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DEAR READERS,

Fatigue is a pervasive problem in our society that adversely affects 
the quality and safety of our daily lives. At home and on the job, 
fatigue-induced errors can have devastating consequences. The 
Liberty Mutual Research Institute for Safety has long recognized 
the debilitative potential of fatigue. It is a very important and 
complex issue that must be better managed.

With a view toward reducing the incidence and consequences 
of fatigue-related injuries, Institute researchers explore ways to 
better understand the underlying mechanisms of fatigue, and to 
identify specific risk factors. 

Among the notable developments in this area, the Institute hosted 
an international conference aimed at charting out future directions 
in fatigue research, and conducted a collaborative research study 
examining the impact of shift-work scheduling factors on accident 
risk. These and other pursuits are aimed at developing effective 
interventions and strategies to help businesses minimize fatigue-
related injuries.

As always, we hope you find this issue engaging and informative, 
and we welcome your feedback.
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On February 8, 1986, 23 people were killed when a mile-long Canadian National Railway freight train ran 
a caution signal and a red light, and then collided with a VIA Rail passenger train. It was the most lethal 
Canadian rail disaster in three decades. Three years later, on March 24, 1989,  the Exxon Valdez oil tanker 
ran aground in Alaska’s Prince William Sound, spilling nearly 11 million gallons of crude oil into the ocean. 
It was the largest single oil spill ever in U.S. coastal waters.  

Science Confronts a Sleeping Giant

What do these two modern-day tragedies have in com-
mon? Occupational fatigue was determined to be a 
contributing factor to each of these events. While these 
worst-case scenarios are rare, occupational fatigue is 
not. It is an age-old problem that has taken on increased 
significance over the past century as work systems have 
become more complex, more demanding, and, as a re-
sult, potentially more dangerous.

Occupational fatigue is associated with extreme physi-
cal or mental tiredness that occurs on the job. It can 
be triggered by long or unusual work hours, prolonged 
physical or mental activity, insufficient break time be-
tween shifts, inadequate rest, excessive stress, chronic 
medical conditions, repetitive work tasks, or a combina-
tion of factors. It is a condition that spans all industries, 
all walks of life, and is global in reach. 

Although it is impossible to isolate the impact of occu-
pational fatigue on accident and injury rates, scientists 
agree that it can impact workplace safety. Research has 
linked fatigue to reduced cognitive abilities, slowed re-
action times, and increased judgment errors, all of which 
can compromise safety. These effects can be especially 
detrimental in jobs involving high-risk tasks such as op-
erating machinery, vehicles, or heavy equipment.  

In recent years, the Liberty Mutual Research Institute 
for Safety has joined with colleagues around the globe 
to better understand workplace fatigue, identify solu-
tions, and chart new research paths. For example, the 
Research Institute’s collaborative research on the rela-
tionship between work scheduling factors and injury risk 
(see p. 5) led to the development of a computer program 
to help companies design safer shift-work schedules 
(see p. 3). In addition, a 2008 Hopkinton Conference 
(see p. 6) explored future directions in fatigue and safety 
research. The proceedings will appear in a special issue 
of the journal Accident Analysis and Prevention in 2010. 

“Understanding what causes fatigue, and what we can 
do to minimize its effects in the workplace, is vitally im-
portant – especially in today’s 24/7 global economy,” 
says Institute Director Y. Ian Noy, PhD. “That’s why we 
continue to focus on this very complex issue. By work-
ing with our colleagues and providing a forum for dis-
cussion, debate, and intellectual exchange, we hope to 
expedite the evolution of safety management systems 
that can help reduce the potentially disastrous impact of 
fatigue on workplace safety.”



Research Shows How Shift-Work 
Scheduling Factors Impact Safety
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Nearly 15 million full-time workers in the United States work shifts outside the traditional 9-to-5 or flex-time 
workday (Bureau of Labor Statistics, 2007). Some industries require shifts because of the 24/7 nature of the 
work (e.g., police, security, hospitals, hospitality), while others implement shifts to meet productivity and delivery 
goals (e.g., manufacturing, transportation, publishing). Shift workers are often required to work overtime to 
compensate for staff shortages or to meet production deadlines. However, long work hours and poor scheduling 
practices can lead to an increased risk of worker injury. 

