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Foreword 
Technological innovations, automation, digital transformation, globalization, and—
most recently—the COVID-19 pandemic have accelerated the speed at which we live 
and work. These and other future of work changes continue to impact workplaces 
and workforces in the U.S. and abroad. The challenge is navigating how best to 
manage the resulting complex, current, and emerging issues we collectively face. 

No one knows for certain what the future holds for occupational safety and health 
(OSH). What is clear, however, is that it will be influenced by the choices we make 
today. Proactive steps are needed to ensure that the future of work favorably 
contributes to the safety, health, and well-being of all workers, their families, 
employers, communities, and the Nation.

In 2019, the National Institute for Occupational Safety and Health (NIOSH), part of 
the Centers for Disease Control and Prevention (CDC), launched an initiative on the 
future of work. Its purpose is to ready OSH and allied fields to address the work of 
the future and both the known and yet unknown exposures, hazards, and scenarios 
that arise. This research agenda provides an organized foundation from which 
to consider the future of work and offers concrete actions to take that will help 
prepare and respond. 

NIOSH appreciates the time and effort of the expert peer and stakeholder reviewers, 
whose input strengthened this document.

John Howard, M.D. 
Director, National Institute for Occupational 

Safety and Health
Centers for Disease Control and Prevention
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INTRODUCTION

The NIOSH Future of Work Initiative
Even before the advent of the future of work as a focal area—cardinally represented 
by the Fourth Industrial Revolution [Hirschi 2018]—NIOSH developed several efforts 
that eventually became dedicated programs and centers [NIOSH 2021a] focused on 
related topics. Chiefly, these include the following: 

•	 Nanotechnology Research Center (2004):  
https://www.cdc.gov/niosh/topics/nanotech/nanotechnology-research-center.html 

•	 Occupational Health Equity Program (2005):  
https://www.cdc.gov/niosh/programs/ohe/default.html 

•	 Center for Motor Vehicle Safety (2010):  
https://www.cdc.gov/niosh/motorvehicle/ncmvs/aboutthecenter.html

•	 Safe • Skilled • Ready Workforce Program (2013):  
https://www.cdc.gov/niosh/programs/ssrw/default.html 

•	 Center for Direct Reading and Sensor Technologies (2014):  
https://www.cdc.gov/niosh/topics/drst/default.html 

•	 Economic Research and Support Office (2014) 

•	 Total Worker Health® Program (2014):  
https://www.cdc.gov/niosh/twh/default.html

•	 National Center for Productive Aging and Work (2015):  
https://www.cdc.gov/niosh/topics/productiveaging/default.html 

•	 Healthy Work Design and Well-Being Cross-Sector Program (2016):  
https://www.cdc.gov/niosh/programs/hwd/default.html 

•	 Center for Occupational Robotics Research (2017):  
https://www.cdc.gov/niosh/topics/robotics/default.html 

Since then, ongoing and accelerating changes in the workplace, work, and workforce 
have continued to shape the future of work [Tamers et al. 2020]. While such 
developments have offered many opportunities, they have also posed challenges. 
As a result, increased attention has been paid to new and existing worker safety, 
health, and well-being issues with related implications, many of which became 
pronounced during the coronavirus disease 2019 (COVID-19) pandemic that has 
itself highlighted a necessity to focus on the future of work and the relevance of 
OSH [Sinclair et al. 2020]. Responding to these evolving needs, NIOSH introduced its 
Future of Work Initiative (Initiative) in 2019 [NIOSH 2021b]. 

The vision of the Initiative is to prepare the OSH ecosystem for a safer, healthier, 
and more productive future. Doing so requires that OSH professionals and 
practitioners take a closer look at relevant issues, and develop and implement new 
or not yet widely used safety and health mechanisms to face them [Chia et al. 2019]. 

https://www.cdc.gov/niosh/topics/nanotech/nanotechnology-research-center.html
https://www.cdc.gov/niosh/programs/ohe/default.html
https://www.cdc.gov/niosh/motorvehicle/ncmvs/aboutthecenter.html
https://www.cdc.gov/niosh/programs/ssrw/default.html
https://www.cdc.gov/niosh/programs/ssrw/default.html
https://www.cdc.gov/niosh/topics/drst/default.html
https://www.cdc.gov/niosh/topics/drst/default.html
https://www.cdc.gov/niosh/twh/default.html
https://www.cdc.gov/niosh/topics/productiveaging/default.html
https://www.cdc.gov/niosh/programs/hwd/default.html
https://www.cdc.gov/niosh/programs/hwd/default.html
https://www.cdc.gov/niosh/topics/robotics/default.html
https://www.cdc.gov/niosh/topics/robotics/default.html


2 The NIOSH Future of Work Initiative Research Agenda

To this end, the Initiative advocates the Total Worker Health® (TWH) approach, 
defined as “policies, programs, and practices that integrate protection from work-
related safety and health hazards with promotion of injury and illness-prevention 
efforts to advance worker well-being” [NIOSH 2021c]. Building upon traditional OSH 
protection programs that have primarily concentrated on ensuring work is safe and 
workers are protected from the harms that arise from work itself, the TWH approach 
is an expanded, holistic, transdisciplinary strategy that recognizes work as a social 
determinant of health and focuses on how the workplace and work contribute to 
workforce (employees’ and workers’) outcomes, in order to improve well-being 
[NIOSH 2021c]. This also includes addressing the importance of relationships 
between safety, health, and well-being issues that extend beyond the job and 
therefore impact not only workers but also their families, communities, and society. 

Using the TWH framework, the Initiative is meant to be a collaborative effort of 
multi/transdisciplinary research and affiliated activities throughout NIOSH and with 
other government agencies, organizations, trade associations, labor unions or other 
employee representatives, and additional key partners. Its purpose is to identify 
novel solutions, practical approaches, and national and international partnership 
engagement and opportunities. More specifically, the Initiative: 

•	 Compiles existing studies on the future of work

•	 Features current future of work research projects

•	 Promotes research on new industries, technologies, organizational designs, job 
arrangements, risk profiles, and risk controls

•	 Connects trends in workplace, work, and workforce changes to prepare for future 
worker safety, health, and well-being. 

Doing so involves certain steps: 

•	 Develop, examine, and address future of work priority topics

•	 Improve and generate sound taxonomy 

•	 Consider current research methods and find new ones

•	 Offer practical, tangible solutions to safeguard workers

•	 Surveille, evaluate, and adjust approaches and activities, as needed.

THE NIOSH FUTURE OF WORK INITIATIVE 
RESEARCH AGENDA

Intended Audience and Purpose
The scope of the Initiative’s Research Agenda (Agenda) extends across every 
NIOSH sector, cross-sector, and core and specialty program [NIOSH 2021a]. Thus, 
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it involves and requires contributions from the entire NIOSH research community. 
The Agenda is also intended to inform the larger safety and health community about 
NIOSH future of work efforts, on behalf of the U.S. As a result, external OSH and 
allied associates (academics, researchers, educators, practitioners, government 
agencies, industry, labor unions, policymakers, and public interest groups) may be 
inspired to address some of the identified needs. 

The Agenda’s purpose is to outline predominantly research-focused directions that 
could also inform practice, policy, and capacity-building activities related to the 
Initiative. Specifically, the Agenda frames the most relevant future of work issues, 
as well as the safety and health needs of tomorrow’s workforce, across occupations 
and industries. It sets goals and objectives to help NIOSH scientists identify and 
prioritize research-focused proposals, projects, manuscripts, products, and other 
activities for the current FY2019–2024 NIOSH Strategic Plan [NIOSH 2019], its next 
iteration, and other prospective internal and external mechanisms.

