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FOREWORD

The objective of this report is to identify how state departments of transportation (DOTs) 
implement policies using highway worker safety and health data to reduce injuries and 
manage risk. The report is a synthesis of current proactive safety practices that will be 
useful for DOTs developing new or updating existing policies, programs, or tools to mini-
mize injuries, fatalities, and risk. The study also identi�es gaps in knowledge and future 
research needs.

The information in this report was developed through a comprehensive literature review 
regarding the topics of worker safety and work site safety. Particular emphasis was placed 
on the prevalence and causality of injury and fatality incidents for highway workers, the 
availability of highway worker safety data, existing legal standards and policy recommen-
dations related to highway workers, safety risk and human factors, stakeholders in high-
way worker safety, and safety program evaluation. The information found in the literature 
was supplemented with a survey of state DOTs. Six publicly available injury and fatality 
databases were also examined to quantify and compare injury and fatality incidence rates.

John A. Gambatese, David Hurwitz, and Zachary Barlow, Oregon State University, 
Corvallis, Oregon, collected and synthesized the information and wrote the report. The 
members of the topic panel are acknowledged on the preceding page. This synthesis is 
an immediately useful document that records the practices that were acceptable within 
the limitations of the knowledge available at the time of its preparation. As progress in 
research and practice continues, new knowledge will be added to that now at hand.

Highway administrators, engineers, and researchers often face problems for which infor-
mation already exists, either in documented form or as undocumented experience and 
practice. This information may be fragmented, scattered, and unevaluated. As a conse-
quence, full knowledge of what has been learned about a problem may not be brought to 
bear on its solution. Costly research �ndings may go unused, valuable experience may be 
overlooked, and due consideration may not be given to recommended practices for solving 
or alleviating the problem.

There is information on nearly every subject of concern to highway administrators and 
engineers. Much of it derives from research or from the work of practitioners faced with 
problems in their day-to-day work. To provide a systematic means for assembling and evalu-
ating such useful information and to make it available to the entire highway community, the 
American Association of State Highway and Transportation Of�cials—through the mecha-
nism of the National Cooperative Highway Research Program—authorized the Transpor-
tation Research Board to undertake a continuing study. This study, NCHRP Project 20-5, 
“Synthesis of Information Related to Highway Problems,” searches out and synthesizes 
useful knowledge from all available sources and prepares concise, documented reports on 
speci�c topics. Reports from this endeavor constitute an NCHRP report series, Synthesis of 
Highway Practice.

This synthesis series reports on current knowledge and practice, in a compact format, 
without the detailed directions usually found in handbooks or design manuals. Each report 
in the series provides a compendium of the best knowledge available on those measures 
found to be the most successful in resolving speci�c problems.

PREFACE
By Tanya M. Zwahlen 

Consultant
Transportation

Research Board
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SUMMARY Highway work sites can be dangerous places to work. Ask any person who regularly works in a 
highway work site, and he or she will agree. Traf�c passing by at high speeds, multiple large construc-
tion and maintenance vehicles operating nearby, deep excavations, and transporting and maneuvering 
massive structural elements and amounts of material are some of the many hazardous conditions to 
which highway workers are exposed. Add in that the work often is performed at night with limited 
visibility and in extreme environmental conditions and potentially in the presence of impaired or 
distracted drivers, and it is easy to understand that the work shift for a highway worker is full of sig-
ni�cant hazards. The job of keeping highway workers safe is arguably more dif�cult than performing 
highway work and, unquestionably, more important.

Keeping workers safe is everyone’s concern. From the worker who is attentive while at a work 
site and knowledgeable about the safety hazards present for himself or herself and fellow crew mem-
bers, up to the director of a state department of transportation (DOT), who regularly demonstrates 
commitment to safety and allocates funds to support safety, all employees are participants in safety. 
It is a collective effort. Consequently, state DOTs devote signi�cant amounts of personnel, time, and 
resources to ensuring the safety of their employees. Safety programs are established to promote work-
ing safely, create safe working conditions, monitor safety performance, and learn from incidents that 
occur. A well-developed safety program enables a high level of safety performance. Safety programs, 
together with effective safety controls, mitigate the risk of injury associated with the many work site 
hazards to create safer work environments. State DOTs that lead the nation in safety performance 
commonly have innovative and unique safety programs.

Developing innovative safety programs requires multiple steps, beginning with identifying and 
assessing the hazards present and determining the root causes of injuries. In-depth study of incident 
data is necessary to understand the issues, conditions, and actions that contribute to worker injuries. 
Once the hazards are identi�ed, assessment of each hazard’s implications is required. Such assessment 
includes quantifying the amount of worker exposure to the hazards along with the frequency with 
which injuries of different severity levels are expected as a result of the exposure. These measures can 
be used to quantify the safety risk associated with a particular work site.

Preventing worker injuries requires knowledge of the root causes of incidents. Theories of incident 
causation have been developed to explain why incidents occur and workers experience injuries. For 
example, the distractions theory posits that occupational injuries stem from workers being distracted 
by their focus on work task achievement or external mental worries. For work sites, this theory can be 
extended from workers to work site crashes resulting from distracted drivers. These crash incidents are 
one of the more visible types of incidents that occur at work sites. Other incident theories encompass 
human behavior related to such characteristics as propensity to make mistakes, being absent-minded, 
ignorance (lack of education and training), having con�icting priorities (e.g., saving time versus 
being safe), high risk tolerance, and poor risk assessment. According to the prevailing theories, 
to improve occupational safety and health (OSH) safety programs must affect one or more of the 
root causes.

Means of controlling hazards have been developed and implemented to address the root causes of 
incidents. For example, the hierarchy of controls provides guidance on the effectiveness and reliability 
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of types of implementable controls. In order of decreasing effectiveness, the hierarchy is as follows: 
(1) elimination, (2) substitution, (3) engineering controls, (4) administrative controls, (5) behavior, 
and (6) personal protective equipment (PPE). Current OSH practice promotes a proactive approach 
to eliminating hazards founded on prevention through design of the physical, operational, and social 
systems that are present in the workplace. If the hazards cannot be eliminated through design, controls 
lower in the hierarchy may be suitable, with appropriate consideration given to the corresponding 
lower levels of reliability and effectiveness. Together all of the controls established and implemented 
constitute the safety and health program of an organization or project.

Important to the process of eliminating worker injuries is the establishment of safety and health 
programs that accurately respond to and re�ect incident and injury claim history. Injury type, fre-
quency, severity, and cause are metrics central to understanding OSH needs and performance. This 
injury incident data, coupled with information about the work task, worker traits, site conditions, and 
safety culture, enable the development of a plan to address work site safety. Using the collected data, 
organizational policies can be developed and safety program elements established. The process starts 
with having suf�cient, accurate, and detailed data related to past worker injuries and includes effec-
tively using the data to inform the development of hazard mitigation policies and programs.

Many state DOTs use OSH data to manage workplace safety. The ways in which DOTs collect, 
store, and retrieve the data vary from state to state. OSH data may be integrated with incident data, 
traf�c volume data, roadway feature data, workers’ compensation data, or other repositories. Con-
nections are needed between OSH data and the causes of worker injuries and fatalities, to minimize 
exposure to hazards and manage risk. In addition, integrated data sources can help determine trends 
in injury history, potentially leading to new state DOT policies and procedures in planning, design, 
construction, operations, and maintenance of the highway system.

Recording, assessing, and disseminating information about state DOT safety programs, especially 
those that are innovative and unique, is the goal of this synthesis study. The study aims to present 
archival information that enables the development of new or improved policies, programs, and tools 
that can minimize exposure of transportation workers at construction and maintenance work sites to 
the risk of injury and death. A focus is placed intentionally on historical data associated with worker 
injuries and the means by which these data can be collected and used to in�uence and improve state 
DOT worker safety policies and programs. The study focuses solely on employees of state DOTs and 
not on the employees of construction, consulting, and inspection �rms and other organizations at 
work sites.

To ful�ll the synthesis study objectives, a multistep study plan was followed. The �rst step involved 
conducting a comprehensive literature review regarding the topics of worker safety and work site 
safety. Particular emphasis was placed on the prevalence and causality of injury and fatality incidents 
for highway workers; the availability of highway worker safety data; existing legal standards and 
policy recommendations related to highway workers; safety risk and human factors; stakeholders in 
highway worker safety; and safety program evaluation.

The study group supplemented the information found in the literature with an online survey of 
state DOTs. Survey questions solicited information related to state DOT safety program elements, 
data sources, and agency perspectives on effective safety policies and practices. From a contact 
list of the North American Association of Transportation Safety and Health Of�cials (NAATSHO), 
survey responses were received from 41 states (82% response rate, one response from each state). 
The survey responses were used as indicators of innovative and unique safety programs, and the 
survey was followed up with directed case examples of six state DOTs. The case examples provide 
in-depth explanations and assessments of safety programs in a handful of states of different sizes and 
regions in the United States; these may be replicated by other state DOTs.

Lastly, six publicly available injury and fatality databases were examined to quantify and com-
pare injury and fatality incidence rates. The data in each database were analyzed, and each data-
base was evaluated with respect to its bene�ts and limitations for use in highway worker safety 
management.
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An abundance of prior research is available in the �elds of traf�c and construction engineering; 
that research provides a comprehensive understanding of the unique challenges at highway work 
sites. Much of the literature discusses the issues related to vehicles and their effect on safety at work 
sites. A signi�cant amount of research exists regarding the hazards of work sites from the perspec-
tive of the highway workers and the theories of incident causation. An important takeaway from the 
literature review is that information is available to state DOTs that provides guidance on the factors 
that affect worker safety and recommended safety program elements.

The survey results reveal that the state DOTs are diverse. Each state DOT experiences its own 
set of issues and remains committed to improving the safety of its employees in highway work sites. 
With this diversity comes opportunity. There is not one set of safety programs used by all DOTs; each 
DOT employs the safety programs it perceives to be important, effective, and feasible to implement 
given resource limitations. From a nationwide perspective, sharing the research and program meth-
ods has the potential to be an economically ef�cient way to improve safety. Although institutional 
limitations may prevent some DOTs from implementing successful safety program elements found 
in other DOTs, understanding fellow state DOT programs can be useful in adapting the broad safety 
ideas to a new organizational context. Analysis of the survey responses reveals that improvements 
in data sharing and data availability are helpful in enabling states to make data-driven decisions for 
their own safety programs.

