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Abstract 

 

The pervasive integration of technology into every facet of the modern workplace 

has necessitated a profound evolution in the field of ergonomics. This article 

explores the dynamic intersection of ergonomics and technology, shifting the focus 

from traditional physical workplace hazards to the complex cognitive and 

organizational challenges introduced by digital environments.  
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 ملخص: 
أدى اندماج التكنولوجيا بشكل واسع في جميع جوانب بيئة  الملةل ايدة ة  تط ر ةور جة را في يةا  بيئة  

رستكشف ه ه المقال  التفاعل الدةناميكي بين بيئ  الملل والتكنولوجيا، محولً  التركيز من المخةار   .الملل
 .المادة  التقليدة  في مكان الملل تط التحديات المم في  والتنظيلي  الممقدة التي رف ضها البيئات ال قلي 

ب:ئاا  اللماالت الحا يناال باا  الحاساا   ياة اااملت ب:ئاا  اللماال اتل  :اا ت ب:ئاا  اللماال  الكلماا ا اتاح ة:اا :
 الكل: ت مس ة  اللمل ال قم: ت اضط اباا الجه ز اللضلي اله:كليت اةمل اتل في
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1. Introduction 
Ergonomics, derived from the Greek words ergon (work) and nomos (laws), 
is the scientific discipline concerned with understanding the interactions 
among humans and other elements of a system. Traditionally, the field was 
heavily weighted toward the physical dimensions of labor—designing tools, 
machinery, and workstations to fit the biomechanical capacities of the 
human body. However, the advent of the digital revolution has 
fundamentally altered the nature of work, transitioning a vast portion of the 
global workforce from physical labor to knowledge-based, technology-
driven tasks. 
The intersection of ergonomics and technology is now one of the most 
critical areas of study in occupational science. As organizations adopt 
increasingly complex software, automation, and communication 
technologies, the "tools" of the modern worker are no longer hammers and 
assembly lines, but keyboards, graphical user interfaces (GUIs), and 
algorithmic management systems. This article systematically examines how 
technological advancements dictate the need for modern ergonomic 
interventions, addressing the physical, cognitive, and organizational 
dimensions of human-technology interaction. 
2. The Three Pillars of Modern Ergonomics in the Tech Era 
To fully grasp the relationship between humans and technology, it is 
necessary to divide ergonomics into its three primary sub-domains: 
physical, cognitive, and organizational. Each domain interacts uniquely with 
technological systems. 
2.1 Physical Ergonomics: The Body and the Machine 
While work has become less physically demanding in terms of heavy lifting, 
technology has introduced new physical hazards characterized by 
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immobility and repetitive micro-movements. Prolonged use of computers, 
tablets, and smartphones is strongly correlated with the rise of Work-
Related Musculoskeletal Disorders (WRMSDs). 

• Sedentary Behavior: The digital workspace often requires long 
hours of sitting, which epidemiological studies have linked to 
cardiovascular issues and metabolic syndromes. 

• Repetitive Strain Injuries (RSIs): Continuous typing and mouse 
navigation lead to conditions such as carpal tunnel syndrome and 
tendinitis. 

• Computer Vision Syndrome (CVS): Prolonged exposure to digital 
screens causes eye strain, blurred vision, and headaches, 
exacerbated by poor display resolution, screen glare, and improper 
lighting. 

Ergonomic technological solutions include the development of split 
keyboards, vertical mice, sit-stand desks, and monitors with built-in blue-
light filtration, all designed to align the hardware with the natural posture of 
the human body. 
2.2 Cognitive Ergonomics: The Mind and the Software 
Cognitive ergonomics concerns mental processes—such as perception, 
memory, reasoning, and motor response—as they affect interactions 
among humans and other elements of a system. In the context of 
technology, this translates primarily to Human-Computer Interaction (HCI) 
and software usability. 

• Cognitive Load: Modern software applications can overwhelm the 
user’s working memory. When interfaces are cluttered, navigation 
is unintuitive, or systems require users to remember complex 
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commands, the extraneous cognitive load increases. This leads to 
user frustration, increased error rates, and decreased productivity. 

• Attention Fragmentation: Digital technologies constantly compete 
for user attention through notifications, pop-ups, and multitasking 
demands. Cognitive ergonomics seeks to design interfaces that 
support sustained attention and minimize disruptive context-
switching. 

