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Abstract

HRO has become better studied, producing concepts that bring
clarity to its structure and function. Reliability, safety, and resil-
ience, as concepts, do not carry the same immediacy of a fellow
worker in danger or bringing a novice into the workforce in a way
that that novice may save you. Reviewing how workers did their
Jjobs while ensuring their own safety reveals elements of HRO
that are at risk of becoming lost. We reviewed the experiences of
WWII heavy bomber crews, high-rise ironworkers, underground
miners, prison chaplains, fire rescue ambulance crews, and Viet-
nam aerial combat aviators. From their experience, we describe
a VUCA-2T environment (Volatility, Uncertainty, Complexity. Am-
biguity-Threat, Time Compression). Workers pass through, if not
caught up in, a liminal zone. The common themes across work
domains include suppressing fear, trust, helping the novice, pro-
tecting your partner, recognizing fear in fellow workers, and local
leadership. Perhaps the organization's response to liminality dif-
ferentiates management by high reliability organizing from con-
ventional organization management.

“Too much difference from what the
physician knows, too much discrepancy
from what is expected, a disrupted
response to treatment, or any abrupt
change, and the neonatologist must figure
something out. That figuring forms the
basis of High-Reliability Organizing.”

Introduction

Arriving at a resuscitation, the neonatologist looks for the familiar
and what is different. Drawing upon knowledge and experience,
the physician begins treating the neonate. Too much difference
from what the physician knows, too much discrepancy from what
is expected, a disrupted response to treatment, or any abrupt
change, and the neonatologist must figure something out. That
figuring forms the basis of High-Reliability Organizing.

This figuring out seems more reliable coming from scientific evi-
dence using the best practices identified by experts. Concepts,
categories, standards, and rules create norms for decisions and
action (1), comforting us that we are doing the right thing. That
is until an abrupt change jumps us into a different situation. Or

the novelty or uncertainty of the situation keeps us from clearly
identifying a specific treatment. Inability to control events or the
people around us brings frustration. Failed response to treatment
brings death perilously near. The drive to act rapidly becomes dis-
orienting. The individual impulsively takes any option that appears
better (2). From within the situation, all decisions are rational, and
all actions are reasonable. On the outside, things look different.

Stress responses reduce distraction to create focused attention
and allow our learned responses — the "tried but true." Fear reac-
tions keep us a safe distance from the threat to create a comfort-
able area to work. Threat reflexes initiate action to create engage-
ment before we can fully recognize the danger (3, 4). On the other
hand, unmodulated stress responses inhibit memory retrieval
and constrain thinking. Unmodulated fear reactions misdirect our
behaviors toward offensive and defensive protective actions. Un-
modulated threat reflexes focus on self-protection, paradoxically
increasing failure (4).

“The HRO, on the other hand, investigates
failure as a result of impaired stress
capacity, fear management, of threat
disruptions. The HRO re-evaluates
leadership and systemic decision
migration, early engagement, and support
to the individual operating within the
trajectory.”

Unmodulated behaviors experienced as organized suites and
structured ensembles become expected, even normal. We per-
ceive them as cultural traits. Unrecognized unmodulated behav-
iors too easily escalate toward cascading failure (3). Failure ap-
peared inevitable. Failure explained by events or "the system."
Failure ascribed to human error or shortcoming (5). The HRO, on
the other hand, investigates failure as a result of impaired stress
capacity, fear management, of threat disruptions. The HRO re-
evaluates leadership and systemic decision migration, early en-
gagement, and support to the individual operating within the tra-
jectory.

A concern for leaders in an HRO is an undue emphasis on the nor-
mative stance at the expense of the pragmatic stance (6, 7). This
emphasis impairs the "organizing" component of HRO and can
remain covert in an untested system. HRO, conventional organi-
zation management, and all manner of reliability, safety, and resil-
ience programs perform well in stable environments. What differ-
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entiates HRO from other programs is its origins within dangerous
contexts, the capability to modulate abrupt disruptions, horizontal
translation between industries, vertical translation within an orga-
nization, and, most significantly, the ability to extend an organiza-
tion into uncertain or treacherous environments.

We can learn from industries operating in dangerous environ-
ments, but not through studies conducted in a controlled labora-
tory (8, 9). Laboratory research constrains the subject's ability to
respond, which does not represent the real-world environment.
Neither can a researcher mimic a live-or-die circumstance (8).
Field research incorporates the heterogeneity of populations and
practices, group expertise, and the spaces and concepts created
by science (10). Field experience identifies gaps between theory
and practice (11), the effect of granular, local influences, manifes-
tations of stress and fear, and the local effects of threats (6).

Concepts and linear inference (scientific logic) generate the abil-
ity to predict. To predict is to prepare, thus creating a safe margin
for organizational managers. To know the concept is to know the
properties, thus creating a knowledge system. But predictions for
stochastic environments or human behaviors, whether individual
or collective, misleads planners at a fixed reference point and par-
ticipants within the flux of events. Prediction for HROs is literally a
matter of life or death; inaccurate models can kill (9).

“To predict is to prepare, thus creating a
safe margin for organizational managers.
To know the concept is to know the
properties, thus creating a knowledge
system. But predictions for stochastic
environments or human behaviors,
whether individual or collective, misleads
planners at a fixed reference point and
participants within the flux of events.”

This article introduces into the HRO literature academic research
that objectively described the field environment and presented the
experience of individuals. We evaluated for consequential influ-
ence from concepts (1, 12, 13). Mental and emotional balance,
trust, and neuromodulation are learned skills. They can be readily
learned within the milieu of operations.

We describe the environment that necessitates neuromodulation
of stress, fear, and threat; HRO as a quality that emerged from
adaptive beliefs and behaviors; and social cognition and prosocial
behaviors as HRO characteristics.

