Peer Reviewed

High-Reliability Organizing, Time, and Motion

Daved van Stralen, MD, FAAP; Sean D. McKay, Element Res-
cue, LLC; Thomas A. Mercer, RAdm, USN (Retired)

“Prothesis in phonetics refers to adding
a syllable or sound to the beginning of a
word. In psychophysics and experimental
psychology, a prothetic process is

the linear addition of a quantity to a
continuum at the physiological level.
Time considered as linear measurements
will become confounded by nonlinearity

(1).”

Introduction

How we perceive time influences our study of time. We may per-
ceive time as continuity or a series of instances. Most likely, we
perceive time as a quantitative continuum that we add to — how
much time? We discriminate quantitative measures by additive
or “prothetic” processes. Time as a quantitative continuum is a
“prothetic process.” Prothesis in phonetics refers to adding a syl-
lable or sound to the beginning of a word. In psychophysics and
experimental psychology, a prothetic process is the linear addi-
tion of a quantity to a continuum at the physiological level. Time
considered as linear measurements will become confounded by
nonlinearity (1).

Continua for type and position are “metathetic” processes, physi-
ological ones that substitute additions rather than adding to ex-
isting measurements. These are qualitative measures as we are
changing the quality of the process (1). Consideration of time as a
prothetic, or additive, process means we discriminate categories
based on our sensitivity to differences. Psychophysics describes
this as “just noticeable differences” or JND (1).

“Time, a linear, prothetic process, is
readily considered a line without a
beginning or end. However, we can use
other time models, such as a branching
tree model where the past is fixed and
linear, but the future is open.”

Time, a linear, prothetic process, is readily considered a line with-
out a beginning or end. However, we can use other time models,
such as a branching tree model where the past is fixed and linear,
but the future is open. Time branches into multiple possible fu-
tures (2). These approaches find different uses, such as planning

compared to engagement in a novel or uncertain situation.

The fundamental distinction in the realm of instant-based time
models reflects contrasting perspectives on the nature of tempo-
ral progression. One pivotal categorization within this domain re-
volves around the dichotomy between linear and backward-linear
models, each offering unique insights into time structure.

“Linear models present time as a
straightforward progression, akin to

a continuous line extending from the
past through the present and to the
future. This representation implies a
singular, unidirectional flow, suggesting
a coherence in the temporal narrative.
Here, time unfolds in a seamless,
unbroken sequence, with each instant
following the one before it in an orderly
fashion.”

Linear models present time as a straightforward progression, akin
to a continuous line extending from the past through the present
and to the future. This representation implies a singular, unidi-
rectional flow, suggesting a coherence in the temporal narrative.
Here, time unfolds in a seamless, unbroken sequence, with each
instant following the one before it in an orderly fashion. The linear
model encapsulates that the future is undetermined and open to
unfolding events, making it a canvas for countless potentialities.

“Regardless of the chosen model,

the concept of minimal and maximal
elements in temporal ordering adds
another layer of intricacy. In the
temporal framework, minimal elements
correspond to the idea of first instants
in time, signifying the starting points
or origins, while maximal elements
represent the last instants, indicating
conclusions or ultimate endpoints.”

In contrast, backward-linear models introduce a more nuanced
and complex portrayal of time. These models propose a tree-like
structure, acknowledging that the past is fixed and follows a lin-
ear trajectory while the future branches into multiple possibilities.
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In this view, the past is immutable and serves as the foundation
for the present moment, which acts as a crossroads leading to
various potential futures. The branching nature of backward-linear
models allows for considering the future’s divergent paths, captur-
ing the notion of an open future with multiple unfolding scenarios.

Regardless of the chosen model, the concept of minimal and max-
imal elements in temporal ordering adds another layer of intricacy.
In the temporal framework, minimal elements correspond to the
idea of first instants in time, signifying the starting points or ori-
gins, while maximal elements represent the last instants, indicat-
ing conclusions or ultimate endpoints. Whether a temporal model
embraces or eschews these minimal and maximal elements con-
tributes to the overall narrative of the nature of time.

Ultimately, these distinctions in instant-based time models prompt
contemplation about the nature of temporal reality. Linear models
simplify the temporal narrative into a continuous stream, highlight-
ing the openness of the future, while backward-linear models ac-
knowledge the fixed nature of the past and the branching possi-
bilities that lie ahead. Considering minimal and maximal elements
further enriches the discourse, prompting exploration into the ori-
gins and endpoints of time within each conceptual framework. As
we delve into these distinctions, we deepen our understanding of
time’s intricate tapestry and the philosophical implications embed-
ded in our conceptualizations of its structure.