Over the years, researchers, regulators, and 
risk managers have focused significant effort on 
understanding and controlling the risks associated with 
long work hours. Most of these efforts have resulted in 
strategies geared to controlling the total number of daily, 
weekly, or monthly work hours. However, researchers at 
the Liberty Mutual Research Institute for Safety and the 
Université Paris Descartes hypothesized that other shift-

work factors–such as the number of consecutive 
hours worked, time of day, and number of rest 

breaks–may have a greater impact on safety 
than the total number of work hours alone.

To investigate this premise, Senior Research Scientist 
David Lombardi, Ph.D., teamed up with Simon Folkard, 
Sc.D., of the Université Paris Descartes. A leading 
authority on problems associated with shift work and 
safety, Folkard had spent several months in Hopkinton 
as the Research Institute’s 2004 Visiting Scholar. 
Lombardi and Folkard’s collaboration produced the 
landmark paper “Toward a ‘Risk Index’ to Assess Work 
Schedules” (Chronobiology International, Vol. 21, No. 6). 
This early work introduced the concept of a risk index to 
estimate the risk of injury as it relates to the components 
of various work schedules. “That paper was the first 

Major Findings as Reported in “Modeling the Components of 

Time Between Rest Breaks: For both day 
and night shifts, injury risk increased sub-
stantially between successive breaks as the 
day/night went on. This risk nearly doubled 
by the last 30-minute period preceding a 
break. 

Type of Shift (i.e., time of day):  The relative 
risk of work-related injuries increased 15.2% 
on afternoon shifts, and 27.9% on night 
shifts, as compared to morning shifts.
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step in developing a risk-based modeling approach to 
develop safer work schedules,” explains Lombardi.

Building upon these early efforts, Folkard and Lombardi 
conducted an in-depth meta-analysis of the published 
literature on shift-work safety. Their analysis focused 
only on studies in which the relative risk1 of injury could 
be associated with specific shift-system features. In 
total, they analyzed a combined 1.36 million work-
related injuries representing a broad base of shift-work 
industries. Using these data, the researchers were able to 
identify several consistent trends in injuries or accidents 
associated with various shift-system features, including, 
time of day, hours per shift, number of consecutive shifts, 
and rest break intervals. The resulting paper, “Modeling 
the Components of Long Work Hours on Injuries and 
Accidents” (American Journal of Industrial Medicine, Vol. 
49, No. 11), presents a risk index that quantifies the risk 
associated with various scheduling factors based on the 
trends (see below).

“Our analyses indicated that various features of a shift-
work schedule–beyond just working hours–need to 
be considered in combination with one another when 
assessing the safety of a given schedule,” explains 

Folkard. “The risk index provides a way to predict the 
relative risk associated with any given work schedule 
based on its combined features,” he continues. “It differs 
from other shift-work assessment models because it 
derives from objectively measured epidemiological 
trends rather than arbitrary measures of fatigue.” 

“Clearly,” Lombardi adds, “our findings indicate that 
it is more effective from a safety standpoint to focus 
on limiting risks associated with other important 
components of particular work schedules, rather than 
to just control or regulate work hours.” For example, 
the research shows that the risk of injury increases 
dramatically after the eighth hour of a shift, and that 
the relative risk of night shifts is more than triple that of 
morning shifts. 

“This type of information is extremely helpful to risk 
managers,” states Lombardi,  who notes that the study 
findings provide a scientific foundation for new strategies 
and tools aimed at minimizing injury risk related to work 
schedules (see p. 5). “Safety professionals are now able 
to make more informed scheduling decisions to promote 
safer workplaces.”

1Relative risk, in this instance, is the ratio of the risk probability of a work-related injury occurring in one type of shift as compared to another, for 
example, a night shift compared to a day shift.

Hours Worked Per Shift: Aside from a slight in-
crease from the second to the fifth hour, injury risk 
was relatively constant up until the eighth hour of a 
shift. After that, injury risk increased dramatically. 

Number of Consecutive Shifts: For night-shift workers who 
worked four consecutive nights, the average risk relative to 
the first night was about 6% higher on the second night, 17% 
higher on the third night, and 36% higher on the fourth night. 
For day-shift workers working four consecutive shifts, the av-
erage risk relative to the first day was about 2% higher on  
the second day, 7% higher on the third day, and 17% higher 
on the fourth day. 
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New Tool Uses Research Findings  
to Estimate Work Scheduling Risks
Shortly after Folkard and Lombardi published their ground-breaking shift work research (see p. 3),  
Liberty Mutual’s Loss Control Advisory Services (LCAS) organization integrated the findings into a practical  
tool called SIRE (Scheduling Impact Risk Estimator). Available only through LCAS, SIRE is a spread-  
sheet application that incorporates the best shift work injury research to help companies design safer work 
schedules.