The Environment

We can readily understand the function of stress, fear, and threat
behaviors within the context of danger, yet we more commonly
experience the behaviors in a liminal zone. The military concept
of "VUCA" to describe threats to national security (14, 15) and the
anthropological experience of liminality as a transition (16) have
entered the lexicon of business, public safety, and healthcare. The
incomplete translation of VUCA, liminality, and HRO theory into
the practice of reliability and safety comes with the loss of nuance
and missed, subtle cues within the environment (6). Unrecognized
is the loss of neuromodulation as a skill and methods for its ac-

quisition.
VUCA: Volatile, Uncertain, Complex, Ambiguous

In 1995, US Army researchers working in the Carlisle (Pennsylva-
nia) Barracks, US Army War College, described the global envi-
ronment developed at the end of the Cold War as VUCA: volatile,
uncertain, complex, and ambiguous (14, 15).

— Volatility comes from the rapid and abrupt change in
events.

— Uncertainty describes the lack of precise knowledge
about the situation, our need to obtain more information,
the unavailability of the necessary information.

—  Complexity refers to the large number of interconnected
and changing parts that come together to create the situ-
ation.

—  Ambiguity describes how multiple interpretations, causes,
or outcomes may be possible for one situation.

VUCA-2T: VUCA with Threat and Time Compression

VUCA is a military concept. Military professionals carry the implicit
assumption that they work in a dangerous and lethal environment
of "going in harm's way" (per John Paul Jones). Consequently, the
concept of threat is not translated into civilian applications (17).
On the other hand, the author (DvS) had included time compres-
sion into the element of volatility as the quality of instability (17,
18). A special group in SOCOM (Special Operations Command)
used "VUCAT" but found the element of time compression to have
such importance it should stand alone (Sean McKay, personal
communication). We now use VUCA-2T though the group uses
VUCA-T? (19).

—  Threat impairs cognition and decision-making.

— Time compression describes the limitations on acquir-
ing information, deciding, or acting before consequential
changes in circumstances. Time compression is not a
quality of time-dependence or time-limitation.

A threat more often takes place out of sight of the public. People
then reject or misunderstand how threat formed HRO and how it
makes a program stronger. Threat acts as a motivating condition
to generate a set of beliefs and behaviors from within the ranks of
workers and relatively independent of the organization or regula-
tory agencies (20). This form of informal subculture is an adapta-
tion to operate in a hazardous environment. Without discussion
of threat, we lose many HRO elements and misunderstand HRO
characteristics.

We incorporated well-understood experiences for threats, such as
military operations and high-rise ironwork, and some that people
may not be fully aware of the threats such as underground min-
ing, prison chaplain, and fire department rescue ambulance work.

Underground mining is dangerous and geographically, physically,
and socially isolated. Mines operate in unpopulated, rural areas
away from major population centers, emergency rescue teams,
and medical care. Mining in some areas has a social and occupa-
tional stigma attached to isolation manifested in defensive group
solidarity. Miners work underground in small groups, physically
separated from, and unable to communicate with, other work-
groups. "For the miner, danger requires a response. It is a com-
mon, day-to-day, potentially lethal occurrence” (20)
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A prison is built on the tendency of inmates to harm others. How-
ever, prisons must allow inmates to practice their own religion,
including access to a religious or spiritual advisor. Prison chap-
lains work in this dangerous context to meet the pastoral needs
of inmates. However, they must maintain vigilance for their own
safety as inmates, even the inmate they counsel, may intend harm
to the chaplain. Prison chaplains work as treatment staff within a
correctional facility, occupying a liminal social space between cor-
rections officers and inmates (21). This also creates an HRO-type
of subculture.

“It is a bit discomfiting when we find
ourselves in a space we do not belong, or
that is meant for passage. The discomfort
arises from the loss of context but

also when the discomfort triggers the
sympathetic nervous system.”

Liminality

It is a bit discomfiting when we find ourselves in a space we do
not belong, or that is meant for passage. The discomfort arises
from the loss of context but also when the discomfort triggers the
sympathetic nervous system. The triggered behaviors for stress,
fear, and threat do not belong in the absence of danger, yet the
trigger continues to incite these internal responses. The liminal
zone described in anthropology is that space between a world we
know and a world we do not, where our old rules do not apply, and
we have not learned the new rules (16). In this area of experience,
we must engage the situation to leave, yet we do not know what
works (1).

The liminal zone challenges us as individuals but also for plan-
ning, leadership, and organizational science. These are tempo-
rary spaces where we either do not belong or that were created to
pass through. We do not have context. We cannot rely on learned
concepts, policies, or rules (1). We may have entered a liminal
space as a neonatologist approaching an active resuscitation, or
we may have space thrust upon us when a neonate abruptly de-
teriorates. Liminal zones also expose us to other, quite different,
experiences such as a physically hostile parent or a NICU dam-
aged from an earthquake or hurricane.

Liminal zones are not continuous with routine operations or with
each other. Abrupt changes disrupt operations. Our treatments
may abruptly disrupt the disease process and the neonate's phys-
iology. Such a sequence of experiences creates the more com-
mon "punctuated experience" of resuscitation that necessitates
constant evaluation and re-evaluation rather than sensemaking
guiding us from the immediate past to the immediate future. "HRO
is a trajectory of engagement that fuses now with the experience
of then into simultaneous inquiry and redescription," Karl Weick
(personal communication). Karl Weick describes the repeated
presentation of abrupt changes as "punctuated sensemaking”
(personal communication). Every action is a failure, and every ac-
tion creates an unrelated or disconnected experience.

We would rely on our knowledge and experience, except we do
not know what will work or what results we can reach. This is the
"practice of reliability" to engage an uncertain problem within the
liminal zone (1). Through engagement, we work to increase our
chance of success while also decreasing the effect of failure. We

simultaneously react to events while preventing events. This prac-
tice of reliability is an extension of our team into the liminal space
at a local level and the extension of the art and science of neona-
tology at a larger level of analysis. This is how neonatologists and
neonatology have gained life.

While this may describe common experiences, it does not de-
scribe how VUCA-2T or the liminal zone places demands on the
brain's survival system. Nor how those demands affect our think-
ing and behavior. It is your brain that tells you that your brain is
working well. Healthcare professionals in emergency and critical
care believe what their brain tells them. They believe they have
healthy stress, fear, and threat response for disagreements,
abrupt disruptions, and danger. Thus, unmodulated cognitive
functions remain unrecognized and even appear logical. "I had
to yell/stare/intimidate to make the team act." Maladaptive and
dangerous stress-fear-threat reactions then enter the culture and
become accepted, even though lethal.

