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Abstract

Despite the reliance on safety auditing within organizations, comparatively limited
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research has studied the performance of safety auditing. When an investigation
laments the “lack of audit quality” following an accident, what is meant by this state-
ment? What contrasts a “good quality” audit from a “poor quality” audit? This study
examined counterfactual logics (statements about alternative realities that did not
occur but “could have” according to investigators) within 44 major accident reports
to assess how audits are supposed to function and how they fall short of the ideal
model. The content analysis yielded nine counterfactual auditing failures grouped
into four categories. Contrary to the “ideal” model, audits (a) failed to facilitate an
accurate understanding of threats by misinterpreting their saliency, (b) failed to facili-
tate timely action against threats by inadequately addressing the deterioration of
known issues, (c) failed to facilitate effective management of issues, leading to confu-
sion around the purpose and scope of audits, and d) failed to facilitate sufficient
focus on threats by lacking focus on critical hazards and focusing on paperwork over
operational issues or “failing silently” by missing threats while simultaneously praising
performance. Practitioners should critically evaluate audits against these criteria and

ensure audits effectively identify early warning signs.
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1 | INTRODUCTION

Auditing is a widespread practice used, in part, for ensuring expected
systems, practices, and controls are in place and functioning. Neverthe-
less, can auditing drive a false sense of safety in organizations? Auditing
was implicated in the 1988 Piper Alpha oil platform accident, which
tragically sank into the North Sea after suffering several explosions due
to the unplanned release of condensate. Discussing the Piper Alpha
accident, Appleton (technical advisor to the inquiry) noted that clearly
“there was no shortage of auditing [at] Piper. What was deficient was the

quality of that auditing. Not only were departures from laid-down

procedures not picked up, but the absence of critical comment in audit
reports lulled senior management into believing that all was well*1(P203)
Appleton's statement prompts several questions. For one, what
do major accident investigators expect from effective audits? Several
guidelines cover the implementation of auditing systems (see for
instance Reference 2), but there appears to be scarce evidence explor-
ing how investigators construct the successes and failures of auditing
in the context of major accidents. Related to the first question: what
role have audits played in failing to adequately warn organizations of
emerging danger before a major accident? Evidence to this question is

also relatively scarce.
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Third, what role does counterfactual reasoning play in the
construction of investigation reports? Investigation reports make fre-
quent reference to counterfactuals - hypothetical alternate realities
that did not occur but may have occurred had some factors been oth-
erwise.® Investigations use counterfactual logics to compare what
happened in the event against a normative frame, but counterfactuals
have come under some debate as scientific evidence in the safety
science community.*¢

When the counterfactual logic is applied to audits, accident
reports allow a view into the idealized model of how accident investi-
gators believe audits should be designed or be capable of achieving.
With this knowledge, practitioners can question whether their audits
are performing against expectations and whether audits relay (or not)
early warning signs. Hence, the three aforementioned questions frame
the objectives, and subsequent findings, in this paper: (1) what major
accident investigators expected from effective audits have been
extracted from accident reports, (2) the contributory role audits
played in the accident were categorized based on direct inference
from the reports, and (3) counterfactual statements made by the

investigators were grouped via thematic coding.

2 | BACKGROUND

21 | Whatis auditing?
Auditing can be defined as a “systematic examination against defined
criteria to determine whether activities and related results comply
with planned arrangements and whether these arrangements are
implemented effectively and are suitable to achieve the organization's
policy and objectives.””

Audits may broadly be classified as internal or external.? External
audits typically involve parties external to the organization, such as
auditing firms, clients, or regulators. Internal audits are run by the

organization, evaluating how its practices and systems are performing.

2.2 | Do audits have a role in sensitizing
or desensitizing organizations to danger?
Audits may play a role as a system performance indicator.” *!
Resultingly, audits should be able to identify and effectively communi-
cate precursor issues for resolution within organizations and/or
amplify weak signals'?; ultimately creating “safety foresight.”*? The
identification and interpretation of signals “rarely arrive pre-packaged
in the clear and unambiguous form” but instead must be “actively
made and constructed, by relating information on organizational
performance to pre-existing concerns.” 134

Disasters are “essentially organized events’*3*? that require a long
incubation period of discrepant gaps in organizational, social, and psy-
chological patterns, as well as prolonged neglect or discounting of poten-
tial signs of danger.*®'* These two elements allow accident precursors

to accumulate unnoticed. Theoretically, auditing can help organizations

detect accident precursors, but auditing can also provide a false
assurance of safety, inadvertently allaying subjective concerns for issues
where alleviating concern was not objectively warranted.'®> While osten-
sibly safety audits can sensitize—or desensitize—organizations to signals

of danger, little empirical evidence exists.

2.3 | How do investigation approaches influence
the construction of accident reports?

Broadly speaking, an incident investigation report is constructed

following several steps after an incident*6®P3-4);

o Assembling the appropriate investigation team.

o Gathering information, like stakeholder interviews and statements
or physical evidence.

e Analyzing the data to formulate an accurate understanding of what
happened, for example, constructing plausible scenarios to be
evaluated.

e Determining causal factors and effective improvements and
recommendations.

e Preparing the investigation report that details the facts, findings,
and recommendations.

e Communicating findings and conclusions from the investigation.

In safety science, the nature of creating meaning via what exists
or is perceived to exist (ontology), and the relationship between the
mind and knowledge (epistemology) can be seen along a spectrum.
One side of the spectrum is the positivistic perspective. Positivism is

h'” and reasons that an

said to encompass the “traditional” approac
objective reality exists that is separate from the investigator and can
be derived via the application of quantitative and scientific methods.®
That is, facts are simply “out there” waiting to be found by a studious
investigator,'® where “context-free generalizations” and cause-effect
relationships ensure that the investigation “converge on the “true”
state of affairs.” 18109

The positivist perspective is dominant in construction safety,?®
and reflects the epistemology of engineering theory.2! This perspec-
tive is evident in accident investigation guides, which describe investi-

5:22(p3)

gations as a “search for the truth, or the search for facts, root

162223 ¢ the determination of what is

causes, and causative factors,
true or false based on hypotheses and analysis techniques.'® Guides
also suggest that physical evidence is a type of “real evidence” that
“always tells the same story” and that the investigator's input is less
important than the physical evidence, which must be allowed to “pre-
sent [its] own conclusions.”?2P3 |n sum, from a positivistic perspec-
tive, a clear boundary can be drawn around “real” evidence, as it
exists in the world with its unbiased story.