“SIRE provides a way for companies to estimate the 
relative risk of injury based on work scheduling fac-
tors,” explains George Brogmus, Liberty Mutual Tech-
nical Consultant, who spearheaded the program’s 
development. “This means companies are able to es-
timate the difference in expected injury rate between 
one work schedule and another. With this information, 
they can make more-informed decisions about work 
schedules that meet company needs while helping to 
minimize risk.”

Users input information on the time of day of the shift, 
the length of the shift, the number of consecutive 
shifts, and the length of time between rest breaks to 
determine risks relative to a standard daytime working 
schedule, or relative to any shift schedule the user se-
lects. For example, a company approaching a season 
of overtime can use SIRE to calculate the potential risk  
impact of adding shifts, and can compare various shift 
work arrangements. Then, based on what they find 

out from using SIRE, they may decide to change their  
shift work strategy. “The program is especially valu-
able in assessing the potential impact of rest breaks, 
which are often the most readily changeable factor,” 
says Brogmus.

“SIRE is certainly not a silver bullet safety solution,” 
stresses Brogmus, who notes that effective schedul-
ing is only a small part of the entire safety picture. “It 
is essential to address safety issues through a variety 
of engineering controls and other safety interventions. 
But what SIRE can do is help companies fine-tune their 
scheduling practices to help minimize the risks associ-
ated with certain shift work factors.”

Research-Based Shift Work  
Scheduling Recommendations

The following scheduling recommendations are based 
on the latest shift work safety research: 

•  Schedule day (morning) shifts rather than afternoon 
or night shifts, if possible.

• Limit consecutive day shifts to five or six, night shifts 
to four. 

• Provide frequent rest breaks. (For many kinds of 
work, hourly breaks are appropriate. However, more- 
frequent breaks are recommended for highly repeti-
tive or strenuous work.) 

• Schedule work so that all workers have at least two 
consecutive rest days, with Saturday or Sunday as 
one, or both, of the days off. 

• Keep schedules regular and predictable.   

• Alternate weeks of overtime with weeks of normal 
time.
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Exploring Occupational Fatigue
Top Scientists Address Critical Issues
Prominent fatigue experts from around the world convened at the Liberty Mutual Research Institute for Safety 
for a two-day conference on “Future Directions in Fatigue and Safety Research.” Organized by scientists at 
the Research Institute, the Université Paris Descartes, and the U.S. Department of Transportation’s John A. 
Volpe National Transportation Systems Center, the event was the fourth in a series of Hopkinton Conferences 
aimed at addressing critical safety research topics. The journal Accident Analysis and Prevention will publish 
the resulting conference papers this year in a special issue.

“The goal of the conference was two-fold,”  explains  
William Horrey, Ph.D., Institute scientist and organizing 
committee member. “First, we wanted to identify gaps 
in our understanding of fatigue and its consequences 
in the workplace. Second, we wanted to propose new 
research directions aimed at preventing or mitigat-
ing the consequences of fatigue.” To achieve these 
goals, conference participants discussed, debated, 
and shared insights on fatigue, including its causes 
and contributing factors, its impact on safety and per-
formance, risk management strategies, and future re-
search priorities. 

“The conference presented a unique opportunity to ex-
change views with people working on the same issue, 
but who tackle it from different viewpoints,” says con-
ference participant Ann Williamson, Ph.D., of Austra-
lia’s University of New South Wales. “This is not always 
a comfortable situation, but it can be worthwhile, as it 
can make us re-examine aspects of the fatigue prob-
lem that we might not have considered fully.” 

In total, five working groups produced six papers that 
covered the key areas addressed during the confer-
ence. These areas included fatigue, safety, and per-
formance; demographic issues; chronic medical con-
ditions and sleep disorders; fatigue modeling; and 
technological and organizational approaches to fatigue 
management. 

Fatigue, Safety, and Performance

Dr. Williamson, a specialist in fatigue research in the 
long-haul trucking industry, chaired a working group 
that focused on the link between fatigue and safety. 

“Some argue that the link between fatigue and safety 
is obvious, but when you look closely at the literature, 
many questions are raised about the relationship,” ex-
plains Williamson. In “The Link Between Fatigue and 
Safety,”1 Williamson et al. review existing studies on 
drowsy drivers and other workers to examine the links 
between fatigue, performance, and safety. The paper 
raises key questions and provides a platform for further 
research into the connection between task-monotony 
and safety outcomes, the relationship between circa-
dian rhythm and safety, and further examination of the 
sleep management process.