The goal of cognitive ergonomics in technology is to create "invisible" 
interfaces—systems so intuitively aligned with human mental models that 
the user focuses entirely on the task, rather than struggling to operate the 
tool itself. 
2.3 Organizational Ergonomics (Macroergonomics): The System and 
the Culture 
Organizational ergonomics focuses on the optimization of sociotechnical 
systems, including their organizational structures, policies, and processes. 
Technology dramatically alters these structures. 

• Telework and Distributed Teams: Cloud computing and video 
conferencing have decoupled work from the physical office. 
Macroergonomics studies how this shift affects team cohesion, 
work-life balance, and the temporal boundaries of work. 

• Algorithmic Management: When technology assumes supervisory 
roles—assigning tasks, tracking keystrokes, and measuring 
performance metrics—it profoundly alters the psychological 
landscape of the workplace. Macroergonomic interventions are 
required to ensure these systems do not strip workers of their 
autonomy or create environments of constant surveillance and 
technostress. 
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3. Emerging Technologies and Future Ergonomic Challenges 
As technology advances, new ergonomic paradigms must be developed to 
address the unique interfaces of next-generation tools. 
3.1 Artificial Intelligence (AI) and Automation 
The integration of AI into the workspace shifts the human role from an 
operator to a supervisor of automated processes. The ergonomic challenge 
here is "out-of-the-loop" syndrome. When an AI system manages a 
process flawlessly for long periods, human operators lose situational 
awareness. If the AI encounters a novel problem it cannot solve, the 
human is suddenly forced to intervene without adequate context, often 
leading to catastrophic errors. Designing AI systems that maintain human 
engagement and situational awareness is a primary focus of contemporary 
cognitive ergonomics. 
3.2 Virtual and Augmented Reality (VR/AR) 
VR and AR technologies are increasingly used in training, design, and 
remote maintenance. However, they introduce novel physical and cognitive 
issues. Physically, VR headsets can cause neck strain due to their weight, 
and the disconnect between visual input and vestibular (balance) feedback 
frequently causes "cybersickness" or simulator sickness. Cognitively, the 
spatial complexity of navigating a 3D digital environment can overwhelm 
users who are accustomed to 2D screens. Ergonomic design in this space 
requires high refresh rates, lightweight materials, and intuitive spatial UI 
paradigms. 
3.3 Wearable Technology and Exoskeletons 
In industrial and logistical settings, wearable technology and powered 
exoskeletons represent a direct fusion of technology and physical 
ergonomics. These devices augment human strength, monitor fatigue 
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levels via biometric sensors, and provide real-time feedback on posture. 
While they hold immense potential for reducing physical injuries, their 
implementation must be carefully managed to ensure they do not restrict 
natural movement or create long-term muscular atrophy by over-assisting 
the worker. 
4. Methodological Approaches in Technological Ergonomics 
To ensure technology is ergonomically sound, researchers and developers 
employ specific methodologies throughout the design lifecycle: 

1. Usability Testing: Observing real users as they interact with 
software or hardware prototypes to identify friction points and 
cognitive bottlenecks. 

2. Heuristic Evaluation: Expert reviews of digital interfaces against 
established usability principles (e.g., consistency, error prevention, 
aesthetic and minimalist design). 

3. Biomechanical Modeling: Using motion-capture software and 
electromyography (EMG) to measure the exact muscular strain 
caused by new technological devices, such as VR controllers or 
new smartphone form factors. 

4. Sociotechnical Assessment: Evaluating how the introduction of a 
new digital platform will alter the social dynamics, communication 
pathways, and power structures within an organization. 

5. Conclusion 
The relationship between ergonomics and technology is reciprocal and 
continuous. As technology shapes the way humans live and work, 
ergonomics must continuously adapt to ensure that these tools serve 
human needs, rather than forcing humans to adapt to the limitations of the 
machine. The physical design of hardware, the cognitive layout of software, 
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and the structural implementation of IT systems must all be guided by 
human-centric principles. Ignoring ergonomics in the pursuit of 
technological advancement leads to physical injury, mental burnout, and 
systemic inefficiency. Conversely, a rigorous application of ergonomic 
science to technology design guarantees a digital future that is not only 
highly productive but also fundamentally sustainable and supportive of 
human well-being. 
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