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Abstract

Engineers are trained to challenge oversimplified explanations, yet in practice, teams
routinely converge on interpretations that are cognitively comfortable rather than analytically
rigorous. This paper introduces the Comfort Trap as a conceptual framework for
understanding how cognitive ease—the preference for fluent, effortless information
processing—functions as a predictable attractor state in engineering judgment. Drawing on
dual-process theory and established psychological research, the framework identifies four
mechanisms through which cognitive ease may degrade engineering decision-making: time
pressure and decision velocity, ambiguity and evidential complexity, social reinforcement
and hierarchy, and emotional stakes and professional identity. These mechanisms are
empirically grounded using data from a cross-sectional survey of 335 engineering
professionals across 22 countries and six continents. The findings suggest that the conditions
enabling cognitive ease are pervasive: 78.2% of respondents reported pressure to deliver
quickly even when quality was compromised, 75.8% had accepted sub-standard work under
peer or team pressure, and 80.9% reported that peer pressure had contributed to rework,
errors, or cost increases. Among commissioning engineers (n=81), these figures were
consistently higher, with all 81 respondents reporting they had delivered work they were
personally unhappy with. The paper argues that cognitive ease is not a discrete bias but a
meta-pattern that existing engineering decision-making research has not yet formally
integrated into its models of professional practice, and proposes structural interventions to
institutionalise productive cognitive strain.

Keywords: cognitive ease; engineering judgment; decision-making; dual-process theory;
workplace pressure; commissioning; cognitive bias



1. Introduction

Consider a hypothetical but familiar scenario. When a centrifugal pump fails repeatedly during
commissioning, the maintenance team reaches for a familiar explanation: operator error. The
diagnosis feels satisfying—it identifies a clear actor, preserves confidence in the system design,
and suggests a straightforward intervention. The team documents “inadequate operator
training” in their incident report and moves on. Yet three months later, the pump fails again. A
more thorough investigation eventually reveals the real culprit: a complex interaction between
net positive suction head variability, system resonance at specific flow rates, and subtle sensor
drift that masked the true operating envelope. The original explanation was not entirely
wrong—operator behaviour did play a role—but it was dangerously incomplete. More
importantly, its psychological comfort halted investigation precisely when deeper analysis was
needed.

This pattern is not coincidental. It reflects a fundamental feature of human cognition that
psychologists have documented extensively but that engineering scholarship has not yet
systematically integrated into its models of professional practice. The preference for cognitive
ease—the subjective experience of fluent, effortless mental processing (Kahneman, 2011)—
shapes how engineering teams diagnose failures, evaluate risks, conduct design reviews, and
learn from incidents. Information that is familiar, simple, and emotionally reassuring generates
cognitive ease. Information that is novel, complex, or uncomfortable generates cognitive strain.
Under the conditions that characterise real engineering work—time pressure, uncertainty,
social dynamics, and emotional stakes—teams reliably gravitate toward ease over accuracy.

Engineering research has documented numerous individual cognitive biases: confirmation
bias, anchoring effects, availability heuristics, and overconfidence (Booker et al., 2021;
Dekker, 2017; Reason, 1990; Tversky and Kahneman, 1974). Root-cause analysis
methodologies explicitly warn against premature convergence (Croskerry, 2009). Human
factors research has mapped decision errors in complex systems (Dekker, 2017; Hopkins, 2012;
Perrow, 2011; Reason, 1990). Yet these treatments typically address biases individually, as
discrete failure modes to be separately mitigated. What remains under-theorised is the meta-
pattern that unifies these phenomena. Cognitive ease offers this integrative framework. It
explains not just that engineers exhibit confirmation bias, but why: confirming evidence is
easier to process than disconfirming evidence. It explains not just that teams anchor on initial
hypotheses, but why: revising an anchor requires cognitive effort that feels unnecessary when
the initial explanation already “makes sense.”

This paper introduces the Comfort Trap as a conceptual framework that formalises how
cognitive ease operates in engineering practice. It identifies four mechanisms through which
engineering teams are drawn toward cognitively comfortable but analytically inadequate
conclusions, and provides preliminary empirical grounding for these mechanisms using data
from a cross-sectional survey of 335 engineering professionals across 22 countries and six
continents (Ayres et al., 2026). The paper contributes to both the engineering decision-making
literature and the broader scholarship on professional judgment under uncertainty by



suggesting that cognitive ease is not merely a laboratory curiosity but a pervasive and
measurable feature of everyday engineering work.

The paper makes three contributions. First, it introduces cognitive ease as an integrative
meta-mechanism that provides a unifying account of multiple recognised biases in engineering
judgment, moving beyond the prevailing approach of treating biases as independent
phenomena requiring separate mitigations. Second, it provides preliminary empirical
grounding for this framework using cross-sectional survey data from 335 engineering
professionals across 22 countries and six continents, demonstrating that the conditions enabling
cognitive ease are reported as routine rather than exceptional features of engineering work.
Third, it proposes a set of structural interventions—targeting decision environments rather than
individual cognition—that follow logically from the framework and draw on precedents from
high-reliability domains.