Development
The development of the Agenda began in early 2021 and reflects previous efforts 
of the Initiative, which included—among other tasks—reviewing hundreds of peer-
reviewed and other articles relevant to the future of work [Tamers et al. 2020]. 
Because the Agenda involves the entire NIOSH community, in addition to input 
received by the Initiative’s Future of Work Group and independent, external peer and 
stakeholder reviewers, a primary task included seeking widespread input across 
NIOSH. In total, 22 sector, cross-sector, and core and specialty programs [NIOSH 
2021a] provided feedback on what NIOSH should prioritize in the next 5–10 years to 
meet future workplace, work, and workforce needs. As the future of work continues 
to unfold and evolve, so too must this Agenda, which will be updated and revised 
periodically to reflect changing priorities.

Priority Topics
One of the first steps of the Initiative was to develop a set of future of work priority 
topics and sub-topics to serve as a cornerstone and guiding framework for research 
and practice–based activities. Nine priority topics grouped into three overlapping 
categories reflect issues of relevance to the future of work (Figure 1). These 
categories and accompanying priority topics are the workplace (organizational 
design, technological displacement, work arrangements), work (artificial 
intelligence, robotics, technologies), and workforce (demographics, economic 
security, skills). 

Figure 1 also illustrates recognized issues impacting all future of work priority 
topics: emergency and disaster preparedness and response, exposures and 
hazards, extreme weather conditions, globalization, Industry 4.0, OSH 4.0, policies, 
politics, resources, and social disruption. Though these overarching issues are 
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not singled out here in detail, they are central and should therefore be taken 
into account when addressing all relevant priority topics. External factors such 
as working in a global community with interconnected technologies of Industry 
4.0 come with influence and competitiveness considerations employers must 
heed; extreme weather conditions (to include natural disasters and resultant 
infectious disease reservoirs) have shifting demographics, workforce movement, 
and geographical implications; and emergency and disaster preparedness and 
response (such as the COVID-19 pandemic) are central to prevention, management, 
communication, and planning efforts (at all levels, including organizational) that 
impact workers’ safety, health, and well-being and next level OSH strategies.

CDC/NIOSH Future of Work Initiative Priority Topics
Issues that Impact Workplace, 
Work, and Workforce

Emergency and Disaster Preparedness and Response • Exposures and Hazards • Extreme Weather 
Conditions • Globalization • Industry 4.0 • OSH 4.0 • Policies • Politics • Resources • Social Disruption

WORKFORCE
DEMOGRAPHICS

ECONOMIC SECURITY

SKILLS

TECHNOLOGICAL JOB DISPLACEMENT

WORK ARRANGEMENTS

ORGANIZATIONAL DESIGN

ARTIFICIAL INTELLIGENCE

Autonomy • Burnout and Stress Prevention • Healthy Leadership • Job Flexibility • Leave Systems • Scheduling • Social and Corporate 
Responsibility • Workplace Built Environment • Workspace • Work-Life Fit

Automation • Digitalization • Job Quantity and Quality • Occupational Polarization • Productivity Enhancement and Quality Improvement 
through Automated Manufacturing • Stable, New, and Redundant Work

WORKPLACE

Alternative • App-Based • Contingent • Contractual • Direct Hire • Distributed • Free-Lancer • Job Sharing • Non-Standard • On-Call • 
On-Demand • Part-Time • Platform • Precarious • Seasonal • Single vs. Multi-Employers • Temporary

Deep Learning • Machine Learning • Neural Networks

TECHNOLOGIES Additive and Smart Manufacturing, and 3D Printing • Advanced, Cloud, and Quantum Computing • Bio-Manufacturing • Bio-Technology • Clean 
and Green Technologies • Digitalization • Information and Communication Technologies • Internet-of-Things • Nanotechnology and Advanced 
Materials • Sensors • Sensor Surveillance • Smart Personal Protective Equipment

ROBOTICS Autonomous, Collaborative, Industrial, Managerial, Service, and Social Robots • Autonomous Vehicles • Human-Machine Interaction • 
Unmanned Aerial Systems • Wearable Exoskeletons and Exosuits

Diversity and Inclusivity • Multi-Generational • Productive Aging • Vulnerable

Adequate Wages • Equitable and Commensurate Compensation and Benefits • Minimum Guaranteed Hours

Continual Education, Learning, and Training • Re-Skilling and Up-Skilling

WORK

Figure 1. Priority Topics and Sub-topics of the NIOSH Future of Work Initiative

Goals and Objectives
The Initiative’s future of work priority topics became the basis of its foundational 
paper [Tamers et al. 2020] and this Agenda. Although goals and objectives are 
parsed out separately, the Initiative encourages integration of areas of future of 
work that have traditionally been separated from each other but are intricately 
linked. Certain portions of the Agenda are applicable to most if not all occupations 
and industries, while others have more relevance to some. Additionally, even though 
the objectives within each goal were prioritized as ones to address at this time, they 
may shift in importance and urgency, while new ones will likely emerge. Therefore, 
it is expected that each NIOSH sector, cross-sector, and core and specialty program 
[NIOSH 2021a] will prioritize and adjust them further to meet the specific and 
changing needs of the working populations they serve. 
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What’s more, several goals and objectives may benefit from applying future of work 
tools such as strategic foresight and scanning [Hines et al. 2015] to monitor and 
forecast the emergence and trajectories of key issues and trends [Schulte et al. 
2020, Streit et al. 2021], and by employing relevant methods like systems thinking 
models to help determine how NIOSH can use and communicate research findings. 
Such steps will contribute to updating the focus of the Agenda to highlight the latest 
future of workplace, work, and workforce safety, health, and well-being needs. 

Goal 1: Improve worker safety, health, and well-being 
outcomes through healthier organizational design 
policies, programs, and practices

Background
Over the past several decades, technological and other developments have 
dramatically altered organizational design [Eurofound 2018], which encompasses 
and impacts the overall context in which work is performed. Perhaps most notably, 
job flexibility in the form of telework, remote work, and virtual work has become 
more accepted and, at times, vital to maintain and foster organizational efforts. 
For example, the COVID-19 pandemic forced many employers across industries 
to leverage job flexibility options so that their workforce could remain safe and 
operational [Brenan 2020]. This trend has led to many studies on the subject, with 
a leading one estimating that at least 16% of employees will continue to regularly 
work from home after the COVID-19 pandemic [Bartik et al. 2020]. This suggests 
that the utilization of alternative worksites may become a key piece of the future of 
work’s “new normal.” 

Indeed, this time in history, which has led to more workers leaving their jobs than at 
any other point in almost a century (referred to as the “Great Resignation”) [McFall 
2021], has caused many employers to rethink their views on job flexibility and work 
location options, the need for physical worksites, as well as the facilitation (or not) 
of work-life fit. Of particular consideration is the feasibility (that is, whether a job is 
amenable to flexibility or bound by place and time) and quality of telework, remote 
work, and virtual work, which depend on various factors. These factors include job 
type, availability of dedicated home space, overlap between work and care-giving 
responsibilities, and whether employers believe they benefit or not from greater 
application of these options [Kossek et al. 2018]. 

Regardless of whether workers perform their jobs from a central facility, mobile site, 
or home office, it is well-established that the physical work environment influences 
both worker well-being and organizational performance [Toch et al. 2014, Ray et al. 
2021]. Access to hazard-free worksites, personal protective equipment (PPE), and 



6 The NIOSH Future of Work Initiative Research Agenda

ergonomically designed workstations and work tools will remain critical. No matter 
the location, it is unclear how organizations will provide, evaluate, and monitor safe 
and healthy working environments as the concept of the workplace evolves. There is 
evidence, for instance, that even well before the COVID-19 pandemic, home offices 
were often configured without employer guidance [Ellison 2012], which can result in 
injuries with workers’ compensation and legal implications. 

In addition, there are known physical and psychological health benefits associated 
with working in a green building that offers smart ventilation controls, automated 
safety mechanisms and controls, sit-stand workstations, healthy cafeteria options, 
and employer-sponsored exercise programs and equipment [Kahn-Marshall et 
al. 2012, Pronk et al. 2012, Neuhaus et al. 2014, Cedeño-Laurent et al. 2018]. 
Tomorrow’s workers who do not report to a central location may suffer disparate 
health outcomes because of missing these worksite features; alternatively, they 
may benefit if they can access programs (such as physical activity workouts) 
virtually from their mobile or home environment or if the latter is safer and healthier 
than a central location. 