Making data-driven decisions requires the availability of data. The publicly available data sources 
analyzed, when used together, can help to quantify and describe current issues in highway worker 
safety. Understanding the functionality of each data set allows state DOTs to conduct effective research 
for developing new safety program elements and benchmarking the effectiveness of existing elements. 
It is suggested that highway worker safety be examined at national and state levels to understand 
general trends and causes of traumatic incidents. Each of these data sets has advantages and limita-
tions. Although there are bene�ts to having access to various forms of the data, one of the limitations 
of this collection of data sources is the dif�culty of combining them. They are most easily analyzed 
independently. It is likely that individual incidents appear in more than one of the archives, but the 
recording methodology for each program is different enough to make it challenging, if not impos-
sible, to isolate a particular incident across multiple data sets. However, although state-speci�c data 
are the most useful for the state DOTs, nationwide statistics on highway worker safety can be bene�cial 
for establishing a benchmark with which states can evaluate areas of highway worker safety where 
improvement is needed.

The program elements that are implemented and affect the safety of state DOT employees can be 
diverse. This diversity contributes to a multifaceted approach that is necessary to reduce the safety 
risk to highway workers. Examples of innovative and unique safety program elements found in some 
state DOTs include a near miss reporting program; monitoring of leading indicators; a return-to-work 
initiative; a work zone executive steering committee composed of state DOT and industry represen-
tatives; a design for safety initiative; a data-driven public relations and work site awareness program; 
and a worker safety idea incentive program. New program elements are commonly developed based 
on means other than data analytics.

Moving forward, additional work is required to identify ways to integrate national and state injury 
incident data in efforts to improve highway worker safety. Data integration is especially important 
when tracking the effectiveness of safety program elements. Budgetary restrictions can limit a safety 
program’s components. Research is needed on how to utilize data to develop and implement a limited 
number of targeted safety programs for maximum impact, rather than simply trying an abundance of 
program elements that may not result in the same level of overall effectiveness. To assist state DOTs, 
research is needed that establishes risk factors for highway workers based on work site conditions 
and operations. The risk factors can be used to design and manage work operations to minimize safety 
risk. This type of research could be conducted effectively using experimental tools that simulate 
worker, driver, and equipment operator interaction in a safe, virtual environment.
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CHAPTER ONE

INTRODUCTiON

Safety on our nation’s roadways is of utmost importance. State departments of transportation 
(DOTs) place safety of motorists, workers, emergency personnel, and others present on roadways as 
the top priority. This priority is present and respected during all phases of a roadway’s life cycle, from 
initial planning and design through construction, operation, and maintenance. Although balancing 
safety with other transportation network performance criteria—such as access, mobility, sustain-
ability, and economic feasibility—is important, ensuring safe roadways is the primary objective of 
all state DOTs.

The hazards present while traveling on a highway and to which employees are exposed when 
working in highway work sites make zero injuries and fatalities dif�cult to attain. Whether the result 
of crashes during roadway use or incidents on construction and maintenance jobsites, injuries and 
fatalities continue to occur across the United States. Employees present at highway work sites are 
exposed to an abundance of safety hazards. The hazards may be from passing traf�c or work condi-
tions to which employees are exposed. The safety risk can be high if suf�cient controls are not in place 
to mitigate the risk associated with the hazards.

State DOTs take signi�cant steps to implement safety controls to create safe work sites for their 
employees. To do so, state DOTs work to understand the nature of the hazards present, the associated 
level of risk, types of injuries likely to occur, and available controls to prevent injuries. This knowledge 
comes from analyzing and studying work sites and injury incidents along with experiential familiar-
ity with working in the transportation industry. Data sources that provide information about injury 
incidents are primary sources and used periodically. These sources enable state DOTs to develop  
traf�c control plans, safety training, worker safety programs, and other safety management resources. 
The data sources also enable data-driven decision making that leads to effective worker safety 
solutions.

Examples of effective worker safety programs are present in state DOTs across the country. Each 
state has found success through its own experience and knowledge. State DOTs have developed 
data resources and archiving processes to enable accurate and ef�cient access to pertinent data for 
safety management. One way to improve a state DOT’s worker safety program is to learn from other 
state DOTs and implement practices that other state DOTs have found to be effective. The sharing 
of safety practices among state DOTs also enables building on current successes to enhance safety 
in all states. This synthesis report explores the policies and practices that state DOTs have in place 
for employee safety at highway work sites. It includes an in-depth investigation of the data sources 
used by state DOTs and how data are used for decision making related to safety programs. The report 
provides descriptions of policies and practices in place across the United States that state DOTs 
may learn from and adopt with the hope of preventing additional injuries and fatalities at roadway 
work sites.

This chapter provides a general background of the synthesis topic and highlights the report’s areas 
of focus. The section also de�nes relevant terms used throughout the report. The methodology for 
the entire study and more detailed descriptions of the methods for the individual research tasks are 
included. The chapter concludes with a short description of the organization of the synthesis study 
that brie�y discusses the outline of the various research tasks presented in the report.
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PROBLEM STATEMENT SUMMARY AND SCOpE

Every year in the United States, highway workers who are employees of state DOTs are killed 
and injured while working at highway work sites. These worker injuries and fatalities are sad 
consequences of the high risks associated with working at active construction and maintenance 
work sites and on roadways near active traf�c ways. One objective of state DOTs is to maintain 
effective safety programs and policies that minimize the safety risk to workers and the public at 
highway work sites. Health and safety data are often available to state DOTs to aid in the devel-
opment of effective work site safety management techniques. However, these data may not be 
integrated with other institutional data available to state DOTs. Establishing this integration 
could bene�t state DOT safety programs by making full use of available data and helping state safety 
of�cers detect injury and fatality trends in their state. In addition, the data can facilitate the evalua-
tion of safety interventions to determine their effectiveness in reducing highway worker injury and 
fatalities.

Each state DOT is a unique agency. Although they perform the functions of owning, designing, 
constructing, operating, and maintaining elements of their state’s transportation infrastructure, they 
all are structured differently and as a result have different responsibilities to their employees and the 
citizens of their state. To cover the full breadth of issues faced by the diverse set of state DOTs, this 
synthesis focuses on state DOT employees working at work sites on any roadway. In most cases, these 
roadways are the primary highways of the state; in others, they include local and county roads. This 
variety of functionally classed roadway environments produces various levels of risk for state DOT 
employees in work sites on roadways.

This synthesis study encompasses a narrow but rapidly growing area of safety practice among 
state DOTs. The use of data and data integration to inform and evaluate state DOT highway worker 
safety programs is an emerging area of research. State DOTs are at various stages of leveraging avail-
able data to reduce the risk to their workers at work sites. The volume of information, particularly 
that available in current literature and in the details of state programs based on data-driven policies, is 
limited owing to the relative novelty of this area of research and practice. FHWA has made the use of 
data for decision making a policy priority. One demonstration of this policy is the requirement that 
projects for the Highway Safety Improvement Program (HSIP) be selected through data-driven deci-
sion making. The HSIP is a program element of the Fixing America’s Surface Transportation (FAST) 
Act, which was signed into law in 2015 (FHWA 2016c).

The purpose of this synthesis study is to examine state DOT health and safety policies and deter-
mine how the policies are implemented to help protect highway workers performing their duties in 
work sites. Although the study focuses on safety policies, it explores the current health and safety 
practices in state DOTs and describes the practices predominantly in terms of nationwide trends. 
Based on the �ndings of existing practice, the study identi�es gaps in knowledge and high value areas 
for future research.

BACKGROUND

Ensuring safe work practices in highway work sites and understanding how safety programs are 
developed, monitored, and assessed are important issues for state DOTs. Protecting their employees is 
a challenging but vital role for safety of�cials in state DOTs. The following sections provide relevant 
background to the current state of national practice regarding state DOT policies and practice for 
ensuring safety in work sites.

Prevalence of Injuries and Fatalities

The scope of injuries and fatalities that occur in work sites can be considered in seeking a better 
understanding of the need for practices that promote highway work site safety. One of the unique 
characteristics of work sites is the proximity of public vehicles passing, albeit in a controlled manner, 
through the construction and maintenance site.
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A primary incident of concern that occurs in highway work sites is crashes involving public auto-
mobiles; some such crashes result in injuries and fatalities to the occupants of the involved vehicle(s). 
In 2013, an estimated 67,523 crashes occurred in work zones throughout the United States. Of these 
crashes, 0.4% resulted in a fatality. Almost 73% of the crashes involved property damage only. Crashes 
in work zones represented 1.2% of the total number of crashes that occurred in the United States in 
2013 (FHWA 2016b).

Roadway workers sometimes are involved in the crashes, injuries, and fatalities associated 
with public automobiles, but roadway workers also are the victims of work site incidents that do not 
involve public vehicles (e.g., falls, cave-ins, and contact with overhead electrical lines). Road con-
struction and maintenance site fatalities, which represent between 1.5% and 3.0% of nationwide 
workplace fatalities, have seen a decrease since 2005 (FHWA 2016b). In 2010, the annual number 
of fatalities (106) for any incident in a roadway work zone was 36% lower than the number of 
road construction and maintenance worker fatalities in 2005 (165). In addition to the fatalities 
that occur in work zones, more than 20,000 workers are injured in work zones each year (FHWA 
2016b). This �gure includes all workers (contractors, etc.) who are injured, not just employees of 
state DOTs.

Common Work Site Safety Issues

Because most work sites across the nation are similar in structure and function, there are common 
work site conditions and worker behaviors that are intrinsic to the hazards and risks associated with 
highway work sites. Some hazards occur as a result of public automobiles in the work zone, whereas 
others are the result of the work operations being undertaken and the project being built.

FHWA identi�es three primary categories of worker fatalities in roadway construction and main-
tenance. These categories, which include statistics relating to all fatalities in road construction and 
maintenance (not just state DOT employees), are as follows (FHWA 2016b):

•	 Run overs/Back overs—The most common cause (43% in 2010) of worker fatalities is workers 
being run over or backed over by vehicles. These vehicles can include construction vehicles or 
public automobiles.

•	 Vehicle collisions—This cause, which includes mobile equipment and can involve construction/ 
maintenance and nonconstruction/maintenance vehicles and equipment, accounted for 19% of 
roadway construction and maintenance worker fatalities in 2010.

•	 Caught in between or struck by object—The cause of 8% of roadway construction and mainte-
nance worker fatalities in 2010, these incidents were primarily caused by equipment and objects 
native to the construction or maintenance site.