Constructivist perspectives sit at the other end of the spectrum.
While constructivists agree that knowledge can be constructed through
formal methods, logic, and tests,* the interpretation and judgment of
data still contain an “irreducibly social component.”*?73% Moreover, data

in the world have inherent uncertainties and ambiguities,* which beget
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different interpretations of the information's meaning. Applied to investi-
gations, this suggests that facts or causes are not so much found as they
are constructed by the analysts?* and influenced by a range of factors
like their existing worldviews.?®> Socio-political factors also influence the
information that is included in the investigation, what gets left out, or
how information is pieced together, interpreted, or simplified.24PP7¢=77)
Finally, from a critical angle, constructivist perspectives have been
argued to capture properties of social systems (of which organizations
are made up of)?® that cannot necessarily be observed via the use of
positivist methods related to physical phenomena.?’”

In all, objects of reality do exist. Likewise, investigators invariably
construct investigations based on their existing worldviews, assump-
tions, and preferences and are influenced by environmental factors
and constraints. The next section explores how “finding” or

“constructing” causes play out in investigations.

24 | Whatis counterfactual reasoning
in the context of investigations?

Accident analysis, from both positivist and constructivist perspectives,
involves selection and prioritization. The construction of a preferred
account of an accident necessarily silences and underemphasizes other
competing possibilities.2®2? This process can be informed by an idealized
model of what could or should have happened. In other words, investi-
gations construct, explicitly or implicitly, what did or did not happen
using a process of counterfactual reasoning against an idealized model.
Counterfactual reasoning involves mental representations of alter-

30p148) g0

natives to past or future events, actions, or states.>° Byrne
gests that counterfactuals typically involve an if-then conditional
format, where “if” refers to a person, action, or circumstance change
and “then” refers to a better or worse alternative outcome. He

1.3%P2) provides examples of how counterfactuals may be broad and

eta
general, such as “if only | was more careful,” or detailed and specific,
such as “if only | had double-checked my safety monitor.” These coun-
terfactual thoughts can then modify specific behaviors, traits, or other
situational features.3! Many types of counterfactual thoughts and emo-
tions have been described.>? Two that have been applied to workplace
safety include upward (better alternatives than the outcome) and
downward counterfactuals (worse alternatives than the outcome).®* In
sum, it is common practice in industry to explain an event by construct-
ing multiple plausible scenarios and evaluating them against the data.®®

Safety investigators can fall into the trap of post hoc rationalization—
for example, hindsight bias. This is where investigators—with clear knowl-
edge of what happened—can identify points where people could have
revised their judgments or actions but failed to do s0.3* Examples of
counterfactual statements reflective of post hoc rationalization—for
example, would have, should have, could have—are found throughout
accident investigations. Examples include the following:

e According to the Nimrod aircraft accident report,®>®®% a “cursory
examination” of existing improbable likelihood calculations on fuel

leak rates “would have shown this statement to be unsound” and

PROCESS SAFETY
SEROGRESS

discussions with Nimrod crews “would have shown the claim to be
manifestly untrue” (emphasis added).

o A HAZOP study for some pumps was omitted before the Longford
plant accident. The investigation suggests that a HAZOP “would
have” systematically described and questioned deviations from
design intents and the consequences that could “conceivably occur”
and identify procedures to avoid dangerous low-temperature states.
As such, “it is inconceivable that a HAZOP study of GP1 would not
have revealed factors which contributed to the accident.”3¢P204

e Investigations of the 2005 BP Texas City explosion cite examples
of how: 1) a standard “should have” been reviewed during Process
Hazard Analysis revalidations and facility siting studies and if it
had, a critical hazard “would have been evaluated” (emphasis
added).?7*13

e Review of the entire health and safety management system before
the 2010 Pike River mine disaster “would have identified anoma-

»:38(p77) such

lies, many of which could have been readily rectified,
as inconsistencies around trigger values for flammable gas accumu-
lation or references to inapplicable codes of practice (emphasis

added).

When investigations use language like the above, they are engag-
ing in counterfactual reasoning and making claims about a hypotheti-
cal alternate version of events. Yet, the status of such reasoning as
scientific evidence is a matter of debate in the safety science
community.

Some authors have a different perspective on the value of coun-
terfactual reasoning. Some are critical and dismissive, while others are
cautious but see value. Other authors adopt the reasoning as factual
with seemingly little hesitation.

In the dismissive camp, Dekker et al.®?

criticize investigations in
complex systems as a “construction” of causes rather than objective
and unambiguous signs to be found. In their view, investigations
reconstruct events through a linear process of parsing complex and
interrelated factors into a story broken down into individual compo-
nents, parts, and actors.>? Selecting fragments of data can be a pro-
cess of cherry-picking and story-crafting, whereby similar pieces are
lumped together into a coherent narrative.?* The result is never truly

39

“objective,””” since the construction of an event is influenced by the

investigator's “background, preferences, experiences, biases, beliefs,
and purposes.”?®)

In support, a 2004 meta-analysis of 95 studies found low to mod-
erate effect sizes of hindsight bias on subsequent judgments across a
range of settings*® and a detailed analysis of over 2000 traffic acci-
dents by a multidisciplinary investigation team flagged the role that
post hoc rationalizations had on judgments.** A later study found that
a priori “if only” conjectures about the accident can subsequently lock
investigators into a narrowed focus that is aimed at correcting people
rather than system change.3?

