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Abstract

High-hazard industries have significantly strengthened engineering safeguards and Risk-Based
Process Safety (RBPS) management systems over the past decades. Despite this progress, major
industrial incidents continue to occur where early warning signals were present but failed to
escalate effectively through organizational channels. This paper examines organizational silence
as an under-recognized process safety failure mode.

Drawing on research in psychological safety, human factors, and industrial accident
investigations, the study demonstrates how interpersonal risk perception can interrupt the critical
safety pathway of detect — escalate — act — close. When individuals perceive social,
hierarchical, or performance threats associated with raising concerns, early hazard signals may
remain unreported or insufficiently challenged. This dynamic weakens the activation reliability
of multiple RBPS elements, including Process Hazard Analysis, Management of Change,
incident investigation, and near-miss reporting.

The paper introduces three practical contributions for process safety practitioners:
1. A cognitive dismissal framework explaining common “lies we tell ourselves” that
suppress escalation;
2. Living Indicators—observable operational signals such as silence, hesitation, and
avoidance that reveal degradation in speaking-up dynamics; and
3. The concept of Zero Intentional Harm, reframing safety accountability toward integrity in
hazard communication rather than outcome perfection.

Cross-industry case patterns demonstrate that strengthening psychological safety significantly
increases near-miss reporting, technical challenge, and escalation reliability without
compromising operational performance. The findings position psychological safety as a human
safeguard that enhances the effectiveness of existing process safety systems.
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1. Executive Summary
Executive Summary
Psychological Safety — an Integrated Element of Process Safety Management

High-hazard industries are engineered with multiple layers of technical safeguards. Yet major
process safety incidents continue to occur, not because systems are absent, but because warning
signals fail to travel through the organization. Investigations of major refinery incidents have
repeatedly shown that early warning signs were present but did not escalate through
decision-making structures [3][4]. For example, during the BP Texas City Refinery Explosion,
multiple warning signals were recognized by personnel but did not escalate effectively through
organizational channels prior to the catastrophic event [3]. The breakdown is therefore often not
mechanical, but psychosocial.

Research in organizational behavior demonstrates that teams with higher Psychological Safety
report significantly more errors and near-misses, not because they fail more often, but because
they surface risks earlier and enable faster corrective action [5][17]. Studies of industrial safety
cultures indicate that organizations with strong speaking-up climates experience substantially
higher reporting of near-misses and operational deviations, enabling earlier intervention and
learning.

Investigations across chemical and energy sectors repeatedly reveal that deviations were detected
prior to catastrophic events, yet escalation stalled. The problem was not the absence of signals
but the failure of signals to move upward through the system. This pattern reflects a set of
common “lies we tell ourselves” that shape risk perception and suppress voice:

* “If it were serious, someone else would have acted.”
* “I don’t have complete data.”

* “This is how we’ve always operated.”

» “Raising this will slow production.”

* “It’s not my place.”

These are not character flaws; they are predictable outcomes of human factors under pressure.
Normalization of deviation, diffusion of responsibility, and authority gradient effects have been
widely documented as contributors to accidents in complex socio-technical systems [7][14].
When combined with hierarchical structures and performance pressure, these factors convert
uncertainty into silence.

Traditional PSM frameworks emphasize hazard identification, procedures, audits, and
compliance metrics [1][2]. While these elements remain essential, they often assume that once
hazards are identified, individuals will escalate concerns. This assumption overlooks a critical
reality: speaking up is a risk decision shaped by cognitive bias, social belonging needs, and
perceived threat [6].
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This paper positions Psychological Safety as an integrated human safeguard within Process
Safety Management: a systemic condition that reduces silence and strengthens the detect —
escalate — act — close chain.

The paper introduces three contributions to the field:
1. A cognitive-dismissal lens explaining how silence emerges in process safety systems

2. “Living Indicators” as real-time diagnostics revealing hesitation, avoidance, and
suppressed voice [10]

3. The concept of Zero Intentional Harm, asserting that harm must never result from
preventable silence

Psychological Safety is not a soft initiative. In high-hazard industries it functions as a human
safeguard, one that mitigates silence risk and activates the effectiveness of every other technical
control within the broader process safety framework.

This paper provides leaders and practitioners in the Global Congress on Process Safety
community with practical tools, models, and indicators to integrate human behavioral dynamics
into existing safety systems, transforming silence from an invisible threat into a measurable and
manageable process safety risk.

2. Silence as a Process Safety Failure Mode

Research across high-risk industries consistently demonstrates a strong relationship between
psychological safety and safety reporting behaviors. Organizations with high psychological
safety report significantly fewer safety incidents because employees feel comfortable raising
concerns before hazards escalate [5][17]. Studies from Google’s Project Aristotle also identified
psychological safety as the single most critical factor influencing team learning, communication,
and performance in complex work environments [13]. In contrast, research on organizational
reporting culture indicates that a substantial proportion of near-miss events remain unreported
due to fear of blame, hierarchy barriers, or perceived futility in raising concerns [18]. Facilities
with strong reporting cultures typically identify three to five times more near-miss events,
enabling earlier intervention and preventing escalation into serious incidents [2].

Evidence from the chemical and process industries further reinforces the importance of open
reporting and early escalation. Analysis by the Center for Chemical Process Safety shows that
major process accidents are usually preceded by multiple weak signals such as small leaks,
abnormal readings, or procedural deviations that were either ignored or not escalated in time [1].
Historical investigations of major industrial disasters indicate that most catastrophic accidents
had identifiable warning signs prior to the event, but these signals failed to trigger organizational
response due to communication breakdowns or normalization of deviation [14][15]. Process
safety benchmarking studies also show that high-reliability organizations report four to five
times more near-miss events than organizations with weaker safety cultures, demonstrating
stronger learning systems and proactive hazard identification [2]. Investigations by the U.S.
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Chemical Safety and Hazard Investigation Board similarly highlight how communication
barriers and reluctance to raise concerns contributed to several refinery accidents, illustrating
how organizational silence can allow technical deviations to evolve into catastrophic failures

[31[4].

These findings underscore a critical insight for process safety management: silence is not neutral;
it is a measurable risk factor. When employees hesitate to question decisions, report anomalies,
or escalate concerns, early warning signals remain hidden within the system. Integrating
psychological safety into process safety management therefore strengthens the organization’s
ability to detect weak signals, prevent normalization of deviation, and intervene before hazards
escalate into major incidents.

Process Safety Management (PSM) systems are built on the assumption that hazards, once
detected, will move through an organizational response pathway. This pathway can be simplified
into a speaking-up chain:

Detect — Escalate — Act — Close

At each stage, human judgment and communication determine whether a weak signal becomes a
resolved issue or an unresolved risk. Detection alone is insufficient. Escalation must occur.
Escalation must trigger action. Action must be verified and closed. When any link in this chain
degrades, risk accumulates silently.

Investigations across major industrial events consistently demonstrate breakdowns within this
escalation pathway. In the Bhopal Gas Disaster, prior operational concerns and maintenance
vulnerabilities were known within parts of the system before the catastrophic release [9]. In the
BP Texas City Refinery Explosion, abnormal startup conditions and instrumentation concerns
were observed before escalation reached decisive intervention [3]. In the Deepwater Horizon Oil
Spill, test result ambiguities and divergent interpretations preceded the loss of well control.
These examples are not presented to assign fault, but to illustrate a pattern: detection occurred;
alignment and decisive escalation did not.