In addition to fatalities, many workers are injured in work sites. According to Lincoln and Fosbroke 
(2010), between 2003 and 2008, each year more than 20,000 workers performing road construction 
and maintenance jobs were injured. The cause of the injuries, listed by percentage, is provided here 
(Lincoln and Fosbroke 2010):

•	 Contact with objects or equipment (35%);
•	 Slips, trips, or falls (20%);
•	 Overexertion (15%);
•	 Transportation incidents (12%); and
•	 Exposure to harmful substances or environments (5%).

The prevalence of the causes on this list indicate that, although incidents with public vehicles are 
an added risk to workers at highway work sites, the hazards intrinsic to the work operations, site 
conditions, and worker behavior at a construction or maintenance site result in most of the worker 
injuries. In a signi�cant number of these incidents, particularly the fatalities, the workers are on foot 
at the time of the incident and do not have a vehicle or piece of equipment to offer protection from 
hazards.
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Theories of Incident Causation

Theories of incident causation have been developed to explain why injury incidents occur in workplaces, 
on roadways, at home, and elsewhere. Initial insights into workplace injuries were presented by William 
Heinrich based on a study of industrial incidents. Heinrich developed an injury “pyramid” that depicted 
the relative number of injuries based on severity (Heinrich 1959). Based on his analysis of injury inci-
dents, Heinrich found that of every 330 incidents, 300 were no-injury incidents, 29 were incidents with 
minor injuries, and one incident had a major injury (fatality) involved. Heinrich additionally presented a 
two-factor model of incidents, stating that incidents are the result of two primary factors: unsafe condi-
tions and unsafe actions. Secondary factors include management error, design error, unintended action, 
and intended action; tertiary factors include violation, acts of God, slip, lapse, and mistake. Overall, 
Heinrich’s analysis of injury incidents found that 88% were caused by unsafe acts of persons, 10% 
resulted from unsafe mechanical or physical conditions, and 2% were unpreventable (Heinrich 1959). 
Heinrich proposed that the predominant causes of no-injury incidents (near misses) are, in average cases, 
identical to the predominant causes of major injuries and incidentally also of those of minor injuries. 
Over the years, researchers have questioned Heinrich’s �ndings and injury pyramid, claiming that the 
proposed relationship between injury severities does not accurately re�ect the causes of incidents.

In concert with Heinrich’s claim that most injuries that occur result from unsafe behavior, different 
theories of incident causation have been developed to address the behavior of workers. Prominent 
theories of incident causation focusing on worker behavior are described here:

•	 Accident proneness—This theory describes the likelihood that individuals will participate in a 
risky behavior based on their personal factors and personality traits (Vernon 1918; Kerr 1950). 
It suggests that some people, because of their personal nature, are more likely to sustain injuries 
than are others.

•	 Goals-Freedom-Alertness theory—This theory suggests that when a worker has well-de�ned 
and attainable goals and the freedom to work to achieve those goals, the worker is subsequently 
more alert and focused on achieving the goal, which leads to fewer incidents (Kerr 1950).

•	 Adjustment stress theory—This theory hypothesizes that workers are subject to stresses on and 
off the job that are both internal and external. These stresses affect workers’ behavior and there-
fore potential for being injured based on the relative amount of stress of a particular life event 
(Kerr 1957).

•	 Distractions theory—This theory suggests that safety is situational with respect to the focus of 
the worker’s attention (Hinze 2006): workers who focus on productivity and not on the surround-
ing safety hazards are distracted, which can lead to incidents. In addition, a worker’s mental state 
can be distracting and therefore represents a hazard that can lead to an incident.

Kerr estimated that the adjustment stress theory explained 55% of incidents, whereas the goals-
freedom-alertness and accident proneness theories explained 35% and 10%, respectively (Kerr 1957). 
These worker behavior-related theories can help reveal some causes of incidents that occur at highway 
work sites.

Human error models have been developed that take into consideration the human factors that 
affect worker performance. Wiegmann and Shappell (2001) prepared a human factors analysis and 
classi�cation system (HFACS) to organize the factors that affect worker behavior. The HFACS cat-
egories are organizational in�uences, unsafe supervision, preconditions of unsafe acts, and unsafe 
acts. Categories of human error precursors also have been developed that contain indicators of when 
errors leading to injury incidents are likely (Hogan 2010). Examples of error precursors are time 
pressures, distractions/interruptions, unfamiliarity with task, and stress.

All incidents are the result of at least one of the following root causes, not listed in any particular 
order (Gambatese et al. 2016):

•	 Mistake/error: An unintentional miscalculation, blunder, or oversight in action or decision making.
•	 Absent-mindedness/forgetfulness: Unintentional preoccupied wandering of the mind from the 

present such that one is unaware of one’s immediate surroundings. Lost in thought such that one 
does not realize current actions, surrounding conditions, and immediate hazards.

http://www.nap.edu/24776


� 9

•	 Lack of caring/indifference: Showing little or no care or concern for personal protection or the 
safety of others, or giving other goals and values (e.g., pro�t, status, and personal opinion and 
feelings) higher priority than personal protection or the safety of others.

•	 Ignorance: Lack of knowledge, experience, or information about the conditions and actions at 
hand.

•	 Poor risk management: Insuf�cient or careless assessment of the safety risk associated with 
identi�ed hazards and faulty or inferior decision making and control of the calculated risk.

•	 High-risk tolerance: A high permissible level of risk based on which the need for safety controls 
is determined.

•	 Other: Act of God.

The root causes can be independent, in that only one root cause is necessary for an incident to 
occur, but multiple root causes also can contribute to a single incident. The human behavior root 
causes listed can occur at any level within a project or an organization and lead to an incident at the 
work site. For example, a worker may make a mistake while operating a piece of equipment. In addi-
tion, a project manager can prioritize project schedule over safety and push workers to work unsafely. 
In another example, the root causes could be the result of inattentive motorists driving through the 
work site and motorists with high-risk tolerance.

Subsequent incident theories and models look beyond worker behavior to work operation, project, 
organization, and industry impacts. The chain of events (domino) theory, �rst proposed by Heinrich, 
states that incidents are the result of a series or chain of connected events. One event leads to another, 
which eventually results in an incident. If any event in the chain had not occurred, the incident may 
have been averted. Similar to the chain of events theory is the Swiss cheese model of incident causa-
tion (Reason 1990), which depicts controls as slices of Swiss cheese. A hazard results in a loss when 
the holes in the cheese (i.e., the defects in the safety controls) line up.

The constraint-response model (Suraji et al. 2001) starts with the Swiss cheese model and extends 
the scope to include management and organizational aspects. The model proposes two types of inci-
dent causation factors. Distal factors exist at the project management level and include project con-
ception, design, and management constraints. Proximal factors occur at the site management and 
injured person levels and include such issues as inappropriate planning, site conditions, and work 
operations.

Taking an approach that expands the in�uence on workers, the construction accident causa-
tion model proposes a hierarchy of in�uences in construction incidents (Haslam et al. 2005). The 
in�uences nearest the worker are termed immediate incident circumstances (e.g., worker factors 
and site factors). Shaping factors are at the project level and include site constraints, work sched-
uling, and supervision. Lastly, originating in�uences exist beyond the project and include such 
factors as safety culture, risk management, client requirements, economic climate, and worker 
education.

There is growing recognition that incidents are caused by competing priorities and demands on 
workers and human performance. Based on a worker behavior model developed by Rasmussen et al.  
(1994), Mitropoulos et al. (2005) proposed hazard and loss of control zones that model proper 
task performance. For example, when management pushes for greater productivity, workers can 
be pushed from a safe zone into a hazard zone. If the push for productivity increases abnormally, 
the workers are further pressed into a loss of control zone, which eventually results in an incident.

Common Practices Implemented to Improve Safety

Overall, state DOTs have signi�cant autonomy to maintain safety on their roadway networks, 
including within work sites. Therefore, the practices implemented to improve safety can vary widely 
from state to state. This autonomy has both bene�ts and drawbacks. The ability for a state DOT 
to prepare its safety plan to meet the unique challenges of the work sites under its purview allows 
the plans to be tailored to state-speci�c demographic and geographic constraints. However, this 
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internal focus at the individual state level discourages interstate collaboration and data sharing 
among state DOTs.

There are limitations to state DOT autonomy for highway work site safety. Nationwide policies 
and standards exist that are intended to limit risks to motorists and workers in highway work sites. 
These federally mandated policies are the most common national practices implemented to improve 
safety and are documented in the Manual on Uniform Traf�c Control Devices (MUTCD) (FHWA 
2009). Part 6 of the MUTCD, “Temporary Traf�c Control,” outlines the proper setup and operation of 
all temporary traf�c control systems on roadways, including work sites. These standards, adopted by 
all state DOTs, provide practical policies and guidance that minimize worker and driver risk in work 
zones (FHWA 2009). In addition, states may produce their own supplements to the MUTCD to address 
unique traf�c control situations present in their individual state. These supplements must be equal to, or 
more stringent than, the federal minimum standards presented in the MUTCD (FHWA 2009).

For states to receive federal transportation funding, the state DOTs are required to prepare a 
Strategic Highway Safety Plan (SHSP). These plans encompass all aspects of highway safety, not 
just work sites. However, work sites are a common element of the plans. States have the ability 
to develop the plans with the needs of their speci�c state in mind, but general guidance ensures 
similarities across state DOTs. The practice of producing and regularly updating the SHSP at the 
state level contributes to keeping safety (including work site safety) a priority for state DOTs 
(FHWA 2016a).

In 1970, Congress passed the Occupational Safety and Health Act (OSH Act). Part of this act 
established the Occupational Safety and Health Administration (OSHA). It is the responsibility of 
OSHA to ensure that employers provide “a safe and healthful workplace” and “assure safe and health-
ful workplaces by setting and enforcing standards, and providing training, outreach, education and 
assistance” (OSHA 2016a). The regulations established by OSHA, which include standards for all 
forms of construction and maintenance projects, apply to some state DOTs. Twenty-one states main-
tain an OSHA state plan. These state agencies carry the same regulative authority as the federal OSHA 
but only in the state in question. In addition, federal OSHA regulations allow states to adopt plans 
that cover local and state government workers only, which would include state DOT employees. Five 
additional states have this form of OSHA state plan. OSHA reviews and approves both forms of state 
plans (OSHA 2016b). Therefore, many of the minimum safety practices and standards states use are 
based on OSHA regulations.

