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Abstract

Safety science has developed extensive taxonomies for categorizing human performance
failures but lacks equivalent vocabulary for describing successful work performance, leav-
ing practitioners without adequate language to discuss adaptive practices that enable
successful work under varying conditions. This study developed a worker-centered frame-
work for categorizing procedural adaptations through empirical research at a petrochemical
facility. The research employed three-phase convergent validation: Phase 1 captured be-
havioral data through video observation of 1422 procedural steps; Phase 2 documented
differences between Work-As-Imagined and Work-As-Done using the Skip-Order-Action
Framework with subject matter expert interpretation; Phase 3 evaluated emerging patterns
through worker interviews. Analysis revealed that 32.9% of procedural steps showed
adaptations, yet all tasks were completed successfully. Three distinct categories emerged
from convergent evidence: routine adaptations represent normalized workplace practices;
efficiency adaptations optimize workflow while maintaining safety standards; and safety
adaptations exceed prescribed requirements through additional verification. The resulting
Routine-Efficiency-Safety (RES) framework provides practical vocabulary for Safety-II im-
plementation, enabling organizations to distinguish between different types of procedural
adaptations and their functions, moving beyond binary compliance assessments toward
learning-focused conversations about successful work practices.

Keywords: Work-As-Done; Work-As-Imagined; procedures; adaptation; Safety-II; resilience
engineering; high-risk industries

1. Introduction
The safety science literature includes various documented taxonomies that categorize

human performance failures during procedural work. For example, Reason’s influential
generic-error modeling system (GEMS) framework [1] distinguishes between slips, lapses,
mistakes, and violations, providing a framework for analyzing what goes wrong in complex
systems [2]. Similarly, the Skills–Rules–Knowledge (SRK) framework provides requisite
categories for understanding different types of cognitive failures [3–5]. These frameworks
allow for detailed incident investigations and targeted interventions when systems fail [6,7].
However, these terminologies and concepts for explaining human error contrast sharply
with the limited vocabulary available for describing successful work performance. While
safety professionals can articulate dozens of ways procedural work can fail, they struggle
to explain the adaptive practices that enable work to succeed under varying conditions [8].
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This vocabulary gap reflects the overemphasis on understanding failure rather than suc-
cessful adaptations [9,10], leaving practitioners without adequate language to discuss,
recognize, or learn from effective everyday work practices.

Understanding this gap is important in high-risk environments where procedural
factors contribute to system safety. Procedural factors are frequently cited as contributors to
major industrial incidents. Analysis of U.S. Chemical Safety Board (CSB) reports suggests
they played a role in about 44% of serious chemical processing incidents [11], while an
offshore study found they accounted for 23% of equipment-related failures [12]. The 2005
BP Texas City refinery explosion was similarly linked to procedural failures [13].

Beyond analyzing failures, recent research has examined the gap between prescribed
procedures and actual work practices, reflecting the gap between Work-As-Imagined
(WAI) and Work-As-Done (WAD) across healthcare [14,15], organizational dynamics [16],
emergency response [17], and petrochemical operations [18]. These studies recognize
that differences between prescribed and actual work are inevitable features of complex
operations [4]. However, the broader literature on procedural compliance continue to
frame these differences between WAI and WAD using language borrowed from human
error taxonomies. Terms like “procedural violation,” “non-compliance,” and “deviation”
carry negative connotations that obscure the potential benefits of many improvisations and
adaptations [19–21].

Recent research has advanced understanding of adaptive work practices in high-risk
environments. Studies have developed frameworks for analyzing everyday adaptations
across multiple domains, emphasizing the importance of understanding contextual condi-
tions and enabling factors that support successful performance [22]. Other research has
provided integrative reviews of rule breaking in organizations, recognizing that workers
often deviate from formal rules with prosocial intentions aimed at benefiting organizational
or stakeholder welfare [23]. However, these frameworks focus primarily on intentional
rule violations or adaptations outside normal procedures, whereas the present research ad-
dresses the broader spectrum of procedural variations that characterize routine operational
work in high-risk industries.

Current approaches have several methodological limitations as well. Most studies
rely on retrospective analyses of incidents rather than examining normal operations where
variations between WAI and WAD occur routinely without adverse outcomes [24–26].
Existing error-based taxonomies typically reflect researcher or management perspectives
rather than workers’ understanding [27,28], and studies often lack validation through direct
worker accounts, with management (blunt end of systems) and workers (sharp end of
systems) perspectives on procedural deviations often differing substantially [18]. These
perceptual gaps reflect not just different awareness levels but fundamentally different
conceptualizations of procedural deviations, with administrators often viewing deviations
as errors while workers report intentional adaptations [29].

The emergence of Safety-II thinking has highlighted the need for frameworks that can
describe and analyze successful performance [8]. However, translating these theoretical
insights into an inclusive vocabulary and practical frameworks to guide practice remains
a major gap [30,31], with critics arguing Safety-II lacks empirical evidence and tangible
methodological tools [32]. Without such frameworks, organizations may struggle to dif-
ferentiate among procedural adaptations that reflect practitioner-accepted workarounds,
workflow optimizations, or safety enhancement measures, thereby limiting their ability
to learn from successful practices [33–35] and exacerbating the integration of Safety-II
principles into safety management systems.