“Considering minimal and maximal
elements further enriches the discourse,
prompting exploration into the origins
and endpoints of time within each
conceptual framework. As we delve

into these distinctions, we deepen our
understanding of time’s intricate tapestry
and the philosophical implications
embedded in our conceptualizations of
its structure.”

This disregards the effect of time on thinking and actions. We use
the lateral prefrontal cortex when we take purposive, unrehearsed,
or unplanned actions. The longer we continue to act, the more we
use the lateral prefrontal cortex. Other factors include complexity,
novelty, uncertainty, or ambiguity of the information. Nevertheless,
time is the stimulus that places thought and action into the lateral
prefrontal cortex, the only part of the cortex that can coordinate
actions. The lateral prefrontal cortex executes elaborate behavior,
speech fluency, and creative activity (3).

Temporal logics and temporal-based actions support the sense of
agency for the individual while also following a formal logic struc-
ture. This is reasoning and logic about agents, agency, and their
actions of “stit logics,” such as “The agent sees to it that ...” This
describes how an agent’s choices bear on the world (2).

Time can affect truth propositions. We can more accurately de-
scribe the world using truth values that may change over time.
These are “tensed propositions,” which we distinguish from
“tenseless propositions,” those that never change. Tenseless
propositions are always true or always false (4).

Our comprehension of the temporal progression, often construed
as a sequence of distinct spatial positions occupied by an object,
intricately ties our perception of time to the concept of motion, as
elucidated by the philosopher Le Poidevin (2). This connection
between time and motion becomes even more pronounced when
examined through the lens of physics, where the use of reference
frames plays a pivotal role in understanding the dynamic nature
of events.

“In the realm of physics, a reference
frame serves as a coordinate system
that allows us to pinpoint the location of
an object in space at various points in
time. It acts as a conceptual scaffold that
facilitates the measurement of motion
and the establishment of a temporal
order.”

In the realm of physics, a reference frame serves as a coordi-
nate system that allows us to pinpoint the location of an object in
space at various points in time. It acts as a conceptual scaffold
that facilitates the measurement of motion and the establishment
of a temporal order. To illustrate, consider an individual inside a
moving vehicle; their reference frame differs from those outside
the vehicle. Despite the undeniable motion of the vehicle, each
person, whether inside or outside, perceives themselves as sta-
tionary within their respective reference frames. This highlights
the subjective nature of motion perception and underscores the
importance of reference frames in shaping our understanding of
temporal dynamics.

The dichotomy between stationary Eulerian specifications and
moving Lagrangian specifications further contributes to our com-
prehension of different reference frames in physics. Eulerian
specifications involve observations from fixed points in space, pro-
viding a static perspective on events. On the other hand, Lagrang-
ian specifications involve observations within the flow of events,
capturing the dynamic essence of motion. These specifications
essentially represent distinct vantage points from which we can
interpret and analyze the temporal unfolding of phenomena.

“The dichotomy between stationary
Eulerian specifications and moving
Lagrangian specifications further
contributes to our comprehension of
different reference frames in physics.
Eulerian specifications involve
observations from fixed points in
space, providing a static perspective on
events.”

To delve deeper into these specifications is to unravel the intrica-
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cies of different reference frames. The stationary Eulerian observ-
er witnesses events from a fixed standpoint, akin to an objective
observer outside the flow of change. Conversely, the moving La-
grangian observer is immersed in the dynamic currents of events,
experiencing phenomena unfolding from a perspective inextrica-
bly linked to the motion itself.

“Understanding these specifications as
different reference frames illuminates
the relativity inherent in our perception
of time and motion. It underscores that
our understanding of temporal order is
contingent on the vantage point from
which we observe events.”

Understanding these specifications as different reference frames
illuminates the relativity inherent in our perception of time and mo-
tion. It underscores that our understanding of temporal order is
contingent on the vantage point from which we observe events.
The dynamic interplay between different reference frames invites
us to consider the subjective nature of our temporal experiences.
It challenges us to reconcile these diverse perspectives in our
quest to comprehend the intricate dance between time and mo-
tion in the tapestry of the universe.

A reference frame is a standard to measure motion and rest,
allowing the description of motion without regard to forces and
masses. An “inertial frame” describes the relative motions of bod-
ies in the system. This is a spatial reference frame with some
means of measuring time to distinguish uniform and accelerated
motions.

