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Short Communication

Cognitive Ergonomics in High-Reliability Organizations
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DESCRIPTION

High-Reliability Organizations (HROs)including air traffic
control centers, nuclear power facilities, surgical teams, and
emergency response units-operate in environments where errors
can have catastrophic consequences. These organizations have
traditionally focused on physical ergonomics and procedural
controls to maintain safety margins [1]. However, growing
recognition of human cognitive limitations as significant
contributing factors in critical incidents has elevated cognitive
ergonomics to essential status within these settings. This
commentary explains cognitive ergonomic principles particularly
relevant to HROs and proposes integration strategies to enhance
reliability without compromising operational efficiency [2].

The cognitive demands in HROs differ significantly from those
in conventional work environments. Decision-making frequently
with  incomplete
information and high stakes [3]. Attention must be maintained
during extended periods of routine operation punctuated by

occurs under severe time constraints

unpredictable critical events. Communication must remain
precise and unambiguous across hierarchical boundaries and
professional specialties [4-6]. These demands interact with
fundamental human cognitive limitations-working memory
constraints, attention bottlenecks, confirmation bias, and
decision heuristics-creating potential failure points that physical
ergonomics alone cannot address. Traditional approaches to
managing cognitive limitations in HROs have relied heavily on
proceduralization and standardization. While these methods
effectively reduce variability in routine operations, they often
prove insufficient during non-standard situations that require
adaptive problem-solving [7]. The aviation industry's transition
rigid procedural compliance to Crew Resource
Management exemplifies the recognition that
ergonomics must address both rulefollowing and adaptive

capacity to achieve true reliability. Several cognitive ergonomic

from
cognitive

principles have demonstrated particular relevance in HRO
contexts. Information presentation that aligns with mental
models and emphasizes critical relationships rather than raw
data values can dramatically improve situation awareness.
Decision support systems that make uncertainty explicit rather

than presenting filtered conclusions enhance appropriate trust
that
structured information exchange and closed-loop verification
reduce transmission errors without imposing excessive formality

calibration. Communication  protocols incorporate

that suppresses important information sharing [8].

The temporal distribution of cognitive load represents an often-
overlooked dimension of HRO ergonomics. Many critical
incidents occur during transitional periods or when multiple
non-routine events coincide, creating cognitive demands that
exceed human capacity. Effective cognitive engineering in these
environments includes deliberate management of task timing,
strategic automation of subsidiary functions during peak
demand periods, and design of procedures that distribute
cognitive requirements team members rather than
concentrating them on key roles. Training approaches in HROs

must evolve beyond procedural memorization to develop robust

aCross

cognitive skills. Simulation-based training that incorporates
variable scenarios, intentionally ambiguous information, and
realistic time pressure helps develop pattern recognition and
adaptive decision-making capabilities. Metacognitive training
explicitly addresses cognitive biases and error tendencies, helping
operators recognize and compensate for predictable limitations
in human reasoning. Team training emphasizes shared mental
models and communication practices that distribute cognitive
resources effectively across multiple individuals [9].

The integration of automation presents particular challenges for
cognitive ergonomics in HROs. Automated systems can reduce
routine cognitive burden but may create new vulnerabilities
through  skill
inappropriate trust calibration. Effective cognitive integration of
automation requires thoughtful allocation of functions based

degradation, attention complacency, or

not only on technical capabilities but also on maintaining
meaningful human engagement, transparent operation that
supports situation awareness, and graceful degradation that
preserves human capability to resume control when necessary.
Implementation of cognitive ergonomic principles in HROs
requires that these
considerations in system design and operational decisions. Some
organizations have established dedicated cognitive systems

organizational  structures legitimize
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engineering roles, while others incorporate cognitive expertise
into existing safety or human factors functions [10]. Regardless
of specific structure, effective implementation requires cognitive
knowledge,
organizational influence, and integration throughout the system
lifecycle rather than limited consultation during late-stage design
review.

ergonomics professionals with domain-specific

CONCLUSION

Measurement presents particular challenges for cognitive
ergonomics in HROs, where the primary objective is preventing
rare but catastrophic events. Traditional lagging indicators like
insufficient guidance for
improvement, while leading indicators may lack clear validation.
developed

measurement approaches that combine behavioral markers,

error rates provide continuous

Progressive  organizations have composite
procedural compliance rates, near-miss reporting, simulation
performance, and targeted cognitive assessments to provide
more comprehensive insight into cognitive system health. As
technology continues to transform HRO operations, cognitive
ergonomics professionals must maintain focus on fundamental
human cognitive capabilities and limitations while adapting
methodologies to address emerging challenges. By systematically
applying cognitive ergonomic principles to information systems,
procedure design, training programs, and organizational
processes, we can help high-reliability organizations achieve their
exceptional performance requirements while accommodating

rather than exceeding human cognitive capacity.
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