Demographic Issues, Medical  
Conditions, and Sleep Disorders

Lee DiMilia, Ph.D., of Australia’s Central Queensland 
University, chaired a working group to examine and re-
view associations between demographic factors (i.e., 
age, race, and socioeconomic status), fatigue, and 
crash risk. The resulting paper, “Demographic Fac-
tors, Fatigue, and Driving Accidents: An Examination 
of the Published Literature ,”2 maintains that the com-
mon practice of treating demographic variables as con-
founders limits researchers’ ability to draw inferences 
about their impact on fatigue. “We know that individual 
differences do influence fatigue response. That is why 
we need to examine their impact on fatigue and not 
see them as factors to control,” says DiMilia, a 20-year 
fatigue research veteran. The paper offers several rec-
ommendations to advance understanding of the influ-
ence of demographic factors on fatigue and safety.

In addition, group members examined prevalent medi-
cal conditions (i.e., allergic rhinitis, asthma, rheumatoid 

(Continued on next page)



arthritis, and osteoarthritis), common sleep disorders 
(i.e., insomnia and sleep apnea), and their potential 
contribution to the risk of drowsy-driving road crashes. 
They also considered the contributing risk of medica-
tions and other medical interventions used to treat such 
conditions. “Understanding fatigue and its potential 
consequences involves multiple disciplines and unique 
investigative methods,” notes lead author Michael H. 
Smolensky, Ph.D., of the University of Texas at Austin. 
In “Sleep Disorders, Medical Conditions, and Road Ac-
cident Risk ,”3 Smolensky et al. point to a need for pop-
ulation-based, multidisciplinary, prospective studies to 
clarify the role of health-related fatigue and associated 
medical treatments in traffic crash risk. 

Fatigue Modeling 

The University of South Australia’s Drew Dawson, 
Ph.D., spearheaded a working group on the use of  
fatigue models that attempt to quantify and/or pre-
dict the fatigue levels associated with a given work 
and sleep pattern. In “Modeling Fatigue and the Use 
of Fatigue Models in Work Settings,”4 Dawson et al. 
maintain that such models tend to oversimplify fatigue 
prediction and fail to address significant variability 
among and within individuals. “Fatigue modeling is a 
rapidly evolving technology that is being deployed in 

Since the late 1990s, the Liberty Mutual Research 
Institute for Safety has hosted Hopkinton Confer-
ences to bring together leading experts to examine 
key research areas. Prior to each two-day confer-
ence, participants draft original manuscripts that 
cover various aspects of a specific research topic. 
The participants then convene at the Research Insti-
tute in Hopkinton to review and revise manuscripts, 
debate topics, examine global issues, and discuss 
research priorities. The results, which are published 
in a special issue of a leading peer-reviewed scien-
tific journal, may also extend into monographs or 
books. The Hopkinton Conference serves as a stim-
ulus for further collaborations, as contributors form 
a new research network. 

To date, the Institute has hosted four Hopkinton 
Conferences: Methodological Challenges to the 
Study of Occupational Injury (1996), Measurement 
of Slipperiness (2000), Improving Return-to-Work 
Research (2005), and Future Directions in Fatigue 
and Safety Research (2008).

Hopkinton Conference: 
A Unique Paradigm

Footnotes:

1. Ann Williamson, Ph.D., University of New South Wales; David Lombardi, Ph.D., Liberty Mutual Research Institute 
for Safety (LMRIS); Simon Folkard, Sc.D., Université Paris Descartes; Jane Stutts, Ph.D., University of North Caro-
lina; Theodore Courtney, M.S., LMRIS; and Jennie Connor, Ph.D., University of Otago. 

2. Lee DiMilia, Ph.D., Central Queensland University; Michael Smolensky, Ph.D., University of Texas; Giovanni 
Costa, Ph.D., University of Milano; Heidi Howarth, Ph.D., John A. Volpe National Transportation Systems Center; 
Maurice Ohayon, Ph.D., Stanford University; and Pierre Philip, Ph.D., Université Bordeaux. 

3. Michael Smolensky, Ph.D., University of Texas; Lee DiMilia, Ph.D., Central Queensland University; Maurice 
Ohayon, Ph.D., Stanford University; and Pierre Philip, Ph.D., Université Bordeaux. 

4. Drew Dawson, Ph.D., University of South Australia; Ian Noy, Ph.D., LMRIS; Mikko Harma, Ph.D., Finnish Institute 
of Occupational Health; Torbjorn Akerstedt, Ph.D., Stockholm University; Gregory Belenky, M.D., Washington State 
University. 