Perhaps protocols for emergency use would have more utility if
we studied them in the context of time, motion, and acceleration.
This occurs whether our reference frame is one of Eulerian or
Lagrangian specifications.

Fear-Circuit Behaviors

While the time for actions brings in the lateral prefrontal cortex,
motion itself brings in the ventromedial prefrontal cortex (vmP-
FC) and the phylogenetically older midbrain periaqueductal gray
(PAG) nucleus.

“While the time for actions brings in the
lateral prefrontal cortex, motion itself
brings in the ventromedial prefrontal
cortex (vmPFC) and the phylogenetically
older midbrain periaqueductal gray (PAG)
nucleus.”

A distant threat within the “flight distance,” whether temporal or
spatial, increases activity in the ventromedial prefrontal cortex
(vmPFC), a region important for decision-making in uncertain,
risky, ambiguous, or context-dependent conditions. The vmPFC

uses conceptual information about specific outcomes to shape
affective responses, such as determining the most adaptive re-
sponse given the particular situation (5). The vmPFC connects
to the amygdala to determine the motivational importance or de-
gree of the threat (6). The amygdala connects onward to the bed
nucleus of the stria terminalis (BNST) to control a repertoire of
behavioral defensive states (7, 8).

Additional proximal threats will switch activity from the vmPFC to
the phylogenetically older midbrain periaqueductal gray (PAG)
nucleus. The PAG identifies an approaching or receding threat
to functionally switch the repertoire of behaviors to fast reflexive
behaviors (e.g., fight, flight, or freeze) (7, 9, 10). This continuous
switching within the PAG is a blend of the bottom-up responses
to threats before they come to our awareness and top-down corti-
cal neuromodulation from the vmPFC and the anterior cingulate
cortex.

The subjective representation of threat and the degree to which
it is felt is processed in the midbrain periaqueductal gray (PAG)
nucleus. The PAG coordinates behaviors essential to survival, in-
cluding threat reflexes, rapid changes to subcortical behaviors,
and startle/posture corrections. The PAG also processes the prox-
imity of threats (8).

The PAG also identifies an approaching or receding threat (9)
specific to one of the greatest fears, an approaching predator. De-
tection of changes in distance from threat functionally switches
the repertoire of behaviors the animal uses (9). Berkun et al. (11)
found this from the descriptions of army recruits in dangerous
situations. Distance as perceived physical proximity or time domi-
nated the thinking of “evacuators,” becoming the determinant for
running away.

“This movement from contextual
decision-making under uncertainty in
the vmPFC to reflexive decision-making
from the PAG makes the fight or flight
of the fear reactions appear to be the
same as the fight or flight from threat
reflexes. What it describes, though, is
actually the functional flow of response
to a developing danger as apprehension
leads to avoidance (flight), then becomes
engagement (self-defensive fight)."

This movement from contextual decision-making under uncertain-
ty in the vmPFC to reflexive decision-making from the PAG makes
the fight or flight of the fear reactions appear to be the same as
the fight or flight from threat reflexes. What it describes, though,
is actually the functional flow of response to a developing dan-
ger as apprehension leads to avoidance (flight), then becomes
engagement (self-defensive fight). As a functional approach, fear
reactions (PAG) develop from distance-based assessments, while
threat reflexes (amygdala) come from active danger.

The PAG has different functions in its several dorsoventral and
rostrocaudal divisions. Dorsal stimulation promotes passive freez-
ing, while ventral stimulation promotes escape and other active
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coping behaviors (8). From nose to tail, active coping strategies
shift from moderate threat display to active defense, aggressive
defense, strong threat display, and non-opioid-mediated analge-
sia, followed by vigorous escape when the enemy is near. When
escape from an enemy is impossible, passive coping strategies
disengage from the environment, and behaviors shift to freezing,
then moderate to strong immobility with increasing proximity. Last-
ly, strong freezing with opioid-mediated analgesia occurs (12, 13).

Social distance, a concept with multifaceted implications, oper-
ates as a dynamic force that can manifest as a threat or as a
source of support within the intricate fabric of human interactions.
The impact of social distance becomes particularly pronounced
when considering its dual role in evoking a sense of threat or fos-
tering a supportive environment.

“Social distance, a concept with
multifaceted implications, operates as

a dynamic force that can manifest as a
threat or as a source of support within
the intricate fabric of human interactions.
The impact of social distance becomes
particularly pronounced when
considering its dual role in evoking a
sense of threat or fostering a supportive
environment.”