Further supporting this perspective, investigations are also influ-
enced by a range of other factors including the language used in
investigations, where more agentive language can increase the causal

attribution of fault toward people,*? particulars of safety climate and
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safety communication within the organization,*? assumptions inherent
within the accident models,?> and a host of other cognitive, social,
and political influences in the organization.**

In the middle camp are scholars such as Hopkins, who utilize
diverse sources including accident reports, to construct narratives that
are informative, perhaps speculative, but logical.**~*” Hopkins' story-
telling employs a repeated narrative sequence, encompassing factual
data, organizational assumptions, parallels with other incidents or stud-
ies, explanation of phenomena, and recommendations for improve-
ment. This approach incorporates counterfactual arguments, aiming to
convince readers of potential accident prevention under different cir-
cumstances.*® This narrative style is said to invite readers on “a journey
from a series of problems to a series of solutions while providing novel
insights into a set of issues faced daily by [industry] practitio-

#8741 Hopkins contends that investigations fundamentally

ners.
address causes, either implicitly or explicitly.> One meaning of causality
involves a “but-for” counterfactual logic: indicating a factor that was
necessary for the accident to occur and had it been otherwise, would
not have occurred.? Instances of “but-for” attributions exhibit logical
underpinning in certain scenarios while relying more on expert discern-
ment in others. Logical deductions are better suited for technical mat-
ters, whereas nuanced expert judgment is necessary for more remote
and organizational factors®—reflecting counterfactuals that are more
“persuasive rather than conclusive.”3®

Finally, the third camp takes a more literal approach in interpret-
ing and applying findings from investigations without explicitly recog-
nizing the empirical status of counterfactual arguments. Unlike the
other positions, this approach is not explicitly explained and defended
in the academic literature. It tends to be the default approach, cri-
tiqued by advocates of the alternatives. A combination of perspec-
tives from different camps may also be in effect.

This paper does not aim to criticize the counterfactuals or pass
judgment on their veracity. It also does not use counterfactuals as evi-
dence of what should have happened. Instead, counterfactual argu-
ments are used to establish what the idealized model of safety looks
like from one cohort of practitioners. Understanding the assumptions
and beliefs investigators hold in the causality of accidents is valuable
for identifying levers of system improvement (e.g., as highlighted by
References 25,44) and closing the gap between assumed safety ver-
sus reality.

When we apply this type of analysis to audits, accident reports
allow us to see the “counterfactual audit” - the idealized picture of
what accident investigators believe audits should achieve in practice.
This picture is rarely explained directly but is built up of all of the com-
parisons when actual audits are criticized for their failure to match the
ideal.

The counterfactual audit is an important artifact because it then
lets us compare actual audits with this idealized picture. Once we
know how audits are expected to function for the prevention of
accidents, we can properly ask if, when, and how audits meet these
expectations. This provides a tool for both critically examining cur-
rent audit practices, and, if feasible, developing improved audit

practices.

3 | METHODOLOGY

This study examined counterfactual statements of safety audit perfor-
mance and failure according to major accident reports. Four hundred
and twenty-eight reports were identified after searching various inter-
net sources, including the US Chemical Safety Bureau (CSB), UK
Health and Safety Executive, regional or national safety and mining
regulators, and websites hosting official accident reports and/or royal
commissions/investigation inquiries. Most reports came from the CSB
due to their large source of publicly available reports.
The inclusion criteria for the accident reports were as follows:

1. English reports from Australia, Canada, New Zealand, The
United Kingdom, and The United States of America.

2. Published between 1990 and 2023 (to maintain a contemporary focus).

3. Non-transport onshore and offshore accidents investigating oil &
gas, petrochemical, mining, and pipeline sectors (to maintain a
manageable sample of major accidents).

4. Final/completed accident reports publicly available on the internet.

5. Mentioned the term “audit” or variations thereof.

6. Of the reports that mentioned “audit”, mentioned a type of audit

failure or gap in auditing.

Forty four accident reports corresponding to 42 accidents met the
inclusion criteria. In two cases, more than one investigation report was
available for the same accident (the Macondo well blowout and Texas
City accidents). In a single case, a book exploring a major accident by a
prominent safety researcher was included due to the unique insights
this book offered. Figure 1 shows the breakdown of investigation
report sources according to the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses guidelines (PRISMA).*° In short, an ini-
tial sample of 14,576 reports matching the specified search terms were
identified. This sample was immediately culled down to 5612 reports
for screening. Over 5000 records were removed for not relating to a
full safety investigation published in English. Of the remaining sample,
428 reports remained for thorough assessment. Finally, 384 of the
428 reports were excluded for not mentioning an auditing failure in the
investigation, leaving a final sample of 44 reports.

All statements relating to auditing within the reports were copied into
a Microsoft Excel table. Reports were excluded if they did not meet the
above criteria. The most common reasons for excluding reports that men-
tioned “audit” were either that (a) the statements were vague or simply dis-
cussed the importance of auditing or (b) referred to a range of field-based
inspections as audits and did not meet the definition for this study (e.g., this
was most frequently encountered in mining reports, which more frequently
referred to inspections of conveyor belts and other mechanical plant as
“audits”). As per guidance from PRISMA*’ the excluded audit reports were
re-evaluated using different keywords (“inspect,” “evaluate,” “review,”
“probe,” and “investigate”) to ensure that different terminology for
“audit” were not being used. As per the above item b), none of the
excluded studies met inclusion following secondary review.

After a full list of auditing statements was listed in the spreadsheet, a

qualitative content analysis approach was used to group the data.
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Identification

Records identified from (n =14,576): U.S. Chemical Safety and Hazard Investigation Board (CSB; n = 117), OSHA (n =
7,108), Mine Safety and Health Administration (MSHA; n = 555), NSW Resources Regulator (n = 173), National Offshore
Petroleum Safety and Environmental Management Authority (NOPSEMA; n =500), Government of Queensland (n = 15),
Business Queensland (n =5), National Transportation Safety Board - pipelines (NTSB; n =72), Queensland Courts (n =
810), NSW Courts and Tribunals (n = 138), Health and Safety Executive (HSE; n = 34), Transportation Safety Board of
Canada - pipelines (TSB; n =40), Bureau of Safety and Environmental Enforcement (BSEE; n = 45), Coroner's Court of
Western Australia (n = 71), Alberta Energy Regulator (AER; n =24), Australian Transport Safety Bureau (ATSB; n = 380),
Government of Western Australia (n = 6), Ministry of Energy, Mines and Petroleum Resources (n = 197), Government of
Victoria (n = 8), Government of Tasmania (n =7), Department of Mines and Petroleum (DMP; n =299), Resources Health
and Safety Queensland (RSHQ; n = 125), NT Worksafe (n = 110), Government of South Australia (n = 9), Ministry of
Labour /Ministére du Travail (n = 80), Commission des normes, de I'équité, de la santé et de la sécurité au travail
(CNESST; n =1,507), Government of Nova Scotia (n = 180), WorksafeNB (n = 505), Manitoba Workplace Safety and
Health (n = 63), Workers Compensation Board of PEI (WCB; n =52), Comcare (n = 162), WorkplaceNL (n = 125), Alberta
Occupational Health and Safety (n = 342), Saskatchewan Ministry of Labour Relations and Workplace Safety (n = 69),
Worksafe ACT (n = 34), Australian Government (n = 18), United States Government Publishing Office (GPO; n = 1), United
States District Court — Louisiana (n =296), United States Coast Guard (USCG; n = 101), WorkSafe New Zealand (n =119),
Government of New Zealand (n = 15), Other (n =2), Coronial Semvices of New Zealand (n = 57)