The liminal experience shapes the HRO by shaping the individual.
Experience describes the changes within an individual due to the
environment (1). The liminal zone's more severe environment has
a profound effect on the individual, sometimes as a larger num-
ber of small liminal experiences or fewer but more severe inci-
dents. What makes High-Reliability Organizing is not the number
or severity of liminal experiences but learning how to perform in
the liminal zone. These are lessons learned firsthand for prison
chaplains rather than by instruction, such as an inmate who uses
trust to manipulate the chaplain. Liminal experiences have three
functions for chaplains (21):

— a rite of passage for chaplains that proves their mettle
and demonstrates an ability to navigate these situations;

— teaching to be proactive for assessing potential problems
with inmates and engage early rather than allowing them
to escalate;

— providing up-to-date "lesson stories" to be shared.

Engagement of a liminal experience, rather than passive endur-
ance, change the cognitive domain and the affective domain. Per-
haps the differentiation of trust, risk, and danger between prag-
matic and normative stances (6) lies in the lexicon of liminality.

WWII American bomber crews arriving in the theater of operations
were insecure and defensive. In action, they were overly self-
assured though some were particularly diffident (22). About their
tenth raid [the airmen had entered and remained in liminality]:

the man had experienced fear and by now knew that he
could deal with it; he found that care and skill and cool-
ness in the pilot and crew had a real bearing upon the
question of his return; he saw that his crew and his air-
plane could withstand catastrophe; he developed an "es-
prit de corps" regarding his squadron, and was now really
part of it. He developed for the first time a sense of his re-
sponsibility to his mates and to formation. At this stage...
the men were effective, careful, fighting men, quiet and
cool on the ground and in the air. They attained a sort of
tranquility despite their anxiety. They had very little need
for defensive mechanisms of any sort to deceive them-
selves or anyone else. [Authors' emphasis.] They talked
easily and quietly (22).

Neuromodulation of stress, fear, and threat

Drive the course as fast as you can in the police car. Two runs.
Then we learn if we passed the LAPD "skid school" for high-speed
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driving. For the second run, we used the siren. All of us, fire de-
partment rescue ambulance drivers, had passed. We asked what
the failing time would be. "There isn't one. If you drove faster with
the siren, that means you are run by adrenaline. We don't want
you" (DvS, personal experience).

Manage your fear

A second-year pediatric resident felt her mind freeze. As the crit-
ical care transport physician, she walked up to the head of an
infant in cardiac arrest. The referring team left when they saw
her enter the emergency department. They had been unable to
achieve a sustainable heart rhythm. Her mind froze; she couldn't
think. That is the report she gave one of the authors (DvS) when
she returned to the PICU. She said it was a familiar sensation as
the author had earlier given her an exercise to recite the months
of the year alphabetically. The exercise demonstrates how quickly
cortisol impairs memory retrieval. Inability to think in a crisis is a
neurochemical effect, not a measure of cognitive ability or intel-
lect. She checked the endotracheal tube "because it was work-
ing." She could immediately think and then stabilized the infant in
20 minutes. Voluntary, directed movement can counter cortisol-
mediated freeze.

One paradox of fear is managing fear through the act of not show-
ing fear. This is not the same as not showing fear through denial
of the threat or false bravado. This comes from the acceptance
of fear by all participants with the realization that showing fear
impairs performance (personal experience and observation of the
authors; (21, 23, 24). A major norm in mining is to not become
victim to your own emotions, "don't get excited," "play it cool" (23).
Described by a journeyman high-rise ironworker, "One must ac-
cept danger and fear without allowing it to control or adversely
affect your behavior" (24). For the prison chaplain, one state code
of ethics includes, "l will be constantly mindful. To the best of my
ability, | will remain calm in the face of danger” (21).

Those with personal experience have learned that suppression
of the fear response reduces the effects of fear. They each learn
methods to neuromodulate during their routine dangerous tasks.
Experienced veterans also learn how the expression of fear alone
spreads the fear response to others. In mining, one can express
frustration through an emotional outburst, but there is a limit that
the outburst must not pass (23). For the prison chaplain, recogniz-
ing the threat from being alone in a prison yard enhances alert-
ness, yet they also recognize sustained levels of alertness nega-
tively affect thinking, generate paranoia, and create cynicism and
skepticism for people's intentions (21).

“One paradox of fear is managing fear
through the act of not showing fear. This is
not the same as not showing fear through
denial of the threat or false bravado.”

One piece of information

The engine stopped. He was flying a small Pacer air-
plane up the mountains toward a pass in an area with a
big valley surrounded by mountains. Going up the moun-
tain when with the engine went out. The only way to land
was going up the hill. He thought about what to do. He
figured he could dive downward. Then, while he still had
flying speed, he would turn up to land uphill toward the

end of the valley.

On another flight, he was flying at night when the engine
stopped. It was out of gas; he had no gauges, had no
instruments, and had no lights. He began a descent into
a forest, planning for the trees to break the landing. One
hundred feet above the trees, quickly coming into view,
he saw a field. He lowered the landing gear to slow his
airspeed and went for the field. The landing gear, not fully
deployed, caused the plane to swerve as it crashed.

The 3G force was what kept him thinking. In a small plane,
he had been told the cockpit could handle a landing with
a force of 3Gs. Knowing he would be safe no matter what
happened, he was able to figure out a solution.

Both crashes occurred in the early 1950s. In 2018, he
learned how a person could neuromodulate thinking when
in danger. That is when he understood how he could think
clearly while his plane was about to crash into a moun-
tain pass or into trees at night. One piece of information,
safety at 3Gs, was enough for him to think clearly.

Charles Aldridge, personal communication to the author
(DvS).

You are part of your equipment. Feelings are powerful and influ-
ence thinking, behavior, and body functions. That was the mes-
sage given to airmen in preparation for the emotional stresses
of combat in WWII (25). While anger and fear emerge in many
forms, what counts is its direction toward destructive or construc-
tive effects. "Fear must be clearly related to its real cause, and
that relationship must be maintained, because you can't attack a
problem if you don't know what the problem is," David G. Wright,
Captain, Medical Corps, USAAF (25).