One major byproduct of changing organizational design that is intrinsically linked 
with job flexibility and that warrants concerted attention is work-life fit. In the 
coming years, workers will face an even greater need to concurrently manage work 
and personal life responsibilities, due in large part to globalization, innovative 
technologies (Goal 6), workforce demographic shifts (Goal 7) [Organisation for 
Economic Co-operation and Development 2011], and external issues impacting 
the workplace, work, and workforce (such as the COVID-19 pandemic). Flexible 
arrangements (working from home, accommodating start and stop work times, and 
taking time off when needed, for example) have become one of the most popular 
mechanisms for enhancing work-life fit, under the premise that flexibility aids 
workers’ efforts to balance competing work and personal demands. A majority 
of related studies have highlighted the positive effects of flexibility, such as 
increased job performance, satisfaction, empowerment, autonomy, creativity, and 
opportunities for historically disadvantaged groups [O’Neill et al. 2009, Lange 2012, 
McNaughton et al. 2014]. However, others have shown that flexibility contributes 
to the blurring of boundaries between work and personal life domains, which can 
exacerbate work–family conflict and work-related stress [Bowen et al. 2017, Ray et 
al. 2021]. 

Importantly, flexibility opportunities (and related benefits) that provide work-life 
fit can differ on the basis of worker versus employer needs and voluntary versus 
imposed offerings. Furthermore, work-life boundary preferences impact the 
effectiveness of flexibility options and can account for why some options function 
well and some do not. The broader concept of control over work that extends 
beyond flexibility—into the where, when, and how work is done—may be even more 
significant than flexibility in its most narrow sense and therefore central to work-life 
fit issues [Kossek et al. 2018]. These and other considerations provide additional 
evidence that one size does not fit all and that offering employees as many safe 
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and healthy options as possible to suit individual and evolving needs is key [Kossek 
et al. 2018]. Finally, the advantages associated with work-life fit and flexibility are 
additionally compounded by access to employer-sponsored leave (such as paid 
time off for vacation, illness, and caregiving), which stand to become even more 
complicated as non-standard work arrangements (Goal 3), multinational employers, 
and multiple job changes impact workers’ access to these benefits [Asfaw et al. 
2012, 2017]. 

Chronic stress is another increasingly critical worker issue that has been linked to 
myriad negative health outcomes, including burnout (unmanaged chronic stress), 
anxiety, depression, frustration, and physical complaints [Ganster et al. 2013]. 
Indeed, nearly two‐thirds of adults identify work as a significant source of stress 
[Ray et al. 2017, American Psychological Association 2019]. Researchers expect this 
figure to grow as workers face increasingly blurred work–life boundaries, greater 
demands for work availability and flexibility, and decreased human connections 
because of remote work and the use of robots (Goal 5) in the workplace [Gabriel et 
al. 2016]. To that end, organizational-level factors (including other organizational 
design sub-priority topics in Figure 1) play a huge role in stress amelioration 
or exacerbation [Hammer and Brady 2021, Hammer et al. 2021]. They do so by 
contributing to more intermediate outcomes that, in turn, contribute to worker stress. 
These may include unhealthy leadership and low co-worker or supervisor social 
support (leading to work-life conflict); shift work and long work hours (causing 
fatigue); high workload (producing little or no job control); lack of resources (limiting 
ability to perform job tasks); inadequate pay and benefits (leading to economic 
insecurity (Goal 8)); low organizational justice (contributing to unfair treatment); 
and threats of workplace violence, harassment, or discrimination (posing risks to 
physical and psychological safety) [World Health Organization 2020]. 

Additionally, the interaction between these stress-related factors, external issues 
(emergency and disaster preparedness and response, politics, and social disruption, 
for example), and individual worker circumstances can intensify generalized stress, 
occupational stress, burnout, and associated outcomes (such as mental health 
issues) even more so [American Psychological Association 2020]. Ideally, managers 
and workers will develop comprehensive interventions together that maximize 
benefits by including both organizational changes (such as increased support and 
resources) and stress management practices [LaMontagne et al. 2007, Nielsen et 
al. 2010, Hammer et al. 2013, 2019]. Such interventions could additionally benefit 
by including other partners such as labor unions, which can serve an important role 
in safety and health programs and in advancing overall worker well-being [Center 
for Construction Research and Training 2018, Zoorob 2018, McNicholas et al. 2020, 
Soujourner et al. 2020].

Amid evolving organizational changes, leadership will certainly continue to play a 
key part in protecting and promoting worker safety, health, and well-being. New ways 
of working will provide opportunities for innovative, healthy leadership approaches 
(grounded in evidence-based supervisor support training) [Hammer and Brady 2021, 
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Hammer et al. 2021] that create conditions which support and empower future 
workers by demonstrating respect, appreciation, and health awareness; distributing 
rewards fairly; communicating clearly; and advocating for job control and 
autonomous decision-making [Jiménez et al. 2017]. 

Correspondingly, research shows an increased need for organizations to prioritize 
societal interests over profits, known as Corporate Social Responsibility (CSR) 
[Bénabou et al. 2010, The President’s Council of Advisors on Science and 
Technology 2020], and to engender mutual benefits across entities, known as 
Creating Shared Value (CSV) [Porter et al. 2011], both of which can be applied to 
leadership, business performance, and workplace well-being [Pronk et al. 2021]. 
Although some definitions and programs involving employee safety and health 
have been criticized as focusing more on social control than social responsibility 
[Holmqvist 2009, DeJoy et al. 2018], a growing body of research touts CSR and CSV 
as important psychosocial risk management strategies, which can provide workers 
with valuable resources and work-life benefits. These include continuing education, 
safe work environments and ethical labor practices, diversity and inclusion policies, 
community engagement opportunities, access to affordable and quality childcare 
and eldercare options, and other social protections, thereby enhancing the quality of 
working life [Jain et al. 2011, Rupp et al. 2015]. 

Objectives
•	 Use validated surveys to examine and enhance objective and subjective worker 

safety, health, and well-being outcomes and trajectories associated with changes to 
organizational design policies, programs, and practices due to external issues (for 
example, the “Great Resignation”). 

•	 Expand research on the antecedents and consequences of stress and burnout (such 
as mental health issues), especially in occupations with the highest rates.

•	 Define and evaluate differences in worker-governed flexibility versus employer-
sanctioned flexibility to determine safety, health, and well-being effects; share 
associated examples and case studies; and provide relevant training and education.

•	 Assess worker well-being benefits and challenges associated with a range of 
workplaces (such as offices/dedicated facilities, homes, and vehicles) and 
modifications to built work environments.

•	 Identify and evaluate healthy leadership practices for workers in different locations 
(office versus home, for example).

•	 Conduct research on changes in the work/non-work interface and blurring of 
boundaries due to external issues (such as COVID-19 pandemic-related increases in 
telework; and remote, virtual, and hybrid work) and their impact on safety, health, and 
well-being outcomes for workers and their families.
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•	 Investigate the mental and physical health effects of working in a 24/7 “always open” 
economy.

•	 Explore and benchmark CSR and CSV among public health, business and industry, 
and communities to benefit the health and well-being of workers.

Goal 2: Determine and address worker issues related 
to automation, technological job displacement, and 
occupational polarization

Background
Technological advancements can result in job displacement, which occurs when 
jobs or associated tasks traditionally performed by workers are replaced by 
technology (Goal 6). Estimates of the magnitude and distribution of technological 
job displacement vary by occupation, industry, and worker socio-demographic 
characteristics (Goal 7). As such, the number of job losses is debatable and difficult 
to forecast. Whereas automation and computing may accomplish tasks such 
as data collection and processing more efficiently [Frey et al. 2017] and thereby 
encouraging technological job displacement, occupations in which workers have 
non-routine and interactive tasks are less likely to be completely mechanized 
[Arntz et al. 2016, Manyika et al. 2017]. Nevertheless, studies suggest that roughly 
half of U.S. employment could be fundamentally affected or altogether replaced 
by computers and algorithms [Frey et al. 2017]; within jobs, some studies project 
that about half of all tasks could be automated [Frey et al. 2017, McKinsey Global 
Institute 2017]. 