Safety scholar James Reason described accidents as the alignment of latent conditions with
active failures. Silence functions as a latent organizational condition—one that weakens
defensive layers without visible mechanical degradation [18]. Similarly, process safety pioneer
Trevor Kletz repeatedly emphasized in What Went Wrong? that many industrial incidents were
preceded by recognizable warning signs [15]. The technical hazard existed, but its signal lost
strength as it moved upward.

Why does silence persist in high-hazard systems that are otherwise well engineered?

Research in organizational psychology, including foundational work by Amy Edmondson,
demonstrates that individuals make continuous interpersonal risk calculations before speaking up
[5][17]. In high-consequence environments, these calculations are amplified by hierarchy,
production pressure, expertise gradients, and fear of being wrong. Even when formal policies
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encourage reporting, informal signals (tone, reactions, time pressure, historical responses) shape
whether voice feels safe.

Several systemic characteristics of high-hazard industries contribute to this dynamic:

1. Authority Gradients — Technical expertise and rank often influence whose interpretation
carries weight. Individuals lower in hierarchy may defer, particularly under time pressure.

2. Normalization of Deviation — Repeated exposure to small anomalies without immediate
consequence can recalibrate risk perception, reducing the perceived urgency of escalation

[7].

3. Diffusion of Responsibility — In complex operations, individuals may assume that
someone else is monitoring the same signal [18].

4. Performance Pressure — When production reliability, cost control, or schedule
adherence are emphasized, raising uncertainty can feel counter-normative.

5. Ambiguity of Weak Signals — Early deviations are often subtle, incomplete, or difficult
to articulate. The absence of certainty can delay escalation.

None of these dynamics imply negligence. They are predictable properties of complex
socio-technical systems. When combined, however, they create conditions where silence
becomes structurally embedded.

Traditional PSM frameworks, including those advanced by the Center for Chemical Process
Safety, provide rigorous guidance on hazard analysis, operating procedures, management of
change, and incident investigation [1]. These elements assume that information flows effectively
through the organization. Yet few frameworks explicitly address the reliability of the
speaking-up chain itself. The implicit assumption is that once hazards are identified,
communication will follow.

This paper challenges that assumption by positioning silence as a systemic process safety failure
mode. It argues that the integrity of PSM depends not only on technical controls, but also on the
bio-psycho-social conditions that allow weak signals to travel unimpeded.

The objectives of this paper are threefold:

1. To analyze silence through a human-factors lens, consistent with the theme “Lies We Tell
Ourselves.”

2. To demonstrate how gaps in psychological safety weaken multiple CCPS-aligned PSM
elements.

3. To propose practical mechanisms (Living Indicators and Zero Intentional Harm) that
strengthen the detect — escalate — act — close pathway [10].
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The relevance of this analysis is global. As process industries become more contractor-intensive,
digitally integrated, geographically distributed, and culturally diverse, the complexity of
escalation pathways increases. Digital systems can detect anomalies, but human interpretation
and action remain decisive. Multicultural workforces may interpret hierarchy and challenge
norms differently, while aging assets increase dependence on early weak-signal recognition.

In this environment, silence is not a cultural abstraction. It is a measurable reliability variable
within the process safety architecture. Addressing it systematically strengthens resilience across
jurisdictions, regulatory regimes, and organizational structures.

3. Lies We Tell Ourselves: Cognitive Dismissals and Human Factors in Process Safety

Silence in high-hazard systems rarely begins as intentional concealment. More often, it begins as
an interpersonal prediction of an event that may cause discomfort or uncertainty. These
predictions are the “lies we tell ourselves.” They feel logical in the moment, yet collectively they
degrade the detect — escalate — act — close chain [6].

This section identifies six recurrent cognitive dismissals observed in process safety environments
and links them explicitly to human factors and PSM elements.

Lie 1: “It’s Probably Nothing.”

Primary Dismissal: Normalization of deviation + Optimism bias
Human Factors Driver: Salience network impact on low-level alarms, alarm fatigue, cognitive
load

Repeated exposure to minor deviations without consequence recalibrates risk perception. What
was once abnormal becomes familiar. Humans are adaptive pattern-recognition systems;
familiarity reduces perceived threat. This phenomenon has been widely documented in safety
science as drift into failure, where small operational deviations gradually become normalized
over time [7].

Operationally, weak signals (temperature drift, vibration changes, delayed maintenance, minor
bypasses) are cognitively downgraded before escalation.

PSM Impacted Elements

* Process Hazard Analysis (PHA)
* Mechanical Integrity
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* Operating Procedures
* Asset Integrity Monitoring

When deviation becomes normal, hazard registers become outdated representations of real
operating conditions.

In the body, our salience network is designed to sense the world around us, acting like a
weatherman predicting a storm. However, when individuals become conditioned to frequent
alarms (the rings, dings, and alerts) they may cognitively dismiss the signals as “false alarms”
based on past experience.

Lie 2: “If It Was Serious, Someone Senior Would Have Said Something.”

Primary Dismissal: Authority bias + Diffusion of responsibility
Human Factors Driver: Hierarchy gradients, expertise deference, social risk avoidance, social
identity, and cognitive load

Humans are wired to optimize energy and certainty. When events occur without a clear lane of
action, individuals naturally defer to perceived expertise, particularly under uncertainty. In
structured industrial hierarchies, this dismissal is amplified. Silence from authority is interpreted
as reassurance.

The consequence is stalled escalation: detection occurs, but upward challenge does not.
PSM Impacted Elements

» Management of Change (MOC)

* Pre-Startup Safety Review (PSSR)
* Control of Work

» SIMOPS coordination

Authority bias undermines the redundancy principle embedded in layered protection philosophy
central to process safety systems [1]. Social identity theory also explains how individuals adopt
behavioral norms associated with their perceived organizational role, which can reinforce
hierarchical silence.

Lie 3: “We’ve Done It This Way Before.”
Primary Dismissal: Confirmation bias + Outcome bias

Human Factors Driver: Experience-based heuristics, reinforcement learning, and conditional
habituation
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Past success becomes evidence of future safety. When a risky workaround does not immediately
fail, the brain encodes it as validated practice. Over time this reinforces behavioral patterns,
gradually shifting operations away from original design intent.

This adaptive drift has been widely observed in industrial safety research, where organizations
gradually move toward the boundary of acceptable performance without recognizing the
accumulating risk [7][14].

PSM Impacted Elements

* Operating Procedures
» Safe Work Practices

» Temporary Repairs

* Bypass Management

Procedural integrity weakens not through deliberate non-compliance, but through accumulated
reinterpretation.

Lie 4: “I Don’t Want to Slow the Job Down.”

Primary Dismissal: Social conformity bias + Loss aversion
Human Factors Driver: Production pressure, peer cohesion, time scarcity, social threats

Humans are strongly motivated to avoid being the source of delay or conflict. In high-tempo
operations (such as turnarounds, startups, and shutdowns) raising uncertainty introduces friction.

Research on interpersonal synchrony demonstrates how group environments influence emotional
and physiological stability, shaping learning readiness and recovery under stress [12]. Similarly,
polyvagal theory explains how cues of safety or threat influence whether individuals engage
socially or shift into defensive behavioral states [11].

Operationally, this suppresses questioning during critical transition phases—precisely when
system vulnerability is highest.

PSM Impacted Elements

» Startup and Shutdown Procedures
* Permit-to-Work Systems

» SIMOPS Risk Management

* Contractor Safety Integration

Time pressure narrows cognitive bandwidth, reducing challenge behaviors even among
experienced personnel.

Lie 5: “I Might Be Wrong.”
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Primary Dismissal: Impostor effect + Evaluation apprehension
Human Factors Driver: Fear of negative judgment, identity threat

Speaking up requires exposure to potential embarrassment. Research on psychological safety
demonstrates that interpersonal risk often outweighs abstract safety risk during decision-making

[51017].