A subculture for dangerous contexts

"The requirement for reciprocity applies to most social exchanges
and is especially pronounced during occasions of danger or ac-
cidents. Miners know that they can count on other miners to be
available and lend assistance during their moments of peril. They
also know they are expected to and will return a similar favor to
another miner someday in the future" (23).

HRO was codified from the Nimitz class nuclear aircraft carriers.
The system called HRO emerged from 1) the experience of 35
years of naval aviation warfare, 2) Captains with both aerial com-
bat and complex ship handling experience and nuclear propulsion
training, and 3) the high technical knowledge and professionalism
of the nuclear-trained crew (7). What is easily missed is how HRO
developed from routine operations in the liminal zone.

The liminal zone more than distinguishes HRO from other ap-
proaches for safety, reliability, and resilience. Liminality also dis-
tinguishes operational organizing from administrative organizing,
leadership at the operational level from executive leadership, and
operations within the trajectory of events from observation and
operations at a fixed point. Most significant, liminality underscores
the necessity to have neuromodulation of stress, fear, and threat
integrated into the organization.

Entering a VUCA-2T environment or a liminal zone, we shift our
orientation from routine work to short-term objectives. From a
distance, it appears to make sense to have training and plans
in place. The expert following the rules performs poorly (26, 27)
and has plans for everything to have plans for nothing. The HRO
organizes differently because, despite best intentions, "What you
do in an emergency is what you do every day," Jim Denney, EMS
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Captain, LAFD, US Navy Seabee Vietnam Veteran. This article
introduces methods for individuals and small groups to develop
daily operations that rapidly expand for emergencies.

“The liminal zone more than distinguishes
HRO from other approaches for safety,
reliability, and resilience. Liminality also
distinguishes operational organizing from
administrative organizing, leadership

at the operational level from executive
leadership, and operations within the
trajectory of events from observation and
operations at a fixed point. ”

To "manage your fear" refers to the affective response, not to dis-
regard the threat. Experienced workers accept the threat's reality,
which means they teach the novice how to work around the threat.

From daily to emergency

Accurate observation and description will reframe the situation
from imagination to actionable concreteness. The prison chap-
lains' experience being observant reduced their stress working in
prisons and aided their vigilance for things "not right." As a re-
sult, they experienced less complacency, a well-known danger in
prison work (21).

Along with accuracy in observation is accuracy with the lexicon. A
primary step Ron Stewart (founding president of the National As-
sociation of EMS Physicians) took when creating the paramedic
program in Los Angeles County was accurate medical terminology
and descriptions (personal observation, DvS). Manifestations of
this step influenced information gathered in the field, communica-
tion with physicians and hospital personnel, and medical thought
processes. The author continued this method by creating a PICU,
critical care transport program, and subacute care programs. The
prison chaplains changed negative words, like "riot," to neutralize
the lingering feelings of negative feeling. They could remain cau-
tious without becoming overwhelmingly paranoid or too fearful to
work (21).

A final comment on accurate observations and how they influence
our thinking, adrenaline does not cross the blood-brain barrier.
There is no adrenaline in brain tissue because adrenaline does
not cross the blood-brain barrier (26).

Human safety systems

The human stress system evolved to support an effective re-
sponse against an acute physical life threat, assisting immedi-
ate escape and survival (27-29). Neuromodulation of this rescue
system, part of the sympathetic nervous system, allows harmony
with the growth system, or parasympathetic nervous system, for
adaptation to various circumstances.

Neuromodulation allows the stress-fear-threat system to balance
our human response to the level of demand. In this way, we re-
duce our reactions when called for resuscitation and find the neo-
nate responded to initial treatment, and we accelerate our reac-

tions when the neonate we are treating deteriorates abruptly.

Without neuromodulation, the stress-fear-threat system contrib-
utes to unrecognized, normalized, instrumental, and even insti-
tutionalized maladaptive behaviors. These behaviors come in
suites of related behaviors common to humans and ensembles of
behaviors developed within individuals from instrumental experi-
ence (3). A shared threat, such as fear of malpractice, error, or
a leadership style, creates the ecology of fear, further normaliz-
ing maladaptive behaviors that contribute to a culture of fear. The
strength of the stress-fear-threat system is lost.

Stress, fear, and threat motivate engagement, maintain a safe
working distance, and focus attention toward action (3, 4). Military
and public safety operations rely on the neuromodulation of stress
responses, fear reactions, and threat reflexes.

One author (DvS) has educated staff for neuromodulation during
the development of a PICU, subacute care facilities, and several
EMS education programs. However, the wrong education sub-
stance (teaching and content) makes good people and organiza-
tions vulnerable to compensated but covert failure. They will not
recognize or identify the proximity of failure because the system
continues to operate. Operations will continue through failure until
there is an abrupt, severe disruption with unexpected catastrophic
failure.

HRO emerging from adaptive beliefs and behaviors

This material comes from observations written within a dangerous
context before extramural regulations circumscribed behaviors or
concepts became established that would influence interpretation.
This is the material experienced veterans shared with novices.

“Without neuromodulation, the stress-
fear-threat system contributes to
unrecognized, normalized, instrumental,
and even institutionalized maladaptive
behaviors. ”

It seems intuitive, if not prudent, to select personalities for high-
risk work. At the least, we would want training designed for work
in confusing environments with rapid, abrupt change. These in-
dustries — WWII heavy bombing, US Marine Corps recruit training,
high-rise ironwork, hard rock mining, prison chaplain — trained the
novice to the job and allowed the intensity of danger to reinforce
what was learned. One psychiatrist joined a B-17 crew "to a dis-
tant target in enemy-occupied Europe." He observed a crew of
diverse personality types in action, everyone wounded, the plane
badly damaged and flying alone, with successful return to Eng-
land in doubt (22):

"It was striking that the emergency did not tend to in-
crease the differences in the reaction patterns of the dif-
fering personalities; rather they came to act in much more
similar fashion than usual...The reduction of all personal-
ity types to a common reaction pattern appears to be a
matter deserving contemplation."