This research is grounded in resilience engineering and Safety-II perspectives, which
conceptualize safety as an emergent property of system adaptability rather than the absence
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of errors or adverse events [36–38]. Within this framing, WAI represents procedures as
formally documented, reflecting designers’ expectations of work performed under assumed
conditions, while WAD captures how work actually unfolds in practice under real opera-
tional constraints [8]. The divergence between WAI and WAD is theoretically inevitable in
complex sociotechnical systems, where procedures cannot anticipate all combinations of
contextual conditions, competing demands, and resource limitations [39].

Yet, existing theoretical frameworks within safety science have largely emphasized
the analysis of failures and breakdowns, offering limited support for systematically char-
acterizing successful adaptations [36,38]. To address this gap, this paper documents a
novel framework to categorize procedural work adaptations that operationalizes Safety-II
principles through empirically grounded, worker-centered categories.

2. Methods
The study consisted of a three-phase research design conducted over five years

(2019–2024) at a major petrochemical company in the southern United States (Figure 1).
Phase 1 captured behavioral data on procedural adaptations via video observation. Phase
2 documented the variations between WAI and WAD and the different phases of tasks
on which adaptations occurred, with expert interpretation revealing why these variations
occurred, thereby developing a framework to categorize such adaptations. Phase 3 in-
volved an observational study to evaluate the operationalizability of the framework and to
gather worker perspectives. This convergent evidence ensured the framework reflected
both observable work practices and worker reasoning.

 
Figure 1. Overview of Research Design.

2.1. Research Setting

The facility produces specialty chemicals at a petrochemical facility which is charac-
terized by complex processing operations requiring strict adherence to safety protocols
due to hazardous materials handling, high-pressure systems, and potential for catastrophic
incidents [40,41].
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Filling operations were selected as the focus because they represent several key charac-
teristics of procedure-intensive work in high-risk industries [42]. These operations require
workers to: (1) navigate between physical locations while referencing procedures, (2) man-
age multiple simultaneous tasks including equipment operations, process monitoring, and
coordination with other operators, (3) adapt to variable conditions such as different chemi-
cal products, vessel configurations, and concurrent operational demands, and (4) maintain
safe performance under time pressure and production demands.

Each filling operation involves transferring chemicals between storage tanks and
transportation vessels (rail cars or trucks). A complete filling procedure encompasses
approximately 30–40 individual steps organized into three phases: pre-loading activities
(safety verification, equipment inspection, vessel preparation), loading activities (hose con-
nection, transfer initiation, flow monitoring, level verification), and post-loading activities
(equipment disconnection, vessel securing, final safety checks, documentation completion).

2.2. Participants

Eighteen operators participated in Phases 1 and 3 of this research (16 males and
2 females). All participants were initially recruited through facility management coordina-
tion and provided informed consent by research staff. Study protocols received approval
from Texas A&M University’s Institutional Review Board (IRB).

2.3. Three-Phase Research Design
2.3.1. Phase 1: Capturing Work-As-Done

Portable cameras attached to hard hats captured workers’ behavior during normal op-
erations in Fall 2019 (Figure 2). The procedures documented represent the complete filling
operation workflow: pre-loading (safety checks, equipment verification, vessel prepara-
tion), loading (hose attachment, chemical transfer initiation, monitoring), and post-loading
(railcar securing, final safety checks, equipment disconnection, delivery preparation). A
total of 1422 procedural steps across 40 procedures were documented, capturing the full
range of activities workers perform during chemical transfer operations.

 

Figure 2. Example of a camcorder attached to workers’ hard hats.
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Fourteen operators (13 males, 1 female) participated in video-recorded observations
across two sites: 6 at Site 1 (paper-based procedures) and 8 at Site 2 (digital procedures).
All participants were experienced operators with an average of 7.3 years (SD = 3.8) in the
petrochemical industry.

2.3.2. Phase 2: Developing a Procedural Work Adaptation Framework

The video recordings from Phase 1 were coded using the Skip-Order-Action
(SOA) Framework [43], which analyzes the differences between WAI and WAD across
three dimensions:

• Skip: Whether procedural steps were omitted entirely or added beyond prescribed
requirements;

• Order: Whether steps were performed in a different sequence than prescribed;
• Action: Whether steps were executed using different methods, tools, or techniques

than specified.

Coder Training and Reliability

Three independent coders participated in the analysis. Prior to coding the full dataset,
all coders completed training using pilot video recordings and corresponding procedures
to establish shared understanding of the SOA Framework dimensions and coding criteria.
Training continued until coders demonstrated consistent application of the framework
across practice cases.

Coding Procedures

Video recordings were uploaded to ELAN 6.0 software [44] for systematic review
with timestamping capabilities. Each of the 1422 procedural steps was independently
coded by all three coders, who compared observed worker actions in the video against
the corresponding written procedural step. Coders worked independently to document:
(1) whether the step was performed or skipped, (2) whether it was performed in the
prescribed sequence, and (3) whether the action matched the prescribed method. Steps
showing variation in any dimension were coded as WAI ̸= WAD; steps matching all criteria
were coded as WAI = WAD.

Consensus and Validation

Following independent coding of each procedure, the three coders conducted struc-
tured consensus meetings to compare results. Initial inter-coder agreement averaged 75%
across all procedural steps, calculated as the percentage of steps where all three coders
assigned identical codes. For the 25% of steps with coding discrepancies, coders reviewed
video evidence together and reached consensus through discussion. No steps remained
unresolved after consensus meetings. Detailed statistical analysis of variation patterns
across procedure types, task phases, and worker experience levels is reported in [43].