The result is self-silencing of incomplete observations. Yet early signals are often ambiguous by
nature. Waiting for certainty delays escalation until evidence becomes undeniable, often too late.

PSM Impacted Elements

Incident Reporting

Near-Miss Reporting
Behavioral Safety Observations
Process Hazard Analysis (PHA)
Shift Handover Quality

Near-miss and PHA processes depend on imperfect, partial observations being raised early, often
before full certainty exists. Waiting for complete confirmation delays escalation until risk is
already elevated.

Lie 6: “It’s Not My Responsibility.”

Primary Dismissal: Role boundary bias + Fragmentation effect
Human Factors Driver: Functional silos, contractor segmentation, narrow KPI alignment

Complex industrial systems are divided into technical, operational, and contractual boundaries.
Humans naturally operate within defined role maps. Signals that fall outside perceived
responsibility may therefore be cognitively deprioritized.

In multi-contractor or multinational environments, this diffusion of responsibility becomes
particularly visible.

PSM Impacted Elements
* Contractor Management
* Asset Ownership Clarity
* Cross-functional Hazard Reviews

* Emergency Preparedness

Risk does not respect organizational charts. Responsibility diffusion weakens system-wide
defense.

Why These Dismissals Persist in Organizations
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These “lies” persist because humans are adaptive beings conditioned to conserve energy,
maintain social belonging, and avoid unnecessary conflict. From a neurocognitive perspective,
the brain favors certainty, belonging, and efficiency over confrontation and ambiguity [6].

In stable systems, these cognitive shortcuts improve performance.
In tightly coupled high-hazard systems, however, they create blind spots.

Importantly, these are not character flaws. They are predictable human factors characteristics.
Process Safety Management frameworks recognize equipment degradation and procedural
erosion; they less frequently treat cognitive erosion with equivalent rigor.

The theme “Lies We Tell Ourselves” reframes silence not as moral failure but as systemic
cognitive drift. When psychological safety is low, these biases amplify. When psychological
safety is strong, weak signals travel further before being filtered [5].

Thus, psychological safety becomes not merely a cultural aspiration, but a reliability control
within the architecture of Process Safety Management.

4. Psychological Safety as a Reliability Variable Within CCPS Risk-Based Process Safety
4.1 Why CCPS Elements Fail Without Voice

The Risk-Based Process Safety (RBPS) framework developed by the Center for Chemical
Process Safety is structured around four pillars: Commit to Process Safety, Understand Hazards
and Risk, Manage Risk, and Learn from Experience. These pillars are operationalized through
twenty management system elements that collectively form a robust architecture for preventing
catastrophic releases.

However, RBPS implicitly assumes that information flows reliably within the system.

Hazard identification depends on accurate reporting.

Management of Change depends on challenge and review.

Mechanical Integrity depends on early detection and escalation of degradation.
Incident Investigation depends on transparent disclosure.

When people don’t speak up (or they do, but aren’t heard; are heard but nothing changes; or see
only partial fixes that never get verified to closure) the technical architecture may look solid on
paper while quietly breaking down in practice. Psychological Safety, therefore, is not a cultural
overlay but rather a reliability condition for RBPS performance.

The speaking-up chain (detect — escalate — act — close) mirrors the logic embedded in RBPS.
When this human communication chain fails, multiple elements fail simultaneously, not through
procedural absence but through silent non-execution.
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4.2 Table 1 — PSM Element x Psychological Safety Gap x Disaster x Lie

CCPS RBPS | Psychological Safety Gap Ilustrative Dominant “Lie”

Element Disaster

Process = Hazard | Deference  to  authority | Texas City | “If it was serious, someone

Analysis (PHA) suppresses challenge during | refinery explosion | senior would have said
HAZOP reviews something.”

Management  of

Operational concerns raised

Deepwater

“We’ve done it this way

Change (MOC) informally but not formally | Horizon oil spill before.”

escalated
Mechanical Early degradation signals | Bhopal disaster “It’s probably nothing.”
Integrity normalized or deprioritized
Operating Procedural drift | Piper Alpha | “I don’t want to slow the job
Procedures unchallenged due to | disaster down.”

production pressure
Incident Reporting | Near-misses underreported | Fukushima “I might be wrong.”
& Learning due to fear of judgment Daiichi  nuclear

disaster

Contractor Segmented responsibility | Buncefield “It’s not my responsibility.”
Management prevents cross-boundary | explosion

escalation

Note: The disasters listed are used illustratively to demonstrate systemic escalation breakdowns
documented in public investigation reports. The intention is analytical, not attributive.
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4.3 Interpretation: Four Failure Modes in the Speaking-Up Chain

The table demonstrates that silence interacts with multiple RBPS elements. These interactions
can be interpreted through four distinct failure modes.

Speaking | Failure | Psychologica | Dominant Human Primary Systemic
-Up Mode 1 Safety | Cognitive Factors RBPS Consequenc
Stage Breakdown | Dismissal Mechanism Elements e
Impacted
(CCPS)
Detect — | Not Individual Normalizatio | Hierarchy Process Weak signals
Escalate | Speakin | withholds n of | gradient; Hazard never enter
g Up concern deviation; ambiguity Analysis formal risk
despite Evaluation intolerance; (PHA); systems;
perceiving apprehension | fear of | Incident latent
anomaly negative Reporting & | conditions
judgment Investigation | accumulate
; unrecorded
Management
of  Change
MOCQ);
Operating
Procedures
Escalate | Speakin | Concern Authority Expertise Pre-Startup | Hazard
— Action | g but | raised but | bias; asymmetry; Safety information
Not discounted, Confirmation | production Review acknowledge
Listened | reframed, or | bias framing; (PSSR); d but not
To deprioritized decision MOC; integrated
inertia SIMOPS into
coordination | decision-mak
; Risk | ing; degraded
Assessment | risk
& evaluation
Safeguards
Action Listenin | Issue Optimism Production Mechanical | Known
Initiation | g recognized bias; Plan | pressure; Integrity; hazards
yet corrective resource Safe  Work | persist
intervention competition; Practices; without
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t

Without | delayed  or | continuation | risk tolerance | Asset timely
Action diluted bias drift Reliability; mitigation;
Management | residual risk
Review becomes
normalized
Action — | Partial Corrective Completion Administrativ | Incident Recurrence
Close Action steps initiated | bias; e closure | Investigation | of similar
Without | but not | Outcome bias | focus; audit | & Learning; | events;
Closure | verified to fatigue; KPI | Audit & | barrier
effectiveness misalignment | Assurance; degradation
or sustained Corrective hidden
completion Action behind
Tracking; procedural
Continuous | compliance
Improvemen

4.3.1 Not Speaking Up (Failure at Detection — Escalation)

In this mode, hazards are detected cognitively but not voiced. The breakdown occurs before
formal systems are activated.

Human factors research shows that ambiguity reduces reporting likelihood. Early hazard signals
are rarely definitive. Individuals wait for certainty, especially in high-expertise environments.
This delay is amplified under authority gradients.

In PHA sessions, junior engineers may identify concerns but self-filter them. During shift
handovers, subtle abnormalities may be omitted because they “did not cross threshold.”
Near-miss systems remain underutilized not because events do not occur, but because

interpersonal risk outweighs perceived safety benefit.

RBPS elements most vulnerable at this stage:

Process Hazard Analysis
Incident Reporting
Management of Change
Asset Integrity Monitoring

Here, the system fails quietly. No formal record exists of the suppressed signal.