2. Theoretical Background
2.1 Dual-process theory and cognitive ease

Dual-process theories of cognition distinguish between two modes of thinking: a fast,
automatic, and effortless mode (System 1) and a slow, deliberate, and effortful mode (System
2) (Kahneman, 2011). Cognitive ease describes the subjective experience associated with
System 1 processing—the feeling that information is being handled fluently, without the need
for effortful deliberation. Alter and Oppenheimer (2009) demonstrated that cognitive fluency
operates through multiple pathways: perceptual fluency (how easily stimuli are perceived),
retrieval fluency (how easily information is recalled), and conceptual fluency (how easily ideas
fit existing mental models). Each pathway generates a sense of “rightness” that can be mistaken
for truth or accuracy.

Critically, cognitive ease does not merely describe a preference; it actively suppresses
System 2 engagement (Kahneman, 2013). When information feels easy to process, individuals
are less likely to recruit the deliberate analytical resources needed to evaluate it critically
(Kahneman, 2013). This suppression operates below conscious awareness: people do not
experience themselves as choosing the easy answer (Alter and Oppenheimer, 2009). They
experience themselves as recognising the correct one. Kahneman’s concept of What You See
Is All There Is (WYSIATI) captures this: the mind constructs the best possible story from
whatever information is immediately available, and the subjective confidence in that story
depends on its coherence, not its completeness. In engineering contexts, WY SIATI means that
a plausible-sounding root cause can feel definitive even when critical data has not been
examined. This distinction is fundamental to understanding why cognitive ease is so difficult
to counteract through training alone—it does not feel like a bias from the inside.

Klein’s (1999) recognition-primed decision (RPD) model adds a further dimension. The
RPD model shows that experienced professionals in time-pressured environments do not
typically generate and compare multiple options; instead, they recognise patterns and simulate
a single course of action, proceeding if it seems workable. This is efficient under normal
conditions and explains much of expert performance. However, the RPD model also reveals a



vulnerability: when the recognised pattern is wrong—when the situation is novel but appears
familiar—the expert’s experience becomes a liability rather than an asset. The engineer who
has seen dozens of pump failures “caused by operator error” will recognise that pattern faster
and with more subjective confidence than a genuinely novel failure mode (Klein, 1999).
Cognitive ease and professional experience can thus become mutually reinforcing, making
experienced engineers paradoxically more vulnerable to premature convergence in unfamiliar
situations that superficially resemble familiar ones.

2.2 Cognitive ease in high-stakes professional domains

Healthcare offers perhaps the most extensively documented parallel. Croskerry (2009)
demonstrated that clinicians working under time pressure routinely fixate on the most
cognitively accessible diagnosis, even when clinical signs suggest more complex pathology.
Diagnostic errors frequently stem from premature closure—the cessation of hypothesis
generation once a satisfying explanation is found—rather than from knowledge deficits
(Croskerry, 2009; Graber et al., 2005). Graber et al. (2005) estimated that cognitive factors,
predominantly premature closure and anchoring, contribute to the majority of diagnostic errors
in internal medicine. The parallels with engineering root-cause analysis are striking: in both
domains, the most dangerous errors are not failures to know the right answer but failures to
keep looking once a comfortable answer has been found.

Aviation incident investigation similarly documents how crews fixate on initial working
hypotheses, even as accumulating evidence contradicts them (Dekker, 2017; Klein, 1999). The
comfort of a mental model that “makes sense” delays the costly cognitive work of model
revision. Dekker (2017) argued that drift into failure in complex systems is characterised not
by dramatic single-point errors but by a gradual, largely invisible erosion of safety margins
driven by locally rational decisions that collectively produce systemic risk. Vaughan’s (2016)
analysis of the Challenger disaster demonstrated how the normalisation of deviance—the
progressive acceptance of anomalous signals as routine—can lead entire organisations to
operate within a comfort trap without recognising it. This drift is, in substantial part, a drift
toward cognitive ease.

