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HFES Policy Statement 
Occupational Human Factors & Ergonomics for Industry 4.0 

 
 

Ergonomics initiatives should be prioritized in Industry 4.0 innovation funding in order to optimize 
productivity, worker health and industry prosperity 

 
 
Summary 

Human Factors & Ergonomic workplace analysis and design are well proven methods for reducing 
occupational injuries and illnesses in the workplace, [3,9] and provide substantial benefits for reducing 
costs and improving operational efficiencies and productivity [8,18,21].  Balancing the cognitive and 
physical demands of work with the capacity of the worker optimizes productivity, quality of work and 
worker wellbeing, all of which contribute to healthy organizations and economies. Emerging Industry 4.0 
technologies provide a substantial opportunity for improving the quality and effectiveness of 
ergonomics efforts, creating both improved worker safety and industry cost savings. 
 
Background 

The International Labor Organization identifies the need to account for individual differences and work 
contingencies in the design of work through the foundational principle of Ergonomic Work Design.  
Workplace analyses utilizing Ergonomic risk assessment tools offer unique insights and are 
complementarity to other work design tools such as Lean Manufacturing and Six Sigma. They can lead to 
significant reductions in worker injuries and productivity losses.  
 
 
Figure 1.   The International Labor Organization emphasizes the foundational principles of Human Factors and 
Ergonomics Design for the Management of Work Systems 
 

 

  

Foundational Principles for Ergonomic Design 

and Management of Work Systems

Principle 1

Ensure worker 
safety, health, and 

wellbeing in the 
optimization of work 

systems as a top 
priority;

Principle 2 

Design and manage 
work systems to 

ensure 
organizational and 
worker alignment, 

continuous 
evaluation and 
learning, and 
sustainability;

Principle 3 

Create a safe, 
healthy, and 

sustainable work 
environment from a 
holistic perspective, 
understanding and 

providing for human 
needs;

Principle 4

Account for 
individual differences 

and organizational 
contingencies in the 

design of work 
systems;

Principle 5

Utilize collective, 
trans-disciplinary 

knowledge and full 
participation of 

workers for 
designing systems, 

detecting problems, 
and creating 

solutions for HF/E in 
work systems.
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Occupational Injuries are Common and Costly 

According to the most recent data available from the Bureau 
of Labor Statistics, there were 900,380 cases of occupational 
injuries and illnesses which resulted in missed work in 2018. [23]   
Of these, 272,780 lost time cases were associated with 
Musculoskeletal Disorders (MSDs) such as carpal tunnel 
syndrome and tendonitis, about 30% of all lost-time injury and 
illness cases in private industry. [23,24] The median number of 
days away from work associated with MSDs was 12 days, 50% 
greater than the median of 8 days off work for all injuries and 
illnesses. [24]  Further, back injuries caused by over-exertion 
(primarily associated with lifting, lowering, carrying, pushing 
and pulling materials of different types) has been identified by the insurance industry in the Liberty 
Mutual Workplace Safety Index as the number one cause of disabling workers compensation claims for 
the past 20 years, resulting in some $14 Billion in costs per year. [31] 
 
The National Safety Council estimates that preventable injuries cost employers about $1,100 per 
employee in 2018, [16] and that the average cost of a Workers’ Compensation case was $40,050. [16] 
Occupational injuries and illnesses impact both workers’ lives and companies' bottom-line.   
 
Preventing Occupational Injuries Provides Significant Return on Investment 

Ergonomic interventions provide significant savings and avoided costs due to reductions in workers 
compensation. [8,18,21] Many studies also show a positive return on investment (ROI) resulting from 
ergonomic work design. [1,4,5,7,10-15,17,20,22,25,26] Table 1 summarizes the findings of these studies. Ergonomic 
interventions provided productivity gains of between 1.6 and 140%, with payback periods between 0.5 
and 59 weeks.   
 
Table 1.  Summary of case reports showing benefits of occupational ergonomic interventions.   