> Reports excluded before screening (n = 8,964)

J

Reports excluded:

No full investigation (n = 1,992)

Not a safety investigation (n = 1,009)
Industry out of scope (n =676)
Non-English investigation (n =1,507)

Records screened (n =5,612)

Screening

Reports assessed for eligibility Reports excluded:
(n =428) ”1 No auditing failures mentioned in
investigation (n =384)

L

]

Included

Louisiana (n =1), USCG (n = 1), Other (n =2)

[

Reports included in review (n =44): CSB (n = 23), MSHA (n =2), NSW Resources Regulator (n = 2), NOPSEMA (n =
1), Government of Queensland (n = 1), NTSB (n = 2), Queensland Courts (n = 2), HSE (n = 3), BSEE (n =1),
Government of Western Australia (n = 1), Government of Victoria (n = 1), GPO (n = 1), United States District Court -

FIGURE 1

Qualitative content analysis involves a process of abstraction®°—assigning
sentences and paragraphs to similar codes, categories, and themes. Spe-
cifically, groups of text were assigned under related abstract sub-
categories, such as at the first pass “Audits focused upon review of pro-
cesses and documents rather than on verification and assessing whether
procedures are being followed or whether work practices were consis-
tent with procedures,” then abstracted to a higher level with “Audits
focused on “surface compliance”; reflecting stated failure types of audits.
Finally, categories were assigned to a counterfactual statement based on
the reverse of the audit statement, like “Expectation that audits focus
on critical components.” All sub-categories were allocated to four over-
arching failure categories.

By the end of the review, each category had reached saturation,>*
with no new categories being formed within approximately the final 40%
of reports. Each audit statement was then rewritten into a briefer descrip-
tion to tabulate all of the findings concisely. Categories, where audits did
effectively identify or relay major hazards, were omitted as out of scope.

In many cases, statements to audit failings or involvement in acci-
dents were vague or could be considered to cover more than one cat-
egory. In these instances, judgment was used to group the factor into
the category that best fits the factor based on its context.

4 | RESULTS

Qualitative coding resulted in nine categories of counterfactual rea-

soning on what auditing is expected to achieve and with associated

Breakdown of investigation report sources based on PRISMA.

failure types, shown in Table 1 in summarized format. Table S1 con-
tains the full categorized list of statements.

Note that the frequency of observations per category is not neces-
sarily indicative of how prevalent these factors are in reality, nor their
importance according to investigations. Rather, the number of observa-
tions reflects the definition of the categories (a structural condition
related to the qualitative coding) and also the operating mental models
of the accident investigators (what-you-look-for-is-what-you-find).2
Finally, investigators' independence, competence (including technical
and non-technical skills competencies),>? scopes, and employed investi-
gation methodology may shape the findings of investigation reports.>®

5 | AUDIT FAILURE TYPES

To understand what investigators expect from audits, this paper eval-
uated 44 accident reports to (1) infer the idealized model of auditing
based on the perspective of investigators, (2) determine how audits
departed from this idealized model, and (3) determine how audits can
normalize or sensitize organizations to major risks.

The nine sub-categories are contained within four overarching
categories:

o Audits involve a failure to understand.
o Audits involve a failure to act.
e Audits involve a failure to manage.

e Audits involve a failure to focus.
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TABLE 1
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Failure categories as coded from
accident reports

1. Failing to understand

Audits lacked personnel with the necessary

skills, knowledge, or expertise

Audit identified a hazard or issue but its
relevance or severity was misinterpreted

2. Failing to act

Some of the issues relayed by audits were
not properly acted on or managed

Inadequate action on improvement
opportunities when in hindsight a
different response should have been
taken

3. Failing to manage

Misuse or lack of clarity on the purpose
and scope of audits

General failure to establish an effective
auditing program

4. Failing to focus

Audits lacked focus on critical components

Audits focused on “surface compliance”

Audits failed to identify deficiencies but

reinforced a positive view: failing silently

51 |

How do audits fail compared

Reconceptualized
counterfactual categories

The expectation that audits will involve
personnel with appropriate skills,
knowledge, or expertise

The expectation that audits will lead to
the accurate and salient interpretation
of hazards

The expectation that issues identified
during audits will be appropriately acted
on or managed

The expectation that auditing will result in
clear improvement actions

The expectation is that audits will clearly
articulate the purpose and scope of the
audit

Expectations that effective auditing
programs will be established

Expectations that audits focus on critical
components

The expectation is that audits penetrate
through paperwork to measure the
effectiveness

The expectation that audits will identify
deficiencies and alert of potential
threats to safety - failing loudly

audit that did not have the

Summary of counterfactual auditing failures grouped by overarching categories.

Examples of departures from counterfactual model

Internal auditors were said to have not received the training
in auditing required to effectively discharge their role

Issues identified following audits that, in hindsight, should
have been clear threats for resolution were understood or
interpreted in a way other than as a direct safety threat
(e.g., safety threats were interpreted as insurance threats)

For various reasons, issues that were identified during
internal or external audits were either not taken as priority
issues for resolution, the resolution actions were
inadequate or ineffective, or the issues were initially
resolved but re-deteriorated over time without further
resolution

Issues identified during audits did not result in unambiguous
and assigned actions for resolution but rather ambiguous
opportunities for improvement, mere observations or
ambiguity around how and why some issues were
actioned, and others were not

Some degree of uncertainty or lack of clarity existed around
what an auditing regime was supposed to entail or achieve,
how it would achieve its goals, who should be involved or
lead an audit, or uncertainty about what parts of the safety
system should be evaluated as part of auditing

A comprehensive or sufficient scheduling of audits and/or
guided by appropriate standards was not in place or
functioning consistently or effectively

Audits either failed to consider or explore certain major
hazards or lacked the tools or methodologies to
appropriately canvass such critical issues

Audits verified that certain expected systems, documents, or
processes existed but did not adequately evaluate how
effectively those deliverables were functioning or whether
they had the intended impact on hazards or practices;
thus, audits focused on “surface compliance”

Audits not only missed critical deficiencies but were reported
to have praised performance despite issues or reinforced a
belief that issues did not exist or were under control, such
that audits “failed silently”

support of a suitable subject matter

with the idealized model?