The findings from this analysis of procedural adaptations were presented to facility-
nominated subject matter experts (SMEs) (operations supervisors, experienced operators,
and procedure writers) across multiple review sessions. Each session presented cases with
deviated steps, procedure content, and video evidence (screenshots were used to protect
identities). Due to confidentiality, sessions were not recorded; however, the research team
documented SME interpretations through detailed notes. Thematic analysis of these notes
identified recurring patterns in how SMEs interpreted different variation types, forming
preliminary categories of the framework for procedural adaptation.
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2.3.3. Phase 3: Operationalizing and Evaluating the Framework

To evaluate the practical utility of, and worker alignment with the preliminary frame-
work, a validation study was conducted in Fall 2024. Four different operators (3 males,
1 female) from the same facility as Phase 1 participated. Video observations of the filling
operations were performed at the same facility as in Phase 1 over two consecutive morning
shifts. At the end of the second shift, all participants were interviewed about the prac-
tices captured in their recordings. The interview approach was informed by principles
from the Structured Exploration of Complex Adaptations (SECA) framework [45] and the
4D methodology [46]. SECA, grounded in resilience engineering principles, is designed
to capture adaptations in normal work practices by exploring deviations from standard
procedures and the systemic pressures driving those adaptations. Interviews began with
open-ended task walkthroughs, allowing the participants to describe their work in their
own words. Grounded in the 4D methodology, workers were then asked four targeted
questions exploring aspects of their work they found ‘dumb’, dangerous, different, or ‘diffi-
cult’. Throughout the interviews, probes explored why workers deviated from prescribed
procedures, examining the pressures, trade-offs, and reasoning behind their adaptations.
These interview approaches align with ethnographic and cognitive work analysis traditions
that emphasize capturing practitioner perspectives in context [39,47].

Worker interview transcripts were analyzed to identify how practitioners described
and justified their adaptations. The framework developed in Phase 2 was then used to
categorize the identified adaptations. Categories were refined through comparison between
Phase 1 observations, Phase 2 expert interpretations, and Phase 3 observations and worker
accounts. This triangulation ensured that the framework reflected both behavioral patterns
and the workers’ understanding.

2.3.4. Analytic Process: From Observations to Framework Categories

The development of the RES framework involved iterative analysis across multiple
data sources, with categories emerging through convergent evidence rather than predeter-
mined theoretical constructs.

Phase 1 Analysis: Capturing Work-As-Done

This phase involved the coding of the behavioral observation of 14 workers to inform
the development of the SOA framework detailed in [43]. The analysis revealed the type of
procedural variation: skip, order, or action.

Phase 2 Analysis: Preliminary Category Development

Thematic analysis of the SME interpretation (described in Section 2.3.2) identified
three recurring patterns in how experts described different types of variations:

1. Some variations were described as “the way things are actually done” or “how
everyone does it”—reflecting normalized practices that had become standard despite
differing from written procedures

2. Other variations were characterized as “working more efficiently” or “smarter ways
to do it”—indicating deliberate optimizations aimed at improving workflow

3. A third pattern involved variations described as “extra safety checks” or “making
sure”—representing worker-initiated enhancements beyond prescribed requirements

These three interpretive themes formed the preliminary categories for the framework:
routine adaptations, efficiency adaptations, and safety adaptations. At this stage, categories
were conceptual, based on expert interpretation of observed behavioral patterns.
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Phase 3 Analysis: Worker Validation and Category Refinement

Phase 3 worker interviews generated transcript data documenting how practitioners
explained their own adaptive practices. The analysis proceeded in two stages:

Stage 1: Identification of adaptation explanations; Interview transcripts were reviewed
to identify segments where workers explained why they deviated from prescribed proce-
dures. The analysis focused on workers’ reasoning processes and the language they used
to describe their adaptations. Researchers documented specific phrases workers used to
justify or explain their modifications.

Stage 2: Comparison with preliminary categories; Worker explanations were compared
against the preliminary categories derived from SME interpretations. The research team ex-
amined whether worker accounts aligned with, contradicted, or elaborated upon the expert
interpretations. Key analytical questions included: Did workers describe adaptations using
similar functional rationales as SMEs? Did workers’ own language naturally correspond to
the preliminary categories? Were there adaptation types that workers described differently
than SMEs had interpreted?

Convergent Evaluation and Category Refinement

The final framework categories emerged through triangulation across three data sources:

1. Behavioral patterns (Phase 1): Systematic documentation of what workers actually
did differently than prescribed

2. Expert interpretation (Phase 2): SME explanations of why variations occurred and
what functions they served

3. Worker accounts (Phase 3): Practitioners’ own reasoning about their adaptive practices

Notably, workers independently used language that closely aligned with the prelim-
inary categories without being prompted. When describing their adaptations, workers
naturally employed phrases like “that’s just how we do it,” “work smarter not harder,” and
“trust but verify”—language that corresponded directly to the three preliminary categories.
This spontaneous convergence between expert interpretation and worker sense-making
provided ecological validity for the category structure.

The three categories remained stable; however, worker accounts enabled refinement
of category boundaries by clarifying what language and reasoning patterns differentiated
routine adaptations (normalization-focused) from efficiency adaptations (optimization-
focused). Worker interviews also revealed that categories were not mutually exclusive in
practice, though workers consistently emphasized one primary function when explaining
their reasoning. The final framework represents convergence between observed behav-
iors, expert operational context, and worker reasoning, ensuring it captures meaningful
functional distinctions that both experts and practitioners recognize.