Though overall rates have been changing more rapidly, history shows that 
technological adoption is often slow, providing time for new task and job creation to 
compensate for job loss from automation [National Bureau of Economic Research 
2018]. For instance, changes in work arrangements (Goal 3) may enable some 
displaced workers to acquire new skills (Goal 9) and become more competitive in 
the new labor market, further offsetting some technological job losses. Emerging 
technologies (Goal 6) have also traditionally created new jobs as a result of 
fundamental changes to work, the rise of new industries [Bessen 2015, Mokyr et al. 
2015], and fluxes in consumer demand, contributing to overall job and economic 
growth and development, as well as increases in labor demand and productivity. 

That said, technological advancements can have adverse impacts, too. In addition 
to eliminating jobs, they may lessen their quantity and quality; alter the availability 
of stable and new jobs; create temporary or unstable employment; make certain 
roles redundant (obsolete); and deeply change many occupations and even entire 
industries. In this process, occupational polarization can also occur, whereby 



10 The NIOSH Future of Work Initiative Research Agenda

technology (Goal 6) replaces middle-skill work often performed by some, more so 
than high- and low-skill work performed by others [Hirschi 2018, Vermeulen et al. 
2018]. This disparateness is because many high-skill jobs (such as those held by 
managers, professionals, and technicians) require non-routine tasks with a higher 
order of thinking, problem-solving, or unique social interaction that cannot be 
automated at this time. Similarly, many low-skill workers who perform non-routine 
tasks (such as health and personal services, cleaning and protection services, 
and operation and labor) cannot easily be substituted with technology (Goal 6). 
However, middle-skill jobs include tasks that are predominantly routine-based 
(such as production, office and administration, and sales) and thus can more 
easily be automated; these are associated with a possible decline in employment, 
disproportionately affecting women, immigrants, and younger workers [Abraham et 
al. 2012]. The disappearance of middle-skill jobs may also make it harder to convert 
lower-wage service jobs into better ones, therefore limiting career opportunities 
[Dwyer et al. 2019]. Still, while middle-skill jobs are currently most at risk, some 
lower-skill jobs (such as in the food sector and transportation) may also be subject 
to increased displacement due to technology (Goal 6).

Technological job displacement also has vast implications for worker safety, health, 
and well-being. The perception of a future lacking in employment opportunities and 
economic security (Goal 8), and the need to acquire new job skills (Goal 9), may not 
only reduce the bargaining power of workers relative to management—making them 
more reluctant to raise concerns related to unsafe conditions—but may also lead 
to increased anxiety, depression, suicide, and alcohol and drug abuse (including 
opioid-related deaths) [McGee et al. 2015, Case et al. 2017, Hollingsworth et al. 
2017]. Effective strategies to address these and other adverse effects have been 
proposed, such as upgrading unemployment insurance by making it easier for 
workers to receive partial benefits after the loss of a second job and not requiring 
individuals to seek full-time work to receive benefits [Autor et al. 2020]. 

Considerations and changes due to the COVID-19 pandemic may lead to automation 
becoming even more widespread by reshaping labor markets (including through 
remote work) and by occurring at an accelerated pace (despite historically occurring 
at a slower one) due to the introduction of new technologies (Goal 6) and work 
arrangements (Goal 3). Although these developments may create more efficiency 
in the long-term, in the short- and medium-terms, technological job displacement 
overall may adversely affect many workers, especially the least economically secure 
(Goal 8) [Autor et al. 2020].

Objectives
•	 Track the magnitude and distribution of technological job displacement of workers 

by industry, occupation, socio-demographic characteristics, and work arrangements.  

•	 Assess how the rate and pace of change resultant from new technology 
implementation impact worker vulnerability and adaptability.
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•	 Increase research and translation activities on the impact of automation, 
technological job displacement, and occupational polarization on worker safety, 
health, and well-being, across occupations and industries.

•	 Evaluate safety and health outcomes for workers whose jobs or businesses are 
transitioned or lost because of external issues (such as the COVID-19 pandemic, 
extreme weather conditions, globalization, and social disruption).

•	 Assess the well-being implications of technological job displacement for workers 
(such as mental health) and for their families (such as children’s health and future 
socio-economic prospects), employers, and society overall.

•	 Explore remedial and resiliency-building interventions that can better prepare or 
safeguard workers from potential job displacement or loss due to automation.

•	 Synthesize and periodically update forecasts of demand for new technology-
related job tasks that might contribute to displacement in specific industries and 
occupations, to identify emerging safety and health issues.

•	 Develop and disseminate new OSH policies and practices for policy makers and 
employers aiming to prevent or mitigate the adverse consequences of occupational 
polarization.

Goal 3: Identify and address the safety, health, 
and well-being risks for workers in different work 
arrangements

Background
Long-standing, traditional surveys [Bureau of Labor Statistics 2001] are used to 
define, assess, and understand standard and non-standard (or alternative) work 
arrangements, the characterizations of which are different though not wholly 
mutually exclusive. NIOSH describes standard work arrangements as ones that 
are secure or permanent (career) [Bushnell et al. 2017, NIOSH 2019], whereby 
workers have employee status and more stable pay. They are also more likely to 
have access to health insurance, paid leave, and retirement benefits; have a regular, 
full‐time work schedule; and the ability to negotiate their schedule and take time 
off. For non‐standard work arrangements, which are typically classified in surveys 
as independent contractors, on‐call workers, temporary help agency workers, 
and workers provided by contract firms [Bureau of Labor Statistics 2001], NIOSH 
considers a catalog of elements across two dimensions [Bushnell et al. 2017, 
NIOSH 2019]. Elements in the first dimension include: 

•	 Job security (permanent, open‐ended, limited) 

•	 Work schedule (hours per week, shift [day, evening, night, rotating], predictability)
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•	 Compensation type (wage, salary, piece rate, job rate, profit, commission, training 
experience, intrinsic reward)

•	 Pay level and security (annual, weekly, or hourly earnings, variability of earnings)

•	 Benefits (such as health insurance, retirement benefits) 

•	 Single versus dual or multiple employers (temporary help or staffing agency and 
client employer, subcontractor, and general contractor). 

Elements in the second dimension include: 

•	 Employee (permanent, temporary, intern) 

•	 Self‐employed (without business, with business) 

•	 Volunteer. 

Distinctions for concepts specifically related to non-standard work arrangements 
also include contingent work (a job that is not expected to last) and precarious 
employment [Bushnell et al. 2017, NIOSH 2019] (work with some degree of 
insecurity; temporariness; vulnerability to unfair treatment; inability to negotiate 
pay, benefits, and work schedule; lack of ability to take leave; and no social safety 
net, including unemployment and workers’ compensation insurance) [Bhattacharya 
et al. 2021]. These differentiations are further used to understand certain aspects 
of newer types of non-standard work arrangements that have materialized over the 
years, such as “gig” ones, which are temporary, short‐term commitments that arose 
in part due to the development and implementation of new technologies (Goal 6). 

Though data from surveys assessing non-standard work arrangements do not reveal 
significantly increasing trends in their prevalence [Ray et al. 2017], the limitations 
in existing questions and the lack of universally accepted definitions across 
arrangement types do not allow in-depth assessments. Improper classification 
of worker status across arrangement types as employees or non-employees also 
occurs and is problematic, as it confuses who is legally responsible for protecting 
their safety and health [OSHA, NIOSH 2015]. For instance, some “gig” workers (at 
times erroneously classified as independent contractors rather than employees) 
hold other jobs [Katz et al. 2019], which may contribute to safety and health issues 
experienced at one job or the other (such as fatigue from long work hours). Multiple 
jobs held concurrently and other important aspects such as the sequence of jobs 
held over time, periods of unemployment, the availability of another job should the 
worker need or want to change jobs, and the context of all jobs held by a worker’s 
family are also only marginally considered. These inadequacies restrict the ability 
to readily ascertain distinctions between work arrangements and their unique 
relationships to worker safety, health, and well-being outcomes [Benach et al. 2014]. 

