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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 

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 

safety [1]. 

The theoretical foundation of cognitive 

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. 

Mental workload is one of the most extensively 

studied constructs in cognitive ergonomics. It 

refers to the proportion of cognitive resources 

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. 

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-AI 
 

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. 

Despite its advances, cognitive ergonomics faces 

several challenges. Rapid technological change 

often outpaces empirical research, leading to 

implementation gaps. Individual differences in 

collaboration.
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Conclusion 

Cognitive ergonomics provides a vital framework 

for aligning system design with human cognitive 

capabilities and limitations. By grounding design 

decisions in an understanding of mental 

processes, cognitive ergonomics enhances 

performance, safety, and user satisfaction across 

diverse domains. As technology continues to 

evolve, the principles of cognitive ergonomics 

will remain essential for ensuring that systems are 

not only efficient but also humane and 

sustainable. 
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