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Opportunities and Challenges

Al has the potential to enhance sofety, performance and well-being
but its benefits depend on @ human-centered, ethical and engonamic approach.
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Graphical abstract: Artificial intelligence creates both opportunities and risks for modern workplaces. Human-centered ergonomics provides
the framework necessary to ensure that Al systems enhance safety, performance, well-being, and sustainability while preserving human

autonomy and trust.
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Abstract

Artificial intelligence (Al) is rapidly transforming the way humans interact with technology, workplaces, and complex socio-technical systems.
From intelligent decision-support tools and wearable monitoring devices to autonomous systems and generative Al applications, Al increasingly
influences human performance, safety, well-being, and productivity. These developments present significant opportunities for ergonomics, a
discipline traditionally focused on optimizing interactions between humans and their environments. At the same time, Al introduces new challenges
related to cognitive workload, trust, transparency, autonomy, privacy, and ethical responsibility. This opinion paper discusses the evolving relationship
between Al and human-centered ergonomics, highlighting both the potential benefits and emerging risks associated with Al-driven systems.
Particular attention is given to the need for maintaining a human-centered perspective in the design and implementation of intelligent technologies.
The paper argues that ergonomics must play a central role in ensuring that Al systems enhance rather than diminish human capabilities, safety, and
well-being. Future research directions are proposed to support the development of responsible and sustainable human-AlI collaboration.
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Introduction

Artificial intelligence (Al) has moved from a largely theoretical
concept to a pervasive technology influencing nearly every aspect
of modern life [1]. Advances in machine learning, computer vision,
natural language processing, and generative Al have enabled intel-
ligent systems to perform tasks previously considered exclusive to
human cognition. Al applications are now commonly used in man-
ufacturing, healthcare, transportation, agriculture, education, and
office environments.

The growing integration of Al into workplaces has significant
implications for ergonomics [2]. Traditionally, ergonomics has fo-
cused on adapting tools, tasks, and environments to human capa-
bilities and limitations. The discipline aims to improve safety, effi-
ciency, comfort, and well-being by considering physical, cognitive,
and organizational factors. As Al systems increasingly participate in

decision-making processes, task execution, and performance mon-
itoring, the nature of human work is changing. Consequently, er-
gonomics must evolve to address the opportunities and challenges
associated with human-Al interaction [3].

While Al offers considerable potential to reduce physical strain,
improve decision-making, and enhance productivity, concerns have
emerged regarding excessive automation, cognitive overload, re-
duced human autonomy, and ethical issues related to surveillance
and privacy. These developments raise important questions about
how intelligent systems should be designed and implemented to
support rather than replace human capabilities. This opinion paper
examines these issues and discusses the future role of ergonomics
in Al-driven workplaces. A summary of the major opportunities,
challenges, and ergonomic implications associated with Al imple-
mentation is presented in Table 1.

Table 1: Opportunities and challenges of artificial intelligence in human-centered ergonomics.

Real-time posture monitoring; intelligent

Physical ergonomics
Y g wearables; exoskeletons

Excessive monitoring; technology
dependence

Improved injury prevention and
workload management

Decision support; information filtering; task

Cognitive ergonomics R
g 8 automation

Need for balanced human-AlI collab-
oration

Cognitive overload; skill degrada-
tion; automation bias

Hazard prediction; predictive maintenance;

Workplace safety risk detection

False alarms; overreliance on Al

. Human oversight remains essential
recommendations

Adaptive workstations; individualized

Personalization . .
interventions

User control and informed consent
required

Privacy concerns; extensive data
collection

Trust and transparency Explainable decision support systems

Black-box algorithms; uncerta-
inty

Explainable Al improves usability
and trust

Support for aging workers and people with

Diversity and inclusion L leas
ty disabilities

Algorithmic bias and discrimi-

. Inclusive Al design needed
nation

Organizational ergonomics Process optimization; workforce planning

Employee surveillance; reduced
autonomy

Ethical implementation strategies
required
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Opportunities for Human-Centered Ergonomics
Enhancing Physical Ergonomics

The opportunities and challenges discussed in the following
sections are summarized in Table 1 and represent key areas where
ergonomic principles can contribute to responsible Al implementa-
tion. One of the most promising applications of Al involves reducing
physical workload and preventing musculoskeletal disorders. Intel-
ligent wearable devices, sensor networks, and computer vision sys-
tems can continuously monitor posture, movement patterns, and
biomechanical loads [4]. These technologies enable real-time iden-
tification of ergonomic risks and provide immediate feedback to
workers [5]. Al-powered exoskeletons represent another import-
ant advancement. By adapting assistance levels to individual users
and specific tasks, intelligent exoskeletons may reduce fatigue and
improve occupational safety in physically demanding industries.
Similarly, Al-based predictive maintenance systems can reduce ex-
posure to hazardous environments by identifying equipment fail-
ures before accidents occur.

Supporting Cognitive Performance

The increasing complexity of modern work environments has
intensified the importance of cognitive ergonomics. Al systems can
assist workers by filtering information, prioritizing tasks, and sup-
porting decision-making processes [6]. In healthcare, for example,
Al algorithms can analyze large volumes of clinical data and provide
recommendations that assist clinicians in diagnosis and treatment
planning. Generative Al tools offer additional opportunities by au-
tomating repetitive administrative tasks, summarizing information,
and facilitating communication [7]. Such systems may allow profes-
sionals to focus on higher-value cognitive activities requiring cre-
ativity, critical thinking, and interpersonal interaction [8].