To be sure, a study using data from 2002 to 2014 concluded that for some workers 
in non-standard work arrangements, such as independent contractors, increased 
job stress was associated with an increased number of self‐reported unhealthy 
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days [Ray et al. 2017]. This was similarly observed with activity limitations, as 
increased job stress was associated with increased reported days of activity 
limitations for workers in temporary help agency arrangements. What’s more, work 
arrangements may be disproportionately impacted by other future of work topics, 
posing additional worker issues. Indeed, work arrangements are not only differently 
influenced by organizational design sub-topics (such as location where work takes 
place) (Goal 1) but also by technologies (Goal 6), demographics (such as when 
experiencing overlapping vulnerabilities) (Goal 7), workers’ economic realities (Goal 
8), and demand for newer skills (Goal 9). This demonstrates the need to study 
and address each arrangement type separately and in-depth, in addition to the 
combination of factors, to understand OSH implications more fully. 

Objectives
•	 Develop and standardize definitions and taxonomy for work arrangements. 

•	 Improve surveillance collection methods to include a wider selection of non-standard 
work arrangements that capture prevalence and trends of various types of work and 
more precise information about industry, occupation, and socio-demographics.

•	 Incorporate detailed data elements in surveillance systems of non-standard work to 
better assess, track, understand, and evaluate emerging safety and health hazards.

•	 Understand, estimate, and study the growth of prominent types of work 
arrangements due to other future of work–related changes (such as technologies, 
organizational design, and demographics).

•	 Study the overall effects of work arrangement types over the span of a working 
life, evaluating all jobs held simultaneously, the sequence of jobs, and periods of 
unemployment. 

•	 Assess OSH training, compliance and protection policies, and injury and illness 
compensation and outcomes in relation to differences in responsibility for OSH. 

•	 Conduct intervention studies to assess the cost-effectiveness and comparative 
effectiveness of implementing safety and health programs for workers in non-
standard work arrangements.

•	 Develop best practice guidelines for addressing issues common among workers in 
non-standard arrangements (such as community-based participatory research to 
prevent workplace discrimination; identification of hazards without fear of retaliation; 
and implementation of education and training reflecting specific worker needs).

•	 Examine how broad external factors (such as extreme weather conditions, 
globalization, access to healthcare, and the economy) impact different types of work 
arrangements and their individual OSH outcomes.
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Goal 4: Minimize worker risks and maximize benefits 
associated with artificial intelligence application

Background
Artificial intelligence (AI) is achieved through computer algorithms and sensing 
technologies (Goal 6) that perform tasks involving complex data analysis and 
decision-making. More specifically, AI has the capability of analyzing large amounts of 
data in a fraction of the time it would take a human, allowing a wide variety of tasks to 
be automated. Machine learning (ML) is an application of AI permitting machines to 
improve their problem-solving abilities on their own, with experience. Applications of 
AI and ML touch almost every occupational sector [West et al. 2018] and are growing 
in the U.S., with the global AI market estimate expected to increase dramatically 
[Expresswire 2021], leading to favorable as well as potentially unfavorable outcomes. 

Without a doubt, AI offers many benefits, including direct improvements to worker 
safety, health, and well-being, by removing humans from repetitive, dangerous, or 
hazardous tasks and locations. For example, autonomous systems can be used 
to perform monotonous or highly stressful data analysis and monitoring, thereby 
mitigating worker fatigue and associated mistakes with safety implications [Rogers 
et al. 2019]. Additionally, AI ethically combined with wearables can be used as a 
predictive medical device across industries to monitor heart rate variability (an 
indicator of cognitive fatigue), core body temperature, maximal oxygen consumption 
(a reflection of cardiorespiratory fitness), motion (including fall detection), and 
respiratory rate [Martin 2019]. Further advantages have largely been observed in 
improved surveillance and data analysis, reliability of risk assessment, OSH training 
methods, and automated medical screening and diagnosis [Tamers et al. 2020]. 
In the years that ensue, using supplementary methods to incorporate AI, ML, and 
neural networks (algorithms that imitate a human worker to identify relationships 
between copious amounts of data) into OSH research, surveillance, and mitigation 
also has potential, as will developing and implementing programs that analyze and 
model occupational health data to predict safety and health outcomes.

The total impact of increased AI adoption on the OSH field and worker safety, 
health, and well-being remains unclear. For instance, AI is employed in the use of 
robotics and driverless vehicles (Goal 5), raising concerns about its decision-making 
ability as it relates to safety, especially when humans are in proximity. AI may also 
contribute to prospective job displacement (Goal 2) and retraining needs (Goal 9) 
[International Labour Organization 2019], leading to an increase in psychological 
and other worker health risks. Ultimately, proactive steps are needed to test and 
evaluate AI systems and algorithms and use appropriate risk–benefit analysis. 
Doing so with the participation of key parties such as labor unions will help limit 
worker OSH-related exposures and hazards (such as outside interference and 
cybersecurity threats), discrimination, bias, and inequity [Vietas 2021]. 
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Objectives
•	 Conduct collaborative studies with employers to ascertain unintended consequences 

of AI applications (such as job insecurity or loss) on worker safety, health, and well-
being. 

•	 Study potential issues of vigilance and under- or over-trust for workers who use 
systems that employ AI.

•	 Explore mechanisms to ethically incorporate AI into occupational research, 
surveillance, and mitigation, with a focus on the development and utilization of 
programs that can model and analyze occupational health data.

•	 Advance the use of ML to develop automated approaches for evaluation 
and classification (for example, of medical images used in surveillance for 
pneumoconiosis and other occupational lung diseases).

•	 Research the development, use, and acceptance of AI for OSH risk assessment and 
control.

•	 Investigate the use and acceptance of augmented human decision-making in safety 
risk reduction in the workplace.

•	 Investigate and reduce the risks associated with the use of AI and computer vision 
to detect and prevent incidents involving contact between a human worker and a 
collaborative robot, autonomous mobile robot, or unmanned vehicle.

•	 Reduce worker cognitive and psychological burden through AI systems that identify, 
prioritize, and effectively communicate to workers the most relevant information they 
need to conduct tasks.

•	 Assess AI cybersecurity vulnerabilities and relationships with worker productivity and 
job displacement. 

•	 Test and evaluate AI systems and algorithms to reduce worker discrimination and 
bias, address health equity and ethics concerns, and improve socio-demographic 
representativeness.

Goal 5: Mitigate worker safety and health challenges 
and leverage opportunities associated with robotics

Background
Robots carry out physical actions and make informed decisions. For years, the 
traditional industrial robot typically used in certain settings like manufacturing 
performed limited tasks and was physically separated from human workers 
[International Federation of Robotics 2019]. Since then, new types have been 
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developed and their popularity is rapidly growing. These robots not only make 
calculated choices but can also sense their environment, perform independently, work 
with or in the same space as human workers (collaborative robots, or “co-bots”), and 
even be worn by them (powered and non-powered exoskeletons and exosuits). 

Robots offer potential for improving and making safer work that is customarily 
performed by humans, by producing opportunities to streamline processes and 
limiting hazardous exposures particularly evident in some occupations and 
industries [Tamers et al. 2020]. Such is the case with robotic systems, which modify 
the environment in extreme weather conditions by doing work or misting workers 
to help offset hazards in construction, and by mixing and processing chemicals to 
reduce dermal and respiratory exposures in foundries. In addition, robots in both 
traditional healthcare settings (such as hospitals) and non-traditional ones (such as 
in the home, providing service to the homebound) can serve as worker adjuncts. For 
their part, unmanned aerial vehicles (UAVs, or drones) are employed more and more 
to assess worksites and structures and are piloted for delivery of goods (such as 
medical supplies during the COVID-19 pandemic [Kretchmer 2020]). Fully automated 
vehicles are also used for delivery of commercial goods, piloted for transit of 
people, and used to cart materials in mining [Howard et al. 2018]. 