These practices demonstrate the diversity of state DOTs. The potential for individuality—based 
on factors such as a state having a supplement to the MUTCD or operating a state plan OSHA 
program—creates an environment in which each state DOT is inherently unique. The state agencies 
also vary widely in their purview over the roadways of their state. For example, some states con-
struct and maintain only the primary routes, whereas others are responsible for the construction and 
maintenance of all of roads in the state. Some state DOTs have a more supervisory role in managing 
contractors conducting work on the roads; others use their workforce directly to construct and main-
tain roadway infrastructure. The risks workers are exposed to in each state depend on the structure of 
the DOT in that state; as a result, the DOTs’ practices for implementing safety programs also differ.

Beyond these practices, state DOTs can implement safety practices and policies that protect high-
way workers. These practices, in combination with the federal guidelines for safe work sites and risk 
reduction, can help to protect state employees who are performing their duties on public roadways.

TERMiNOLOGY

Several terms used throughout the report require de�nitions speci�c to the context of this syn-
thesis study.

•	 Incident: Any disruption in the normal �ow of work involving a highway worker employed by 
a state DOT in a construction or maintenance site that involves an injury, fatality, property loss, 
damaged equipment, work stoppage, or near miss (Hinze 2006).
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•	 Accident: An unplanned event that may or may not be associated with property damage, an injury, 
or a fatality (Hinze 2006). This term is not used in this report unless it appears in a quotation from 
a source or the literature reviewed speci�cally uses the word in its terminology. The word “inci-
dent” is used throughout this report to ensure clarity of meaning.

•	 Crash: A speci�c type of incident involving a public vehicle. This term is not used in this report 
unless the literature reviewed or data analyzed speci�cally used this term for the incident that 
occurred.

•	 Work site: Any location where construction or maintenance work is being done on state DOT 
right-of-way.

•	 Work zone: A particular type of work site, generally in place for extended periods with estab-
lished traf�c control. The term appears in this report when the literature reviewed or the data 
analyzed speci�cally used the term. Otherwise, the more general term of “work site,” which 
includes a broader range of maintenance activities, is used.

•	 Near miss (near hit): An incident involving a highway worker employed by a state DOT in a 
construction or maintenance work site that did not result in an injury or fatality to the worker.

•	 Highway worker: An employee of a state DOT who is active in construction or maintenance 
work sites on state DOT right-of-way. Many of these workers are on foot within the work site. 
For the purpose of this synthesis, the de�nition does not include employees of consultants and 
contractors working on state-owned projects. Although this de�nition focuses on state DOT 
employees, local agency employees who are active in construction or maintenance work sites 
may experience work conditions similar to those of state employees, so the presented concepts 
and ideas related to highway workers in this report may be of value to local agencies.

•	 Industry/Construction industry/Maintenance industry: When the term “industry” appears in the 
report, unless otherwise stated, it is in reference to the broader construction and maintenance 
industry. It is not limited to construction or maintenance in highway work sites.

•	 Survey: The full process of developing, distributing, collecting, and analyzing data from tar-
geted participants at state DOTs.

•	 Questionnaire: This term, which is commonly used in conjunction with the survey (e.g., survey 
questionnaire), refers to the data collection instrument containing the questions that were elec-
tronically distributed to the state DOTs to collect data regarding state DOT health and safety 
policies and practices.

•	 Participant: Any state DOT safety representative who was provided access to the survey 
questionnaire.

•	 Respondent: A participant in the survey process who completed the questionnaire regarding his 
or her state DOT’s health and safety policies and practices.

The de�nitions of these terms, which are used in various chapters in this report, are necessary to 
convey the authors’ intentions accurately and limit misinterpretation.

STUDY AppROACH

Four primary tasks were conducted for this synthesis report: literature review, survey, injury data 
analysis, and follow-up interviews. The four tasks were conducted in an order that ensured tasks that 
would bene�t from information gathered in previous tasks would be executed in the proper order.

As the most time intensive task, the survey was one of the initial tasks undertaken. This task is 
also central to meeting the objective of a synthesis study. A survey questionnaire was created and 
after several revisions placed in an online format to collect responses easily. The survey questionnaire 
was distributed to a list of state DOT safety of�cers and employees. The list was provided by the 
North American Association of Transportation Safety and Health Of�cials (NAATSHO) through 
the NCHRP Review Panel established for the synthesis study. The goal was to achieve an 80% 
response rate from state DOTs (40 of 50). After several weeks, the goal was met, and 41 state DOT 
responses were recorded. Chapter three contains a detailed description of the methodology involved 
in the development and distribution of the survey questionnaire. After the survey data were collected, 
they were analyzed, and relevant visualizations were generated.

While the questionnaire was actively being distributed to state DOTs, the process of reviewing 
existing literature related to highway worker safety was continued. Two primary categories of literature 
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were considered and included in the review as appropriate background information for under-
standing current highway worker safety practice. The two categories were chosen to re�ect the 
duality of safety challenges that are present in highway work sites. Highway work sites are unique 
in that they maintain all of the hazards of traditional construction and maintenance operation sites 
but are also associated with the added risk of roadway vehicles traveling through the work site. The 
two categories are:

•	 Research concerning primarily the safety issues related to the presence of public vehicles within 
highway work sites. These issues are those that are unique to highway construction and main-
tenance sites, such as the behavior of vehicles in a work site and the prevalence of incidents 
involving highway workers and public automobiles.

•	 The safety-related hazards, issues, and research for the construction and maintenance industry 
as a whole. The sources reviewed for this category applied to all work within work sites, which 
includes highway work sites. The focus of this category of research was safety issues that occur 
within the construction and maintenance areas of work sites, regardless of the presence of pub-
lic vehicles. In addition, this category included documents that describe standard worker safety 
programs in the construction and maintenance industry and ways in which organizations can 
enhance the safety of their employees.

While the literature review was conducted, an analysis of publicly available data sets relating to 
highway worker safety also was being done. The data sets explored were determined in the scoping 
phase of the synthesis study. The seven data sets were:

•	 Bureau of Labor Statistics (BLS),
•	 Occupational Safety and Health Administration (OSHA),
•	 National Institute for Occupational Safety and Health (NIOSH),
•	 National Council of Compensation Insurance (NCCI),
•	 Fatality Analysis Reporting System (FARS),
•	 Strategic Highway Research Program (SHRP 2), and
•	 State DOT data.

The researchers determined that no easily accessible, publicly available data could be obtained 
from the NCCI database. Therefore, the data set was not included as a data source in the injury data 
analysis. The other six data sources were analyzed. The primary objective of the task was to gain 
an understanding of the types of data that are available in each of the sources. The researchers per-
formed example analyses on the data sets to demonstrate the range and limitations of the each of the 
individual data sets.

After the survey responses were collected, they were searched for evidence of noteworthy safety 
program elements. The goal for determining these noteworthy elements was to follow up with the 
state DOTs about the programs and develop case examples that explored in detail the aspects of 
each of the safety programs. This exploration focused on the existing use of data in state DOT safety 
programs. One of the survey questions asked the respondents if they would be willing to participate 
in a short follow-up interview. Among the respondents who indicated they would participate in an 
interview, several state agencies were identi�ed that showed the potential for providing a useful case 
example. The personnel in these states were contacted, and a short phone interview was scheduled. 
A protocol for the interviews was developed; the interview included questions that sought to deter-
mine the characteristics and history of the safety program and how data were used in the program 
implementation.

After the interviews were completed, the recorded interviews were transcribed to facilitate accu-
rate documentation of the case examples. Information and documents provided by the interviewees 
during and after the interviews were included in the case example write-ups to describe more fully 
the safety program elements.

The following section describes how the various tasks were organized into the synthesis report.
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REpORT ORGANiZATiON

Based on the four primary tasks identi�ed in the study approach, the report is organized into four 
sections that coincide with each of these tasks. The four main sections of the report are as follows:

•	 Chapter two—Issues in Highway Worker Safety. This chapter is based on the literature review 
and provides a brief overview of issues and research related to highway worker safety.

•	 Chapter three—Agency Practices and Perspectives on Highway Worker Safety. This chapter is 
based on the survey results and describes basic characteristics of the current practice of health 
and safety programs in state DOTs. The chapter focuses on elements of the health and safety 
programs that relate to state employees who are at highway work sites.

•	 Chapter four—Injury Data Analysis. Several publicly available databases of information relating 
to highway and worker incidents are available for reference. This chapter explores the general 
contents of these databases and their potential applications and limitations.

•	 Chapter �ve—State Department of Transportation Case Examples. To highlight speci�c practices 
identi�ed in the previous chapters, this chapter provides detailed �ndings on safety programs that 
have been implemented in six state DOTs. The data were collected from follow-up interviews. 
The cases studies analyze how data are used in the development and implementation of the 
speci�c safety program elements.

Chapter six presents a summary of the key �ndings of the synthesis study. Appendices containing 
documents such as the survey questionnaire and the interview protocol guide are included at the end 
of the report.
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CHAPTER TWO

ISSUES iN HiGhWAY WORKER SAFETY

INTRODUCTiON

This chapter provides a review of the overarching issues related to highway worker safety. The 
information serves as background knowledge for the concepts and terminology presented in subse-
quent chapters and understanding the knowledge and concerns associated with worker safety that are 
required to develop effective highway worker safety management programs. The following sections 
are based primarily on a review of the literature regarding the topics of worker safety and work site 
safety in the United States. Focusing on the United States gives the information more relevancy to 
state DOTs that are subject to the same federal guidelines, such as OSHA or their OSHA-approved 
State Plan alternatives. Particular emphasis is placed on the following content areas:

•	 Prevalence and causality of injury and fatality incidents for highway workers,
•	 Availability of highway worker safety data,
•	 Existing legal standards and policy recommendations related to highway workers,
•	 Risk and human factors,
•	 Stakeholders in highway worker safety, and
•	 Evaluation of safety programs.

These content areas highlight contemporary safety issues associated with highway workers and 
expose how the issues are being addressed through research and practice and by national and state 
government policy. Subsequent chapters review existing programs and conditions to explore further 
the available data and current practices in state DOTs and attempt to determine the consequences of 
current practices.

PREVALENCE AND CAUSALiTY OF HiGhWAY WORKER INCiDENCES

One of the most ef�cient ways to improve safety programs and reduce highway worker injuries and 
fatalities is to understand the causes and frequency of incidents associated with highway workers. 
Highway work sites potentially pose signi�cant risk to motorists and workers; if the risks are not effec-
tively controlled, injuries and fatalities for motorists and workers can result. Research has been con-
ducted regarding speci�c types of work site incidents, comparing work site incidents to nonwork site 
incidents, and possible methods for eliminating or reducing incidents that lead to injuries and fatalities.