Personalized Ergonomics

Traditional ergonomic interventions often rely on popula-
tion-level recommendations. Al introduces the possibility of highly
individualized solutions [9]. By continuously analyzing behavioral,
physiological, and environmental data, Al systems can adapt work-
stations, schedules, and task assignments to the needs of individual
workers. Personalized ergonomics may be particularly valuable for
aging populations, individuals with disabilities, and workers per-
forming highly specialized tasks. Adaptive technologies could sup-
port workforce diversity and inclusion by accommodating a broad-
er range of human capabilities and limitations [1].

Emerging Challenges
Cognitive Overload and Automation Dependence

Although Al systems can reduce cognitive demands, they may
also introduce new forms of mental workload. Workers are often
required to monitor automated processes, interpret Al-generated
recommendations, and intervene when systems fail. Such responsi-
bilities can create complex cognitive demands that differ substan-
tially from traditional task requirements. Overreliance on Al may
also lead to skill degradation and reduced situational awareness
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[10]. When humans become passive supervisors of automated sys-
tems, their ability to respond effectively during unexpected situa-
tions may decline. Several incidents involving automated transpor-
tation systems have demonstrated the potential consequences of
excessive automation dependence [6].

Trust, Transparency, and Explainability

Effective human-AlI collaboration depends on appropriate lev-
els of trust. Insufficient trust may result in underutilization of use-
ful technologies, whereas excessive trust may encourage unques-
tioning acceptance of incorrect recommendations [11,12]. Many
contemporary Al systems operate as “black boxes,” making it diffi-
cult for users to understand how decisions are generated. Limited
transparency may reduce user confidence and complicate account-
ability when errors occur. Ergonomists therefore face the challenge
of promoting explainable Al systems that provide meaningful infor-
mation about their reasoning processes [13,14].

Privacy and Surveillance Concerns

The use of Al-powered monitoring technologies raises import-
ant ethical questions. Wearable sensors, cameras, and productivi-
ty-tracking systems can generate detailed information about work-
ers’ behaviors and performance [15]. While such data may support
safety improvements, they may also contribute to perceptions of
excessive surveillance and reduced autonomy. Human-centered
ergonomics requires careful consideration of privacy, informed
consent, and data governance. Workers should understand what
information is collected, how it is used, and who has access to it.
Transparent policies are essential for maintaining trust and psy-
chological well-being.

Algorithmic Bias and Fairness

Al systems are only as reliable as the data used to train them.
Biased datasets can produce unfair outcomes affecting hiring deci-
sions, performance evaluations, workload allocation, and access to
opportunities. Such biases may disproportionately affect vulnera-
ble groups and undermine workplace equity. Ergonomics has his-
torically emphasized designing systems that accommodate human
diversity. This principle should be extended to Al development, en-
suring that intelligent technologies promote inclusivity rather than
reinforce existing inequalities [16].

The Need for Human-Centered Al

The rapid deployment of Al technologies highlights the impor-
tance of maintaining a human-centered approach. Human-centered
Al emphasizes collaboration rather than replacement, positioning
intelligent systems as tools that augment human capabilities [1].
From an ergonomic perspective, successful Al implementation
should prioritize human well-being, safety, usability, and autono-
my. Technological performance alone should not be considered a
sufficient indicator of success. Instead, organizations should eval-
uate how Al affects employee satisfaction, workload, learning op-
portunities, and long-term health outcomes. Human-centered Al
also requires multidisciplinary collaboration among ergonomists,
engineers, computer scientists, psychologists, ethicists, and policy-
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makers. Such collaboration is necessary to ensure that technologi-
cal innovation aligns with human needs and societal values.

Future Research Directions

Several research priorities deserve attention in the coming
years. First, more studies are needed to understand the long-term
effects of Al-assisted work on cognitive performance, skill reten-
tion, and mental health. Current evidence remains fragmented and
often focuses on short-term outcomes. Second, researchers should
develop validated methods for assessing human-Al interaction
from an ergonomic perspective. Existing ergonomic assessment
tools may require adaptation to address the unique characteris-
tics of intelligent systems [17]. Third, greater attention should be
given to explainable Al and trust calibration. Understanding how
users develop trust in Al systems will be essential for optimizing
collaboration and preventing misuse [18,19]. Finally, future re-
search should explore ethical frameworks for Al implementation
that balance organizational objectives with worker rights, privacy,
and well-being [20].

Conclusion

Artificial intelligence is reshaping the landscape of human work
and creating new opportunities for ergonomics. Intelligent systems
have the potential to reduce physical strain, enhance cognitive
performance, and support personalized workplace interventions.
However, these benefits are accompanied by important challenges
related to cognitive workload, automation dependence, transpar-
ency, privacy, and fairness. The future of ergonomics will depend
on its ability to guide the design of human-centered Al systems that
augment rather than replace human capabilities. By integrating er-
gonomic principles into Al development and deployment, organi-
zations can create workplaces that are not only more efficient but
also safer, healthier, and more supportive of human well-being. As
Al continues to evolve, ergonomics should remain at the forefront
of efforts to ensure that technological progress serves human needs
and values.
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