A second difficulty arises when incorporating bona fide experi-
ence into any safety, reliability, or resilience model: the inability
to compare liminal experience and engagement to established
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laboratory or field studies. The academician seeks to generalize
research findings across many settings, seemingly unidirectional
from laboratory settings and peacetime to operational, live-or-die,
in extremis situations (30). Observers outside the liminal experi-
ence or who use a fixed frame of reference (6) rely on a deduction
to categories using linear inference to place new information into
known concepts (1).

“It seems intuitive, if not prudent,

to select personalities for high-risk

work. At the least, we would want
training designed for work in confusing
environments with rapid, abrupt change.”

While translating between these environments seems counterin-
tuitive, we argue in this paper that migration of the model to one of
the human-circumstance interactions will illuminate the similarities
and elucidate the mechanisms. There is a gap between observa-
tions in combat and laboratory studies(30), theory and practice
(11), discrete concepts and continuous perceptions (31), and

abstractions and concreteness (Karl Weick, personal communica-
tion). Engagement in the liminal zone melds both sides of the gap
(6) to bring an understanding of HRO to those outside live-or-die
experience.

Functional nature of the subculture

The subculture that develops for hazardous work — the rules, be-
liefs, attitudes, and values — reduces the expected mental stress.
As a subculture isolated from the general population, those who
work in dangerous contexts constrain each other to safety norms
(20).

Ironworkers will "binge" each other, harassment meant to reinforce
boundaries and mental control of emotions (32). Miners constant-
ly assumed that how a miner worked could avoid accidents and
that recognizing and coping with potentially dangerous situations
could be learned. They always respected a dangerous situation.
They did not bend or ignore rules (20). Clergy build their culture
with trust, yet clergy working in prisons, prison chaplains, learn
to "watch out" when they work in prisons. They must apply their
pastoral skills in an institution not built on trust, where the worst
can happen, with inmates having tendencies to harm others (21).

Leadership

Organization management reaches its limits at the ambiguous,
moving boundaries of liminal zones and deadly contexts (6, 30,
33). The May 1996 Mount Everest climbing disaster illustrates
the unrecognized risk inexperienced people generate when they
knowingly cross the liminal zone threshold or enter a dangerous
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context (33, 34). We are well-served to remember the chemistry
lab mantra — "hot glass looks like cold glass." A dangerous moun-
tain looks like a safe mountain. A miseducated organization looks
like an HRO.

Leadership for high altitude mountain climbing developed from ex-
perienced participants. As climbing became settled, novices and
outsiders began high altitude climbing. May 1998, a low-pressure
weather system passed over Mount Everest. This was the equiv-
alent of abruptly gaining several thousand feet, a deadly occur-
rence at that altitude for the climbers. The environment looked the
same. The threat was not visible to inexperienced sojourners on
the climb and was disregarded by some experienced leaders (33).
Eight climbers died.

What works in a stable, predictable environment also works in
the liminal zone and dangerous contexts. However, the longer it
works, the stronger the belief that outsiders and inexperienced
leaders have in their leadership and management abilities. What
becomes lost is the unique knowledge and experience necessary
for liminal zones, dangerous contexts, abrupt changes, and punc-
tuated events. Designs and the normative stance work...until they
don't. In the subsequent chaos, "if you don't have it, it doesn't ex-
ist" (a common firefighter sentiment).

Operators engage within the turbulence and trajectory of events,
generating information and knowledge for lessons learned (1,
6). A fixed-point reference frame outside the flux of events has
a broader view with less confusing nuance. Concepts neatly and
rapidly coalesce, partly for the purposes of organization man-
agement and sometimes for the needs of distant regulators and
customers. The speed, putative strength, and familiarity of these
accounts drive them to dominance. Lost are the experienced hid-
den voices that captured ephemeral lessons learned (34). As the
baseline shifts (35), the subculture for dangerous contexts drifts,
looking more and more like the dominant culture.

“The May 1996 Mount Everest climbing
disaster illustrates the unrecognized risk
inexperienced people generate when they
knowingly cross the liminal zone threshold
or enter a dangerous context (33, 34).”

Leadership in dangerous contexts and the liminal zone is local,
an ephemeral nature rapidly shifting between those with local in-
formation and those with knowledge for action (personal observa-
tion of the authors; (36)). This type of leadership supports self-
organization during the event and the necessary improvisation to
generate solutions (18). It naturally arises during the experience
of lethal threat (interviews by the authors; (36)).

In mining, the shift boss worries that the inexperienced miner will
most likely be injured. For novices, accidents were due to igno-
rance. Miners have a uniform belief that guidance and experience
make a good and safe miner. It is the shift boss's responsibility
and experienced miners to teach and mentor new workers (23).

The United States Marine Corps uses social learning theory (37)
during recruit training for socialization and to model desired be-
haviors. The drill instructor facilitates this enculturation (38, 39).

Fear is not weakness
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Fear is taken for granted. You can have fear yet continue to work
and be accepted by your colleagues. There are no cowards.
Withdrawing from a dangerous situation does not diminish one's
reputation in mining (23) or ironwork (24). Miners and ironworkers
respect others' fears and limitations without testing their courage
(23, 24).

Military and public safety operators also accept an individual's
fear, yet they must follow through to engage the problem despite
an elevated probability of death [personal experience of the au-
thors; interviews with San Bernardino City Police officers and
Bouches du Rhone (France) fire officers; (38)).

Fear is the only natural reaction to the inescapable threats of com-
bat. It is common to everyone.

“Leadership in dangerous contexts and the
liminal zone is local, an ephemeral nature
rapidly shifting between those with local
information and those with knowledge

for action (personal observation of the
authors; (36)). This type of leadership
supports self-organization during the
event and the necessary improvisation to
generate solutions (18).”

"The whole physiologic reaction of your body to fear is to pre-
pare your body for action. You are prepared to respond to threat
with vigorous action. When you cannot respond, you still have the
sensations necessary for response" (25). That is the quandary of
fear and anger, your body has prepared you to respond. But you
cannot.

Help the new member

Uncontrolled fear responses impair performance not only in dan-
gerous situations but also can create a dangerous situation. Both
novice and newly hired veterans are at risk. The novice is gaining
experience in a new discipline while the newly hired is learning a
new team. Both individuals operate in a liminal zone.