Some state agencies have also performed research to explore the causes and characteristics of work 
site crashes within their state. One study investigated crashes that occurred in Kansas work zones to 
better understand the characteristics of the crashes (Li and Bai 2007). The characteristics included 
demographic data, such as age and gender, and characteristics relating to the incident, such as day of 
the week and environmental factors. The researchers compared these characteristics between fatal 
and nonfatal work zone incidents. The researchers sought to determine the characteristics that may 
be linked to severity. The researchers argued that this comparison could provide improved guidance 
regarding how and where crash reduction strategies could be implemented to maximize their effect 
(Li and Bai 2007).

A 2009 study involving states from the Smart Work Zone Deployment Initiative (SWZDI) sought 
to determine the characteristics of work zone crashes in Iowa, Kansas, Missouri, Nebraska, and 
Wisconsin (Dissanayake and Akepati 2009). These characteristics included incident frequency infor-
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mation based on light and weather conditions, as well as frequency information based on speed, driver 
behavior, and traf�c control factors. The report presents the similarities and differences between 
work zone incidents in the �ve states. For these states, only slight differences between the incident 
characteristics were found (Dissanayake and Akepati 2009). This result is possible because all of 
these states are located in the Midwest region of the United States and are likely to have similar 
driver demographics, roadway conditions, and physical geography.

An Indiana DOT report (Ferreira-Diaz et al. 2009) identi�ed two leading causes of worker fatali-
ties in work zones. The �rst is workers being struck by passing motorists, and the second is workers 
being struck by moving equipment within the work zone. The study determined that the causes of 
these types of incidents primarily were the result of “negligence of a third party” and “lack of aware-
ness from the injured worker” (Ferreira-Diaz et al. 2009). Causes of work zone incidents are varied; 
however, high-risk objects, such as fast-moving vehicles and large pieces of equipment, present the 
greatest risk to highway workers. Lack of awareness by the injured worker is perhaps a cause that 
can be effectively mitigated through a highway worker safety program that includes worker training, 
internal traf�c control plans, a focus on worker behavior, and improving safety culture.

Although highway work sites are a speci�c and unique form of construction and maintenance sites, 
they retain many characteristics of other construction and maintenance sites. Therefore, it is also 
necessary to understand the prevalence and causality of incidents in all places where construction and 
maintenance work are performed. In his dissertation, Hallowell (2008) summarized construction and 
maintenance incident causation and analytic models for those incidents. He described �ve models 
of incident causation complexity, including the distractions theory, goals-freedom-alertness theory, 
adjustment stress theory, two-factor theory (unsafe acts and unsafe conditions), and the Swiss cheese 
model of incident causation. However, Hallowell also indicated that safety program elements that are 
physically implemented in organizations and work sites often lack connections to speci�c models of 
incident causation. That is, to be effective, it is important that safety programs take into consideration 
the established models of incident causation and target eliminating those behaviors, conditions, and 
operations that are shown to lead to incidents. Lacking such a connection, a safety program will not 
necessarily lead to improved safety.

The Construction Chart Book, published by The Center for Construction Research and Training, is 
a synthesis of data relating to all aspects of the construction and maintenance industry (CPWR 2013). 
It provides visual representations of construction industry statistics and simple, easy-to-comprehend 
descriptions of industry data. In this format, the data are summarized and presented in �gures and 
tables. Figures 1 and 2 are example �gures taken directly from The Construction Chart Book and show 
how injuries and fatalities are distributed by cause in the construction industry.

FIGURE 1  Distribution of leading causes of fatalities  
in construction in 2010. Source: CPWR 2013.
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These two �gures provide a robust summary of construction incident causes. The data used for 
these �gures relates to the construction industry as a whole and does not speci�cally target highway 
workers. The Construction Chart Book is one of the most comprehensive repositories of safety and 
other statistics in the construction industry.

AVAiLABiLiTY OF HiGhWAY WORKER SAFETY DATA

Better understanding of the prevalence and causes of injury and fatality incidents for highway workers 
is possible through evaluation of data available to help quantify such incidents. This section explores 
the different sets of publicly available data and the background research that has used or sought to 
improve the data sets. The publicly available data sets are explored in greater depth for the speci�c 
information they provide to highway worker safety in chapter four. The data sets include those from 
the following entities:

•	 Bureau of Labor Statistics (BLS),
•	 Occupational Safety and Health Administration (OSHA),
•	 National Institute for Occupational Safety and Health (NIOSH),
•	 Fatality Analysis Reporting System (FARS),
•	 Strategic Highway Research Program (SHRP 2), and
•	 State DOT data.

These data sources publicly available databases report raw data. Chapter four explores the uses 
for these databases. This section explores the six databases and other published data sources that 
synthesize data related to highway worker safety.

BLS and OSHA are both divisions of the Department of Labor (DOL). BLS is responsible for col-
lecting information on worker incidents through the agency’s Injuries, Illnesses, and Fatalities (IIF) 
program. This information is published on the BLS website and is searchable by industry, allowing the 
identi�cation of incidents that occurred in highway work sites (BLS 2016). OSHA also reports Inves-
tigation Summaries for fatalities and catastrophes that occur in the workplace. (Note: OSHA de�nes 
a catastrophe as a workplace incident that results in the overnight hospitalization of one employee.) 
These summaries are searchable by industry and key word in the online database (OSHA 2016). Hinze 
et al. (1998) highlighted the lack of speci�city in root causes of construction and maintenance inju-
ries and demonstrated that by increasing the detail of the database, the search results of relevant inci-
dents would be more comprehensive. Since the publication of that journal article, OSHA has increased 
the speci�city of crash causes in the database, particularly with detailed key words. Although the 

FIGURE 2  Distribution of leading causes of nonfatal injuries 
resulting in days away from work in construction in 2010. 
Source: CPWR 2013.

http://www.nap.edu/24776


� 17

ability to search speci�cs has been improved, it is still dif�cult to aggregate and quantify the records 
in OSHA’s online database.

NIOSH, a division of the Centers for Disease Control and Prevention (CDC), researches speci�c 
workplace incidents and compiles the resulting reports within its Fatality Assessment and Control 
Evaluation (FACE) program. The reports are detailed and provide a description of the incident. Some 
of the reports are speci�cally related to fatality incidents in highway work sites (NIOSH 2016).

The FARS database, which is maintained by NHTSA, documents all fatal crashes on public road-
ways. The details of the incident that are recorded in the police report are collected and placed into  
the FARS database (NHTSA 2016). Over the years, the police crash reports have been inconsistent 
on how they document fatal crashes that occur in work zones. Because FARS is based on these 
police crash reports, the database coding has some different searchable factors over time. In 2004, a  
study published in the Transportation Research Record explored individual state reports and how 
the states quanti�ed work zone incidents (Ullman and Scriba 2004). The study concluded that the 
database at the time might have been underreporting work zone crash fatalities by as much as 10% 
based on the variations in forms used between states (Ullman and Scriba 2004). The FARS database 
does not allow the user to select “work zone” as a �lter for records dated before 2009. This limitation 
may be the result of the discrepancies found in the reporting of work zone incidents identi�ed in the 
2004 report (NHTSA 2016).

The Strategic Highway Research Program 2 (SHRP 2), which began in 2006 and ended in 2015, 
was a broad program to uncover data-driven solutions to transportation challenges (NAS 2016). 
One element of the SHRP 2 program was the Naturalistic Driving Study (NDS), which focused 
on improving highway safety. The project was administered by the National Academy of Sciences 
(NAS) and TRB and resulted in a database that, to different extents, can be used by researchers to 
better understand real-world driver behavior and analyze traf�c incidents (Campbell 2012). Contrac-
tors for the study were the Virginia Tech Transportation Institute (VTTI), which collected the NDS 
data, and Iowa State Center for Transportation Research and Education, which collected the roadway 
information data. This research is ongoing but maintains an online database with some of the data 
collected to date.

State DOTs also maintain their own internal databases of traf�c and worker incidents within their 
states. Each of these databases is different based on the type and volume of data the state chooses to 
collect and archive. Therefore, the detail and availability of the data from the state archives vary.

The Construction Chart Book presents data in the form of charts, �gures, and graphs. Although 
this publication presents analyses of the entire construction industry, some visuals speci�cally relate 
to highway construction and maintenance (CPWR 2013). Figure 3 is an example directly from The 
Construction Chart Book that makes speci�c references to highway construction.

Figure 3 is representative of the type of data available in The Construction Chart Book. Although 
the data are more useful in determining overall trends and characteristics of the construction industry, 
select tables and �gures provide insight into the nationwide highway construction and maintenance 
industry.

Another resource, “Safety Management in the Construction Industry” (McGraw Hill Construction 
2013), attempts to quantify the existence and characteristics of safety policies and programs in the 
construction and maintenance industry. This resource also focuses on the types of safety practices that 
are in use, the impact of those safety practices, in�uence factors, and communication and education. All 
of these sections provide the reader with visual representations of the practices and how the practices 
affect (positively and negatively) the construction and maintenance industry. The data are particularly 
useful in that they show the frequency at which construction and maintenance �rms use different pro-
grams and education methods (McGraw Hill Construction 2013).

The National Safety Council (NSC) publishes Injury Facts, an annual synthesis of injury statistics 
in the United States and around the world (NSC 2016). The content is not limited to any one industry 
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or occupation. The statistics include a broad exploration of fatalities and injuries that occur from 
unintentional and intentional (homicide/suicide) incidents in the United States and, to a lesser degree 
of accuracy, the world. Subsequent sections of the publication divide nationwide statistics into cat-
egories, such as occupational, motor vehicle, and home and community incidents. The occupational 
category of injury and fatality incident statistics pertains most directly to highway workers because 
their occupation places them at risk of injury or death while on the job.

The 2016 edition of the NSC’s Injury Facts section on occupational injuries and fatalities is 
general in its presentation of available statistics, so it is impossible to isolate speci�c statistics 
related to highway workers. However, some of the general information can provide context in the 
form of potential trends in occupational incidents related to highway workers who are employed 
by state DOTs. Using data from 2013, the NSC reports more than 1.1 million injuries and ill-
nesses that resulted in time away from work that year. Of these, approximately 65,000 (6%) were 
state government employees. This is not limited to state DOTs and includes all agencies within 
state government. Approximately 190,000 of the national lost-time injuries and illnesses were 
recorded for local government employees; the remainder was for private industry employees 
(NSC 2016).