In engineering specifically, Petroski (1992) documented how design failures recur across
generations because the lessons of past failures are not integrated into current practice—a
pattern consistent with the cognitive ease of relying on established conventions over the
cognitive strain of learning from uncomfortable precedents. Reason’s (1990) Swiss cheese
model of organisational accidents implicitly acknowledges cognitive ease: each layer of
defence is penetrated not by dramatic failures but by routine normalisations that make
deviations feel acceptable. The nuclear and process safety literature provides further evidence:
investigations into major incidents at Three Mile Island, Bhopal, and Fukushima have
repeatedly identified premature diagnostic closure, reliance on standard operating assumptions
under non-standard conditions, and collective failure to revise mental models as accumulating
evidence contradicted them (Hopkins, 2012; Perrow, 1999). In each case, the explanations that
felt comfortable—that the instruments were faulty, that the safety systems would compensate,
that the situation was manageable—were preferred over the cognitively demanding alternative:



that something fundamentally unexpected was occurring. Despite these contributions,
engineering scholarship has not yet consolidated these observations into a unified framework
that explicitly names cognitive ease as the organising mechanism, although the components of
such a framework are well represented across multiple adjacent literatures.

2.3 The gap in engineering decision-making research

While cognitive biases are acknowledged in engineering literature, they are typically treated as
a checklist of pitfalls rather than as manifestations of a common underlying process. Booker et
al. (2021) identified a cultural disconnect between engineers and decision-makers that
amplifies bias but did not theorise the cognitive mechanism driving this disconnect.
Construction management research has documented how optimism bias and strategic
misrepresentation distort project planning (Flyvbjerg, 2006), but has not connected these
phenomena to the broader cognitive ease literature. Similarly, the safety science literature on
normalisation of deviance (Vaughan, 2016) and practical drift (Snook, 2002) describes
processes that are fundamentally driven by cognitive ease without naming the mechanism as
such.

This fragmentation matters because it leads to fragmented interventions. If biases are
treated as independent, the organisational response is to add separate countermeasures for each:
a checklist to address confirmation bias, a protocol to address anchoring, and a training module
to address groupthink. The Comfort Trap framework suggests a more parsimonious and
potentially more effective approach: address the environmental conditions that make cognitive
ease the default mode of professional reasoning, thereby attenuating multiple biases
simultaneously.

It is important to clarify what the Comfort Trap framework is and is not. It is not a
relabelling of premature closure, which describes a discrete decision-point behaviour—the
cessation of hypothesis generation once a satisfying explanation is found. Nor is it reducible to
normalisation of deviance, which describes organisational drift over extended timeframes. It is
not groupthink, which describes a specific social-pressure pathology within cohesive groups.
And it is not simply bounded rationality restated, since bounded rationality explains that
decision-makers satisfice under constraints but does not specify the cognitive mechanism that
determines which “satisficing” option feels adequate. The Comfort Trap framework proposes
that cognitive ease is the common underlying mechanism that explains why premature closure
occurs (because the closed-upon explanation is cognitively fluent), why deviance normalises
(because incremental departures from standards feel unremarkable), why groupthink takes hold
(because consensus is cognitively easier than dissent), and why satisficing gravitates toward
particular options (those that generate processing fluency rather than strain). The explanatory
value of cognitive ease lies not in identifying new phenomena but in providing a unifying
account of why multiple, apparently distinct decision failures share a common cognitive
signature.

This paper addresses this gap by proposing that cognitive ease is the meta-mechanism
through which multiple recognised biases—confirmation bias, anchoring, availability
heuristic, premature closure, groupthink—emerge and interact in engineering practice.



3. The Comfort Trap Framework

The Comfort Trap framework proposes that cognitive ease functions as an attractor state in
engineering judgment—a configuration toward which decision-making naturally drifts unless
active countermeasures are applied. The framework identifies four mechanisms that reliably
push engineering teams toward cognitively comfortable but analytically inadequate
conclusions. These four mechanisms were derived from synthesis of the dual-process
cognition, safety science, and organisational behaviour literatures, mapped against the
structural conditions that characterise engineering work environments: compressed schedules,
incomplete information, hierarchical team structures, and professional cultures that reward
decisiveness. They are not claimed to be exhaustive; other mechanisms, such as sunk cost
reasoning or authority bias as a distinct pathway, may also contribute to cognitive ease in
engineering settings and warrant future investigation.

These mechanisms are not independent; they interact and amplify one another, creating
compound vulnerability in high-pressure engineering environments. For example, schedule
pressure (Mechanism 1) may degrade documentation completeness by incentivising teams to
proceed before records are finalised, which increases ambiguity (Mechanism 2). Reduced
evidential quality in turn weakens the objective basis for challenging a senior engineer’s
preferred interpretation (Mechanism 3), and the social cost of dissent under these conditions
makes it emotionally easier to accept the prevailing explanation rather than expose oneself
professionally (Mechanism 4). This cascade illustrates how mechanisms that might
individually be manageable can compound into a self-reinforcing drift toward cognitive ease.
Figure 1 illustrates the framework.