Not possessing the requisite knowledge and skill results in poor
performance and injury. The focus on training and the apprentice
period is to develop qualified members. Miners believed it is the
duty of the veteran miner to guide and teach the novice miner.
The new miner would learn to work in a way to avoid accidents,
recognize potential danger, and learn how to respond to such situ-
ations (23). Journeyman ironworkers told apprentices how to act
by having them think out their tasks and make sure their cowork-
ers do the same. The journeyman would present situations, even
if it was not the job of the apprentice. The apprentice would then
give interpretations of the proper actions as "part of the process
of sharing this perspective about fear and threatening coworkers"
(24). The US Marine Corps sees recruit training as developmental
and positive despite the high personal demands. Drill Instructors
were are present to help, not harass the recruit (38-40).

In ironwork, apprentices cannot appear incompetent because
they can inadvertently cause serious problems. Asking questions

can be a sign of incompetence, just as not asking questions could
be. The apprentice ironworker dilemma is the dilemma of a novice
nurse, resident, or attending physician in the NICU — how to learn
without revealing ignorance (32).

Prison chaplains are taught that awareness can help control risks
and prevent problems. Abrupt social disruptions erupt from re-
sentments nurtured over long periods. Alert officers and veteran
chaplains notice the subtle warning signs. The vigilance of prison
chaplains for subtle changes in human behavior is much the same
as an experienced leader in an HRO — "anticipate risk in order
to control it effectively," and "chaplains assumed the existence of
risk, even in the absence of evidence of a clear threat" (21).

There was no effort in these dangerous industries to scare or test
the novice's mettle with situations or horrible stories of death (23,
24, 38). Rather, veterans were supportive. In the mines, a new
miner would be greeted with comments along the lines of: "First
time in a mine? Don't worry; it ain't that bad. You'll do all right" (23).
The experienced veteran gives meaning to the feeling of fear and
stress.

Every state and facility corrections training for prison chaplains
has a strong focus on the threats from inmates, often in the first
section of the training session. Training includes how to negotiate
risky situations when the prison chaplain is alone, including being
taken as a hostage (21).

To increase stress capacity and performance in US Marine Corps
recruits, successful drill instructors in the 1970s set the tone of
the social environment in training. These drill instructors, nearly
all Vietnam veterans, were significantly more job-involved, held
higher internal control expectations, were significantly less impa-
tient and less prone to anger, were lower in physiological arousal,
and emphasized self-control of emotions. They also had more
realistic job expectations and greater empathy for recruits (40).
Their beliefs, expectations, and attitudes influenced the recruits'
self-appraisals and expectations (41). Drill instructors with low-
attrition units used reward contingencies to internalize locus of
control. Even recruits who had had negative or failed experiences
in life, such as failure, rejection, and emotional disruption, devel-
oped the belief that success will result from their own efforts (39,
42). Recruit training increased recruits' stress capacity by increas-
ing training demands and from drill instructors who developed the
recruits' capability for effective performance under stress condi-
tions (43).

Stress for stress

"Just how does cortisol help you learn?!" Joe Martin, Battalion
Chief, LAFD (retired), asked his training captains in the drill tower.
The captains had incorporated into training activities for gratuitous
stress. Some of the captains believed that a recruit learned to deal
with stress by being stressed, while others believed they needed
to keep the recruits from believing they are smarter than average.
Martin understood that stress to the degree of cortisol release im-
pairs learning and memory formation. Haas (24, 32) and Fitzpat-
rick (20, 23) described the support experienced workers gave to
the novices in ironwork and mining, respectively.

This is not a rare belief. When one of the authors (DvS) observed
this frequently in medical education, the individual taught this way
because the military used the techniques. None of the respon-
dents had served in the military — they said they had learned from
the movies. In the 1970s, the Marine Corps did have a period
when drill instructors believed the only way to produce good Ma-
rines was with high stress and a heavy-handed approach (39,
40). No scientific evidence supports the belief that intentionally
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imposed stress increases the student's capabilities. Conformity is
not discipline. The Marine Corps changed its program (38).

In the HRO, stress has no utilitarian value. Stress is not used for
education, training, emphasis, behavioral modification or control,
or bullying. Rather, the HRO considers stress from the organiza-
tion to be a systemic failure, removing the necessary freedom to
act early in response to a discrepancy or disruption. Stress, fear,
or threat behaviors in an individual are more serious as they have
several causes. These behaviors must not be allowed to affect the
behaviors of others.

Stories teach and share

In the mid-1970s, Angel Dust (phencyclidine or PCP) initially ar-
rived in the area where one author (DvS) served on a fire res-
cue ambulance (RA). PCP's effects as a dissociative anesthetic
caused violent behavior and hallucinations in some victims. The
RA crews would call the police for "officer needs help," which re-
sulted in a tumultuous scene, increasing the possibility of injuries
and arrests. Passing along stories of what worked created a body
of knowledge that, within six months, the crew of the RA could
manage a PCP response without assistance. Within an HRO, sto-
ries have a privileged role in generating and diffusing knowledge.

Workers in dangerous industries use stories to teach and for so-
cialization (17). Stories bridge the gap between the tacit and the
explicit. Stories as anecdotes deliver social knowledge to maintain
or change a culture. Stories carry values and tacit social knowl-
edge, allowing knowledge to be demonstrated and learned with-
out the need to make formal presentations of ethics or to specify
in detail the proper behavior. We share lessons we have learned
from unique or novel situations. Stories can impress on the novice
the effects of poor decision-making skills and the need for vigi-
lance against the early signs of a crisis.

“In the HRO, stress has no utilitarian

value. Stress is not used for education,
training, emphasis, behavioral modification
or control, or bullying. Rather, the HRO
considers stress from the organization

to be a systemic failure, removing the
necessary freedom to act early in response
to a discrepancy or disruption.”

In mining, stories commonly focus on the most common event
rather than fires or cave-ins that the miner cannot prevent. Often
these stories tell of the new miner floundering until an experienced
miner rescues and guides the new miner. This reflects the "uni-
form belief that a man needed the guidance and wisdom of an
experienced miner to become a good miner" (23). For example,
a journeyman ironworker told some ironworker apprentices on a
bridge who had his hat on backward. When a wind gust blew the
hat off, he reached out to grab it, lost his balance, and fell 100 feet
into the water. In one story, even if apocryphal, the journeyman
instructs the apprentices of the problem of wind and rain to put
their safety first, then worry about their clothing and equipment
later (24).