 
Reference Setting Payback period in weeks 

Burri and Helander   Electronics manufacturing 0.5 

Stanton and Baber   4 reports from various manufacturing 
settings 

1-18 

Tompa et al  Textile manufacturing 9.6 

Amick et al    Office Work 2 

Larson  14 projects in manufacturing settings 
world-wide 

0.7 to 59   (range) 
16.4 (average) 

Reference Setting Annual percent gain in productivity 

DeLooze et al   Valve and furniture manufacturing 15-20 % 

Garrett et al   Call center 45 % 

Loo and Yeow   Air handling unit mfg.  140% 

Yeow   Order picking in warehouse 8.4 % 

De Macedo Galmarãs et al   Furniture manufacturing 46 %   

Dhande and Patil   Various manufacturers 1.6 %   

Reference Setting Operational Efficiency 

Motamedzade et al   Hospital and Medical Manufacturing 3-5 % decrease in waste, 8 % 
decrease in re-work 

Worker Injuries  
Cost Time and Money 

 
30% Of Occupational Injuries 

Involve Musculoskeletal 
Disorders 

12 Days of Lost Work/Injury 

$40,050  Average Cost of Workers 
Compensation Claim 

$14 Billion Costs per year of Materials 
Handling Injuries 
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Ergonomic Workplace Analysis & Design are Highly Effective for Reducing Injuries 

Ergonomic workplace design has been shown to be effective in reducing the number or severity of MSDs 
by balancing task demand with worker capacity. [8,18,21] Improvements in the design of work are guided 
by quantitative ergonomics analyses that calculate physical exposure to activities, which can then be 
used to guide interventions that target specific risks where work demand exceeds worker capacities. 
Tools used to support ergonomics analyses today typically include both active (checklists or 
observational assessments) and passive (injury logs, errors, quality control reports) surveillance efforts.  
 
Industry 4.0 Advanced Sensing & AI Can Predict When Occupational Injuries Are Likely  

The next phase of the industrial revolution, Industry 4.0, is the application of advanced sensing and 
artificial intelligence. Today's Industry 4.0 emphasizes the automation of traditional manufacturing 
processes using improved integrated sensors and smart technologies such as AI computer vision, 
smartphones apps, and machine learning.  Industry 4.0 provides a unique opportunity to improve injury 
exposure assessment due to increased precision and reliability of imbedded sensors in the workplace.  
While current methods rely on observations, surveys or injury records, new wearable devices (such as 
inertial measuring units and video tracking) can provide valuable information on the magnitude, 
duration and patterns of injury exposure.  For example, inertial measuring units can provide the percent 
time spent in awkward postures as well as key inputs for established risk assessment tools. In 
combination with machine learning approaches, this data can be used to more accurately quantify the 
physical demands of a job such as the percent time spent kneeling, crawling, reaching or lifting, 
providing a more accurate physical demand assessment used for job placements and return to work 
purposes.  
 
Improved injury exposure assessment allows improvements in work design, as well as individualized 
approaches for proactively identifying accident inducing fatigue and avoiding injury.  For example, it 
provides an improved means of personalized monitoring of worker activities in jobs with past injuries. It 
also supports the CDC National Occupational Research Agenda for Musculoskeletal Health research 
objectives.[30] The application of these new Industry 4.0 technologies to occupational Ergonomics is just 
emerging, and more research is needed to support their development, usability and validation.  
 
Recommendation: Support Research on Industry 4.0 Tools & Methods to Reduce Occupational Injuries 

Currently, there is little emphasis on the development and utilization of these new technologies to 
optimize task demand to fit worker capacity.  Further, there are a number of socio-technical issues 
associated with the introduction of Industry 4.0, including its acceptability to workers. Issues of comfort, 
trust, data security, privacy, comfort, and changes to social interactions on the job are all highly relevant 
to its success. Research is needed to determine evidence of Industry 4.0's ability to support injury 
prevention, validated risk models, and accuracy of measurements captured by these technologies, and 
to determine effective methods for integrating them in a manner that is acceptable to workers. 
 
Industry 4.0 provides an excellent opportunity to address reliability issues that limit the widespread 
implementation of Ergonomic work space design across industries.  Including and prioritizing 
Ergonomics initiatives in future funding of Industry 4.0 innovation will catalyze the integration of 
technology, machine learning and core Ergonomics risk assessment approaches, leading to a watershed 
moment that optimizes productivity, worker health and company prosperity, if developed and applied 
appropriately. Good Ergonomics is not only beneficial for the health and well-being of workers, avoiding 
unnecessary injuries, it is also good economics.  
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