5.1.1 | Audits involve a failure to understand

Audits lacked personnel with the necessary skills, knowledge,

or expertise

According to investigators, audits are expected to include person-
nel with appropriate skills, knowledge, or expertise. As an exam-

ple, the Husky Superior Refinery®* report referred to an internal

expert. Without the input of relevant subject matter experts,
investigators believe that a critical gap in shutdown procedures
was not discovered during audits before the accident. Also, a
2016 process safety audit at the Husky Superior Refinery limited
interviews to contractors and emergency responders, omitting
refinery operators.

In the case of Piper Alpha,>® the royal inquiry noted that inspec-
tors did not necessarily have the expertise to thoroughly audit special-

ized systems, like the permit-to-work system.
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Audits identified a hazard or issue, but its relevance or severity was
misinterpreted

After identifying an issue, audits are expected to facilitate an accurate
understanding of issues and their associated severities. Examples
were found where the findings derived during audits were misinter-
preted, thereby allowing inadequately managed risks to remain in
place.

In the case of the Imperial Sugar dust explosion,®® a “Good
Manufacturing Practice” audit by external parties noted the accumula-
tion of sugar dust in the facility - however, due to the audit's focus,
the dust was marked as an issue of food quality and not also as a com-
bustible hazard (with investigators remarking that this type of audit
could be suitable for identifying safety hazards). Similarly, an insur-
ance audit before the West Pharmaceutical Services dust explosion
also identified dust residue on fire sprinkler heads at the facility but
did not assess whether that dust was a combustible hazard.>”

Other audits evaluated the dust or chemical systems that were in
place at the respective facilities. In the case of the toxic chemical
release incident at the DuPont La Porte Chemical facility,®® an exter-
nal audit identified the presence of a hazardous chemical detection
system but did not verify if the system was effective. In contrast, dust
control measures and fire protection systems were evaluated during
external audits before the AL Solutions metal dust explosion,®® but
mistakenly considered inadequate systems to be acceptable.

5.1.2 | Audits involve a failure to act

Some of the issues relayed by audits were not properly acted on or
managed

Audits were expected to effectively ensure that issues identified dur-
ing the process would be acted on and managed. Multiple examples
were found where this idealized statement was not achieved.

For instance, an earlier audit before the Prudhoe Bay oil spill was
said to have reaffirmed concerns about ongoing issues of pipeline cor-
rosion, but this finding did not result in a revamp of pipeline control
systems.®® While some audit actions had been closed relating to the
blowout preventer at Macondo, some of these “resolved” issues were

found to have re-deteriorated.®!

Inadequate action on improvement opportunities when in hindsight a
different response should have been taken

Audits were expected to result in clear and actionable responses to iden-
tified issues. Correspondingly, at the EI DuPont de Nemours & Co facil-
ity, a hose in the phosgene feed system was not aligned with DuPont's
recommended standards.®> The non-compliant hose type remained
unresolved, as the audit designated the issue as an “observation” rather
than mandating remedial action. The report lacks clarification on why
the audit team chose an “observation” (a non-mandatory but preferred
response) instead of requiring mandatory action against the company's
internal requirements manual (which delineates essential facility man-
dates). Once categorized as an observation, the manual omitted the

necessity for an action plan to rectify the issues.

PROCESS SAFETYs

Elsewhere, audits identified issues, but no recommendations were
issued to resolve gaps in work instructions or departures from proce-
dures in the case of the Husky Superior Refinery.>* Improvements
were likewise identified to resolve defects highlighted during audits at
the Kuraray Pasadena facility,®® but no documented information was
available to demonstrate why 42% of the improvements were rejected
for implementation. In a similar vein, some audit findings before the
Macondo blowout were noted to have been outright rejected without

demonstration of a formal risk mitigation assessment.®?

5.1.3 | Audits involve a failure to manage

Misuse or lack of clarity on the purpose and scope of audits

Audits were envisioned to possess clear scopes, purposes, and func-
tions. Instances of misuse surfaced. At Texas City, an overemphasis on
audits as the primary driver of continuous improvement impeded the
development of a management system that prioritized continuous risk
reduction.®* Similarly, the Zinifex Century mine fatality inquiry unveiled
a misguided use, where executives perceived a “complex interlocking
system of audits, reports, and rules” as fostering a safety-sensitive cul-
ture, despite their partial blindness to hazardous work.6>?*? As a dif-
ferent example, Transocean's CEO, responsible for the Deepwater
Horizon drilling rig involved in the Macondo disaster, reportedly mis-
construed the essence of a safety system management review. The
CEO erroneously regarded audits as an “activity carried out by Transo-
cean's consultant, Lloyd's Register”, rather than acknowledging it as an
“activity he [as the CEO] should [be] Ieading.”“(p57)

For lack of clarity examples, there was confusion before the
Macondo accident around what the scope of the safety management
system was, and thus, confusion surrounding what the auditor
believed to be in-scope for the audit.® In the Montara oil spill,®” some
uncertainty existed around the difference between performance mon-
itoring and formalized audits and management reviews such that
these different activities were conflated as the same thing. Audits
were also expected to have sufficient independence from internal and
external influences that could influence the results of auditors. In the

case of the Moura mine accident,*’

insufficient independence existed,
resulting in a lack of candidness and critical assessment from the

auditors.

