms, and improved prediction accuracy, we 
have the opportunity to design, develop, and validate more 
advanced multi-purpose, cost-effective capabilities. These 
capabilities can facilitate immediate alerting, stress detec-
tion and stress management, positively impacting on safety 
and security of such professional occupations.
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