3. Results
Analysis of 1422 procedural steps revealed that 32.9% showed some form of deviation

from prescribed procedures. However, workers successfully completed all observed tasks,
suggesting positive adaptations [43]. The SOA Framework analysis revealed distinct pat-
terns in how variations manifested. Order variations were most prevalent (approximately
15% of steps), followed by Action variations (approximately 10%), and skip variations
(approximately 8%). When SMEs examined these patterns, they noted that order variations
often reflected routine workflow adaptations, action variations frequently represented es-
tablished alternative methods, and skip variations showed mixed patterns, where some
reflected normalized shortcuts, whereas others involved adding steps beyond requirements.
These patterns, combined with SMEs’ interpretation of their operational context, formed
the basis for three categories of procedural adaptations: routine, efficiency, and safety adap-
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tations. The three categories are distinguished by the adaptation’s primary function as
interpreted through convergent evidence from SME explanations and worker accounts.
Adaptations were categorized as routine when described using normalization language
(e.g., “that’s how we do it,” “how I was trained”), as efficiency when workers articulated
explicit optimization rationale (e.g., “saves time,” “more efficient”), and as safety when
characterized as exceeding requirements (e.g., “double-checking,” “extra verification”).
The characteristics of each category are detailed below.

3.1. Category 1: Routine Adaptations “The Way Things Are Done”

Routine adaptations redevelop effective methods for accomplishing tasks. These adap-
tations often reflect practical knowledge about equipment behavior, process constraints, or
workflow optimization that is not captured in formal procedures (Table 1).

Table 1. Summary of Key Characteristics and Examples of Routine Adaptations.

Dimension Description

Definitions Procedural variations that have become normalized standard practice within work groups
through collective experience and informal training

Behavioral
Manifestation

Steps performed differently than written, steps omitted, or informal practices added;
variations are consistent across workers and stable over time

Underlying Mechanism
Reflect collective knowledge about practical task demands, equipment behavior, and
operational constraints not captured in formal procedures; transmitted through workplace
socialization and normalized through repeated practice across work group members

Organizational Function Represent work-as-actually-done that enables task completion under real operational
conditions; reveal gaps between idealized procedures and practical requirements

Representative
Examples

• Pre-inspecting equipment before formal inspection steps
• Using alternative tools or techniques workers have found more reliable than specified

methods
• Establishing informal communication protocols between team members

Worker Description “The way things are done”, practices workers learn from colleagues and trainers as the
accepted method despite differences from written procedures

Worker Accounts: One participant described how certain practices become normalized
across the work group: “I do it. . . like, three other people do this. . . it’s just like a common kind
of a practice”. These collective norms are transmitted through workplace socialization, as
another participant explained: “[My trainer] was like, ‘Obviously everyone kind of finds their
own way to work that’ll work for them.’ But she also made sure that she showed us the correct way
to do it.”

3.2. Category 2: Efficiency Adaptations “Work Smarter Not Harder”

Definition: Optimization strategies that maintain safety while improving workflow
and resource utilization.

Efficiency adaptations represent strategic modifications that workers make to improve
task performance without compromising safety or quality outcomes. These adaptations
often involve resequencing activities, combining steps, or utilizing available resources more
effectively (Table 2).

Worker Accounts: One participant articulated the rationale for doing steps out of
order: “I’m not going to wait until it’s time to start the car to inspect the car. The car is going to be
inspected and taken care of before I even have to start loading it because, again, it takes more time. . .
I feel like it’s more efficient and it just makes more sense. It’s like I said, work smarter not harder. . .”
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Table 2. Summary of Key Characteristics and Examples of Efficiency Adaptations.

Dimension Description

Definitions Optimization strategies that maintain safety while improving workflow and
resource utilization

Behavioral
Manifestation

Steps completed as prescribed but in different sequence, or steps combined and performed
in parallel; timing and coordination adjusted to optimize performance

Underlying Mechanism
Reflect worker knowledge of task dependencies, resource constraints, and workflow
optimization opportunities; demonstrate understanding of which procedural requirements
are order-dependent versus order-independent

Organizational Function
Enable workers to manage multiple concurrent demands and time pressures while
maintaining safety and quality standards; optimize use of waiting periods and
available resources

Representative
Examples

• Preparing materials or inspecting equipment for subsequent tasks during
waiting periods

• Reordering procedural steps to minimize travel time or equipment setup
• Coordinating activities to optimize team workflow

Worker Description “Work smarter not harder”, strategic modifications that improve efficiency without
compromising safety or quality outcomes

Another participant explained optimizing available time: “In a way, it’s more efficient
for me because waiting for a bag to fill up gives me enough time to do something else. Like I can
inspect the next car in line. While I’m waiting for that to fill up, I could do two things at once.”
Another participant described managing workload distribution: “If you wait to do all that,
like seal the cars, you’re sealing 30 hatches at one time because those three cars finish at the same
time. So I go from sealing 30 to just sealing 12.”

3.3. Category 3: Safety Adaptations “Trust but Verify”

Definition: Risk-conscious adaptations that exceed prescribed safety requirements or
add verification steps.