General failure to establish an effective auditing program
Investigators expected that effective auditing programs would be in
place to verify the management of systems, processes, and risks.
Comprehensive auditing programs were not implemented in
several instances, including before the chemical explosion at the
Synthron facility®® or in the lead-up to the Snapper Mineral Sands
mine fatality.®” Synthron's parent company, Protex, was said to have
provided little safety oversight or support to Synthon at their facility—
like from a comprehensive auditing program—despite the much larger
size of Protex and its available resources. At the Snapper Mineral
Sands mine, no safety management system audit was completed in

the preceding two-year period, despite being a requirement.
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Other instances highlighted specific facets of audit programs that
were lacking, like an evaluation of alkylation operations at the CITGO
Corpus Christi facility,”® contractor selection, and the safety oversight

program at Xcel energy,”*

or traffic policies and procedures in the
Columbia Quarry fatal accident.”?

Another report directed some culpability toward the respective
environmental regulator for not auditing the McKee refinery before

the 2007 incident.”®

5.1.4 | Audits involve a failure to focus
Audits lacked focus on critical components
The largest category of audit failures related to audits, in hindsight,
that did not focus on the necessary and critical elements of safety sys-
tems, risks, or practices.® This suggests that the “ideal” audit is
expected to direct acute attention toward systems governing major
hazards and/or operational practices interfacing with major hazards.
Different themes were evident in the data. In many cases, specific
hazards or hazardous activities did not receive due attention during
audits, for example, lockout/tagout procedures involved with the
Tosco refinery fire’* or the cutting of piping before the Tesoro Marti-

I7%; in the latter, audits could not surface gaps between

nez acid spil
corporate standards and pipe cutting practices. Investigators in the
Formosa Plastics explosion identified significant risks embedded
within the design and procedures related to PVC resin processing,
seemingly missed by audits.”®

Elsewhere, investigators described weaknesses in audits regard-

7 audits focused

ing rule compliance. In the Chevron refinery fire,”
too strictly on regulatory compliance—that is, ensuring regulations
or standards were adhered to—while omitting the search for other
ways to reduce risk over and above regulations or standards. In
the Macondo accident, investigators believed that audits were not
even compliant with international standards, nor effective for their
purposes.®®
Finally, other notable findings in this category included:

e Auditing at the Moura mine had too great a focus on health and
safety matters over catastrophic safety hazards, like explosions.*®

e Auditors were not provided with suitable auditing tools to
assess critical systems, like the permit-to-work system at Piper
Alpha.>®

e Previous incidents relating to phosgene did not feed back into pro-
spective audits, thereby allowing similar issues to persist such as at
El DuPont de Nemours & Co.%?

Audits focused on “surface compliance”

The second most prominent category involved audits appraising
safety issues at a superficial level, reflecting two related themes.
The first theme pertained to audits overly fixating on documenta-
tion. For instance, audits before the Buncefield depot fire”® and
the DPC Enterprises chlorine release’’ faced criticism for prioritiz-

ing documented artifacts and the presence of systems over their

operational functioning. Similarly, organizations behind the San
Bruno pipeline rupture®® and Airgas Nitrous Oxide explosion®?
used audit protocols that lacked checks for data completeness or
accuracy.

The second theme involves inadequate attention to operational
practices or states. Preceding the BP Texas City explosion,®? audits
were criticized for insufficiently addressing actual worker practices
and their alignment with procedures. At the Tosco facility, while an
audit did address practices, it disproportionately focused on worker
behavior rather than the efficacy of procedure implementation.”*
Notably, an instance emerged where auditors accepted the proper
functioning of a vital gas alarm system at face value, omitting identifi-
cation of any departures from actual practice.*’

Audits failed to identify deficiencies but reinforced a positive view:
failing silently

Based on the idealized model, audits are expected to “fail loudly” -
providing salient cues that the audit itself is not providing an accurate
understanding of operational risks and system effectiveness.

The Longford gas plant explosion®® highlights the phenomenon
where audits failed silently, not loudly. A prior audit was observed to
have assessed many elements of the plant's safety management sys-
tem at the highest possible level, thereby failing to convey bad news.
Similarly in the E.Il. DuPont De Nemours Co. explosion,®? prior audits
consistently praised the high quality of safety systems while missing
critical deficiencies.

The connection to failing silently was less direct in the case of
Piper Alpha.>® The investigation report noted that an unintended by-
product of the inadequate auditing approach was the resulting per-
ception that the lack of bad news indicated a successful management
approach.

6 | DISCUSSION

This paper evaluated 44 investigation reports, finding several
insights about the idealized model of safety auditing according to
accident investigators - and how audits failed to meet these
ideals. Though primarily derived from major accident reports, the
findings are likely relevant to a wider scope of health and safety

audits.

6.1 | Audits direct focus on documents
and surface issues

The most numerous findings in this sample related to audits failing to
(a) direct auditors and auditees toward critical elements of operational
practices or safety systems related to major hazards or (b) failing to
enable the identification of critical deficiencies, which in hindsight
were of importance in the accident's genesis.

The second most prevalent failure type concerns surface

compliance,® implying that an “ideal” audit should delve beyond the
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presence of documentation and system artifacts to verify practical
system functioning. For example, audits in the Buncefield”® and Texas
City®? incidents were criticized for assessing documentation and sys-
tems without sufficient validation of their actual implementation or
efficacy. Further critiques of audits pertain to their limited assessment
of on-site practices.

The current findings support those of Hutchinson et al.,* who
evaluated 71 safety audit reports within a large engineering contrac-

tor in Australia. Audit reports in their study were found to

e overemphasize largely trivial and readily observable physical
hazards or paperwork - surface compliance®;

e treat documents as if they were the issue themselves, for example,
a process flowchart being posted on a noticeboard is taken as
evidence that the process is used;

o take an overly literal approach, resulting in questions being
answered exactly as they are written but not probing why any
deficiencies existed;

e place too much stock in the value of signatures, confusing signa-
tures as evidence that something has been read and under-
stood; and

e drive the decoupling of risk, acting as a type of symbolic masquer-
ade activity where serious issues do not get addressed despite
audits appearing to be effective.

Comparing the current findings with those of Hutchinson
et al.®* it is evident that audits can over-prioritize the collection of
documents and the presence of artifacts at the expense of probing
system functionality. Said differently, a gap exists between how
systems are expected to function versus how systems do function.
That gap is argued to drive decoupling, further widening expecta-
tion versus reality while providing a false veneer of safety. Based
on the alignment between the current paper and prior work on

health and safety auditing,g‘l’85

it is likely that these findings apply
to broader health and safety audits and not just process safety
audits.