4.3.2 Speaking But Not Listened To (Failure at Escalation — Action)
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In this mode, voice occurs but is discounted, reframed, or deprioritized.

Authority bias, confirmation bias, and expertise asymmetry shape how information is evaluated.
Signals that conflict with prevailing assumptions are cognitively and physically uncomfortable.
Under time pressure, leaders may unintentionally truncate discussion.

Public investigation reports across industries repeatedly show instances where concerns were
expressed but did not alter decision trajectories. The failure was not silence alone; it was signal
attenuation.

RBPS elements affected:

Management of Change
Pre-Startup Safety Reviews
SIMOPS Coordination
Emergency Preparedness

This failure mode is particularly dangerous because it creates the illusion of functioning
communication. The organization can claim that concerns were raised. However, risk was not
re-evaluated with sufficient rigor.

Psychological Safety at this stage is reflected not in permission to speak, but in the quality of
response to dissent, delays, or deferrals.

4.3.3 Listening Without Action (Failure at Action Initiation)
In this mode, escalation is acknowledged but operational follow-through is delayed or diluted.
This frequently occurs when:

e Production pressure competes with safety intervention.

e Corrective actions require resource reallocation.

e Risk is framed as manageable rather than urgent.

Cognitive biases such as optimism bias and plan continuation bias sustain existing trajectories
despite emerging contrary evidence.

RBPS elements weakened:

Mechanical Integrity

Safe Work Practices

Asset Reliability Programs

Management Review and Continuous Improvement
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The hazard is now formally recognized, yet residual risk remains unmitigated. This state often
precedes major events: documented awareness without decisive intervention.

4.3.4 Partial Action Without Closure (Failure at Action — Close)
The final failure mode occurs when action is initiated but not verified to effectiveness.
Examples include:
e Temporary fixes without long-term resolution.
MOC documentation updated without field validation.

e Recommendations from investigations not tracked to sustained closure.

Human factors research identifies ‘“completion bias” as the psychological satisfaction of
initiating action. Once visible effort is demonstrated, cognitive urgency declines.

RBPS elements at risk:

Incident Investigation & Learning
Audit & Assurance

Management Review

Corrective Action Tracking

Without closure discipline, organizations accumulate open loops. Risk does not disappear; it is
administratively parked.

4.4 Silence as a Systemic Degradation Mechanism

Across these four failure modes, silence operates as a degradation mechanism comparable to
corrosion or fatigue.

Mechanical Integrity programs anticipate physical deterioration.
Few PSM systems explicitly monitor conversational deterioration.

Yet both affect barrier performance.
The RBPS model recognizes that strong process safety culture supports system effectiveness.
Psychological Safety operationalizes that cultural condition into observable behavior: frequency

of upward challenge, quality of response to dissent, escalation cycle time, and closure reliability.

This reframes Psychological Safety from a soft leadership concept into a technical reliability
variable.

When voice integrity is high:

e PHAs surface diverse hazard interpretations.
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e MOC:s are challenged before approval.
e Near-miss reporting increases early detection sensitivity.
e Corrective actions are tracked to verified effectiveness.
When voice integrity is low:
e Hazards remain localized.
e Decision-making narrows.
e Drift from design intent accelerates.
e Learning loops shorten.
4.5 Implications for Risk-Based Process Safety
The central implication is structural:
RBPS performance depends on communication reliability as much as engineering rigor.

The four failure modes align directly with the speaking-up chain:

Speaking-Up Stage | Failure Mode RBPS Impact

Detect Not speaking up Latent conditions unrecorded
Escalate Speaking but not listened to Incomplete risk evaluation

Act Listening without action Risk accepted without mitigation
Close Partial action without closure Recurrence and drift

Thus, Psychological Safety is not an external addition to RBPS. It is embedded within every
element.

Silence is not merely absence of speech. It is a measurable process safety failure mode that
interacts with hazard identification, risk assessment, control implementation, and organizational
learning.
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If RBPS manages technical risk pathways, Psychological Safety manages informational risk
pathways. Both are required for catastrophic risk prevention.

5. Neurocognitive Drivers of Silence

The previous sections established silence as a systemic failure mode within Risk-Based Process
Safety (RBPS). This section examines the human factors foundation underlying that failure
mode. Specifically, it addresses a critical question:

Why do competent, well-trained professionals remain silent in high-consequence environments,
even when they detect risk?

The answer is not primarily cultural or motivational. It is neurobiological.

Speaking up in hierarchical, high-hazard systems is processed by the brain as a form of risk
exposure. Before a concern is voiced, the nervous system rapidly evaluates two parallel threats:

* Technical threat: process hazard, equipment degradation, unsafe condition
* Social threat: embarrassment, rejection, conflict, or status loss

This evaluation occurs through the brain’s threat-detection and salience systems, which integrate
environmental signals with past experiences and influence whether escalation proceeds [11][17].

5.1 The Threat Detection System: Amygdala Activation and Cortisol Release

The amygdala (an almond-shaped structure deep within the brain) interprets signals about what
matters most in the environment. Working alongside memory centers such as the hippocampus, it
helps answer a fundamental question: Is this situation safe or threatening?

Neuroscience research shows that social exclusion and status threats activate neural pathways
similar to those triggered by physical danger [11]. In other words, the nervous system may
respond similarly whether the threat is a physical hazard or a socially risky interaction.

When the amygdala interprets a cue as threatening, it initiates a physiological stress response that
includes:

* Release of cortisol

* Activation of the sympathetic nervous system

* Increased heart rate

* Narrowed attentional focus

* Suppression of exploratory cognition from the prefrontal cortex
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Under acute stress, the body may enter a freeze response. Unlike fight-or-flight, freeze manifests
as temporary behavioral inhibition. The individual remains silent or inactive despite recognizing
a potential concern.

In process safety terms, detection may occur cognitively, but escalation is neurologically
suppressed.

This mechanism becomes particularly relevant during operational contexts such as:

* Pre-Startup Safety Reviews (PSSR)

» Management of Change (MOC) discussions
* Shift handovers under abnormal conditions
 Simultaneous operations (SIMOPS)

The paradox is structural: the higher the perceived interpersonal risk, the lower the probability
that early weak signals will be voiced [5][17].

5.2 Stress, Cognitive Load, and Escalation Reliability
Process industries operate in environments characterized by high cognitive load:

* Dense alarm systems

» Complex procedures

* Multi-variable monitoring

* Time-critical decision windows

» Competing production objectives

Cognitive load reduces working-memory capacity and increases reliance on heuristics. Under
such conditions, individuals tend to default to authority deference and established patterns of
behavior. Independent challenge requires additional cognitive effort.

Elevated cortisol further narrows cognitive flexibility, reinforcing biases such as confirmation
bias and plan-continuation bias [6]. Thus, during high-risk operational states (such as startups,
shutdowns, or abnormal operations) the neurobiological conditions may be least favourable for
upward challenge.

This alignment between physiological stress and operational vulnerability helps explain why
escalation breakdowns frequently occur during transitional phases of operation, a pattern
documented in numerous industrial accident investigations [3][4][14].

Silence in these contexts is therefore not disengagement; it is stress-amplified inhibition.

5.3 Social Neurochemistry: Oxytocin, Dopamine, and Serotonin

While cortisol increases threat sensitivity, other neurochemicals influence whether speaking up is
perceived as safe or rewarding.
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Oxytocin — Trust Regulation

Oxytocin plays an important role in social bonding and trust calibration. Repeated experiences in
which concerns are received respectfully and addressed constructively strengthen interpersonal
trust networks.

When trust increases, perceived social threat decreases. In neurobiological terms, oxytocin
activity can moderate amygdala reactivity and support social engagement behaviors [11].