Safety adaptations refer to worker initiatives to enhance safety beyond what formal
procedures require. These adaptations often involve additional verification steps, redun-
dant checks, or proactive risk mitigation measures based on worker experience and risk
assessment (Table 3).

Table 3. Summary of Key Characteristics and Examples of Safety Adaptations.

Dimension Description

Definitions Risk-conscious adaptations that exceed prescribed safety requirements through additional
verification, redundant checks, or proactive risk mitigation

Behavioral
Manifestation

Steps added beyond procedural requirements; additional verification or inspection steps;
redundant safety checks; proactive hazard identification measures

Underlying Mechanism
Reflect worker risk assessment based on experience, situational factors, and consequences
of potential failures; demonstrate worker ownership of safety outcomes beyond
compliance

Organizational Function
Provide additional safety margins through worker-initiated verification; compensate for
perceived procedural gaps or equipment reliability concerns; serve as informal
defense-in-depth

Representative
Examples

• Additional equipment inspections beyond prescribed requirements
• Independent verification of safety systems
• Proactive hazard identification and mitigation measures

Worker Description “Trust but verify”, adding verification steps to ensure safety even when formal procedures
may be adequate; exceeding minimum requirements through additional precautions
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Worker Accounts: One participant explained the verification approach: “Like I said,
there’s always like a trust and verify. . .. that simple thing, just double checking is going to make
sure that you don’t end up in trouble for something that could have been easily prevented.” Another
participant described proactive safety measures: “I feel that my bottom [of the railcar] should be
inspected first. Because if I’m up top and I inspect my top first, and then I start my car, some of the
bottom hatches sometimes are broken. . . So, if there was old [product] at the bottom, but any debris,
dirt, mud or water, and I already started my car then I’m going down after my car has started. That
kind of prevents the whole reason on not wanting cross contaminated.”

Having established the three categories of procedural adaptations through convergent
evidence, the following discussion examines their theoretical and practical implications for
safety science and organizational practice. Figure 3 below summarizes the three categories
of the RES framework, showing their defining characteristics and the worker-generated
phrases that emerged during validation interviews.

Figure 3. The RES Framework: Three Categories of Procedural Adaptations with Worker-Generated
Descriptive Phrases.

4. Discussion
This paper introduced a novel framework to address a fundamental gap in the safety

science literature by providing positive vocabulary for describing successful adaptations
during procedural work. Rather than framing departure from prescribed procedures
as deviations or violations, the Routine–Efficiency–Safety (RES) framework recognizes
adaptations as responses to practical work demands. Workers themselves use terms like
“the way things are done,” “work smarter not harder,” and “trust but verify” to describe their
adaptations, demonstrating that the framework resonates with their actual sense-making
processes. This vocabulary provides language and categories for discussing how work
succeeds rather than just how it fails, a need identified as critical for Safety-II thinking [8,24].

4.1. Development and Justification of the Three-Category Framework

The three categories of the RES framework emerged through convergent validation
rather than a priori theoretical selection. During Phase 2 SME interpretation sessions, ex-
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perts consistently described procedural variations using three distinct functional rationales:
(1) variations reflecting normalized workplace practices that had become standard operat-
ing methods despite differing from written procedures, (2) variations aimed at optimizing
workflow efficiency while maintaining safety standards, and (3) variations specifically
intended to enhance safety beyond prescribed requirements. These patterns were subse-
quently validated in Phase 3 through worker interviews, where participants independently
used similar conceptual frameworks when explaining their adaptations. Workers described
routine adaptations as “the way things are done,” efficiency adaptations as “work smarter
not harder,” and safety adaptations as “trust but verify”—language that emerged natu-
rally from their accounts rather than being imposed by researchers. This convergence
between expert interpretation (Phase 2) and worker sense-making (Phase 3) provides em-
pirical grounding for the three-category structure. Alternative categorization schemes
were considered during analysis. A two-category framework distinguishing only between
“optimization” and “safety enhancement” collapsed important distinctions between routine
normalized practices and deliberate efficiency improvements. A four-category framework
that separated “routine adaptations” into “trained workarounds” and “informal practices”
created artificial boundaries that neither experts nor workers recognized as meaningful.
The three-category structure best captured the functional distinctions that both experts and
workers identified as salient in their operational context. The categories are not mutually
exclusive in practice, and a single adaptation may serve multiple functions. For exam-
ple, resequencing steps to inspect equipment earlier (efficiency) may also add verification
beyond requirements (safety). However, workers’ accounts consistently emphasized one
primary function when explaining their reasoning, enabling reliable categorization based
on the adaptation’s predominant purpose.

4.2. Theoretical Insights

This research demonstrates that effective safety management requires moving beyond
binary compliance assessments toward understanding the reasoning and functions behind
procedural adaptations. The International Association of Oil & Gas Producers (IOGP) has
similarly articulated the need to move from viewing noncompliance as willful deviation
requiring punishment toward recognizing that operational safety requires workers to make
judgment calls based on situational constraints [48]. The RES framework operationalizes
this shift by providing specific categories that distinguish between adaptations addressing
routine system constraints, optimizing workflow, and enhancing safety, enabling learning-
focused conversations while providing practical tools for implementation [27,49].