The NSC publication also provides general information on the estimated economic cost of occu-
pational incidents. In addition to worker’s compensation insurance, these costs include loss of pro-
ductivity and administration expenses. In 2014, the NSC estimated that the cost of each death is 
approximately $1 million. For every medically consulted occupational injury, the average total cost 
is $29,000. In addition to the monetary cost, the NSC recorded the lost time. In 2014 in the United 
States, among all industries, the total time lost was 99 million days, with 65 million of those days 
lost because of work-related injuries (NSC 2016).

Other statistics, such as injury types and causes, are included in the NSC Injury Facts. However, 
the data categories most closely matching highway workers are the construction industry and gov-
ernment employees (NSC 2016). Neither of these provides enough detail to observe the unique risks 
and incidents associated with highway construction and maintenance workers.

Although the data sources mentioned are national databases or publications and are publicly 
available, individual states also maintain in-state records and data for the safety records for their 
individual agencies. More discussion on state data sources available to individual state DOTs is 
provided with the survey results in chapter three. States may choose to rely most heavily on their 

FIGURE 3  Share of dollar value of public sector construction, by type, in 2010.  
Source: CPWR 2013.
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in-agency data because it is likely the most pertinent to safety successes and issues within their state. 
However, national data can be used to normalize incident rates and �nd common areas of concern 
among different states.

LEGAL STANDARDS AND POLiCY RECOMMENDATiONS RELATED TO HiGhWAY WORKERS

Federal agencies have implemented nationwide guidelines to help states improve their safety pro-
grams and protect highway workers. One of the most visible documents describing these programs 
is FHWA’s Work Zone Operations Best Practices Guidebook (FHWA 2013). This report is published 
at the national level to assist states and provide guidance on common work zone issues. The best 
practices identi�ed by this guidebook are categorized into 11 topics and 49 key words to allow users 
to search the practices by a particular topic.

States have enacted their own policies and guidance for improving safety in highway work sites. 
Strategic Highway Safety Plans (SHSPs) are a requirement for state DOTs that are a part of the High
way Safety Improvement Program (HSIP). This requirement has continued under the Fixing America’s 
Surface Transportation (FAST) Act (FHWA 2016c). These programs direct the decision making of 
state DOTs based on the governing federal policies. Some of the state SHSPs that speci�cally outline 
priorities in work sites are summarized here.

•	 Illinois’s SHSP notes that a particular issue in the state’s work zones are incidents located on 
the Interstate system that involve heavy vehicles. The strategies for improving work zone safety 
involve the three Es: engineering, enforcement, and education. The report speci�cally identi�es 
that Illinois work zone speed laws are weak and do not allow for adequate enforcement (Illinois 
Department of Transportation 2009).

•	 Massachusetts’s SHSP focuses on the lack of ability to quantify nonfatal incidents in highway 
work zones. The report indicates options to improve safety that are being explored. In addition, 
it outlines strategies for improving work zone design and educating the public about safety in 
work zones (Massachusetts Department of Transportation 2013).

•	 Minnesota’s SHSP presents detailed statistics for incidents that occurred in work zones. The 
data include types of incidents and the demographics of those involved in the incidents. The 
report speci�cally recognizes that, for Minnesota, there is an overrepresentation of commercial 
vehicles involved in work zone incidents and indicates this is a safety focus area for the state 
(Minnesota Department of Transportation 2014).

•	 South Carolina’s SHSP identi�es that the state has been seeing an increase in work zone fatal 
and severe injury collisions. The report identi�es strategies to meet an objective of preventing a 
continued increase in work zone-related collisions; the state saw such an increase between 2008 
and 2012. Some of the strategies include improved law enforcement and �rst responder training 
relating to work zones (South Carolina Department of Transportation 2015).

•	 Washington’s work zone safety issues are handled by the state’s Work Zone Safety Task Force 
(WZSTF). The SHSP outlines speci�c strategies of the WZSTF that focus on the visibility 
of workers and work zones. The report also states a WZSTF priority of maintaining worker 
training and improving public noti�cation of work zones (Washington State Department of 
Transportation 2013).

State and federal policies drive decision making in terms of protecting highway workers and 
preventing incidents. These policies vary in effectiveness based on how they are communicated and 
how they are implemented. In addition, the policies need to be accepted as effective for improving 
safety to ensure continued compliance with the policies among state DOTs.

In addition to legal policies produced by state and federal government agencies, the construction 
and maintenance industry makes recommendations on programs and policies that have demonstrated 
the potential to improve safety. The following literature is a collection of documents describing 
research conducted for the construction and maintenance industry as a whole, elements of which can 
be directly applicable to highway work sites.
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Construction and maintenance industrywide guidelines are available that provide broad recommen-
dations to improve safety. One example is “Guide to Best Practice for Safer Construction: Principles,” 
a nationwide guideline for Australia. The text presents six principles the authors think are important to 
fostering a healthy safety culture on a work site. These principles are (Fleming et al. 2007):

•	 Demonstrate safety leadership,
•	 Promote design for safety,
•	 Communicate safety information,
•	 Manage safety risks,
•	 Continuously improve safety performance, and
•	 Entrench safety practices.

These principles are described and promoted similarly in other publications on safety culture in the 
construction and maintenance industry. Although this document is not detailed and provides only 
general recommendations that accompany each principles, it is good source for the understanding of 
the different aspects of a safety program. In addition, because this document is an Australian publica-
tion, it can give safety of�cials in the United States a new perspective on safety programs.

As innovative safety initiatives are adopted by industry, it is important that research be produced 
to discuss and analyze such initiatives for the implementation of these program elements. Instituting 
safety programs that rely on leading indicators is becoming more accepted and more common in the 
construction and maintenance industry. Leading indicators represent the conditions and behaviors 
exhibited in a workplace that provide an indication of the level of safety performance. In contrast, 
lagging indicators (e.g., injury incidence rates) provide a retrospective assessment of safety perfor-
mance. Monitoring leading indicators may be new to some state agencies. When a concept is in its 
infancy, it is more likely to be implemented incorrectly. To counter this possibility, the Construction 
Industry Institute (CII 2012) published a report that outlines a nine-step process for implementing 
active leading indicator safety ideas. Figure 4, which was provided in CII’s report, explains the process 

FIGURE 4  Flowchart for implementing active 
leading indicator initiative. Source: CII 2012.
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in the form of a �owchart. The entire process is based on the idea of improvements and adjustments 
being made as necessary throughout the course of implementation.

Another initiative in the construction and maintenance industry is the “zero injury objective,” 
whereby no incidents and therefore no recordable injuries occur on construction and maintenance 
sites. This objective is similar to the Toward Zero Deaths (TZD) vision the FHWA, state DOTs, 
and municipalities are currently championing. This is related primarily to the elimination of trans-
portation user fatalities, as opposed to those of workers, but all are included (FHWA 2016d). Accord-
ing to FHWA, the TZD vision “uses a data-driven, interdisciplinary approach that FHWA has been 
promoting for many years. The TZD approach targets areas for improvement and employs proven 
countermeasures, integrating application of education, enforcement, engineering, and emergency 
medical and trauma services” (FHWA 2016d).

A report by Hinze and Wilson (2000) examines the progress in the construction and maintenance 
industry after the zero injury objective gained traction. The authors indicate that safety programs are 
becoming more common and more effective. Because safety programs are becoming more common, 
the next logical progression is evaluating the existing programs and making improvements.

In some cases, large private construction and maintenance companies draft their own safety 
programs and policies that are applied on all of their projects. This requirement adds consistency 
to the safety regimens from project to project, with the intention of improving institutional safety.

One such company is the Howard S. Wright Construction Co. (HSWCC). The companywide 
safety guide includes directives for administration of�cials and detailed requirements for workers in 
many common work scenarios; the directives concern issues such as personal protective equipment, 
fall protection, tools, heavy machinery, and specialty machinery (HSWCC n.d.). Another company 
with a comprehensive safety plan is Skanska. Skanska’s guidelines include policies for common  
scenarios, and provisions for subcontractors and various emergency situations, such as natural 
disasters or terrorist activity (Skanska 2005).

Whether the safety measure is a federal, state, or company guideline or policy, it is important that 
workers follow it during the course of the work. Maintaining consistent safety programs that are easily 
understood by workers at highway work sites results in safer work sites for workers and motorists.

RiSK AND HUMAN FACTORS

At any work site, there is a degree of risk to the safety of the workers. Understanding this risk and 
the hazards that create the risk is vital to protecting highway workers to the greatest degree possible. 
Some of the risk results from the inherent qualities of the work itself, including the geographic fea-
tures of the work site. Risk of injury and fatality is also the result of human factors and human error 
on the part of the worker or motorists traveling within highway work sites.

Early investigations into work-related incidents were aimed at quantifying the extent to which 
human behavior contributes to injury incidents and revealed behavior to be a signi�cant factor. For 
example, in an analysis of injury incidents, Heinrich (1959) found that 88% of incidents were caused 
by unsafe acts of persons (Heinrich 1959; Johnson 2011; Manuele 2011). Heinrich (1950) proposed 
that management personnel in an organization have the best opportunity and ability to initiate the 
work of prevention, so management assumes the responsibility. Contemporary literature strongly 
supports this axiom of management involvement and suggests examining the entire organizational 
and industry spectra to understand fully the causes of injuries and how to prevent them (Rasmussen 
et al. 1994; Suraji et al. 2001; Haslam et al. 2005; Gibb et al. 2014).

The roadway type also contributes to risk for workers near the roadside. The diversity of the struc-
ture of state DOTs means that, depending on which agency employs the worker, the worker could 
be exposed to different functional roadway classi�cations, each associated with a different level of 
exposure and risk. Many state DOTs construct and maintain primary routes, which generally have 
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higher speeds. The severity of crashes has been shown to increase as the speed of passing traf�c 
increases (Aarts and van Schagen 2006). Therefore, the risk for employees is higher on routes that 
the state DOTs are more likely to construct and maintain.

According to this literature, to be effective the prevention measures implemented by an organi-
zation must address human factors at their foundational level and apply prevention measures at all 
levels in an organization. The facets of basic human behavior that exist as root causes of incidents 
include mistake/error, absent-mindedness, lack of caring/indifference, ignorance, poor risk manage-
ment, and high-risk tolerance. These behaviors can exist anywhere within an organization and be 
the cause of an injury incident. For example, a worker at the front line may poorly assess the risk 
present in a situation and cause an injury incident. In addition, a decision made with indifference at a 
management level may cause a worker on the site to act in a certain way that leads to an injury. The 
cause in this case is the result of management’s indifference and is not associated with the worker. 
The literature argues that safety management programs be designed to address all of these unsafe 
human behaviors and eliminate such behaviors at all levels within an organization.