5. Thomas Balkin, Ph.D., Walter Reed Army Institute of Research; William Horrey, Ph.D., LMRIS; Curtis Graeber, 
Ph.D., Boeing; Charles Czeisler, Ph.D., M.D., Brigham and Women’s Hospital; and David Dinges, Ph.D., University 
of Pennsylvania. 

6. Philippa Gander, Ph.D., Massey University; Laurence Hartley, Ph.D., Murdoch University; David Powell, Ph.D., 
Air New Zealand; Philippe Cabon, Ph.D., Université Paris Descartes; Edward Hitchcock, Ph.D., National Institute for 
Occupational Safety and Health; Ann Mills, Ph.D., Railway Safety and Standards Board, U.K; and Stephen Popkin, 
Ph.D., John A. Volpe National Transportation Systems Center. 

7. William Horrey, Ph.D., LMRIS; Ian Noy, Ph.D., LMRIS; Simon Folkard, Sc.D., Université Paris Descartes; Ste-
phen Popkin, Ph.D. and Heidi Howarth, Ph.D., John A. Volpe National Transportation Systems Center; Theodore 
Courtney, M.S., LMRIS.
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“The conference presented  
a unique opportunity to  
exchange views with people 
working on the same issue, 
but who tackle it from different 
viewpoints. This...can make 
us re-examine aspects of the 
fatigue problem that we might 
not have considered fully.” 

Ann Williamson, Ph.D.

many workplaces as we speak,” says Dawson. “If the 
strengths and limitations of the technology are not well 
understood, it may lead to its inappropriate use and 
could potentially compromise safety.” The authors sug-
gest that current models are best used as an element 
of a fatigue risk management system, rather than as an 
isolated solution. 

Technological and Organizational 
Approaches to Fatigue Management

Thomas Balkin, Ph.D., a researcher with the Walter 
Reed Army Institute of Research in Silver Spring, MD, 
chaired a working group on technological approaches 
to fatigue management. “Traditionally, efforts to man-
age workplace and transportation fatigue have cen-
tered on hours-of-service regulations,” says Balkin. 
“While such regulations have proven beneficial, there 
is a natural limit to their effectiveness. Recent advanc-
es in our understanding of sleep physiology, circadian 
rhythms, and performance have led to new technolo-
gies and strategies which, if implemented, would further 
improve workplace safety and efficiency.” In “The Chal-
lenges and Opportunities of Technological Approaches 
to Fatigue Management ,”5 Balkin et al. review exist-
ing technologies and describe the ideal technology- 
based fatigue management system. 
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The remaining working group, lead by Philippa Gander, 
Ph.D., of Massey University, New Zealand, examined 
the application of fatigue and sleep science in fatigue 
risk management systems, particularly in the transport 
sector. The resulting paper, “Fatigue Risk Management: 
Organizational Factors at the Regulatory and Industry/
Company Level ,”6 traces the evolution of regulatory 
frameworks, examines fatigue risk management strat-
egies at the industry and company level, and provides 
a compendium of examples. “By presenting real-world 
examples of fatigue risk management strategies, we 
hope our paper provides education and guidance for 
industry and regulators,” notes Gander. 

The special journal will also include “Research Needs 
and Opportunities for Reducing the Adverse Safety 
Consequences of Fatigue,”7 a paper which summa-
rizes the major conference outcomes and presents 
recommendations. 

 “The special issue papers provide a cross-disciplinary 
look at the current state of occupational fatigue re-
search,” says conference co-organizer Simon Folkard, 
D.Sc. of Université Paris Descartes. “More importantly, 
they help to identify the key areas where future re-
search is needed.”
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From Research to Reality® is a publication of the Liberty 
Mutual Research Institute for Safety, an internationally 
recognized occupational safety and health research 
facility. Through its broad-based investigations, the  
Institute seeks to advance scientific, business-relevant 
knowledge in workplace and highway safety and 
work disability. The Institute’s findings are published 
in the open, peer-reviewed literature and often serve 
as the basis for recommendations, guidelines, and 
interventions used by industry to help reduce workplace 
injury and related disability. 

Readers may reprint any item from this newsletter 
with specific acknowledgement of the source. For 
more information about our publications, programs, or 
activities, or to be added to our mailing list, please visit  
www.libertymutual.com/researchinstitute.

Telephone: 1-508-497-0205  
E-mail: researchinstitute@libertymutual.com