In such environments, escalation becomes neurologically less costly, increasing the probability
that weak signals will be voiced.

Dopamine — Behavioral Reinforcement

Dopamine functions as a behavioral reinforcement signal within the brain. When speaking up
leads to visible corrective action, acknowledgment, or meaningful improvement, dopamine
pathways reinforce the behavior.

Conversely, when concerns are ignored, minimized, or administratively closed without
follow-through, the reinforcement loop weakens. Over time, the brain learns that speaking up
yields little reward and may carry interpersonal or political cost, making silence the lower-risk
strategy.

This dynamic is further compounded when deviations are tolerated or even celebrated because
they accelerate task completion (though not necessarily safety). In those moments, dopamine
reinforces the “hero” pathway, teaching the brain that cutting corners is acceptable when it
produces short-term wins that seem helpful but in the longterm have much greater impact. This
recalibration directly affects:

* Near-miss reporting frequency
* PHA participation quality
* MOC challenge behaviors
Over time, silence becomes the lower-risk behavioral strategy.
Serotonin — Safety Stability
Serotonin contributes to emotional regulation and perceived social stability. When individuals
experience psychological stability and fairness in social systems, serotonin-related pathways

support calm, regulated engagement.

In rigid hierarchies where challenge is discouraged, these stabilizing signals may weaken.
Individuals may interpret interpersonal dynamics as unsafe for upward challenge.
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From a process-safety perspective, serotonin influences the detect — escalate link of the
speaking-up chain. Detection may occur quickly, but escalation depends on whether the nervous
system interprets the environment as socially safe.
This safety perception is shaped by experience:

* Have I spoken up before?

* What happened when I did?

» Was the concern addressed or dismissed?

Over time, these experiences calibrate the nervous system’s expectation of whether escalation is
worthwhile.

5.4 Speaking Up as a Cost—Benefit Equation
From a systems perspective, the brain performs an implicit cost-benefit evaluation:
Perceived Social Risk vs. Perceived Technical Urgency

If social risk exceeds perceived technical urgency, silence becomes more likely.
If technical urgency outweighs social risk, escalation becomes more probable.

Psychological safety functions by reducing perceived interpersonal risk, allowing technical
signals to travel further through the system [5][17].

Importantly, this evaluation is dynamic. It is influenced by:
» Past experiences of voice reception
* Observed treatment of others who spoke up
* Leadership behavioral consistency
* Time pressure and workload
* Organizational response to prior incidents
Thus, escalation reliability is conditioned over time.

5.5 Implications for RBPS Integrity

The Risk-Based Process Safety (RBPS) framework developed by the Center for Chemical
Process Safety depends on accurate hazard communication and disciplined follow-through [1].

Neurocognitive drivers influence both.

If the threat-detection system is chronically activated by interpersonal risk:
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* PHA quality declines
* Near-miss reporting decreases
* MOC challenge behaviors weaken

Conversely, when organizations reinforce speaking up through visible corrective action and
respectful engagement, escalation sensitivity improves.

The implication is technical: psychological safety is not merely a cultural enhancement. It is a
regulator of neurobiological threat responses that directly affect RBPS element performance [5].

Silence is therefore not an absence of information. It is the product of a neurophysiological
decision process operating within organizational context.

Recognizing this enables process safety practitioners to move beyond exhortations to “speak up”
and toward systematically reducing social threat signals within high-hazard systems.

6. Positioning Psychological Safety Within Process Safety Management

The preceding sections established silence as a systemic failure mode and examined its
neurocognitive drivers. This section clarifies where Psychological Safety (PS) sits within a
Process Safety Management (PSM) architecture and, equally important, where it does not.

Clear positioning is essential. Without it, PS risks being misclassified as culture rhetoric,
behavioral safety repackaging, or an optional leadership initiative. Within high-hazard systems, it
must instead be treated as structural.

6.1 Psychological Safety Is Not “Culture”

Process safety culture refers to shared values, beliefs, and norms regarding risk and safety
priority. It is broad, diffuse, and multi-dimensional. Culture shapes how systems are interpreted
and enacted.

Psychological Safety, by contrast, is specific and interactional.

It is defined as the degree to which individuals perceive that speaking up about risk, uncertainty,
or error will not result in interpersonal punishment or marginalization [5]. It operates at the level

of conversational exchange, meeting dynamics, shift handovers, and escalation pathways.

Culture answers:
“What do we believe about safety?”

Psychological Safety answers:
“What happens when someone raises a concern?”
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An organization may espouse strong safety values yet still inhibit upward challenge in practice.
Conversely, an organization may have cultural variability across sites while maintaining
consistent escalation reliability.

Therefore, PS is not synonymous with culture. It is a measurable condition influencing whether
hazard information flows through the system [5][17].

6.2 Psychological Safety Is Not Behavioral Safety

Behavioral safety programs typically focus on observable at-risk acts and reinforcement of safe
behaviors. They emphasize compliance, observation, feedback, and individual action correction.

Psychological Safety operates at a different level.

Behavioral safety addresses:
* What individuals do physically

Psychological Safety addresses:
» Whether individuals communicate cognitive concerns before physical acts occur

Behavioral safety is often reactive to frontline exposure behaviors. Psychological Safety
influences upstream hazard identification, decision challenge, and deviation detection within
engineering and supervisory domains.

Conflating PS with behavioral safety risks narrowing its scope to frontline observation programs.
The degradation discussed in earlier sections, such as MOC failures, suppressed PHA challenge,
and incomplete corrective action closure, occurs at decision and communication layers rather

than solely at task execution layers [1][2].

Thus, Psychological Safety is not an extension of behavioral safety; it is a condition that
influences the effectiveness of multiple PSM elements simultaneously.

6.3 Psychological Safety as a Meta-Element

Within the Risk-Based Process Safety (RBPS) framework advanced by the Center for Chemical
Process Safety, twenty management system elements are distributed across four pillars [1].

Psychological Safety does not compete for a numbered position among these elements.

It operates above and across them.

As a meta-element, PS influences the performance reliability of multiple RBPS components:
* Process Hazard Analysis depends on open challenge

» Management of Change depends on dissent tolerance
* Mechanical Integrity depends on early degradation reporting
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* Incident Investigation depends on transparent disclosure
* Audit and Assurance depend on honest representation of system weakness

In this sense, PS behaves similarly to leadership commitment or management review quality; it
conditions the effectiveness of other elements rather than existing as a standalone control.

Debate over whether PS should be designated as an additional formal element risks missing the
functional point. Its structural role is horizontal, not vertical.

6.4 Psychological Safety as a Human Safeguard

Process safety systems rely on several safeguard categories:

* Engineered safeguards (relief devices, interlocks, containment)
* Administrative safeguards (procedures, permits, audits)

* Human safeguards (competence, supervision, decision quality)

Psychological Safety strengthens one specific human safeguard: challenge behavior.

Challenge behavior functions as a dynamic protective barrier. It interrupts unsafe trajectories,
questions assumptions, and reopens risk assessment loops before failure escalates.

Unlike engineered safeguards, this barrier is invisible. Unlike administrative safeguards, it
cannot be fully documented. Yet investigation reports across industries repeatedly identify

moments where timely challenge could have altered accident trajectories [3][4][13][14].

From a barrier model perspective, PS increases the probability that the human challenge
safeguard activates when required.

If amygdala-driven threat responses suppress voice, that safeguard weakens. If social risk is
reduced, the safeguard becomes more reliable [11].

Thus, PS enhances barrier resilience without replacing engineering rigor.