3.1 Mechanism 1: Time pressure and decision velocity

Engineering work unfolds under deadlines: commissioning schedules, shutdown windows,
production targets, and project milestones. When diagnostic or decision time is limited, teams
naturally favour explanations that preserve momentum. An explanation that can be articulated
quickly, assigned to a clear actor, and linked to an obvious intervention will outcompete a
hypothesis requiring extended investigation—regardless of relative technical merit. This is
consistent with research showing that time pressure increases reliance on System 1 processing
and reduces the likelihood of engaging in deliberate analytical reasoning (Gigerenzer and Todd,
2001; Kahneman, 2013).

Framework expectation 1: As schedule pressure increases, engineering teams will
increasingly converge on explanations and decisions that minimise diagnostic complexity,
even when available evidence warrants more thorough investigation.

3.2 Mechanism 2: Ambiguity and evidential complexity

Complex systems present messy data: interacting variables, measurement noise, partial
information, and contradictory signals. Simple explanations restore psychological order by
collapsing this complexity into a coherent narrative. “The pump failed because the operator
was undertrained” is cognitively simpler than “the pump failed due to resonant coupling
between fluid dynamics, structural vibration, and control system lag, manifesting only under



specific operating conditions that our sensors inadequately characterised.” When
documentation is incomplete—as it often is in practice—the evidential basis for complex
explanations is weakened, further tilting the balance toward simple ones.

Framework expectation 2: Engineering teams working with incomplete documentation or
ambiguous data will converge on explanations faster and with less analytical scrutiny than
teams with complete information, independent of the actual complexity of the underlying
problem.

3.3 Mechanism 3: Social reinforcement and hierarchy

Once a senior engineer or influential team member endorses a simple explanation, others face
social costs for dissent. The explanation gains momentum through repetition and becomes
organisationally entrenched. Challenging it requires not just cognitive effort but social risk—
the willingness to contradict a colleague, delay a programme, or appear uncertain. Janis’s
(1972) concept of groupthink describes the extreme form of this mechanism, but the Comfort
Trap framework recognises that social reinforcement of cognitive ease operates along a
continuum, from subtle conformity pressures to active suppression of dissent. The mechanism
is amplified in engineering cultures that emphasise decisiveness and penalise uncertainty.

Framework expectation 3: In teams where conformity pressure is high and challenging
decisions carries social risk, the range of hypotheses considered during diagnostic and design
processes will be narrower, and convergence on the most socially endorsed explanation will
occur earlier.

3.4 Mechanism 4: Emotional stakes and professional identity

Engineers are expected to be competent, decisive, and confident. Admitting deep uncertainty
or proposing complex, multi-factorial explanations can feel like professional exposure. Simple
explanations offer psychological comfort: they signal mastery, maintain team cohesion, and
preserve the engineer’s self-concept as someone who “gets it.” This mechanism is particularly
potent when errors carry professional consequences. If mistakes are treated harshly rather than
as learning opportunities, the emotional cost of acknowledging complexity or uncertainty rises,
further reinforcing the preference for cognitive ease.

Framework expectation 4: In organisational cultures where mistakes are punished rather
than treated as learning opportunities, engineers will exhibit stronger preference for
explanations that minimise personal exposure, even at the cost of analytical completeness.
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Figure 1. The Comfort Trap Framework. Four interacting mechanisms drive engineering
judgment toward a cognitive-ease attractor state. Downstream consequences feed back into
time pressure, creating a self-reinforcing cycle. Empirical values illustrating each mechanism
are presented separately in Table 1; the figure represents the conceptual model only.

4. Method
4.1 Survey design and sample

To provide preliminary empirical grounding for the Comfort Trap framework, this paper draws
on data from a cross-sectional survey of workplace pressures in engineering environments
(Ayres et al., 2026). The survey was administered online via Google Forms between January
and February 2026. Ethics approval was obtained from the Human Research Ethics (Non-
Medical) Committee, Universiti Malaysia Sarawak (UNIMAS).

Recruitment was conducted through professional networks, social media, and engineering
community platforms. Eligibility required respondents to be aged 18 or over and to be currently
working in an engineering, technical, or industrial environment, or to have done so within the
preceding five years. The survey received 336 responses. One response was excluded at the
screening stage (respondent did not meet eligibility criteria), yielding a usable sample of
N=335. Respondents represented 22 countries across six continents and spanned 12 primary
engineering roles, 10 industry sectors, and a range of career stages.

The sample comprised 229 men (68.4%) and 105 women (31.3%), with one respondent
preferring not to disclose gender. Nearly half (49.9%) were primarily site-based, 25.7% were
office-based, and 22.1% worked in hybrid settings. Employment types included full-time



employees (67.5%) and contractors or consultants (26.3%). The largest role group was
commissioning and start-up engineers (n=81, 24.2% of the sample), who are of particular
analytical interest because their work occurs at the intersection of construction, operations, and
design—a context where time pressure, ambiguity, social dynamics, and professional stakes
are simultaneously acute. The relative over-representation of commissioning engineers reflects
the researcher’s professional networks and should be considered when interpreting subgroup
comparisons.