In instances where social distance takes on the guise of a threat,
its effects mirror those elicited by more palpable dangers. The
close physical proximity of an individual perceived as threatening
triggers a cascade of responses akin to those evoked by a con-
ventional threat. This includes heightened vigilance, accelerated
heart rates, and the release of stress hormones. The emotional
and physiological reactions to perceived threats underscore the
intricate link between our social dynamics and our innate survival
instincts, emphasizing that social encounters can activate the
same primal responses as encounters with physical danger.

Moreover, transmitting fear responses through social interactions
adds another layer of complexity to the interplay between social
distance and threat perception. The contagious nature of emo-
tions within social settings underscores the powerful influence that
interpersonal dynamics can exert on individual well-being. Fear,
as an emotional contagion, can spread through social networks,
amplifying the impact of perceived threats and contributing to a
shared sense of unease within a community.

Conversely, social distance can manifest as a potent source of
support in the face of stress. Human beings, social creatures by
nature, have evolved mechanisms to create protective factors
against the strains of life. Social support, characterized by mean-
ingful connections and interpersonal bonds, is a buffer against
stressors. This protective function is observable at the neurobio-
logical level, as evidenced by the modulation of the hypothala-
mus—pituitary—adrenal (HPA) axis responsiveness to social stress.

In moments of social support, individuals experience a reduction
in the activation of the HPA axis, leading to a dampening of stress-
related physiological responses. This physiological modulation re-
flects the intricate interplay between social connections and the

body’s stress response system. The presence of a supportive so-
cial network serves as a form of psychological and physiological
resilience, mitigating the impact of external stressors and foster-
ing a more adaptive response to challenges.

“In essence, the dual nature of social
distance, acting both as a threat and

a source of support, underscores the
profound influence of social dynamics on
human well-being. The delicate balance
between the perception of proximity

and the quality of social interactions
significantly shapes our emotional and
physiological responses.”

In essence, the dual nature of social distance, acting both as a
threat and a source of support, underscores the profound influ-
ence of social dynamics on human well-being. The delicate bal-
ance between the perception of proximity and the quality of social
interactions significantly shapes our emotional and physiological
responses. Understanding this interplay is essential for navigating
the complex landscape of social relationships and harnessing the
potential of social support as a powerful ally in the face of life’s
challenges (14).

Fear reactions are conscious sensations experienced when ex-
posed to an imminent threat (15, 16). The amygdala sends signals
to the brain’s unconscious (subcortical) and conscious (prefrontal
cortex) regions, accounting for the uncontrolled fear responses
and the feeling of fear. The emotional response of fear, preceded
by a threat to self-preservation, is to diminish danger (17). This
creates the drive to avoid or escape, generally focusing on self-in-
terest, self-protection, or the protection of others. We can regulate
the feelings of fear by reappraising the situation or suppressing
the behaviors ((18-21) personal experience of the authors).

Anatomic Location

The initial fear reaction is cortical. With increasing proximity to the
threat, fear migrates to the midbrain.

A distant threat within the “flight distance,” whether temporal or
spatial, increases activity in the ventromedial prefrontal cortex
(vmPFC) - a region important for decision-making in uncertain,
risky, ambiguous, or context-dependent conditions. The vmPFC
uses conceptual information about specific outcomes to shape
affective responses, such as determining the most adaptive re-
sponse given the particular situation (5). The vmPFC connects
to the amygdala to determine the motivational importance or de-
gree of the threat (6). The amygdala connects onward to the bed
nucleus of the stria terminalis (BNST) to control a repertoire of
behavioral defensive states (7, 8).

Additional proximal threats will switch activity from the vmPFC to
the phylogenetically older midbrain periaqueductal gray (PAG)
nucleus. The PAG identifies an approaching or receding threat
to functionally switch the repertoire of behaviors to fast reflexive
behaviors (e.g., fight, flight, or freeze) (7, 9, 10). This continuous
switching within the PAG is a blend of the bottom-up responses
to threats before they come to our awareness and top-down corti-
cal neuromodulation from the vmPFC and the anterior cingulate
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cortex.

When the threat becomes proximal, we observe increased PAG
activity. This forebrain-to-midbrain switch is anatomically credible
in light of descending connections between the vmPFC/amygdala
and PAG.