With regard to worker injuries from crashes, multiple risk factors, including at-fault driver, envi-
ronmental condition, crash information, road condition, driver error, and others, have been identi�ed 
(Li and Bai 2009). The researchers determined how these risk factors affected the severity of work 
zone crashes in Kansas. Statistical analyses were used to determine which factors were signi�cant, 
such as driver error, vehicle type, light conditions, age, and gender. The researchers concluded that 
additional efforts to improve compliance with existing work zone traf�c laws could reduce driver 
risk. In another study, McAvoy et al. (2011) identi�ed risk factors, which included roadway type, 
traf�c density, and work zone type. The researchers used their risk factors to test the performance of 
alternative work zone con�gurations in a driving simulator environment.

The human factors literature related to crashes in work zones primarily concerns the behavior 
of motorists operating within work sites. In their respective studies, Reyes and Khan (2008) and  
Morgan et al. (2010) performed tests in a driving simulator to evaluate alternative work zone con-
�gurations. Driving simulation provides a safe medium for evaluating driver behavior in work zones. 
Reyes and Khan performed a study of how drivers changed their behavior based on the presence of 
different types of barriers that separated the travel way from the work zone, among other variables. 
One of the other variables, the level of activity in the work zone, in�uenced the speed of the drivers, 
with the average speed being lower for work zones with higher activity levels. Morgan et al. tested 
a lane reduction work zone with a reduced taper length. The study concluded that although the 
reduced taper width slightly reduced risk because of the shorter work zone, the overall risk to the 
motorists and workers increased because of the reduced taper. Other research has provided evidence 
of additional positive impact on safety risk and driver behavior from the use of temporary traf�c 
control devices in work zones, including portable changeable message signs, radar speed trailers, and 
advisory speed signs (e.g., Zhang et al. 2014; Gambatese and Zhang 2016). Safety risk for highway 
workers is directly related to human factors, so understanding these factors and the types of hazards 
they create in work sites is important.

Hazards related to construction and maintenance operations and the behaviors of construction 
and maintenance workers themselves affect the safety of highway workers. One aspect of human 
behavior consists of risk taking. Some humans are more willing to exhibit risky behaviors than are 
others. In a 1991 study, evidence suggested that humans who are more prone to incidents are more 
likely to be risk takers (Dahlbäck 1991). Understanding the workforce at the construction and main-
tenance site and the level of risk the workers will accept may be an indicator of the severity and fre-
quency of incidents on such a site.

One method for potentially reducing risk and taking advantage of natural human behavior is to 
incentivize safe practices. In a section of the CII’s 2003 report “Safety Plus: Making Zero Accidents 
a Reality,” the authors indicated that incentives (recognition and reward) for safe behavior are a 
common strategy in the construction and maintenance industry. The report concluded that although 
incentives may be effective if applied correctly, the progressive incentive (reward based on injury-
free work hours) in particular was not shown to promote improved safety in the long run (CII 2003a). 
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In 2014, Gambatese reported that safety incentives in the workplace can have a positive effect on 
safety. However, the effect has not always been quanti�ably proven, and many factors, such as the 
manner, type, and frequency of the incentive, can signi�cantly in�uence the effectiveness of the incen-
tive (Gambatese 2014). OSHA has indicated that safety incentive programs may result in employees 
being discouraged from reporting incidents in which injuries occur, particularly if the incentive is 
high (Fairfax 2012).

Safety culture is a more abstract concept but affects the risk workers are exposed to based on a col-
lective awareness among a group or organization. Formal and informal policies, workplace norms and 
conditions, ethnic makeup, and social interactions, all of which collectively make up workplace culture, 
affect safety performance. The safest organizations understand that a positive safety culture can make 
a difference not only in worker safety performance but also in overall project performance. Although 
safety culture is a topic that has been identi�ed as a factor in�uencing safety performance (Molenaar 
et al. 2009; Zou 2011; Gilkey et al. 2012), the speci�c attributes that make up safety culture, the magni-
tude in which these attributes affect safety culture, and the impact of safety culture on worker behavior 
and overall safety performance require in-depth study, con�rmation, and quantitative measurement.

As the construction and maintenance industry continues to look for ways to improve safety per-
formance, safety culture, with its effect on worker behavior, has been identi�ed as having an impact 
(Molenaar et al. 2009; Gilkey et al. 2012; Zou 2011). The development of a positive safety cul-
ture has been identi�ed as a means for affecting worker behavior to improve safety performance. 
Many de�nitions of safety culture have been developed. For example, in the National Occupational 
Research Agenda (NORA), safety culture is de�ned as the “organizational principles, norms, com-
mitments, and values that relate to how safety and health is operationalized” (NORA 2008). Cultures 
are patterns of interacting elements and represent the accumulated learning of a group—the ways 
of thinking, feeling, and perceiving the world that have made the group successful (Schein 1999). 
Although establishing a positive culture in an organization is desirable, measuring an organization’s 
culture is dif�cult, especially in the construction industry. Determining an organization’s culture 
requires examining deeply held personal beliefs in connection with and in response to organizational 
principles and values. Approaches to measuring organizational culture have been developed, but 
there is no consensus regarding the most effective approach (for example, see Cameron and Quinn 
1999; Schein 1999; Hofstede and Hofstede 2005). Additional dif�culty in measuring culture exists 
in the construction and maintenance industry because of its fragmentation and project-centered 
focus. Culture becomes multifaceted with multiple cultures forming around different groups com-
posed of individuals with commonalities (Sackman 1997). Cultures may also form at different levels 
(subcultures): for example, crew, project, organization, and industry (Schein 2004). NORA (2008) 
de�nes two levels of safety culture within an organization: top management and supervisor/subunit. 
Cultures formed around each project site are particularly in�uential because individuals assess a site 
culture quickly and intuitively (Hartley and Cheyne 2009).

The strength of safety culture is determined by group stability and shared history (Schein 2004). 
For the construction and maintenance industry, the short-term nature of construction projects, multiple 
work partners, and high frequency of change in employment make developing and maintaining a 
positive safety culture problematic. Given the dynamic nature of the partnerships and conditions 
on construction projects, Maloney (2003) highlights the need for research that investigates culture 
formation amid a changing environment.

Beyond the presence of a positive safety culture, an employee’s interpretation of the safety culture 
and subsequent actions (behaviors) are important considerations when attempting to optimize safety 
performance. Worker response/behavior is re�ected in the worker’s recognition of safety hazards, 
comprehension of the implications of the hazards, valuation of the associated risk, selection of an 
appropriate control, decision to implement a control, and the quality and extent of control imple-
mentation. In their study of the creation of an impression of safety culture on construction sites, 
Hartley and Cheyne (2010) examine the connection between safety culture and worker behavior. The 
researchers found that construction sites and site personnel create an impression of safety cul-
ture, which is quickly assessed by new workers as they enter the site, and that this initial assessment 
in�uences their behavior. To ensure safe behavior, a positive safety culture was recommended to be  
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established and in place at the start of a project and maintained constantly. The study was conducted 
using a small sample of management personnel surveys and two focus group interviews of construc-
tion workers. Cautioning that discrepancies may exist between managers’ beliefs about the behavioral 
consequences of interpreting safety culture on sites and the beliefs of the workers themselves, the 
authors recommended additional investigation; the type required would target workers and con�rm 
that their actions coincide with their beliefs about the impacts of safety culture.

Current construction and maintenance safety research suggests a need to explore the interaction 
between employee interpretation/response and the safety culture in which the employee works. That 
is, a shift in thinking is needed to focus on the actions that lead to good safety performance by mea-
suring employees’ perceptions of the way safety is in operation on construction sites (i.e., the safety 
culture) (Choudhry et al. 2009). Safety culture is one part of comprehensive safety management, 
which also includes consideration of work operations, work site conditions, a dynamic work site, and 
worker behavior and risk tolerance within a safety management system.

Understanding the risks associated with construction, maintenance, and highway work sites and 
how motorists and workers respond in this environment can be useful in designing more effective 
work sites that better protect the employees and the public. Also important is having an understand-
ing of worker behavior and how safety performance is in�uenced by behaviors to design effective 
highway worker safety management programs.

STAKEhOLDERS iN HiGhWAY WORKER SAFETY

The literature reveals that many different stakeholders have the potential to positively in�uence high-
way worker incidents that occur at work sites. These stakeholders are vital and, whether they realize 
it or not, have a signi�cant impact on the safety of highway workers. In the construction and mainte-
nance industry, the most frequently considered stakeholders are the owners, contractors, and workers. 
Other stakeholders interested in highway worker safety include insurance companies and transportation 
professionals.

The Indiana DOT’s report Worker Injury Prevention Strategies speci�cally discusses the owner, 
contractor, and worker stakeholders for safety in work zones. This study revealed that all three groups 
have similar views about work zone realities, such as traf�c in the work zone posing a high risk to 
workers. However, these three stakeholders have differing ideas of the effectiveness of prevention 
measures, such as law enforcement and efforts to improve safety. The study found that the workers, 
who are directly exposed to the hazards in work zones, were the least satis�ed with safety efforts 
(Ferreira-Diaz et al. 2009). These results demonstrate the competing interests of stakeholders and 
indicate that workers believe they have the highest risk among all of the stakeholders.

The NCHRP report Training and Certi�cation of Highway Maintenance Workers fundamentally 
acknowledges that state DOTs and workers are vital stakeholders in highway worker safety. Accord-
ing to the report, state DOTs understand the need for maintenance workers to understand the aspects 
of their maintenance job and the need for training in proper safety techniques. Many states incentiv-
ize their maintenance workers to partake in safety training (Laffey and Zimmerman 2015).