4.2 Instrument

The survey instrument comprised 101 items organised into seven sections: demographics and
employment (19 items), role-specific workplace pressures (variable by role, 7-20 items),
general workplace pressure (5 items, 5-point Likert scale from Strongly disagree to Strongly
agree), psychological outcomes (4 items, Likert scale), peer influence and team culture (4
items, Likert scale), peer pressure impact on quality and delivery (16 items, frequency-based
and yes/no formats), and organisational culture (4 items, Likert scale). Respondents selected a
single primary role, which determined routing to role-specific question modules. The
instrument was developed iteratively through consultation with practising engineers and was
piloted informally with a small group of professionals prior to deployment; formal
psychometric validation was not conducted.

Items relevant to the Comfort Trap framework were drawn from three sections: (a) peer
influence items measuring conformity pressure, group thinking, and hesitation to challenge
decisions (Likert scales); (b) peer pressure impact items measuring quality reduction, process
shortcuts, acceptance of sub-standard work, and delivery of work the respondent was unhappy
with (yes/no and frequency scales); and (c) organisational culture items measuring whether
mistakes were treated as learning opportunities and whether communication was open and
transparent (Likert scales).

4.3 Analysis approach

Descriptive statistics are reported as frequencies and percentages for the full sample (N=335)
and for the commissioning subsample (n=81). For Likert-scale items, the reporting threshold
is “agree” or “strongly agree.” For frequency-based items (never/rarely/sometimes/often/very
often), the threshold varies by item and is specified in Table 1. For yes/no items with frequency
qualifiers (no/yes—rarely/yes—sometimes/yes—often), any affirmative response is counted.
These thresholds are noted because the choice of dichotomisation point substantially affects
reported prevalence; using “sometimes or above” rather than “often or above” will produce
higher figures. The selected thresholds are stated explicitly for each item to enable reader
evaluation.

Results are presented to illustrate the prevalence of behaviours and pressures consistent
with the four Comfort Trap mechanisms. The analysis is descriptive and theory-illustrative
rather than hypothesis-testing; the survey was designed to capture workplace pressures broadly
and was not specifically constructed to test the Comfort Trap framework. This is acknowledged
as a limitation and as an opportunity for future targeted research. The survey and its full



descriptive results are reported in Ayres et al., (2026); the present paper analyses a subset of
items through the lens of cognitive ease theory.

5. Empirical Evidence: The Comfort Trap in Practice

The survey data suggest a consistent pattern: the behaviours and pressures predicted by the
Comfort Trap framework are not occasional aberrations, but routine features of engineering
work as reported by practitioners. This section presents the evidence organised by mechanism.

5.1 Time pressure and decision velocity (Mechanism 1)

Schedule pressure emerged as a dominant feature of the engineering workplace. Across the full
sample, 78.2% of respondents reported experiencing peer pressure to deliver quickly, even
when it compromised quality. Among commissioning engineers, this figure rose to 98.8%
(80/81). More than half of commissioning engineers (54.3%, 44/81) reported that they had
often or very often experienced pressure to begin testing or start-up before the system,
equipment, or documentation was fully ready. When asked whether peer pressure had
contributed to rework, errors, cost increases, or schedule delays, 80.9% of the full sample and
98.8% of commissioning engineers responded affirmatively.

These figures are consistent with Framework expectation 1: schedule pressure compresses
diagnostic time, favours momentum-preserving explanations, and is associated with
downstream consequences (rework, errors) that may themselves be attributable to premature
convergence on cognitively comfortable but analytically incomplete decisions.

5.2 Ambiguity and evidential complexity (Mechanism 2)

Incomplete information was near-universal among commissioning engineers: 93.8% (76/81)
reported that they had often or very often been pressured to proceed with commissioning
despite incomplete documentation, including piping and instrumentation diagrams, redline
drawings, and test packs. Two-thirds (66.9%) of the full sample reported that peer pressure had
influenced them to skip or shorten required processes, checks, or documentation—rising to
97.5% (79/81) among commissioning engineers. Over a third of all respondents (37.3%)
reported that workarounds were frequently used instead of following documented processes, a
figure that nearly doubled among commissioning engineers (72.8%).

When the evidential basis for decision-making is systematically degraded—as these figures
suggest it routinely is—the conditions under which cognitive ease is most likely to prevail are
also present. Incomplete documentation removes the objective anchors that might otherwise
support complex explanations, leaving teams to rely on the simplest, most cognitively
accessible narrative available. This is consistent with Framework expectation 2.