Benefits aside, workers may be physically or psychologically harmed from 
hazardous contact as more businesses bring in collaborative and mobile robots 
[Murashov et al. 2016, Howard et al. 2018, 2020], and new and still unknown safety 
risks may present themselves due to advances in fully and partially automated 
vehicle technologies [American Society of Safety Professionals 2019a]. For 
instance, workers may face increased risk by losing situational awareness and 
inadequately reacting to hazards while in the company of robots, which has 
been documented in fatal crashes with highly automated vehicles [National 
Transportation Safety Board 2020]. Given that robots ultimately impose the pace 
of work, workers may also experience amplified stress associated with changes in 
how and the speed at which work is performed. 

Robots are now increasingly employed across industry sectors and in community 
and outdoor settings; as a result, some guidelines and requirements that 
promote safe interaction have been introduced [International Organization for 
Standardization 2012]. Moving forward, expanding applications of robots and 
human–machine interaction will require careful balancing and consideration, as well 
as evidence-based recommendations to ensure the safety and health of workers.

Objectives
•	 Evaluate the benefits and risks of robotics, to include human–machine interaction, 

human action recognition, and intent prediction of robots in highly impacted jobs, 
occupations, and industries (such as transportation, manufacturing, foundries, 
mining, and welding).
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•	 Investigate potential consequences of drones, autonomous vehicles, other remotely 
controlled mobile equipment, exoskeletons, and exosuits on worker safety, health, 
and well-being.

•	 Examine the human–machine interface to determine what and how much is needed, 
challenges when suboptimized, and the psychosocial impact on those working 
with new robotics technologies (including stress in using technologies not fully 
understood and concerns about subservience to the technology). 

•	 Determine how to effectively disseminate knowledge about the development and 
evaluation of exoskeleton systems and ergonomic-related issues in the use of 
robots.  

•	 Assess and improve design standards for robots to address safety concerns and 
increase worker trust. 

•	 Explore and evaluate robotics technology and relevant education and training to 
improve worker safety and health equity for disadvantaged groups.

•	 Conduct research to understand the impact of the emerging commercial use of 
unmanned aerial vehicles in relation to potential deaths and injuries from falls, toxic 
chemical exposures, electrical hazards, and collisions (such as in transportation, 
construction, agriculture, utilities, public safety, and mining).

•	 Perform comparative-effectiveness and cost-effectiveness studies examining 
whether advantages of robotic safety replacements outweigh the toll of 
displacement for workers who cannot be retrained or re-assigned. 

•	 Design interventions that improve safe adoption of advanced driver-assistance 
system features, including ensuring workers remain engaged while driving vehicles 
that are partially automated, to inform best management practices. 

Goal 6: Evaluate the impact of innovative and 
emerging technologies on worker well-being 

Background
New and developing technologies that characterize Industry 4.0 and that are still 
very much at the forefront of the next industrial revolution in motion, Industry 
5.0 [European Commission 2021], have profoundly reshaped and reorganized the 
workplace, work, and workforce in both advantageous and disadvantageous ways 
yet to be fully determined. 

To begin, developments in nanotechnology, smart materials, and other technologies 
offer new capabilities for manufacturers and engineers. Additive manufacturing (or 
3D printing) has improved design optimization, facilitated collaboration, promoted 
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quicker design iteration, and limited the need for as many assembly lines; this 
process now makes it simpler to fulfill demand and enable just‐in‐time production 
[Berman 2012, Campbell et al. 2013]. For its part, advanced computing, which 
employs vast amounts of data from ever‐increasing numbers of sensors available 
at ever‐decreasing costs, improves decision‐making and asserts action in almost 
every industry [Bloem et al. 2014, Falkenthal et al. 2016]. 

Sensors and controls that connect to the Internet-of-Things [Falkenthal et al. 2016] 
can collect, integrate, and analyze data from a distributed industrial network to not 
only improve assessment of different workplace safety and health hazards [Chui et 
al. 2010] and productivity, but also remotely monitor and control large numbers of 
devices at different locations. Doing so has transformed many jobs and processes 
to a single set of computer tasks, enhancing efficiency [Bloem et al. 2014, 
Falkenthal et al. 2016]. Moreover, information and communication technologies 
enable data collection, aggregation, processing, and decision‐making to occur in 
disparate locations, a capability which is increasingly vital as more organizations 
become global, with inter-reliant operations among facilities in various locations. 
Beneficial changes have also occurred through breakthroughs in computing, 
economical equipment, and new techniques such as synthetic biology, leading to 
biology‐based processes that replace traditional manufacturing [Friedman et al. 
2015, National Academies of Sciences 2015].

Such abilities and flexibilities have improved both productivity and safety 
by notifying workers of hazards, sustaining processes within risk tolerance 
parameters, and aiding risk management decisions [Bloem et al. 2014]. Still, 
these advancements have not been devoid of new hazards with worker well-
being challenges. Workers who are closely monitored may take risks to maintain 
productivity or find ways to foil specific data collection [Tomczak et al. 2020], 
while those who manage different devices at once (especially during a crisis or 
emergency) might experience cognitive overload and resulting psychosocial issues 
[Schulte et al. 2020]. Emerging technologies can also expose organizations and 
their workers to unintended risks such as hacking, algorithm manipulation, and 
confidentiality and privacy issues related to AI (Goal 4) and cybersecurity [West et 
al. 2018]. Indeed, technologies (Goal 6) used to collect worker-level information 
(such as early indicators of chronic disease) can be misused and promote 
discriminatory employment practices. Despite offering greater functionality than 
traditional sensors [Falkenthal et al. 2016], advanced or “smart” sensors, which can 
be surgically placed in the body, worn or embedded in safety clothing, or attached 
to a workplace object [Nag et al. 2017, Metz 2018] may elicit privacy concerns 
associated with the monitoring and tracking of all aspects of worker performance.

Given the anticipated transformations to the world of work, current and evolving 
technologies may need to be rethought as they are expanded to a new scale of 
workers with different workplace and work preferences and expectations; skill sets 
and training needs (Goal 9); and OSH considerations. 
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Objectives
•	 Compile, improve, and disseminate data sources that inform policies, programs, and 

practices evaluating the impact of new technologies on exposures and hazards. 

•	 Track positive and negative consequences and changes on worker safety, health, and 
well-being from using sensors, manufacturing processes, and the Internet-of-Things 
rather than traditional technologies. 

•	 Examine the impact of advanced materials and additive manufacturing on worker 
outcomes (such as respiratory and dermal exposures) in various workplace settings 
(such as schools, manufacturing, and startups). 

•	 Consider how technologies affect the supervision of work, the overall quality of work 
life, and productivity.

•	 Assess the impact of biology-based processes on a greener economy and worker 
health.

•	 Evaluate the cost-effectiveness of workers using engineering controls and smart PPE 
to reduce exposures for those who develop and use technologies. 

•	 Assess the joint effects of technologies and other changes to the workplace and 
work (such as extreme weather conditions, infectious disease outbreaks, socio-
demographic shifts, and non-standard work arrangements) on worker well-being. 

•	 Create best practices to ensure ethical monitoring and surveillance (including 
informed consent), protect privacy, and prevent discrimination and penalization for 
workers whose data are collected by sensors.

•	 Design risk assessment guidance, control methods, and protocols to inform, train, 
safeguard, and empower workers to develop and use technologies safely and 
ethically. 

•	 Anticipate and minimize potential adverse worker effects (such as lack of autonomy 
and job control) on worker well-being, early in the development and implementation 
of new technologies.

