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Abstract

Cognitive ergonomics is a critical domain within human factors engineering that focuses on understanding
mental processes such as perception, attention, memory, reasoning, decision-making, and workload as they
interact with systems, tasks, and environments. In an era characterized by rapid technological
advancement, automation, and digital transformation, the cognitive demands placed on individuals in work
and everyday contexts have increased substantially. This research article examines the theoretical
foundations, key principles, applications, methodologies, and emerging trends in cognitive ergonomics,
emphasizing its role in enhancing human performance, safety, well-being, and system efficiency. The
discussion integrates insights from psychology, neuroscience, artificial intelligence, and design science to
highlight how cognitively aligned systems can reduce errors, mitigate mental fatigue, and support effective
decision-making. The article also explores challenges associated with complex socio-technical systems and
outlines future directions for research and practice in cognitive ergonomics.
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Introduction which examines how humans perceive

information, process stimuli, store knowledge,
and make decisions. Concepts such as limited
working memory capacity, selective attention,
and cognitive load theory are central to
understanding user interaction with complex
systems. Mental models, which represent users’
internal understanding of how systems function,
play a vital role in determining usability and
performance [2]. When system behavior aligns
with users’ mental models, interaction becomes
intuitive; misalignment, however, results in
confusion and error. Information processing
theories, including serial and parallel processing
models, further inform how tasks should be
structured to accommodate human cognitive
limitations.

Cognitive ergonomics addresses the fit between
human cognitive capabilities and the demands
imposed by tasks, technologies, and
environments. Unlike physical ergonomics,
which primarily concerns anatomical and
biomechanical factors, cognitive ergonomics
focuses on mental workload, situation awareness,
human—computer interaction, learning, and
human reliability. The increasing reliance on
information-intensive systems in healthcare,
aviation, transportation, manufacturing, and
digital workplaces has made cognitive
ergonomics indispensable. Poorly designed
interfaces and workflows can overwhelm
cognitive resources, leading to errors, stress, and
reduced performance, whereas well-designed
systems can enhance efficiency, satisfaction, and

Mental workload is one of the most extensively
safety [1].

studied constructs in cognitive ergonomics. It
refers to the proportion of cognitive resources

The theoretical foundation of cognitive k )
required to perform a task relative to the resources

ergonomics is rooted in cognitive psychology,
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available. Both excessive and insufficient
workload can impair performance [3]. High
workload may lead to fatigue, stress, and errors,
while underload can cause boredom and loss of
vigilance. Cognitive ergonomics seeks to balance
workload through task allocation, automation
design, and adaptive systems that respond to user
state. Measurement of mental workload involves
subjective scales, performance metrics, and
physiological indicators such as heart rate
variability and eye-tracking parameters [4-7].

Materials and Methods

Situation awareness is another core concept,
particularly in safety-critical domains. It involves
the perception of relevant elements in the
environment, comprehension of their meaning,
and projection of their future status. Loss of
situation awareness has been implicated in
numerous accidents and system failures.
Cognitive ergonomics contributes to enhancing
situation awareness by optimizing information
presentation, reducing clutter, and supporting
timely access to critical data [8]. Visual hierarchy,
color coding, and multimodal feedback are
commonly used strategies to support perceptual
and cognitive processing.

Decision-making under uncertainty is a defining
characteristic  of many modern work
environments. Cognitive ergonomics examines
how heuristics, biases, and stress influence
decision quality. Time pressure and information
overload can push individuals toward suboptimal
choices. Decision support systems, when
designed with cognitive principles in mind, can
augment human judgment by providing relevant
information, highlighting anomalies, and offering
predictive insights without undermining user
autonomy [9]. The goal is not to replace human
decision-makers but to create collaborative
human—machine systems that leverage the
strengths of both.
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Human-computer interaction represents one of
the most prominent application areas of cognitive
ergonomics. Interface design profoundly affects
usability, learning, and performance. Principles
such as consistency, feedback, error tolerance,
and visibility of system status are grounded in
cognitive ergonomics. Advances in interactive
technologies, including touch interfaces, voice
assistants, and virtual reality, present new
cognitive challenges and opportunities. Cognitive
ergonomics informs the design of these
technologies to ensure that interaction remains
natural, intuitive, and cognitively sustainable.

In healthcare, cognitive ergonomics plays a
crucial role in improving patient safety and
clinician performance. Complex workflows,
time-critical decisions, and high information
density characterize clinical environments. Poorly
designed medical devices and electronic health
records have been associated with medication
errors and clinician burnout. Applying cognitive
ergonomics can streamline information flow,
reduce documentation burden, and support
diagnostic reasoning. Simulation-based studies
and usability testing are frequently employed to
evaluate cognitive demands and refine system
design.

Results and Discussion

Aviation and transportation have long been at the
forefront of cognitive ergonomics research due to
their safety-critical nature. Cockpit design, air
traffic control systems, and driver assistance
technologies rely heavily on cognitive principles
to manage workload and maintain situation
awareness. Automation introduces unique
challenges, such as overreliance and loss of
manual skills. Cognitive ergonomics addresses
these issues by promoting appropriate levels of
automation, transparency, and feedback to keep
humans effectively engaged in control loops
(Figure 1).
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Figure 1: Key elements of cognitive ergonomics.