This framework also addresses a gap identified across safety science and broader
social change research: the lack of systematic vocabulary for describing positive departures
from norms [8,50]. Research on positive deviance has successfully identified “champions”
for change, or individuals whose uncommon behaviors enable better solutions than their
peers achieve with similar resources [50,51]. However, identifying that positive outliers
exist differs from understanding why different adaptations occur and what functions they
serve. The RES framework advances beyond identifying positive deviants to providing
a vocabulary for characterizing different types of beneficial adaptations. This enables
organizations to identify “champions” of successful practices within each category: work-
ers whose routine adaptations reflect deep task knowledge, whose efficiency optimizations
maintain safety while improving workflow, or whose safety enhancements reveal proce-
dural gaps. By recognizing these champions and understanding the distinct functions
their adaptations serve, organizations can facilitate peer learning and knowledge transfer,
supporting organizational learning from successful performance [52].
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4.3. Workers as Sources of Situated Knowledge

This research highlights the knowledge that workers bring to operational challenges.
The findings support Safety-II principles by demonstrating that workers often possess
sophisticated knowledge about effective task performance under varying conditions. In
this study, rather than taking shortcuts or minimizing effort, workers often used their
experience and expertise to appraise the instructions given to them and understood when
and why certain adaptations were appropriate. Workers frequently exceeded procedural
requirements through additional verification steps, proactive risk assessments, and redun-
dant safety checks, demonstrating more stringent safety standards than formal procedures
specified. These instances illustrate the importance of capturing, understanding, and re-
specting workers’ ground-level knowledge of operational realities [24,53]. While not all
worker adaptations enhance safety, framing deviation from prescribed procedures as errors
prevents organizations from learning valuable situated expertise demonstrated in workers’
adaptations [25].

This recognition of worker expertise aligns with resilience engineering research on
adaptive work practices [22]. While previous research has categorized rule breaking by
motivation or variety space extension [22,23], the RES framework distinguishes adapta-
tions by their functional purposes (routine normalization, efficiency optimization, safety
enhancement) as understood by workers themselves.

4.4. Flexibility as a Safety Feature

Recognizing worker expertise has important implications for how organizations ap-
proach procedural adherence. The findings of this study reveal that procedural flexibility
can be a safety feature rather than a problem. The ability to adapt procedures based on
situational assessment and risk evaluation represents critical safety capability [36,39] that
rigid adherence may limit. Strict policies on eliminating or penalizing all deviations may
serve as a barrier for continuous procedural improvement by limiting the understanding of
which adaptations enhance or compromise safety [31].

4.5. Methodological Approach

The development approach employed in this research follows established method-
ological precedents in safety science. Influential frameworks such as Reason’s human error
taxonomy [1] and Rasmussen’s Skills–Rules–Knowledge framework [3] were not devel-
oped through single validation studies but rather emerged through the iterative analysis of
empirical data, expert interpretation, and the demonstration of practical utility over time.

The approach informing the development of RES framework follows a comparable
trajectory. The integration of behavioral observation with worker validation addresses a
documented gap between researcher and practitioner perspectives on procedural adapta-
tions, including substantial divergence between how administrators and workers interpret
the same adaptive behaviors [11,14]. By systematically documenting how workers are us-
ing procedures and then evaluating those interpretations through worker accounts of their
reasoning, this approach ensures the framework reflects both observable work practices
and workers’ own sense-making processes. This triangulation demonstrates how Safety-II
principles can be operationalized through research approaches that are worker-centered
while maintaining empirical rigor.

This methodological approach also aligns with pattern-centered inquiry as applied to
cognitive work systems. Following insights from architecture and design, this approach
recognizes that patterns describe generalizable problems occurring repeatedly in some
environments, then describe core solutions that allow reuse across countless situations
without identical repetition [54]. The general pattern of workers adapting when prescribed
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procedures prove insufficient manifests differently across contexts while retaining com-
mon characteristics: gaps between requirements and prescribed methods, potential for
bottlenecks, and the need for skilled adaptation to bridge these gaps. While conducted
in petrochemical operations, the patterns identified likely recur in other proceduralized
high-risk work contexts, with specific manifestations varying by operational constraints.
The three adaptation types represent patterns that recur across workers and situations
while manifesting in context-specific ways. For example, the safety pattern of “trust but
verify” appeared as double-checking bottom inspections in one context and taking early
seal photographs in another, yet both reflected the same underlying pattern of adding
verification beyond prescribed requirements.

4.6. Practical Implications

These theoretical insights and methodological innovations translate into concrete
practical applications. The RES framework provides structured categories for understand-
ing the adaptations workers describe when discussing how they actually carry out their
jobs. Rather than simply recognizing that adaptation occurs, the framework enables an
analysis of adaptation characteristics, moving beyond asking workers to describe ‘what
adaptations enabled successful task completion’ to making sense of those descriptions through
theoretically grounded categories. This understanding could also help shift conversa-
tions from blame-oriented to learning-oriented, encouraging workers to share adaptive
expertise rather than concealing deviations. The shared vocabulary enables conversations
between frontline workers, supervisors, safety professionals, and procedure designers
using common categories.