In dangerous contexts, stories teach without the need for direct

exposure to a threat. An "incident story," not to be mistaken for
the "war story," gives a concrete example of a situation and its
solution. Incident stories always incorporate a principle. Prison
chaplains learn about their surroundings, inmate behavior, specif-
ic troubles, precautions, and solutions from incident stories. More
general stories provide lessons for general threats, acting more
like cautionary tales that apply to everyone (21).

Rather than teaching thinking and performance, some people use
stories to describe prohibitions and warnings. These stories tell
the novice what to do or not do rather than how to perform. This
difference, prohibition versus performance, is nuanced but rel-
evant to the HRO. A "cautionary tale" stops curiosity, associated
with a strong will, masquerading as an educational tale to control
behavior. Such stories create a "pedagogy of fear" (44) that con-
tributes to the ecology of fear (45) found in many organizations
and industries.

“Stories bridge the gap between the tacit
and the explicit. Stories as anecdotes
deliver social knowledge to maintain or
change a culture. Stories carry values and
tacit social knowledge, allowing knowledge
to be demonstrated and learned without
the need to make formal presentations

of ethics or to specify in detail the proper
behavior. ”

Stories also have a neurological function. Novices tend to tell
stories to process their immediate personal experiences. Expe-
rienced veterans often integrate both inner and outer realities,
which produces understanding and is a central component of wis-
dom (46). Narratives are well-crafted anecdotes that describe the
experience and the underlying principle. Such stories are ordered
sequentially yet understood as a whole. Narratives require various
structures in the brain, including conscious memory, knowledge,
sensations, feelings, and behaviors. In this way, narratives inte-
grate neural systems in the brain and socialize us into a culture
(46).

The experienced veteran helps interpret the novice's stories and
has a duty to share stories with the novice for guidance.

Protect your partner

"Look out for the other man" (23). "You never do anything without
first making sure that your partner's all right" (24). Amid a heated
discussion between several fire officer colleagues and the author
(DvS), an RCP (respiratory care practitioner) interjected, "l thought
you were friends. Why are you fighting?" One officer (Joe Martin,
Battalion Chief, LAFD, retired) had worked with the author on the
fire department rescue ambulance in a high drug and gang area.
Martin responded, "We're sparring. You don't want your partner to
go out without knowing his weaknesses or making him stronger,
do you?" The RCP had not thought in terms of entering a danger-
ous social environment alone.

Among ironworks, preventing misunderstandings during a crisis
while "running the steel" requires a "sparring match of social ges-
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tures." This teaches the ironworkers how each will respond when
the need to communicate freely, curtly, and, at times, forcefully oc-
curs during a crisis (24). Athreat to anyone is a threat to everyone.

"Looking after one's partner is the strongest and most immedi-
ate requirement and is adhered to even when there is conflict be-
tween partners" (20).

“Stories also have a neurological function.
Novices tend to tell stories to process
their immediate personal experiences.
Experienced veterans often integrate both
inner and outer realities, which produces
understanding and is a central component
of wisdom (46).”

Neonatologists are aroused by the distress of the babies, their
parents, and NICU staff. Empathy is this vicarious sharing of an-
other person's internal state. For ironworkers, empathy and their
perspective of fear drive workers to watch out for each other.
Ironworkers protect others from any situation that increases the
common danger (24) while miners share tasks and warn others
of dangerous situations (23). Workers can have strong opinions,
but they come together against occupational threats. Empathy is
one of five HRO values identified by the authors (dignity, honesty,
humility, empathy, and duty) (17). HROs work in tough situations
where people are going to fail, and it could be any of us doing the
failing—"There but for the grace of God go I."

Recognize fear in your partner

The resuscitation of a child began accelerating. The author (DvS)
asked a nearby nurse for assistance. The newly hired nurse peer-
ing into the room begged off to take routine vital signs in the ad-
jacent room. The author then asked if the nurse could prepare a
dopamine infusion, and he returned to the resuscitation. Within
a few minutes, the nurse entered the room, set the dopamine in-
fusion on a table, and joined the team. Acceptance of the initial
response and voluntary movement modulated the nurse's affect
and influenced cognition, resolving the fear response.

A major norm in mining is to respect the fears of others. It is not
a sign of weakness to withdraw. You do not test a miner's mas-
culinity or courage as there are no cowards in mining (23). Dur-
ing a wildland firefighting staff ride, participants discussed cutting
a fire line on an extremely steep ridge. Several Hot Shot Crews
declined the request. The main question for discussion centered
around the crew that cut the line — did the crew have greater expe-
rience which enabled a successful cut, or did their lesser experi-
ence place them in harm's way? (Personal observation, DvS). [A
staff ride is an on-site, structured study of an incident.]

We more commonly think of fear as incapacitating. While that
does happen, insidious and more common is the individual who
performs in a state of unrecognized fear. Miners protect the green-
horn who lacks experience and knowledge and provide on-the-
spot instruction (23). Ironworkers, working more independently,
watch for the worker who is afraid. Such workers are unpredict-
able and can cause serious accidents (24).

resulted in injuries" (23). A fearful worker will not act correctly, may
act rashly, will put self-protection over group protection, places
priority on his emotions, and neglects or avoids his responsibilities
(24). The novice will flounder without the "guidance and wisdom"
of experienced miners (23). Prosocial empathy increases group
affinity and reduces stress responses and fear reactions through
oxytocin systems (47-49).

Trust

One author (DvS), as a rookie on a fire department rescue ambu-
lance, had called for a fire company to assist. The senior captain
approached and asked what was needed. Believing his captain
should decide, the author began to describe the situation. The
captain cut him off and simply wanted to know what was needed.
With that request, the author understood that his descriptions and
requests would be accepted "as is" and acted upon. At that mo-
ment, the author understood the imperative for accurate descrip-
tions and the gravity of every decision. The captain, William J.
Corr, became his mentor, quoted in many of the author's publica-
tions.