Goal 7: Identify, examine, and reduce the inequitable 
distribution of work-related risks and benefits due to 
demographic characteristics

Background
The U.S. population has been undergoing dramatic demographic shifts, a trend 
that will continue in the coming decades. This has contributed to growing worker 
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diversity and a more widespread effort to recruit and foster an inclusive and 
representative workforce along dimensions such as age, class, gender identity and 
sexual orientation, nativity, race/ethnicity, disability, and immigrant status. 

The future of work is steeped in technological developments (Goal 6) that have 
significantly contributed to worker well-being and reductions in workplace injuries 
and illnesses [Dogan et al. 2019, Toxiri et al. 2019, Calzavara et al. 2020], and which 
can be observed across different demographic groups. For instance, technologies 
(Goal 6) that enable remote work have supported workers with disabilities who are 
more likely to work from home compared to workers without disabilities [Schur et 
al. 2020], while the rise in non-standard work arrangements (Goal 3), such as “gig,” 
contract, freelance, and other types of independent work that offer greater flexibility 
have attracted more women workers [Palagashvili et al. 2021].

However, workers who have been traditionally underserved, such as women, racial/
ethnic minorities, older adults, immigrants, and those living with a disability still do 
not benefit equally from these advances. One reason is that scientific assumptions 
behind the development of technologies (Goal 6) still in use today (such as the 
assumption of a 70-kg [154-lb] man in toxicology or the use of mid-20th century 
anthropometric data from military recruits to create PPE) were often biased toward 
more conventionally accepted worker groups such as white men [Hsiao 2015]. 
Consequently, for other groups, the protective efficacy of these new technologies 
(Goal 6) has been sub-standard [Zou et al. 2018, Perez 2019]. This is despite the 
fact that the percentage of workers identifying as part of one or more currently 
disadvantaged groups is growing [Kitt et al. 2013]. As a result, there is a push to 
develop more comprehensive and flexible design practices to help refine existing 
technologies (Goal 6) or create new ones in an effort to ensure OSH standards are 
appropriate for the entire workforce.

Fostering inclusive research practices to produce data-driven solutions that reduce 
inequities is also an indispensable step toward safeguarding the well-being of an 
increasingly diverse workforce. The field of OSH has evolved into a largely technical 
one that is generally guided by a reductionist view of cause and effect, focused on 
isolating and eliminating proximate factors that result in workplace hazards [Flynn 
2018]. Research on the technical aspects of OSH has been historically favored 
over research that explores the social context and relationships that circumscribe 
occupational health outcomes [Peckham et al. 2017, Schulte et al. 2019]. 
Accordingly, some segments of the workforce continue to be underrepresented in 
OSH research (for instance, underserved worker populations such as immigrants 
and those in low-wage or highly constrained jobs) [Kossek et al. 2018] and therefore 
benefit less from interventions and emerging technologies (Goal 6) designed to 
protect workers [O’Connor et al. 2011]. Indeed, this longstanding imbalance has led 
to research questions, funding decisions, data collection instruments, and scientific 
assumptions that are—perhaps inadvertently—not indicative of a diverse population 
[Hsiao 2015, American Society of Safety Professionals 2019b, Flynn et al. 2021].
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Moving forward, effectively documenting the OSH status of a diverse workforce will 
require more sweeping research and data collection methods from a greater range 
of disciplines [Souza et al. 2010, Flynn et al. 2014]. It will also require consideration 
of varied life perspectives by hiring more researchers from diverse backgrounds, 
using grass-roots methods such as community-based participatory approaches 
[Eggerth et al. 2010], and including analytical strategies that account for the 
intersectional aspect of social identity and overlapping structural vulnerabilities 
[NIOSH and American Society of Safety Professionals 2015, Ceballos et al. 2020]. 

The COVID-19 pandemic has spotlighted the asymmetrical power relationships that 
persist across demographic characteristics and that result in social, economic, 
and environmental hindrances impacting the distribution of work-related benefits 
and risks [Tamers et al. 2020]. Undeniably, changes to organizational design (Goal 
1), technological job displacement (Goal 2), and work arrangements (Goal 3) have 
brought OSH advantages and disadvantages, which are dispersed differently 
[Quinlan et al. 2004]. As time progresses, the OSH field and society at large will 
need to better understand these disparities and more equitably allocate the benefits 
of workplace and work changes—while mitigating risks—to truly discern how 
diversity impacts OSH, ensure the well-being of all workers across the U.S. [Pronk et 
al. 2021], and advance in the global economy collectively and fairly.

Objectives
•	 Pinpoint gaps and opportunities in the inclusion of key demographic variables in 

worker safety, health, and well-being surveillance systems and research projects.

•	 Explore how age, class, gender, nativity, race/ethnicity, disability, and immigrant 
status overlap with one another and influence the distribution of OSH risks 
and benefits associated with evolving organizational design, technological job 
displacement, work arrangements, and geographic dispersion (urban versus rural 
community settings, across the U.S., and cross-country comparisons).

•	 Develop methods to minimize bias in the scientific assumptions and programming 
that underlie technology-based designs for PPE and other protective equipment such 
as exoskeletons (for example, use research and computer modeling to include more 
diverse anthropometric data).

•	 Design interventions that ensure fair distribution, across demographic groups, of the 
advantages and mitigation of the risks associated with changes to the workplace 
and work.

•	 Apply analytical strategies and data collection methods designed for diverse workers 
to identify how improving access to the protective aspects of evolving organizational 
design and work arrangements could reduce worker health disparities.

•	 Examine how different demographic variables contribute to the distribution of 
economic security among workers across the U.S. and their access to skills needed 
to advance in the global economy.
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•	 Produce and test culturally tailored interventions that address barriers to safety, 
health, and well-being.

Goal 8: Reduce adverse worker safety, health, and 
well-being effects resulting from economic insecurity

Background
Economic security is broadly defined as having adequate income and assets; 
access to benefits; some control over job content and an opportunity to build a 
career; individual and collective rights; the opportunity for income-earning activities; 
protection of income-earning work; working conditions that are safe and healthy; 
and the chance to gain and retain skills (Goal 9) [International Labour Organization 
2015]. Economic security is also a critical determinant of worker well-being [Daly 
et al. 1998, Theodossiou 1998, Asfaw et al. 2011, 2017, Leigh et al. 2012, Ray et al. 
2012, Du et al. 2015, Lowrey 2018], but it is not guaranteed or distributed equally 
across workers.

Fortunately, many effective strategies for improvement already exist or are developing, 
including providing more schedule and location flexibility; generating portable benefits 
systems for workers with no traditional employers; creating and expanding supports 
for technologically displaced workers; and re-aligning employer incentives for investing 
in workers. Although these and other changes in the complex relationship between the 
technologies (Goal 6) and labor needed to produce goods and services have positive 
implications for workers’ economic security, some negative consequences persist 
[McKinsey Global Institute 2017]. 

To be sure, advances in technologies (Goal 6) have increased productivity, resulting 
in higher overall incomes [National Bureau of Economic Research 2018]. However, 
the shifting relationship between workers and employers and the pressure on 
organizations to focus on immediate results rather than long-term value have created 
new challenges [Aspen Institute 2019]. One such example is automation leading to 
technological job displacement (Goal 2) and increased inequity across demographic 
groups (Goal 7) [Acemoglu et al. 2018], with adverse worker safety, health, and well-
being outcomes, including job and economic insecurity [Manyika et al. 2017]. 

Various aspects of organizational design (Goal 1), such as flexibility in schedule, 
location, and work arrangements (Goal 3), can also undesirably affect workers’ 
economic security. Compared to workers in permanent, full-time jobs, workers in non-
standard work arrangements (Goal 3) frequently earn less income, have fewer benefits, 
work in less safe and healthy environments, and experience more precariousness 
[Bhattacharya et al. 2021]. In addition, businesses continue to face shareholder 
pressure to produce short-term profits, foregoing investments in their workforce that 
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would create value in the long term [Aspen Institute 2019]. These pressures occur 
despite recommendations put forth that would provide employers with incentives to 
increase their investment in employee training (Goal 9), including how accounting 
standards treat training costs [International Labour Organization 2019]. 