“he implications of social interactions,
particularly the close physical proximity
of an individual perceived as threatening,
evoke responses analogous to those
elicited by more overt forms of danger.
The VIP connects to the amygdala

and then to the PAG for defensive and
aggressive behaviors.”

Intimidation through proximity.

Intimidation through proximity unveils a psychological and physi-
ological interplay that underscores the profound impact of social
distance on human behavior. Social distance, a crucial determi-
nant of personal boundaries, serves the dual purpose of maintain-
ing a secure “flight distance” and engendering a sense of control
over one’s immediate environment. The implications of social in-
teractions, particularly the close physical proximity of an individual
perceived as threatening, evoke responses analogous to those
elicited by more overt forms of danger. The VIP connects to the
amygdala and then to the PAG for defensive and aggressive be-
haviors.

The concept of a safe “flight distance” is deeply ingrained in our
evolutionary heritage, reflecting an instinctual need for person-
al space and a buffer zone to assess and respond to potential
threats. In this context, social distance acts as a crucial mecha-
nism to establish and maintain a sense of safety. The violation of
this perceived safe distance can trigger a cascade of reactions
similar to overt threats, including heightened alertness, increased
heart rate, and the release of stress hormones. The intimate link
between social proximity and threat perception highlights how our
social environment influences our fundamental survival instincts.

Moreover, the subjective nature of favorable or unfavorable social
distance is acknowledged, emphasizing the unique lens through
which individuals perceive and navigate their interpersonal space.
However, the peripersonal space, proximal to the body, introduces
an objective dimension to this subjective experience. This mea-
surable space constitutes an intimate zone where intrusion by
others induces discomfort and triggers specific neural responses.

The ventral intraparietal area (VIP) and a polysensory zone in
the precentral gyrus are key neural substrates that encode and
process information related to peripersonal space. These areas
form part of the intricate neural network responsible for integrat-
ing sensory inputs and motor responses in the context of spatial
awareness. Within these neural structures, visual receptive fields
play a pivotal role in delineating and mapping the boundaries of
peripersonal space. The responses exhibited by these areas are
finely tuned to the presence of nearby or approaching objects,
reflecting a heightened sensitivity to potential threats within this
intimate zone surrounding the body.

In essence, intimidation through proximity underscores the sig-

nificance of social distance as a regulator of perceived threat and
personal comfort. The intricate neural mechanisms associated
with peripersonal space highlight the physiological underpinnings
of these experiences, shedding light on how our brains navigate
the complex interplay between social interactions, physical prox-
imity, and the fundamental need for personal safety. As we delve
into the nuances of intimidation through proximity, we gain a deep-
er understanding of the intricate dance between our evolutionary
instincts and the intricacies of the social landscape. (10, 22).

“Changes due to time can surpass

our capabilities to process new or
changing information. This is as true for
large organizations operating within a
financial market as it is for an individual
contemplating the changing appearance
of a neonate.”

Conclusion

Our perception of time as quantitative and linear, a series of
“time instants,” confounds our ability to plan for and work with the
qualitative changes in time during evolving nonlinear time series.
Perception implies neurologic processing; we must process the
salience and relevance of time to give it meaning during events.
The truth value of some propositions can change with time, while
others do not. Classical logic and deductive reasoning are static
thought processes not capable of guiding reasoning for abrupt
changes or the engagement of forcing functions. We have tempo-
ral and multiple other logics (23).

Perception also occurs within our brain — diverse places for our
diverse senses. Time, itself, has a putative location in the hip-
pocampus but is itself not a sense. However, it alters our other
senses as we interpret events regarding our safety. Changes due
to time can surpass our capabilities to process new or changing
information. This is as true for large organizations operating with-
in a financial market as it is for an individual contemplating the
changing appearance of a neonate.

Time may shift our perceptions of the ventromedial prefrontal cor-
tex (vmPFC) for decision-making in uncertain, risky, ambiguous,
or context-dependent conditions. Alternatively, time may drive our
perceptions deeper into the brain, the phylogenetically older mid-
brain periaqueductal gray (PAG) nucleus. Our perceptions drive a
repertoire of escape and fast reflexive behaviors (e.g., fight, flight,
or freeze).

Finally, time is a measure of movement in the hippocampus.
Seemingly irrelevant items abruptly become relevant, even dan-
gerous. For this, the PAG nucleus supports escape and protective
behaviors.

What is not accounted for in this discussion is acceleration. Ac-
celeration is more deadly as it confounds our ability to predict
trajectories, hence the future, and our capability to withstand the
momentum of the threat.
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