Moura's dataset*”

also underscores an established organizational
phenomenon - the distinction between work-as-imagined (WAI) and
work-as-done (WAD).2¢ WAI describes work based on assumed per-
formance norms, often under ideal and unhindered constraints like
training, equipment availability, or time pressures. Conversely, WAD
reflects actual work within real constraints, incorporating trade-offs,
resource limitations, workarounds, and stressors.?* At Moura, the
mining assistant manager-in-charge had not seen the mining proce-
dures and dismissed the significance of reviewing the procedures
based on an assumption that the procedures would have been aligned
with ongoing practices.*> However, the procedures merely “reflected

»»45(p76)

what the writer thought was happening, exposing gaps

between prescribed procedures (WAI) and actual practice (WAD).

1.8%%% and

Echoing Clarke®” Hayes and Hopkins,2® Hutchinson et a
the Longford Royal Commission,3® audits, under certain conditions,
conflate document management with issue management, despite their

distinct natures.

PROCESS SAFETY
SEROGRESS

6.2 | How do audits conceal or normalize major
risks?

6.2.1 | Audits reinforce a positive view of safety by
failing silently

Three instances in this dataset exemplify how audit programs can con-
vey a positive safety message when it is not justified. Essentially, these
auditing programs were failing silently: failing to attain their objectives
while providing minimal indication of their ineffectiveness. This suggests
that an “ideal” audit should not only pinpoint crucial shortcomings and
alert organizations to safety risks but also distinctly signal if the audit
program is underperforming - “failing loudly”. Cullen®® noted scant criti-
cal references to the permit-to-work system in Piper Alpha platform
audits, leading to the reinforcement of an “all is well” assumption due to
the absence of adverse feedback on the system's evaluation. Similarly,
high praise for system compliance was consistently raised during audits
preceding the E. I. DuPont De Nemours Co. explosion.®?

At Longford,*® an audit provided high praise for the plant's safety
management system, even as the post-accident report criticized the
system as needlessly intricate, repetitive, and circular. Additionally,
the safety system's language was deemed “impenetrable,” and cru-
cially, its management took on a “life of its own, divorced from opera-
tions in the field.”3%®2%% A similar conclusion emerged from the
San Bruno pipeline explosion.® Here, the focus shifted to system
management rather than risk management, consequently rendering
the system ineffective in disseminating “bad news.”

Furthermore, for an audit to fail loudly, an audit is needed in the first
place. Instances were identified where audit programs were absent or
incomplete, omitting scrutiny of critical facets of safety systems and opera-
tional procedures. This failure-via-omission is indicative of “fantasy plans” -
unrealistic assumptions or claims in plans that remain unfulfilled.2”~° Hayes
and Hopkins®® remarked that the asset integrity management system pre-
ceding the San Bruno accident was more symbolic than functional. This
misplaced symbolism in the effectiveness of the asset management system
masked the defective reality that actual operational risks were not ade-
quately addressed. Likewise, safety plans promising an effective audit pro-
gram's existence, when such a program is absent, can foster false assurance
that critical hazards are identified and controlled: decoupled from practice.

Taken together, audits did not relay serious concerns that were
present in the management of critical systems or risks such as would
be expected from the effective governance of weak signals and risk
indicators. Rather, audits inadvertently allayed concerns, a type of
probative blindness where subjective confidence in safety was discon-
nected from objective risk.}®> At a pathological level, audits may be

“inadequate to provide early warning of process safety risk” 82(P139)

6.2.2 | Audits inadvertently reconceptualize
hazardous conditions into less concerning conditions

Another area where audits inadvertently silenced concerns (that in

hindsight should have sensitized people to potential danger) was
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when audits facilitated an ill-calibrated view of danger. This suggests
that the “ideal” audit is expected to identify and interpret hazards and
issues in a way that is relevant and sensitizing to protecting health
and safety and/or accurately estimate the effectiveness of risk con-
trols. Three examples highlight this area. Before dust explosions at the
Imperial Sugar®® and West Pharmaceutical Services facilities,>” audits
identified the accumulation of dust. In the case of Imperial Sugar, dust
accumulation impacting food quality was noted but not the possibility
as a combustible hazard. Similarly, an insurance audit preceding the
West Pharmaceutical Services facility accident noted dust on fire
sprinkler heads, but combustibility potential was not assessed. Risk
insurer audits at the New Cumberland A.L. Solutions titanium plant
also recognized metal dust accumulations, but erroneously presumed
adequacy in existing dust control measures and fire protection
systems.59

The Waterfall train derailment accident also warrants discus-
sion.”* The official report highlighted the emphasis on safety by staff
and safety committees, but this focus centered on personal and occu-
pational safety rather than major hazards. This underscores how acci-
dents can incubate within organizations. Despite activities like audits
aimed at uncovering particular issues, they sometimes fail to do so or
inadvertently overestimate safety arrangements - a phenomenon
termed “interpretive failure.”** This illustrates how audits can perpet-
uate a perception of adequacy even when substantial risks remain
unaddressed. This study corroborates empirical?*???3 and theoretical
work,8? indicating that auditing, under certain conditions, can exacer-
bate the decoupling of risk - further widening the gap between the

organization's perceived and actual degree of major risk control.

6.2.3 | Audits promote unwarranted confidence
in risk management

Hutchinson et al.2%®? previously argued that “some plans can be
symbolically powerful yet functionally weak.” Said differently, some
safety artifacts can exert a sufficient influence over the subjective
beliefs of people, like how “safe” people believe work to be, even
though that artifact may provide little direct functional influence over
hazardous work.

The present study substantiates this assertion. For instance, exec-
utives at a particular mine held the belief that their safety system's
interwoven audits, regulations, and data would foster a more safety-
sensitive culture.®® While audits bolstered their safety confidence, the
audits fell short in providing the executives with a comprehensive
grasp of the mine's hazardous operations. Likewise, at another mine,
an “apparently comprehensive, interlocking system of safety policies
and audits” also failed, in hindsight,? to identify and rectify “the most
basic and ... obvious dangers”.”*P% This safety management system
was used to reassure the site leaseholder that health and safety could
be adequately governed.