Organizations can record and examine adaptation patterns as potential leading indica-
tors of the need for change management. High frequencies of efficiency adaptations, such as
steps being performed out of sequence or combined, might indicate workflow design issues;
frequent safety adaptations, such as workers adding protective measures not specified in
the procedures, might reveal inadequate risk controls; and variations in routine adapta-
tions, where steps are performed differently than written procedures, might highlight
outdated procedures. All three reveal gaps between WAI and WAD. When incidents occur,
investigators can examine whether problematic outcomes resulted from absence of typical
safety adaptations, inappropriate efficiency adaptations under pressure, or outdated routine
adaptations, providing more nuanced understanding than simply identifying procedural
deviations. Additionally, reporting systems can capture successful practices alongside
incidents, creating databases of effective adaptations. This positive reporting shifts culture
from ‘zero deviations’ to ‘successful adaptations’ while complementing traditional incident
reporting to provide a balanced understanding of both success and failure. Document-
ing and sharing effective adaptations across shifts builds collective resilience rather than
keeping adaptive expertise as isolated knowledge.

The RES framework could integrate into established safety management system el-
ements [55] rather than requiring entirely new infrastructure. For instance, the incident
investigation applications described above align with Root Cause Analysis processes,
while management of change processes might benefit from systematically documenting
known routine adaptations during procedure reviews to inform whether formal proce-
dures should be updated to reflect actual practice. Similarly, safety adaptations identified
through observation programs could reveal hazards that workers have recognized but
formal risk assessments may have missed. Training program applications, as described
below, could facilitate explicit discussion of appropriate adaptation types rather than em-
phasizing only strict compliance. These potential applications suggest the framework
could provide vocabulary for learning-focused conversations within existing safety man-
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agement activities, though empirical research would be needed to evaluate effectiveness in
organizational practice.

Procedure designers can periodically examine documented adaptations to identify
where prescribed sequences conflict with operational realities. Some examples of this
might be:

• If multiple workers independently develop the same routine adaptation, this signals
practical problems in the prescribed sequence.

• If workers consistently resequence steps for efficiency without compromising safety,
procedures could explicitly allow that flexibility.

• If workers routinely add safety adaptations like verification checks, procedures may
have gaps needing attention.

This approach enables procedures that specify critical dependencies while allowing
worker judgment about optimal sequencing.

Training programs can use the RES framework to help workers recognize different
adaptation types and assess their appropriateness. Rather than emphasizing compliance,
training can develop judgment skills for assessing when adaptations maintain safety-critical
steps, when adaptations still make sense given system changes, and when adaptations
address identified risks. Training can also establish means for sharing these adaptations.
Specifically, experienced workers can teach novice workers about appropriate adaptations
rather than leaving discovery to trial and error. However, while the RES framework offers
practical utility, several limitations inform future research directions.

4.7. Limitations and Future Research

This study had some noteworthy limitations regarding generalizability. The research
was conducted within a single company focusing specifically on filling operations. This
focused approach enabled in-depth empirical investigation but raises questions about
applicability across contexts.

However, the framework’s theoretical grounding suggests broader relevance. The
three adaptation types reflect fundamental tensions in proceduralized work across high-
risk domains: the gap between formal procedures and practical task demands (routine
adaptations), the need to optimize performance within constraints (efficiency adaptations),
and worker responsibility for safety outcomes (safety adaptations). These tensions are not
unique to petrochemical operations but characterize procedure-intensive work in aviation,
healthcare, nuclear power, and other domains where prescribed methods must accommo-
date variable conditions. The pattern-centered methodology employed here [27] supports
analytical rather than statistical generalization. Just as Reason’s error taxonomy [1] and
Rasmussen’s SRK framework [2] were developed through focused empirical investigation
yet proved applicable across domains, the RES framework identifies patterns likely to recur
in similar operational contexts. The specific manifestations will vary. For example, “trust
but verify” appears as bottom inspections in petrochemical work, as redundant vital sign
checks in healthcare, or as cross-checks in aviation, but the underlying pattern of workers
adding verification beyond prescribed requirements reflects common adaptive practices.

Nevertheless, empirical validation across multiple organizations, industries, and task
types is essential for establishing the framework’s scope of applicability. Future research
should investigate:

• Whether the three categories adequately capture adaptation patterns in other high-risk
domains (healthcare, aviation, nuclear operations)

• Whether additional adaptation types emerge in different operational contexts
• How organizational culture and safety climate influence the prevalence and acceptance

of different adaptation types
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• Whether the framework applies to non-proceduralized or less-structured work
environments

Until such validation studies are conducted, the framework should be considered a
theoretically grounded hypothesis requiring empirical testing across contexts rather than a
universally validated taxonomy.

Second, the observational methods used in this research to inform the development
of the RES framework have inherent limitations. While head-mounted cameras provided
unobtrusive documentation of work practices, the awareness of being recorded might have
influenced participant behavior, known as the Hawthorne effect [56]. This could result
in underreporting of certain adaptations, particularly those workers might perceive as
non-compliant. Future research could explore whether extended observation periods or lon-
gitudinal study designs further reduce participant reactivity and capture more naturalistic
adaptive behaviors.

A critical research question is whether the framework categories developed through
worker evaluation can be reliably predicted from observable behavioral patterns. Future
research should investigate correlations between specific Skip–Order–Action combinations
and adaptation types. This research could address questions such as: Do safety adaptations
consistently manifest as added verification steps, while efficiency adaptations show specific
resequencing patterns? Establishing these relationships would inform the design of real-
time adaptive procedural systems that identify different types of adaptation. Such research
would require large-scale data collection across multiple contexts, coding of both behavioral
patterns and adaptation reasoning, and possibly the use of machine learning approaches to
identify predictive relationships (similar to [57]).