5.3 Social reinforcement and hierarchy (Mechanism 3)

Social pressure to conform was widespread. Over two-fifths (42.4%) of respondents agreed or
strongly agreed that they felt pressure to conform to team norms, and 40.9% acknowledged
that group thinking affected their decisions. One-third (33.1%) reported hesitating to challenge
decisions due to peer reactions. When conformity translated into action, the consequences were
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substantial: 75.8% of the full sample reported accepting substandard work from others due to
peer or team pressure. Among commissioning engineers, this figure was 98.8% (80/81).

The finding that 59.2% of respondents had been pressured not to raise change requests—
because they were perceived as slowing the job down—illustrates how social dynamics may
suppress the mechanism through which cognitive strain could be productively channelled.
Change requests represent a formal process for acknowledging that the current approach is
inadequate and that revision is needed. When this process is socially penalised, the
organisational system may actively reinforce cognitive ease by removing legitimate channels
for dissent.

5.4 Emotional stakes and professional identity (Mechanism 4)

The emotional dimension of the Comfort Trap was evident in two complementary findings.
First, 78.2% of all respondents—and all 81 commissioning engineers—reported that they had
delivered work they were personally unhappy with because of peer or team pressure. Notably,
all respondents in this subgroup reported at least occasional experience of this outcome,
reflecting the breadth of the threshold (any affirmative response) rather than a universal or
constant condition. Second, 19.1% of the full sample agreed or strongly agreed that mistakes
were treated harshly in their workplace. Among commissioning engineers, 22.2% reported
harsh treatment of mistakes.

These figures are consistent with Framework expectation 4: when the professional and
emotional costs of acknowledging error or complexity are perceived to be high, engineers may
retreat to cognitively comfortable positions. The finding that all 81 commissioning engineers
reported delivering work they were unhappy with suggests that this retreat may not be a matter
of individual disposition but a structural feature of how commissioning work is organised,
though this interpretation requires further investigation.

Table 1. Survey evidence mapped to Comfort Trap mechanisms: full sample (N=335)
and commissioning subsample (n=81)

Survey item Full sample CX (n=81)
Mechanism 1: Time pressure

Pressure to deliver quickly compromising qualityt 78.2% 98.8%
Premature testing pressure} — 54.3%
Peer pressure contributed to rework/errorst 80.9% 98.8%
Mechanism 2: Ambiguity

Proceeded with incomplete documentation] — 93.8%
Skip/shorten processes due to peer pressuret 66.9% 97.5%
Workarounds over documented processes} 37.3% 72.8%
Mechanism 3: Social reinforcement

Pressure to conform to team norms* 42.4% 44.4%
Group thinking affects decisions* 40.9% 34.6%
Hesitate to challenge decisions* 33.1% 17.3%
Accepted sub-standard work due to peer pressuret 75.8% 98.8%
Mechanism 4: Emotional stakes

Delivered work personally unhappy withf 78.2% 100%
Reduced quality due to peer pressuret 75.5% 88.9%
Mistakes treated harshly* 19.1% 22.2%
Pressured not to raise change requests} 59.2% 72.8%
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Note. CX = commissioning engineers. Dashes indicate items administered only to the commissioning subsample. Thresholds: * = agree or
strongly agree; 1 = any affirmative response (yes—rarely, yes—sometimes, or yes—often); } = often or very often. All figures derived from
the final cleaned survey dataset.

6. Discussion
6.1 Cognitive ease as the meta-pattern

The empirical evidence presented above suggests that the conditions enabling cognitive ease
are not exceptional but normative in engineering practice as reported by practitioners. The
figures are not describing a small minority of unlucky projects or dysfunctional teams; they
describe the reported routine experience of engineering professionals across 22 countries,
multiple sectors, and diverse roles. When 78.2% of a global sample report delivering quickly
at the expense of quality, and 75.8% report accepting sub-standard work under social pressure,
the phenomenon warrants systematic attention.

The Comfort Trap framework offers explanatory power beyond that of individual bias
models. Confirmation bias, anchoring, premature closure, and groupthink are typically
presented as distinct threats that require distinct mitigations. The Comfort Trap framework
suggests that they share a common root in the human preference for cognitive ease, and that
this preference is systematically amplified by the structural conditions of engineering work.
This reframing has practical implications: rather than training engineers to resist a catalogue of
biases, organisations may benefit from focusing on the environmental conditions that make
cognitive ease the path of least resistance.

6.2 The commissioning context

The consistent elevation of Comfort Trap indicators among commissioning engineers warrants
specific attention. Commissioning occupies a unique position in the project lifecycle: it occurs
at the intersection of construction completion, design intent verification, and operational
readiness, under acute schedule pressure and with documentation that is frequently incomplete.
The finding that all 81 commissioning engineers reported delivering work they were unhappy
with—compared to 71.3% of other roles—suggests that commissioning may represent a
structural intensifier of the Comfort Trap in this dataset, a context in which multiple
mechanisms appear to operate simultaneously and at elevated intensity.