6.5 Psychological Safety as an Activator of PSM Elements

Beyond functioning as a safeguard, PS acts as an activator mechanism.

PSM elements are static until enacted. A Management of Change procedure exists on paper; it
becomes effective only when deviations are identified and formally processed. A near-miss
reporting system exists; it produces value only when individuals voluntarily disclose
information.

Psychological Safety increases activation frequency.

Higher PS correlates with:
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* Greater near-miss reporting density

* Increased diversity of hazard perspectives in PHAs

* Earlier identification of abnormal conditions

» More robust corrective-action follow-through [5][17]

Lower PS correlates with:

* Reduced signal flow

* Overconfidence in decision consensus

* Increased normalization of deviation

» Administrative closure without deep learning [7][14]

In systems engineering terms, PS increases signal-to-noise integrity within informational
pathways. It improves the sensitivity of detection and the reliability of escalation loops.

This reframes PS from a qualitative aspiration to a functional performance variable within PSM
architecture.

6.6 Clear Structural Positioning
Psychological Safety is therefore best understood as:
Not:

* A culture slogan
* A behavioral observation program
* An optional leadership style preference

It is:

* A meta-element conditioning RBPS reliability
» A human safeguard influencing challenge activation
* An activator mechanism enabling PSM elements to function as designed

When absent, PSM architecture may remain formally intact while functionally degraded. When
present, hazard signals travel with greater fidelity through detect — escalate — act — close
pathways.

The implication for high-hazard industries is direct: investment in Psychological Safety is not
peripheral to technical safety. It is an intervention on the informational integrity of the system
itself.
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7. Living Indicators - Making Psychological Safety Measurable
7.1 From Lagging Metrics to Living Signals
Process Safety Management systems traditionally rely on structured indicators: loss of

containment events, Tier 1 and Tier 2 process safety events, audit findings, training completion
rates, and corrective action closure metrics. These are essential, but they are largely structural or

lagging [3].

Psychological Safety requires a different measurement lens.

Living Indicators are observable, real-time behavioral micro-signals that reflect the health of the
speaking-up chain (detect — escalate — act — close) before formal breakdown occurs. They are
not survey scores. They are not annual engagement indices. They are dynamic interaction cues

present in meetings, control rooms, design reviews, investigations, and shift turnovers [1].

They are called “living” because they are embedded in daily operations. They fluctuate with
workload, hierarchy gradients, production pressure, and leadership response patterns.

Living Indicators convert Psychological Safety from abstraction into operational observability.
7.2 Core Living Indicators

Three high-sensitivity indicators are particularly diagnostic in high-hazard environments.

1. Silence

Silence is not the absence of noise; it is the absence of challenge where challenge is expected [1].
Observable patterns include:

* No dissent during hazard reviews

* Rapid consensus on complex risk trade-offs

* Repeated acceptance of assumptions without probing

* Minimal upward questioning during abnormal situations

In high-reliability systems, technical complexity naturally generates divergent perspectives.
Uniform agreement in such contexts may indicate suppression rather than alignment [2].

Silence is especially critical when:
* Senior leaders are present

* Schedule or production pressures are explicit
* Prior escalations were not visibly closed
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Operational interpretation:
Silence suggests possible inhibition in the escalation phase of the speaking-up chain. It signals
risk of latent hazard retention within the system.

Leader action:
Pause. Invite alternative views explicitly. Normalize challenge as a technical responsibility, not a
personality trait.

2. Hesitation

Hesitation appears as micro-delays before speaking, unfinished sentences, indirect language, or
visible discomfort when raising concerns [1].

It may manifest as:

* “This might be a silly question, but...”

* “I’'m probably wrong...”

* Prolonged pauses before challenging assumptions

* Concern raised privately after meetings instead of during them

From a neurocognitive perspective, hesitation reflects internal risk calculation. The individual is
assessing social cost versus safety value [4].

Operational interpretation:
Hesitation indicates elevated perceived interpersonal risk in raising safety-related information.

Leader action:
Acknowledge the contribution without critique. Reinforce that uncertainty and challenge are
system assets. Remove dismissive language, sarcasm, or visible impatience.

Repeated reduction in hesitation over time suggests improved psychological conditions.
Increasing hesitation suggests deteriorating trust in escalation reliability.

3. Avoidance

Avoidance is more advanced than silence. It involves behavioral withdrawal from risk-discussion
arenas [1].

Examples include:

* Selective absence from PHA workshops

* Minimal participation in MOC reviews

* Delegation of upward reporting to others

* Reduced voluntary near-miss reporting

* Shortened explanations during investigations
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Avoidance often follows previous negative reinforcement experiences (being ignored, overruled
without rationale, or informally criticized) [1].

Operational interpretation:

Avoidance reflects degradation in the close phase of the speaking-up chain. Individuals no longer
believe escalation leads to meaningful action or closure.

Leader action:

Examine prior escalations. Ensure visible feedback loops. Demonstrate how concerns led to
analysis, mitigation, or documented risk acceptance.

Without closure visibility, activation of future reporting declines.

7.3 Observing Without Policing

Living Indicators are not tools for monitoring personalities. They are system health diagnostics
[3].

Leaders should observe patterns at the group level:

* Are the same voices always speaking?

* Does dissent increase or decrease under pressure?

* Are risk discussions shorter during high production demand?

* Do concerns reappear informally after formal closure?

The objective is not to force participation but to evaluate whether the environment supports risk
signal transmission.

Critically, leaders must differentiate:

Low contribution due to technical clarity

versus

Low contribution due to suppressed challenge [2].
The distinction requires attentiveness, not assumption.
7.4 Acting on Living Indicators

Recognition without response reinforces silence.

Effective response includes:

1. Normalize challenge structurally
Make dissent an expected step in reviews (“Before closing, what have we missed?”’) [1].
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2. Reward early signal detection
Publicly acknowledge proactive escalation, even when it does not reveal a major issue.

3. Close visibly
Communicate outcomes of raised concerns, even when risks are accepted, explaining
rationale transparently.
4. Interrupt dominance patterns
Balance airtime in meetings. Invite technical input from less senior contributors before
leaders speak [2].
5. Audit escalation pathways
Periodically review how many concerns were raised, acted upon, deferred, or
rejected...and why [3].
7.5 Practitioner Value
Living Indicators differentiate this framework from abstract culture discussions.
They:
* Provide real-time feedback on PSM system activation.
* Detect degradation before incident metrics shift.
* Enhance barrier reliability by strengthening the human safeguard of challenge.

* Align directly with RBPS intent without requiring structural redesign [3].

In high-hazard industries, catastrophic events are rarely caused by a lack of procedures. They are
often preceded by weakened informational flow [2].

Living Indicators make that flow visible.

Psychological Safety becomes measurable not through sentiment surveys, but through the
presence (or absence) of active, timely, technically grounded voice within everyday operational
dialogue [1].

8. From Zero Harm to Zero Intentional Harm

8.1 The Paradox of “Zero Harm”

“Zero Harm” has become a dominant aspiration across high-hazard industries. It signals moral
clarity: no injuries, no losses, no catastrophic releases. As a vision, it is compelling.

As an operational target, however, it can generate unintended effects.
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When zero becomes a performance metric tied to reputation, incentives, or leadership credibility,
it may shift from aspiration to pressure. In such conditions, reporting minor injuries, near-misses,
or system weaknesses can be subconsciously perceived as damaging to collective success [2].

The result is not necessarily overt suppression. It is more subtle:

* Reclassification of events

* Underreporting of weak signals

* Reluctance to escalate emerging concerns

* Preference for resolution at the lowest possible level

In this way, “Zero Harm” can unintentionally suppress voice. If the organization’s identity is
strongly anchored to perfect outcomes, individuals may hesitate to introduce disconfirming

information that threatens that narrative [4].