Future research could also explore the relationship between adaptation types and
cognitive processing modes, connecting this framework to models of human information
processing such as the Skills–Rules–Knowledge framework [3]. Understanding whether
routine adaptations reflect skill-based automaticity, efficiency adaptations involve rule-based
pattern recognition, or safety adaptations require knowledge-based reasoning could provide
insight into how people think and act while executing procedural work.

Beyond understanding adaptation patterns, research should also investigate how
organizations can adopt and implement the RES framework in practice. Several questions
remain unanswered: for example, what barriers and enablers affect the adoption of positive
vocabularies in organizations with established compliance-focused cultures? What training
and support do workers and managers need to use such frameworks effectively? What
management approaches support beneficial adaptations while maintaining appropriate
procedural discipline, and how do production pressures affect the balance between effi-
ciency and safety adaptations? Understanding these organizational dynamics could inform
management approaches that better leverage worker expertise as a system resource. Lon-
gitudinal studies could also track whether using such frameworks changes safety culture
and organizational learning processes as intended.

5. Conclusions
This research addresses a fundamental gap in safety science by developing the Routine-

Efficiency-Safety (RES) framework, which provides positive vocabulary for describing
successful procedural work performance. The framework emerged from three-phase
convergent validation combining behavioral observation of 1422 procedural steps, expert
interpretation, and worker evaluation at a petrochemical facility.

The study makes three primary contributions to safety science theory and practice:
First, it operationalizes Safety-II principles by providing specific, empirically grounded

categories for discussing how work succeeds rather than only how it fails. The
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three categories—routine adaptations (“the way things are done”), efficiency adaptations
(“work smarter not harder”), and safety adaptations (“trust but verify”)—reflect func-
tional distinctions that both experts and workers recognize as meaningful, addressing the
criticism that Safety-II lacks tangible methodological tools [32].

Second, it demonstrates methodologically how worker-centered frameworks can be
developed through convergent validation that integrates observable behavioral patterns
with worker sense-making processes. This approach addresses documented gaps between
researcher and practitioner perspectives on procedural adaptations [18,27] by ensuring
the framework reflects both Work-As-Done and workers’ own reasoning about their adap-
tive practices.

Third, it provides practical vocabulary enabling organizations to move beyond binary
compliance assessments toward learning-focused conversations about adaptive work prac-
tices. Rather than framing all deviations as violations requiring correction, the framework
enables nuanced discussions distinguishing between adaptations addressing routine sys-
tem constraints, optimizing workflow, and enhancing safety. This vocabulary supports
identification of “adaptation champions” whose practices demonstrate deep task knowl-
edge, effective workflow optimization, or proactive safety enhancement—enabling peer
learning and knowledge transfer.

The research also reveals important empirical findings about procedural work in
high-risk environments. Analysis showed that 32.9% of procedural steps involved some
form of adaptation, yet all tasks were completed successfully [43]. Workers frequently
exceeded procedural requirements through additional verification steps and proactive
risk assessments, demonstrating that procedural flexibility can be a safety feature rather
than exclusively a problem. These findings challenge assumptions that strict procedural
adherence is necessary for safe operations, suggesting instead that worker expertise in
appropriate adaptation represents critical safety capability.

However, important limitations constrain the framework’s current applicability. As
a single-company case study focused on petrochemical filling operations, the research
provides analytical rather than statistical generalization. While the framework’s theoretical
grounding suggests broader relevance (the identified patterns reflect fundamental gaps
in proceduralized work across high-risk domains), empirical validation across multiple
organizations, industries, and task types remains essential. Future research must inves-
tigate whether the three categories adequately capture adaptation patterns in healthcare,
aviation, nuclear operations, and other contexts, whether additional adaptation types
emerge in different operational environments, and how organizational factors influence
adaptation patterns.

Despite these limitations, the RES framework represents a significant step toward
building positive vocabularies for Safety-II implementation. By providing language
that resonates with workers’ own understanding while maintaining empirical rigor, the
framework enables organizations to begin learning systematically from successful per-
formance, capability essential for adaptive safety management in complex, dynamic
operational environments.

Author Contributions: Conceptualization, A.M.A., S.C.P. and F.S.; methodology, A.M.A., S.C.P.
and F.S.; formal analysis, A.M.A.; investigation, A.M.A.; resources, S.C.P. and F.S.; data curation,
A.M.A.; writing—original draft preparation, A.M.A.; writing—review and editing, S.C.P. and F.S.;
visualization, A.M.A.; supervision, S.C.P. and F.S.; project administration, S.C.P. and F.S.; funding
acquisition, F.S. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the Next Generation Advanced Procedures Consortium (NGAP).

https://doi.org/10.3390/safety12010028

https://doi.org/10.3390/safety12010028


Safety 2026, 12, 28 17 of 19

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Review Board of Texas A&M University (protocol code
IRB2018-1128D and date of approval 27 October 2023).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data that support the findings of this study are not publicly avail-
able due to their containing information that could compromise the privacy of research participants
and proprietary operational information from the participating facility. Anonymized data may be
available from the corresponding author upon reasonable request and with permission from the
participating organization.

Conflicts of Interest: The authors declare no conflicts of interest.

Abbreviations
The following abbreviations are used in this manuscript:

WAI Work-As-Imagined
WAD Work-As-Done
RES Routine–Efficiency–Safety
SOA Skip–Order–Action
SME Subject Matter Expert
SECA Structured Exploration of Complex Adaptations
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