A parallel can be drawn between the current finding of risk confi-
dence misappropriation and Power's thesis on the audit society.”” In

Power's view, society's need for auditing assurance carries the risk of

becoming a ritualistic and “cosmetic practice”, hiding “real risk” and
replacing it with an inert, transformed auditable outcome or artifact
not reflecting reality.”>?® This paper found evidence corroborating
Power's contention, at least partially.

Given the scarcity of examples here, caution should be applied
with interpreting these findings.

7 | GENERALIZABILITY
AND TRANSFERABILITY

Like any study, a question remains about how to generalize and trans-
fer the findings to organizational audits “in the wild.” For example,
most reports that directly mentioned audits came from the CSB. How
should this be interpreted? The industries served by the CSB may
encounter problems with auditing more frequently than other indus-
tries. However, this seems unlikely. An alternative possibility is that
the CSB and its investigation methods are more prone to finding limi-
tations in auditing systems due to investigatory thoroughness. How-
ever, both of these interpretations assume that accident reports
document stable facts, “out there” in the world, clearly and unambigu-
ously waiting to be found.

A more constructivist view may lead to conclusions at the other
end of the epistemological spectrum. Here, the categories of audit
failures found primarily within the CSB's dataset could, at best, dem-
onstrate the mental models and politics of CSB investigations (see for

25,44)

instance . Indeed, this study, by necessity, evaluated reports that

were, themselves, separate in time from the incidents. As Dekker

et al.37®%

argue, the very act of “separating important or contributory
events from unimportant ones is an act of construction, of the crea-
tion of a story,” and therefore, this process of construction is “not the
reconstruction of a story that was already there”. Whilst we have
used the example here of the over-representation of the CSB (most
likely explained by the CSB genuinely finding more audit failures), the
concern that accident reports construct rather than find problems
with audits applies across all of the observations made in this paper.
Likewise, the categorization of the audit failures by the study authors
could be considered a second-order reconstruction.

In this study, we believe greater utility comes from interpreting
the findings from an epistemological midpoint. This approach avoids
dichotomizing perspectives, thereby preserving the broader potential
of insights into organizational performance from both views. This
stance is particularly valuable as epistemological viewpoints can func-
tion as “analytical aids” rather than rigid positions.”” Hence, aligning
more with Hopkins' perspective - while it is prudent to exercise cau-
tion against an overly literal interpretation of the findings, the overall
picture is considered as useful evidence for the efficacy or otherwise
of audits. This is significant because of the challenges of ascribing sta-

98-100 3nd the pro-

ble states and conditions within complex systems,
pensity of organizations to dismiss literal interpretations of accident
findings as inapplicable, citing disparities between their context and
the findings.*°%1%2 This tempered stance also accommodates the shal-

lowness found within most of the included investigation reports
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describing auditing failures, sometimes necessitating interpretation by

the study's authors.
Overall, these findings can be used to build upon Hopkins' “per-
suasive over conclusive” stories>P?; enhancing an organization's

“safety imagination”*%-that is, the ability to break from “overly fixed
... patterns of thinking.”°3*22) While counterfactual reasoning may be
a “fruitful exercise when trying to uncover potential countermeasures
against ... failures in the future,”34P37% they still do not explain why
people did what they did. Hence, enhancing safety imagination
through counterfactuals demands judicious application but can enable
organizations to better confront the uncertainties of risk.

Another consideration relates to the sample size. While the study
systematically canvassed investigation reports across a range of
onshore and offshore state and national regulatory agencies, few
investigation reports overall discussed auditing in depth.

Expanding on the previous point, investigation reports were gen-
erally limited in their discussion of audit programs, and their sources
of failure or effectiveness. This is problematic since a host of factors
influencing audit effectiveness have been found. Factors include
biased preconceptions and pre-existing knowledge of auditors,%*

105

time pressure and task complexity, > auditor experience, team com-

106107 3nd managerial sup-

position, audit scope and audit techniques,
port.1%8 Other factors influencing audit effectiveness include “gaming
behavior” by auditees, like delaying information, pre-selecting evi-
dence before the evidence, and directing auditors to areas that the
auditees would like auditors to focus on.2°? In all, given the lack of
information on audit failures in investigations, this study cannot sys-
tematically canvass the influence of such factors in audit failures other
than the few items identified in investigation reports. An obvious sug-
gestion is that investigations should place greater priority on how

audits contribute to accidents.

8 | CONCLUSION

This examination of accident reports revealed consistent counterfactual
themes. Failures to adhere to the idealized model, reflecting various fail-
ure types, manifested in audits. Some audits either overlooked crucial
safety aspects or lacked methodologies to identify specific issues. Others
overly fixated on documented systems instead of actual practices and
operational risks, or reinterpreted safety concerns as non-safety matters.
Additionally, some audits fostered unwarranted confidence in safety.
Characterizing these findings as mere audit quality deficiencies oversim-
plifies the intricate role audits play in disaster incubation.

Despite the ideal standard, many audits exhibited a “comprehen-
sive shallowness,” delving excessively into minor system details and
paperwork rather than addressing critical factors. A plausible interpre-
tation is that, in the clarity of hindsight, critical aspects amid a sea of
issues become evident, embodying “delusional clarity.”**° The coun-
terfactual auditing ideal risks simplifying the complexity of safety-
critical environments into tidy yet oversimplified axioms: should have,
could have, would have. Nevertheless, these findings provide insights

to drive safety imagination toward major accident prevention.

PROCESS SAFETYs

Another implication is that organizations should clarify their audit
expectations and implement mechanisms to test and monitor whether
auditing achieves those expectations, especially in light of the possibil-
ity of silent audit failures. This may require concentrated efforts to
implement valid indicators, feedback mechanisms, and critical per-
spectives on performance.

Moreover, the findings indicate that audits may not be acting as
robust indicators of weak signals or early warning signs of danger.

Indeed, paraphrasing Dixon-Woods et al.,*!*

practitioners should ask
whether their audits, in practice, work as tools of problem-solving or

instead, the machinery of comfort-seeking.
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ENDNOTES

1 Many investigation reports lacked comprehensive details of the audit's
scope, leading this paper to assume that certain missed issues/hazards
fell within the scope based on the accident investigators' decision to dis-
cuss those issues in their reports.

2 Notably, the coroner in the case of Century Resources drilling accident®
did call out the clarity gained from hindsight.
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