Methodologically, cognitive ergonomics employs
a multidisciplinary toolkit. Experimental studies,
field observations, task analysis, cognitive
walkthroughs, and  user-centered  design
approaches are commonly used. Advances in
neuro ergonomics have enabled the integration of
neurophysiological measures to study brain
activity during task performance, offering deeper
insights into cognitive states such as workload
and attention. Computational modelling and
artificial intelligence are increasingly used to
simulate human cognition and predict interaction
outcomes, further strengthening the evidence base
of cognitive ergonomics [10].

The rise of artificial intelligence and adaptive
systems has expanded the scope of cognitive
ergonomics. Intelligent systems can personalize
interfaces, adjust task demands, and provide
context-aware support based on real-time
assessment of user state. However, these
capabilities also raise concerns regarding trust,

transparency, and ethical use. Cognitive
ergonomics contributes to addressing these
concerns by emphasizing explainable systems and
maintaining user control. Understanding how
users perceive and interact with intelligent agents
is essential for fostering effective human-Al
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collaboration.

Despite its advances, cognitive ergonomics faces
several challenges. Rapid technological change
often outpaces empirical research, leading to
implementation gaps. Individual differences in

cognitive abilities, experience, and cultural
background complicate the design of universally
optimal systems. Additionally, measuring
cognitive constructs in real-world settings
remains methodologically demanding.
Addressing these challenges requires continued
interdisciplinary collaboration and the integration
of theory-driven and data-driven approaches.

Future directions in cognitive ergonomics are
likely to focus on resilience, adaptability, and
well-being. As work systems become more
complex and interconnected, supporting human
resilience to variability and unexpected events is
paramount.  Cognitive  ergonomics  will
increasingly emphasize not only error prevention
but also recovery and learning. The integration of
wearable technologies, real-time analytics, and
immersive environments offers new avenues for
assessing and supporting cognitive performance
in situ.

Copyright® 2025



1.

[Crossref][Google Scholar][PubMed]

Volume 3 Issue 1

5 A
) o
f " ‘ " L] L]
= L= Journal of Applied Ergonomics Research
o
© &
lvoMlcs g
Conclusion 4. Harvin G Review of musculoskelet.all injuries ar}d
prevention in the endoscopy practitioner. J Clin
Cognitive ergonomics provides a vital framework Gastroenterol. 2014;48:590-594.
for aligning system design with human cognitive [Crossreﬂ[Google Scholar] [I_’ ubMed]
capabilities and limitations. By grounding design 5. Singla M, Kwok RM, Deriban G, Young PE.
decisions in an understanding of mental Tralmng. th? endo-athlete: ,An update in
o X ergonomics in endoscopy. Clin Gastroenterol
processes, cognitive ergonomics enhances
performance, safety, and user satisfaction across I;e}?alt()L]1320&15&1(61:1]003_1006. [Crossref][Google
di domains. As technol ti t cholar fubvie
fverse omal.ns. s techino O.g.y contimues . © 6. Khan R, Faggen A, Shergill A, Grover SC, Walsh
evolve, the principles of cognitive ergonomics CM. Integrating ergonomics into endoscopy
will remain essential for ensuring that systems are training: A guide for faculty and fellows. Clin
not .only efficient but also humane and Gastroenterol ~ Hepatol. ~ 2023;21:868-872.
sustainable. [Crossref][Google Scholar][PubMed]
T Dbt & Ovese pirones amons
Shergill AK, McQuaid KR, Rempel D. [Cross.refJ[Google Schplar][PubMed] )
E . . 8. O'Sullivan S, Bridge G, Ponich T.
rgonomics and GI endoscopy. Gastrointest M loskeletal  iniuri ERCP
Endosc. 2009;70:145-153. [Crossref][Google usculoskercta [MJUTIES - among
Schol : b ’d ’ ' endoscopists in Canada. Can J Gastroenterol.
cholar][PubMed] 2002;16:369-374. [Crossref][Google
Goldstein JA, Balter S, Cowley M, Hodgson J, Scholar][PubMed]
Kl.em LW) et al Qccupatlonal hazards  of 9. Liberman AS, Shrier I, Gordon PH. Injuries
interventional cardiologists: ~ Prevalence  of sustained by colorectal surgeons performing
orthopedic health problems in contemporary colonoscopy. Surg Endosc. 2005;19:1606-1609.
practice. Catheter Cardiovasc Interv. [Crossref][Google Scholar][PubMed]
2004;63:407-411. [Crossref][Google 10. Hansel SL, Crowell MD, Pardi DS, Bouras EP,
Scholar][PubMed] DiBaise JK. Prevalence and impact of
Ellapen  TJ, Narsigan 8. Work related musculoskeletal injury among endoscopists: A
musculoskeletal  disorders among  nurses: controlled pilot study. J Clin Gastroenterol.
Systematic review. J FErgon. 2014;S4-003.

2009;43:399-404.
Scholar][PubMed]

[Crossref][Google

Copyright®2025