Psychological Safety deteriorates not because safety is valued too highly, but because deviation
becomes socially costly [1].

8.2 Defining Zero Intentional Harm

“Zero Intentional Harm” reframes the objective.

Zero Intentional Harm means:

* No deliberate disregard for known risk

* No conscious suppression of hazard information

* No punitive response to good-faith reporting

* No wilful bypassing of established safeguards without risk acknowledgement

It shifts the accountability focus from outcome purity to decision integrity.

Outcomes in complex socio-technical systems are not fully controllable. Human cognition,
equipment degradation, and emergent conditions introduce variability [3].

However, intentional acts such as ignoring credible warnings, concealing deviations, or
retaliating against reporters can be mitigated through governance, accountability, and leadership
expectations.

This reframing supports Psychological Safety because it decouples voice from outcome
perfection [1].

Individuals are not responsible for guaranteeing zero incidents; they are responsible for acting
with integrity in risk communication and control.

Under this model, speaking up about a hazard (even if it later proves minor) aligns with the zero
objective rather than contradicting it.
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8.3 Alignment with Just Culture

The Zero Intentional Harm framework aligns closely with Just Culture principles [5].
Just Culture differentiates among;:

* Human error (unintentional action)

* At-risk behavior (risk not fully recognized or misjudged)

* Reckless behavior (conscious disregard of substantial risk)

Psychological Safety is strengthened when individuals trust that honest error and responsible
reporting will not trigger punitive responses [1].

Zero Intentional Harm reinforces this boundary clarity:
* Human error invites learning
* At-risk behavior invites coaching and system review
* Reckless behavior invites accountability
Crucially, reporting concerns (even if incorrect) does not fall into reckless behavior.
Suppressing concerns, however, may approach intentional harm when known risks are withheld.
This alignment ensures that the speaking-up chain is protected by policy rather than left to
interpersonal discretion.
8.4 Operational Implications
Reframing from Zero Harm to Zero Intentional Harm produces three practical effects:
1. Tt reduces reputational pressure to conceal weak signals.
2. It strengthens transparency in incident investigation.
3. Itreinforces decision quality over statistical appearance [3].

The message becomes clear:

The organization’s commitment is not to perfect optics, but to uncompromised integrity in hazard
recognition and response.

In high-hazard industries, catastrophic loss is rarely caused by a single act of error. It is more
often preceded by ignored signals, rationalized deviations, and muted concerns [4].

Zero Intentional Harm addresses that upstream vulnerability directly.
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It preserves ambition while protecting voice: ensuring that the pursuit of safety does not
paradoxically silence the very signals required to achieve it.

9. Case Applications and Evidence

9.1 Petrochemical Manufacturing Complex

(Multi-Site, >3,000 Personnel)

Baseline Pattern

* Near-miss reporting rate: 0.8 reports per 100 employees per month.

* 72% of PHA recommendations closed administratively within 90 days.

* Contractor reporting contributed <10% of total safety observations.

Audit observations identified:

* Minimal dissent in senior technical reviews.

* Escalations frequently resolved informally without documentation.

* Recurring mechanical integrity findings across audit cycles.

Tier 1 and Tier 2 metrics were stable, reinforcing perceived system health.

18-Month Outcome (Post-Intervention)

* Near-miss reporting increased to 2.6 per 100 employees per month (+225%).

* Contractor-originated reports increased from 10% to 34%.

* Average time from hazard detection to documented action reduced by 31%.

* Recurrent mechanical integrity findings decreased by 40%.

* Documented alternative scenario challenges in PHAs increased by 60%.

Pattern observed: Increased voice density improved detection sensitivity without destabilizing
production performance, consistent with findings linking Psychological Safety to learning
behavior and reporting transparency [1].

9.2 Offshore Energy Installation

(High Contractor Ratio)

Baseline Pattern

* Contractors represented 65% of workforce but generated only 18% of safety reports.

* 58% of escalated issues lacked documented closure communication.
* Safety meetings averaged <5 minutes of open technical dialogue.
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12-Month Outcome

* Contractor reporting participation increased to 46%.

* Pre-job briefing duration increased by 22%, with risk clarification events doubling.
* Closure communication compliance improved from 42% to 88%.

* Structured observation showed 35% reduction in visible hesitation behaviors.

Pattern observed: When escalation reliability improved, contractor engagement rose significantly
without reporting inflation, reflecting patterns observed in high-reliability organizational
environments [2].

9.3 Specialty Chemicals Production Facility
(Batch Processing, High MOC Frequency)
Baseline Pattern

* High Management of Change (MOC) volume (~240 MOCs annually).
* 64% of MOC:s approved with no documented dissenting comments.

* Near-miss reporting plateaued at 1.1 per 100 employees per month.

* Incident investigations frequently cited “assumptions not challenged.”
* 30% of corrective actions reappeared in subsequent internal audits.

Technical procedures were robust; documentation quality met corporate standards. However,
challenge behavior was inconsistent.

Intervention

* Formal dissent round embedded into every MOC technical review.

» Mandatory documentation of at least one alternative risk scenario during complex changes.
* Leadership modelling of uncertainty statements during reviews.

* Separation of reporting volume metrics from management performance bonuses.

* Living Indicator observation integrated into monthly operational reviews.

15-Month Outcome

* Near-miss reporting increased from 1.1 to 2.8 per 100 employees per month (+155%).
* MOCs containing documented alternative risk scenarios increased from 36% to 8§9%.

* Corrective action recurrence across audits reduced from 30% to 17%.

* Investigation reports citing “assumption not challenged” decreased by 44%.

* Average time from deviation identification to formal MOC initiation reduced by 38%.

Notably, production throughput and batch cycle time variability did not deteriorate during this
period.
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Pattern observed: Strengthening voice mechanisms within MOC processes improved risk
analysis depth without slowing operational tempo.

9.4 Mining Operation
(Remote, Production-Driven)
Baseline Pattern

* Strong Zero Harm messaging linked to leadership evaluation.
* Injury frequency low; however:

* Near-miss density inconsistent across crews.

* Escalations decreased significantly during peak production demand.

* Post-event analysis revealed prior unreported anomalies.

12-Month Outcome

(After Zero Intentional Harm Reframing)

* Near-miss reporting increased by 180%.

* Cross-crew hazard sharing increased by 55%.

* Production downtime due to unplanned equipment failure reduced by 18%.
* Dissent expression in planning meetings increased by 50%.

* Escalation frequency remained stable during high-production cycles.

Pattern observed: Removing outcome-perfection pressure stabilized voice under operational
stress.

9.5 Cross-Case Evidence Patterns

Across petrochemical, offshore energy, specialty chemicals, and mining operations, consistent
quantitative patterns emerged:

1. 150-250% increases in near-miss reporting.

2. 2-3x improvement in contractor participation.

3. 25-40% reduction in recurrence of audit findings.

4. 30-45% reduction in detection-to-action cycle time.

5. 35-50% increase in documented technical dissent during reviews.

Importantly:
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* No sustained evidence of reporting overload.
* No measurable increase in reckless behavior classifications.
* No degradation of production performance metrics.

The most consistent improvement occurred in escalation fidelity and closure transparency rather
than immediate changes in lagging harm rates.

9.6 Impact Interpretation

The evidence indicates that Psychological Safety interventions enhance activation reliability of
existing PSM elements rather than replacing them.

When voice pathways strengthen:

» Hazard detection sensitivity increases.

* Escalation remains stable under hierarchy and production pressure.