However, this characterisation requires nuance. Not all social-pressure indicators were
higher among commissioning respondents. While perceived conformity pressure was
comparable between commissioning engineers and the full sample (44.4% vs 42.4%),
commissioning engineers reported /ower rates of group thinking influence (34.6% vs 40.9%)
and substantially lower hesitation to challenge decisions (17.3% vs 33.1%). Yet the
commissioning subgroup showed substantially higher rates on behaviourally consequential
items such as accepting sub-standard work (98.8% vs 68.5%), reduced quality (88.9% vs
71.3%), and delivering work they were unhappy with (100% vs 71.3%). One interpretation
consistent with these descriptive data is that the distinctive feature of commissioning may be
not stronger perceived conformity but an intensified translation of workplace pressure into
compromised action. Commissioning engineers may feel no less willing to challenge decisions
in principle but find themselves unable to act on that willingness under the compound pressures
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of schedule, documentation, and social dynamics. This interpretation is preliminary and would
require targeted investigation, ideally using matched-sample designs, to establish whether the
pattern reflects a genuine commissioning-specific mechanism or an artefact of the sample
composition.

The relative over-representation of commissioning engineers in the sample, and the
recruitment through the researcher’s professional networks, means that findings for this
subgroup may not generalise to all commissioning contexts. The commissioning results should
be read as an illustrative case rather than a definitive characterisation of the role.

6.3 Structural interventions: institutionalising productive cognitive strain

If cognitive ease is a predictable attractor state, then the appropriate response is not individual
resilience training but structural redesign of decision environments. The Comfort Trap
framework suggests five categories of intervention, each drawing on precedents from high-
reliability domains.

First, mandatory hypothesis plurality: requiring teams to articulate at least two competing
explanations before closing a root-cause analysis or approving a design change. This directly
counters premature convergence by imposing productive cognitive strain at the point where
ease would otherwise prevail. Similar requirements exist in medical differential diagnosis
protocols, where clinicians are trained to consider at least three possibilities before settling on
a working diagnosis.

Second, formalised dissent roles: designating a team member whose explicit responsibility
is to challenge the prevailing explanation. Aviation’s Crew Resource Management
programmes provide a well-documented precedent: junior crew members are trained and
empowered to challenge senior pilots when they observe potential errors, with organisational
structures that protect dissenters from social penalty. Engineering could adapt this model for
design reviews, commissioning readiness assessments, and incident investigations.

Third, delayed narrative convergence: imposing a mandatory waiting period between
initial diagnosis and formal documentation in critical reviews and incident investigations. This
creates temporal space for System 2 processing to engage before organisational closure occurs.
The principle is well established in aviation accident investigation, where preliminary findings
are explicitly distinguished from final reports.

Fourth, documentation completeness gates: treating incomplete documentation not as an
inconvenience to be worked around but as a formal decision point that requires explicit risk
acceptance at a designated authority level. The finding that 93.8% of commissioning engineers
proceeded despite incomplete documentation suggests that current processes normalise
information poverty rather than treating it as a trigger for heightened analytical scrutiny. A
documentation completeness gate would require that when documentation falls below a defined
threshold, a formal risk assessment is conducted and signed off by a senior engineer who
accepts personal accountability for the decision to proceed. This transforms incomplete
documentation from an invisible background condition into a visible decision with named
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ownership—a structural countermeasure against the cognitive ease of simply working around
the gap.

Fifth, cognitive load monitoring: developing organisational awareness of when teams are
vulnerable to comfort-driven reasoning. This might include structured check-ins during high-
pressure phases (analogous to the “sterile cockpit” concept in aviation, where non-essential
conversation is prohibited during critical flight phases), explicit acknowledgement that
uncertainty and complexity are standard features of complex engineering work, and cultural
messaging that frames analytical rigour—not decisiveness—as the highest professional virtue.
Organisations could also consider periodic “cognitive audits”: structured reviews that ask not,
“what did we decide?” but “what alternatives did we consider and why did we rule them out?”
The absence of documented alternatives may itself serve as a diagnostic indicator of premature
convergence.

These interventions share a common logic: they do not attempt to make individual
engineers more resistant to cognitive ease (a strategy with limited evidence of effectiveness)
but instead restructure the decision environment so that the path of least resistance includes,
rather than bypasses, analytical rigour. The goal is not to eliminate cognitive ease—which
would be neither possible nor desirable, since rapid pattern recognition is essential to much
engineering work—but to create organisational checkpoints that interrupt ease at moments of
high consequence.