Indeed, financial accounting standards classify costs associated with workers 
as expenses even though equipment and other tangible goods are considered 
as assets; as a result, employers optimize the latter and minimize the former 
[Coff et al. 1993]. Ongoing changes in socio-economic and demographic worker 
characteristics (Goal 7) also have financial consequences. For instance, a larger 
proportion of older individuals are staying in or returning to the workforce in part 
because of insufficient means to support their retirement, and women who are 
increasingly represented in the workforce still face stark pay inequities compared to 
men [Toosi 2013].

Though millions of workers are currently leaving their jobs in search of other 
opportunities with increased flexibility and better wages and benefits [National 
Public Radio 2021], the COVID-19 pandemic has also exacerbated aspects of 
economic security disproportionally affecting certain categories of workers. 
Undeniably, many workers and their families were (and continue to be) severely 
impacted through the temporary or permanent loss of jobs and the related loss 
of income and access to benefits. This widespread economic security effect will 
likely have personal health and OSH implications for years to come, particularly for 
the unemployed and underemployed, and will require the collective attention and 
assistance of all interested parties. 

Objectives
•	 Gauge the impact on worker well-being of economic insecurity dimensions (such as 

inadequate wages, inequitable and incommensurate compensation and benefits, and 
lack of minimum guaranteed hours).

•	 Track the overall level and distribution of both perceived and objective indicators of 
economic security and their impact on worker safety, health, and well-being and on 
workers’ families, employers, and society by industry, occupation, work arrangement, 
and demographic worker characteristics.

•	 Evaluate the short- and long-term consequences of economic and health shocks 
(such as the COVID-19 pandemic) on economic security indicators (such as women’s 
employment trajectories and opportunities) and other related safety, health, and well-
being dimensions (such as worker empowerment).

•	 Measure improvements in worker well-being due to employer- and government-level 
prevention and mitigation strategies addressing economic insecurity.
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Goal 9: Assess continued education, training, and 
skill-building needs and approaches to improve OSH 
outcomes

Background
By 2025, 85 million current job roles could be made redundant, while 97 million new 
roles may be created or adapted [World Economic Forum 2020]. These employment 
changes will have implications for education, training, and skills, along with effects 
on worker safety, health, and well-being. In particular, industries with workers 
who will likely have the greatest need for skill-building due to a higher risk of 
technological job displacement (Goal 2) include accommodations and food service, 
wholesale and retail trade, transportation, education, construction, manufacturing, 
and health care and social assistance [World Economic Forum 2016]. Within these 
industries, women, younger workers, and those with lower socio-economic status or 
in temporary employment may be impacted even further [Organisation for Economic 
Co-operation and Development 2016, Bureau of Labor Statistics 2020].

Many employers have already shown interest in supporting and investing in 
workforce development, with 30% temporarily re-assigning workers to different 
tasks; 35% accelerating the implementation of up-skilling and re-skilling programs; 
and 42% increasing the use of online, digital, or new methods of education and 
training [World Economic Forum 2016]. Still, such measures will survive only if 
employers perceive economic and other benefits by way of a return on investment 
(ROI) or value on investment (VOI) and if they are equipped for workforce 
development [Newman et al. 2020]. Employers and businesses are largely open 
to some form of continued education, re-training, re-skilling, or up-skilling as 
they adapt to incorporate new technologies (Goal 6) and organizational design 
processes (Goal 1) to increase production and competitiveness. At the same time, 
they are re-evaluating their workforces even more so to determine which skills are 
indispensable and which current and future workers are needed [Manyika et al. 
2017]. 

To aid this process, efforts have ensued to address skill shortages, gaps, and 
mismatches [Cappelli 2015], and varied nomenclature and classification models 
have been proposed for the hard, soft, and cross-functional (transferable) skills 
necessary for career sustainability [Skills Framework for the Information Age 
2000, Hamilton 2012, Handel 2016, Skills Future 2016, European Commission 
2017, Siekmann et al. 2017]. Though viewpoints differ on precisely which skills are 
required, most evidence points to an array of skills that many workers will need to 
have in all job categories as the future unfolds [Institute for the Future 2020]: 

•	 Sense-making (assessing the underlying meaning or significance of what is being 
articulated)
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•	 Social intelligence (connecting with others in a profound and direct manner)

•	 Novel and adaptive thinking (thinking and creating solutions and responses beyond 
the status quo)

•	 Cross-cultural competency (operating in diverse cultural settings)

•	 Computational thinking (translating data into abstract ideas and comprehending 
data-based reasoning)

•	 New-media literacy (determining, developing, and communicating content that uses 
new media forms)

•	 Transdisciplinarity (being literate in translating concepts across multiple disciplines) 

•	 Design capability (representing and developing tasks and work processes for 
intended outcomes) 

•	 Cognitive load management (differentiating and sieving information for importance 
and maximizing cognitive functioning with various tools and techniques) 

•	 Virtual collaboration (working productively and engagingly in a group virtual setting).

Workers will need to acquire these aptitudes and possess other relevant human 
capital elements (skills, knowledge, and experience embodied by a worker and 
assessed with respect to their value or cost to an organization) [Capitals Coalition 
2021] to transition more quickly and meet volatile labor markets, automation, and 
employer demands [Akerman et al. 2017, Flores et al. 2020]. Furthermore, given 
the negative outcomes associated with unemployment and underemployment 
[Friedland et al. 2003, McKee-Ryan et al. 2005, Paul et al. 2009], gaining a 
composite of such skills is not only fundamental to continued work but also equally 
fundamental to physical and mental well-being. 

In addition to the worker-level skills needed, organizational-level frameworks and 
initiatives to prepare the emerging workforce are imperative. Regrettably, as has 
been previously published [Okun et al. 2016], most current frameworks do not 
include knowledge, skills, and abilities for safe and healthy work [Guerin et al. 2020]. 
Therefore, a unified approach involving a fusion of academic education, technical 
training, and hands-on experience [Heinrich 2015, McCarthy 2015]—ingrained with 
safety and health competencies [Occupational Hygiene Training Association 2021]—
is pivotal for meeting the needs and ensuring the overall well-being of the future 
workforce. Such an approach should also consider learning methods more readily 
acceptable to workers (such as not requiring a return to school for a supplementary 
and costly degree) [Felknor et al. 2021]; skills for leadership reflecting the changing 
dynamics in business and workplace management; training for OSH and allied 
professionals and practitioners who have a hand in any aspect of workforce 
development [Newman et al. 2020]; and active participation by communities who 
can help with certain OSH-related challenges both on- and off-the-job.
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Objectives
•	 Evaluate the psychological health and well-being of workers who are being re-trained 

or are resistant to training. 

•	 Measure organizations’ evolving human capital investment to determine worker well-
being and productivity outcomes.

•	 Identify healthy leadership and management skill-building and training gaps to meet 
the changing needs of workers.

•	 Quantify industry leaders’ operational risk management concerns about deficient 
worker OSH training. 

•	 Assess facilitators and barriers to including foundational competencies that ensure 
job-specific safety skills as part of work readiness skill-building.

•	 Develop new, practical, and outcomes-focused learning and retraining methods for 
workers displaced by new technologies to prepare for future opportunities and help 
offset any psychological or other harms experienced due to job loss. 

•	 Create tailored and integrated skill-related tools and resources based on job type, 
occupation, and industry to find impactful, long-term solutions, especially for workers 
at increased risk of safety and health hazards (such as younger or older workers, 
workers with disabilities, and non-standard workers).

•	 Incorporate best-practice guidance on essential skills for safe and healthy 
future work into the curricula of existing and new education, training, and skill-
building programs, in consultation with employers, OSH and allied educators and 
professionals, academic institutions, professional and trade associations, labor 
unions, and state and local health departments.
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