Trust afforded colleagues is a determinant of the level of danger
operators can accept (personal experience of the authors; (24,
32)). Trust in the operational domain is transactional between two
people, similar to trust in the business domain. Keiretsu, a com-
ponent of lean systems, describes how Toyota used trust to de-
velop mutual benefit in partnerships to coordinate productivity and
support long-term relationships with suppliers (50). Having high
levels of trust is crucial for the transfer of tacit knowledge in the
lean system (51). But trust in the liminal zone differs from trust in
the business sense. The transactions can occur in moments and
may or may not carry a moral equivalent. We trust a person to the
extent of their capability. On the other hand, our trust may abruptly
change as described by a US Army Combat Medic and Vietham
Veteran (personal communication), "l trust you until | see you put-
ting yourself first." This comment distinguishes trust in the lexicon
of liminal operators from that of the business community.

“We more commonly think of fear as
incapacitating. While that does happen,
insidious and more common is the
individual who performs in a state of
unrecognized fear. ”’

Trust in prisons provides a good example of the utilitarian use of
trust. The environment is constructed for distrust, and staff are
taught not to trust (21, 52); trusting colleagues is the same as oth-
er dangerous contexts. However, continual treatment of inmates
without trust creates worse problems working with inmates (52)
and is counter to a prison chaplain's ministry (21). When we use
trust as a tool and appreciate the myriad of reasons why people
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cannot be trusted, we begin to accept the firefighter's situational
statement about trust, "I trust myself, so | can trust you."

Trust as consistency in performance or a character trait can be
cultivated—the US. Marine Corps formally cultivates character
starting with recruit training (38). Civilian organizations are unable
to cultivate trust and character in the same way. Members who
work in dangerous contexts may "assay" for a person's ability to
perform in the liminal zone in a manner that stresses its impor-
tance, teaches how to trust, and identifies those less trustworthy.

Firefighters and ironworkers in the 1970s tested trust or harass-
ment or "binging," respectively. One author (DvS), assigned as a
rookie to a busy fire department RA, noticed the firefighters would
target a new transfer for harassment. His partner explained they
would see what it takes to make the new firefighter "pop his cork,"
that is, to become infuriated rapidly. They would then know what
made the firefighter angry and what the anger looked like. Dur-
ing an emergency, they would leave each other alone yet main-
tain vigilance for triggers and early signs of anger in each other.
Should either occur, the other firefighters would engage in pro-
tecting the susceptible firefighter. Ironworkers used binging to test
self-control under pressure. Ironworkers who lose control during
binging will likely be worse in an emergency (32).

Rather than trust as an HRO value, the authors use honesty —
what someone says represents the circumstances (17). Trust is a
transaction that can be influenced by bias and experience.

Conclusion

The "figuring out mechanism" for VUCA-2T and the liminal zone
makes the HRO. We found the elements of figuring out had devel-
oped in several domains without the formal introduction of HRO
concepts. These are domains where a threat is immediate and
personal: WWII heavy bomber crews, ironworkers, hard rock or
underground miners, prison chaplains, fire rescue ambulance
crews, and Vietnam aerial combat aviators. HRO emerged from
adaptive beliefs and behaviors found in these social groups.

These domains had traits of HRO, yet they developed outside
the concepts of HRO. One of the authors (TAM) had invited Kar-
lene Roberts to study the crew of his ship, the USS Carl Vinson.
Roberts described the crew's performance in the first article that
coined the term "High-Reliability Organizing" (53). Roberts had
submitted a research paper for publication describing the work of
one of the other authors (DvS) developing a PICU (54). Roberts
and Bea

described the development without the label HRO because the
PICU was developed before the codification of HRO (Karlene
Roberts, personal communication, DvS).

These HRO traits reflect the workers' focus to help each other get
the job done while working around danger. Keeping calm during
daily work ensured they were calm during an emergency. All work-
ers learned to engage discrepancies and disruptions. They also
learned to identify and engage events earlier during the covert but
compensated phase of failure. At some point in their experience,
early engagement becomes prevention.

The amalgamation of response and prevention for routine opera-
tions expanded with little change to form emergency operations.
In every emergency, responders identify and prevent further dis-
ruption witt while simultaneously responding to control the emer-
gency. This nature of HRO, at this level of analysis, facilitates the
translation of HRO to diverse industries and throughout the hier-
archy of an organization.

It can be viewed as a liminal rite of passage; the novice passes
from the civilian world to a new "HRQO" subculture. Experienced
veterans are vital to this passage. A threatening, disorienting ex-
perience creates the feeling of vulnerability. No one wants that
to happen to them again. Cognitive and affective fragmentation
will resolve. Immediately after an incident, the individual becomes
susceptible to dysfunctional coping mechanisms, maladaptive
beliefs and behaviors, or harmful principles and concepts. In the
HRO, the experienced veteran models effective, adaptive beliefs
and behaviors necessary for the job.

“Trust is a transaction that can be
influenced by bias and experience.”

HRO is leadership, and leadership sustains High-Reliability Or-
ganizing. Hidden voices within the HRO tether the dominant ac-
count. During a crisis, ephemeral leadership anchors operations
by rapidly and locally addressing discrepancies and disruptions.
Minimal impairment on operations continues the organization's
core work, work necessary to support the emergency response.
This approach, to work with stress, fear, and threat, is learned by
modeling leaders' beliefs and behaviors.

Help the new member control fear responses, identify danger, and
become trustworthy. You are teaching the novice to protect you,
which is to "protect your partner." This form of empathy is one of
the five HRO values identified by the authors. HRO empathy leads
to rapid, nonjudgmental support for colleagues and facilitates
learning when everyone accepts, "That could happen to me."

Stress has no utilitarian purpose in dangerous contexts. Fear, as
an instructive construct, teaches the novice what to look for and
how to respond. In no situation do these domains working in dan-
gerous contexts use stress or fear to interfere with thinking and
acting. Informative stories teach safety and reliability. "Pedagogy
of fear" stories create an ecology of fear (45). Modulated emo-
tions, incorporation of fear, trust, and empathy emerge from the
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rite of passage into the liminal zone. These traits do not appear
without the modeling of leaders. In an HRO, every person is a
leader.

Perhaps the organization's response to liminality differentiates
management by high reliability organizing from conventional or-
ganization management.
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