6.4 Boundary conditions

The Comfort Trap framework is not intended to imply that cognitive ease is uniformly harmful
or that all engineering decisions require deliberate analytical processing. In routine, low-stakes
decisions where the situation genuinely matches the engineer’s prior experience, pattern
recognition and cognitive fluency are efficient and appropriate; attempting to impose
productive cognitive strain on every decision would be neither practical nor desirable. The
framework’s explanatory value is concentrated in contexts where the consequences of
premature convergence are high, the situation is novel or ambiguous, and the structural
conditions identified in Mechanisms 1-4 are simultaneously present. Highly regulated
environments with strong procedural controls—such as nuclear safety systems governed by
independent verification requirements—may partially attenuate the Comfort Trap by imposing
institutional cognitive strain regardless of individual or team preferences. Similarly, teams with
genuine deep expertise in a specific failure mode may correctly recognise patterns that appear
“easy” but are in fact well-calibrated. The framework’s contribution is in identifying the
conditions under which cognitive ease becomes systematically problematic, not in claiming
that it is always so.

6.5 Limitations

Several limitations should be acknowledged. First, the survey was cross-sectional and self-
report, which introduces potential recall and social desirability biases. The data capture
reported behaviour and pressure, not observed decision-making; the link between reported
pressure and actual cognitive ease in real-time judgment remains to be established through
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observational or experimental methods. Self-report data cannot establish that cognitive ease is
the single organising mechanism rather than one of several contributing factors.

Second, the survey was not designed to test the Comfort Trap framework specifically; the
data are used here to illustrate and provide preliminary empirical grounding for the framework
rather than to formally test its expectations. The framework’s expectations are descriptive
rather than causal, and the survey data are consistent with but do not confirm the proposed
mechanisms.

Third, some reported prevalence figures are very high (e.g., 98.8%, 100% among
commissioning engineers). These reflect the dichotomisation thresholds used: items coded as
“any affirmative response” (including “yes—rarely”) will naturally yield higher prevalence than
items coded as “often or very often.” The thresholds are stated explicitly in Table 1 to enable
reader evaluation. Nonetheless, the consistently high figures for commissioning engineers
across multiple independently worded items suggest a genuine pattern rather than a threshold
artefact.

Fourth, the commissioning subsample, while substantial (n=81), was partly shaped by the
researcher’s professional networks, and findings for this group may not generalise to all
commissioning contexts. The discussion of commissioning draws in part on the researcher’s
broader programme of research into commissioning practice (Ayres, 2025) but the claims made
in this paper are intended to stand on the survey evidence presented here.

Fifth, the instrument was piloted informally but was not subjected to formal psychometric
validation. While the items draw on established constructs from workplace pressure and
organisational behaviour research, future studies should develop and validate purpose-built
instruments for measuring cognitive ease vulnerability in engineering settings.

6.6 Relationship to broader programme

The survey dataset analysed in this paper forms part of a broader programme of research into
workplace pressures and professional recognition in engineering, with particular attention to
commissioning practice (Ayres, 2025; Ayres et al., 2026). The present paper applies a cognitive
ease lens to a subset of survey items; the same dataset is also examined from structural and
attribution perspectives in separate analyses. No findings from those analyses are required to
support the arguments made here; the present paper stands on its own survey evidence and
theoretical framework.

6.7 Future research

Future research should pursue three directions. First, experimental studies that manipulate time
pressure, information completeness, and social dynamics in engineering decision-making tasks
to isolate the causal pathways proposed by the framework. Vignette-based experiments, in
which engineers are presented with diagnostic scenarios under varying time pressure and
documentation completeness, would allow controlled testing of whether the framework’s
expectations hold under these conditions. Second, longitudinal studies that track how cognitive
ease evolves across project phases, particularly during transitions such as the shift from
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construction to commissioning. Real-time measurement of decision processes—through think-
aloud protocols, decision logging, or structured observation—would complement the self-
report data presented here by capturing cognitive ease as it operates rather than as it is
remembered. Third, intervention studies that evaluate whether the structural countermeasures
proposed in Section 6.3 reduce premature convergence and improve diagnostic accuracy in real
engineering settings. Controlled trials comparing teams with and without mandatory
hypothesis plurality or formalised dissent roles would provide the evidence base needed to
translate the Comfort Trap framework from a conceptual model into a practical organisational
tool.

7. Conclusion

Cognitive ease is not a character flaw. It is a predictable response to the demands of
professional engineering work: time pressure, uncertainty, complexity, social dynamics, and
emotional stakes. But predictable is not inevitable. The Comfort Trap framework names this
pattern, identifies its mechanisms, and provides a conceptual foundation for designing
organisational countermeasures. The survey evidence from 335 engineering professionals
across 22 countries and six continents suggests that the conditions enabling cognitive ease are
not exceptional but routine—and that their reported consequences —measured in rework,
errors, and compromised quality —are substantial. Engineering scholarship should move
beyond cataloguing individual biases and engage with the meta-pattern that may unify them.
The stakes—for safety, for quality, and for the professionals who bear the burden of
compromised judgment—warrant that engagement.
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