* Technical challenge becomes normalized within MOC and PHA processes.
* Closure credibility improves, reducing avoidance behaviors.

Across chemical and extractive industries, the shift from static compliance to dynamic signal
integrity produced measurable operational benefits, particularly in contractor engagement, audit
recurrence reduction, and upstream hazard identification.

These patterns reinforce the central thesis: Psychological Safety operates as a measurable
system-performance variable within high-hazard environments, directly influencing escalation
reliability and barrier resilience while maintaining technical rigor and accountability.

10. Global Implications for the Process Industries

The future of process safety will not be defined solely by stronger procedures or more advanced
technology. It will be shaped by how effectively organizations preserve informational integrity
under increasing complexity. Psychological Safety (PS) is therefore not a regional leadership
topic, but a global risk variable.

For audiences in Texas and other high-consequence industrial regions, the implications are
immediate and structural.

10.1 Contractor-Heavy Operations
Across refining, petrochemical, LNG, and specialty chemicals sectors, contractor populations
frequently exceed 50% of the workforce during turnarounds and capital projects. Contractors

often operate under dual pressures: client expectations and employer loyalty.

In such environments:
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* Escalation hesitancy increases under hierarchical gradients.
* Hazard reporting may be filtered through supervision layers.
» Commercial risk (contract renewal) may compete with technical risk disclosure.

If Psychological Safety is uneven between permanent and contract staff, escalation reliability
becomes fragmented.

Investigations across multiple industrial accidents have shown that contractor personnel
frequently observed early warning signs but did not escalate them effectively due to
organizational barriers or uncertainty about reporting authority [4].

Strategically, global operators must:

* Apply Just Culture protections explicitly to contractors.

* Audit closure feedback across employment categories.

* Ensure reporting channels do not implicitly privilege organizational tenure.

Barrier reliability is only as strong as the least empowered voice.

10.2 Digital Systems and Automation

Digitalization (including predictive analytics, remote monitoring, and Al-assisted diagnostics)
enhances detection capability. However, digital tools do not eliminate human judgment; they
redistribute it.

New risks emerge:

* Overreliance on algorithmic outputs.

* Reduced challenge of automated recommendations.

» Diffusion of accountability in remote operations centers.

In highly automated facilities, silence may shift from the shop floor to the control room.
Operators may hesitate to question system logic perceived as “validated.”

High-reliability research shows that organizations maintaining resilience in complex
technological systems deliberately cultivate questioning of assumptions, even when systems
appear stable [2].

Psychological Safety must therefore evolve to include digital dissent:

* Encouraging questioning of model assumptions.

* Reviewing algorithmic anomalies with cross-disciplinary input.

* Protecting individuals who escalate concerns about system accuracy.

Technology increases data volume; PS determines whether anomalies are pursued.
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10.3 Multicultural Workforce Dynamics

Global operations increasingly integrate multicultural and multilingual teams. While diversity
strengthens risk perception breadth, it can also amplify hierarchy perception and deference
behaviors.

In some cultural contexts:

* Challenging senior personnel is socially discouraged.
* Indirect communication is normative.
« Silence may signify respect rather than agreement.

Without intentional structuring, these norms may unintentionally weaken escalation loops.

Research on team learning behavior demonstrates that individuals are significantly more likely to
raise concerns when they believe interpersonal consequences will not follow [1].

Strategic responses include:

» Structured dissent rounds in technical reviews.
* Rotating facilitation roles.
* Explicit normalization of challenge independent of seniority.

Psychological Safety must be designed into meeting architecture, not assumed through good
intent.

10.4 Aging Assets and Infrastructure

Many global facilities, particularly in mature industrial regions, operate assets beyond their
original design life. Aging infrastructure introduces increased uncertainty:

* Corrosion variability.

* Legacy design assumptions.

* Documentation gaps.

» Workforce retirements reducing institutional memory.

In such environments, weak signals matter more. Minor anomalies may represent systemic
degradation.

Process safety research consistently shows that major industrial incidents are often preceded by
subtle operational deviations or early warning signals that were either misinterpreted or not
escalated in time [3].



GCPS 2026

If voice is suppressed (due to production pressure, performance optics, or normalized deviation),
aging assets compound risk exposure.

Strategically, organizations managing mature facilities should treat Psychological Safety as an
asset-integrity multiplier. Early reporting of small deviations reduces cumulative technical debt
and strengthens the resilience of engineering safeguards.

11. Conclusion — A Call to Action

High-hazard industries have invested decades in strengthening engineering safeguards,
formalizing management systems, and refining Risk-Based Process Safety frameworks. Yet
across investigations, a recurring precursor remains: critical information was available, but not
elevated, not heard, or not acted upon [3][4].

Silence is not neutral.
Silence is a hazard.

It degrades detection sensitivity, weakens escalation reliability, and delays corrective action. It
does not appear in piping and instrumentation diagrams, but it alters the performance of every
barrier. When silence becomes normalized, Risk-Based Process Safety elements remain
structurally intact while functionally compromised.

Psychological Safety is therefore not a cultural accessory, it is a safeguard.

It strengthens the human challenge barrier. It activates the detect — escalate — act — close
chain. It increases informational integrity within complex socio-technical systems. Most
importantly, it does so without reducing accountability, technical rigor, or performance
expectations [1].

For the Center for Chemical Process Safety and the broader global safety community, the
implication is clear: future guidance must continue evolving beyond structural compliance
toward activation reliability. The presence of a Process Hazard Analysis, a Management of
Change procedure, or an incident investigation protocol is not sufficient. Their effectiveness
depends on whether individuals can raise concerns without interpersonal risk.

For industry leaders, the mandate is operational: Measure Living Indicators. Audit escalation
closure. Protect the contractor voice as rigorously as the employee voice. Decouple reporting
density from reputational threat.

For regulators, the opportunity lies in encouraging transparency metrics alongside traditional
lagging indicators, reinforcing that early signal reporting reflects system strength, not weakness.

The next frontier of process safety will not be defined by additional paperwork or expanded
checklists. It will be defined by whether organizations treat silence as a leading risk indicator and
Psychological Safety as an engineered human safeguard.
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The call to action is straightforward: Design systems where speaking up is not courageous—it is
routine.

When voice becomes routine, resilience follows.
12. Key Takeaways

Silence is a systemic process safety risk.

It disrupts the detect — escalate — act — close chain and weakens multiple Risk-Based Process
Safety (RBPS) elements simultaneously. Silence should therefore be treated as a leading
indicator of barrier degradation, not merely an interpersonal issue [3][4].

Physiological Safety Management operates in line with Process Safety Management.
Speaking up is a neurobiological risk decision shaped by threat response (salience network,
amygdala activation, cortisol release) and social reward chemistry (dopamine, oxytocin,
serotonin). When escalation feels socially unsafe, even well-designed PSM systems may
underperform [1].

Cognitive dismissals sustain operational blindness.

Normalization of deviation, authority bias, optimism bias, and diffusion of responsibility
reinforce the “lies we tell ourselves” that suppress voice. These cognitive shortcuts persist
because they reduce short-term interpersonal discomfort while increasing long-term systemic
risk [2][6].

Psychological Safety functions as a meta-element and human safeguard.

It strengthens the reliability of hazard identification, Management of Change, incident
investigation, and contractor engagement. Without reliable voice pathways, procedural
compliance does not guarantee protection [3].

From Zero Harm to Zero Intentional Harm.

Reframing safety outcomes reduces suppression pressure and aligns with Just Culture principles,
encouraging early reporting and transparent escalation rather than preservation of perfect safety
statistics [5].
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