The project owner, which in the case of many highway construction and maintenance projects is 
the state DOT, can have a signi�cant in�uence on the safety of the project based primarily on actions 
taken during the beginning stages of the project. A study by the CII looked speci�cally at ways that 
owners can have a role in construction and maintenance worker safety. Some of the �ndings included 
practical methods that reduce worker risk. These methods include the following (CII 2003b):

•	 Selecting contractors based on known safety records,
•	 Emphasizing safety requirements in project contracts,
•	 The owners being actively involved in safety throughout the project duration, and
•	 Selecting projects that incorporate characteristics such as design-build delivery methods and a 

5-day or less work week.
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Some of these methods are not as applicable to state DOTs that may use their own employees for 
a project or have little choice in the contractor that wins a project. However, an understanding that 
the owner’s role in safety for all projects begins long before construction or maintenance starts and 
continues until construction or maintenance ends is important to reducing risks to workers throughout 
the duration of the project.

There also is signi�cant literature regarding insurance companies as a vital stakeholder in the 
construction and maintenance industry. Insurance companies are incentivized to in�uence design to 
improve safety. In the report Cost of Highway Work Zone Injuries, the authors quantify the monetary 
costs associated with incidents in highway work zones (Mohan and Gautam 2000). This research 
was conducted when it was determined that highway work zone fatalities were not decreasing as 
were the overall construction and maintenance industry fatality rate and highway transportation 
fatality rate. The authors determined an average monetary value for different types of incidents that 
could occur in work zones, focusing on the costs associated with motorists who are involved in 
crashes in work zones (Mohan and Gautam 2000). Another study looked at the idea of prevention 
through design (PtD) from an insurance perspective. This historical look at PtD discusses how the 
cost of construction and maintenance incidents encourages insurance companies to be in�uential 
in the design of safety programs and practices to minimize costs in terms of money and human life 
(Braun 2008).

In the textbook Construction Safety Management and Engineering, two chapters speci�cally 
address the injury costs and the role of insurance in the construction and maintenance industry. The 
�rst chapter (Hill 2014) breaks down the worker compensation system that pays for construction 
and maintenance worker injuries. Hill (2014) argues that, to be successful, a safety administra-
tor must understand the �nancial aspects of the system and the practical measures of reducing 
incidents. The second chapter (Ennis 2014) explains the construction and maintenance insurance 
industry. Although workers’ compensation insurance is a portion of the insurance portfolio, Ennis 
explains that there are many other types of construction and maintenance insurance. A complete 
insurance portfolio is likely to include coverage for the workers, such as medical and disability 
bene�ts, as well as coverage for the project itself. This coverage can include commercial auto 
liability, commercial general liability, pollution liability, and insurance to cover the structures 
and equipment used in the project (Ennis 2014). These sources indicate that it is important to use 
economic data in the development and evaluation of safety programs. In 2012, Ikpe et al. proposed 
that there is a positive relationship between prevention costs and subsequent bene�ts. The report 
also suggested that there is an inverse relationship between incident costs and prevention costs. 
Although the �gures differ based on the size of the construction �rm, the bene�ts of incident pre-
vention outweigh the economic and direct costs by an average of 3 to 1 (Ikpe et al. 2012). Looking 
at the raw economic costs of incidents could help to bolster the argument for a particular safety 
program at a state DOT.

Insurance companies recognize the institutional bene�t of promoting safety in the workplace. 
Liberty Mutual, an insurance company that is involved with business insurance, published its “The 
Architecture of Safety Excellence” model. This initiative, designed to bring attention to all aspects of 
workplace safety, highlights four cornerstones of the risk management process. These cornerstones 
are as follows (Liberty Mutual Insurance 2003):

•	 Risk Assessment—identify and measure the existing levels of risk present in the workplace.
•	 System Analysis—determine if the system, for all parties involved, is working well.
•	 Integrated Solutions—three solutions, including implementing design solutions, adding educa-

tion programs, and enhancing motivation, must be combined to improve the system
•	 Progress Measurement—determine if the programs put in place have had a positive impact on 

safety.

Insurance companies recognizing themselves as a stakeholder is an important step, but other 
stakeholders (i.e., construction and maintenance companies, owners, workers, etc.) regarding insur-
ance companies as a legitimate stakeholder is more critical. Doing so not only protects human life 
but also reduces the costs related to highway construction and maintenance.
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In a report on the OSHA standards that are important to professional engineers, Toole and 
Gambatese (2002) propose that in the construction and maintenance �eld, professional engineers 
are another stakeholder in worker safety through their designs. By understanding OSHA safety 
standards and accounting for them in construction and maintenance designs, professional engineers 
have the capacity to help reduce work site (including highway work zone) incidents (Gambatese 
et al. 2003). This concept is often referred to as designing for safety (DfS) or PtD. In the construc-
tion industry, safety on the construction site traditionally has been assigned to be the responsibility 
of the constructor. This responsibility re�ects the constructor’s control over the project site, workers, 
and work practices and procedures. However, engineers who design the project features can pro-
actively play a role in site safety because their designs in�uence the hazards to which workers are 
exposed (Churcher and Alwani-Starr 1996; Smallwood 1996; Haslam et al. 2003; Driscoll et al. 
2004; Gibb et al. 2004; Behm 2004, 2005; Gambatese et al. 2008). The basis for designer involve-
ment is the OSH principle that the most effective and reliable means for ensuring worker safety is 
to eliminate safety hazards from the work site before workers are present. Designing to eliminate a 
hazard can be more effective than controlling the hazard or protecting the workers from the hazard 
(Manuele 2013).

Designing for safety is founded on the hierarchy of controls, which provides guidance on safety 
and health problem solving (Andres 2002; Manuele 2013). In order of decreasing effectiveness, the 
hierarchy is as follows: elimination, substitution, engineering control, administrative control, behav-
ior, and personal protective equipment (PPE). If the hazards cannot be eliminated, controls lower in 
the hierarchy may be suitable with appropriate consideration given to the corresponding lower levels 
of reliability and effectiveness. When determining how to mitigate safety risk during construction 
and maintenance operations, eliminating hazards should be the �rst choice, according to the DfS 
concept. Designing for safety is one of the foremost methods for eliminating hazards and reducing 
risk regardless of work industry. By waiting to apply safety controls during construction and main-
tenance operations, frequently the most effective approach available is to warn workers of hazards, 
implement procedures, train employees, and provide personal protective equipment.

Research has uncovered examples of designing for safety in practice within the transportation 
industry and identi�ed recommended DfS processes (Gambatese et al. 1997). A simple example is 
to design locations on roadway shoulders for construction and maintenance vehicles to park where 
they are protected from oncoming traf�c. These parking spots could be adjacent to roadway light-
ing at locations where maintenance work is periodically needed to replace lamps. Another example 
is to design bridge guardrails such that they meet the guardrail height requirements set by OSHA 
for exposed edges (42 in. �t 3 in.). Permanent guardrails at this height provide protection for bridge 
users during construction and maintenance operations and eliminate the need for those conducting 
construction and maintenance work to install a temporary guardrail.

Processes have been developed to ef�ciently implement the DfS concept in the project develop-
ment process (e.g., WorkCover 2001; Angelo 2004; Istephan 2004; Hecker et al. 2005; Weinstein et al. 
2005; Toole and Gambatese 2011). In one example, Bovis Lend Lease (BLL), an international design 
and construction company, established and implemented the program ROAD—Risk and Opportunity 
at Design (Zou et al. 2008). ROAD aims to eliminate or minimize the risks of injury throughout the 
life of the product being designed by involving all decision makers who contribute to the life cycle of 
the product (ASCC 2006). ROAD incorporates the following key elements and considerations: person 
with control, product life cycle, systematic risk management, safe design knowledge and capability, 
and information transfer. BLL implements the ROAD process through the following nine steps (BLL 
2004; Zou et al. 2008):

1.	Building element assessment at the preconstruction phase.
2.	Providing trade package assessment at the construction stage.
3.	Recording the ROAD document and uploading it into the project management plan.
4.	Including a ROAD agenda item on design program meetings.
5.	Establishing action and status lists.
6.	Updating and reporting status at each design review.
7.	Considering actions from ROAD issues before approval for construction.
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8.	Holding environment, health, safety, and quality monthly management meetings to review the 
reporting of projects including the ROAD status.

9.	Having a monthly update of the ROAD document as part of the project review.

Behm, in conjunction with Toole and Gambatese, further explored the DfS concept. Behm argues 
that, in a process known as design for construction safety and health, risk to workers and hazards on 
the construction site can be reduced or eliminated during the design process. In addition to safety, this 
process can increase overall project quality and cost effectiveness. However, Behm concedes that 
there are barriers to implementing this practice, including contractual, legal, and regulatory issues. 
These barriers arise from design for construction safety and health being less common in the United 
States than elsewhere, such as Europe and Australia (Behm et al. 2014).

Additional research has revealed other barriers, such as a lack of designer training with respect 
to safety, a fear of third-party liability for worker injuries, additional costs associated with imple-
menting design for safety practices, and dif�culty in identifying hazards before the start of the work 
on site (Hinze and Wiegand 1992; Gambatese et al. 2005; Hecker et al. 2005; Toole 2005; Gambatese 
2008). Despite these barriers, professional engineers can still in�uence safety on construction sites 
(including highway work zones) through their designs, and designing for safety has been identi�ed 
as a viable intervention in the construction industry (Gambatese et al. 2005).

Designing for safety is currently not a common intervention in the construction industry. However, 
as designing for safety diffuses throughout the industry, industry reactions and changes are expected. 
Toole (2001) showed how the characteristics of a construction task, process, and industry have caused 
innovative building products to follow one or more trajectories. The concept of trajectories can also be 
applied to the implementation of DfS. Toole and Gambatese (2008) identi�ed four speci�c trajectories 
that PtD is likely to follow: (1) increased prefabrication; (2) increased use of less hazardous materials 
and systems; (3) increased application of construction engineering; and (4) increased spatial inves-
tigation and consideration. Owner organizations, including state DOTs, have been identi�ed as key 
stakeholders and drivers of designing for safety on work sites (Toole et al. 2016).

Designing for safety is just one element that may be included in a state DOT’s safety program. 
Although each stakeholder has a different interest in designing for safety, and highway worker safety 
as a whole, the collective group has the capacity to affect safety in work zones through cooperative 
action and mutual understanding. It is also clear from safety and health research in the construction 
industry that the top management within an organization is in a position to positively affect safety 
performance.

In addition to the stakeholders mentioned, many other groups have a role in highway worker 
safety. These include local agencies that often work closely with state DOTs for large projects. Other 
organizations, such as emergency medical services, law enforcement, state legislators, and public 
health of�cials, can have an impact on worker safety, particularly in setting policy and responding to 
incidents. Professional groups such as ASCE, ITE, and the Association of General Contractors also 
can contribute to worker safety programs at state DOTs to keep workers and the traveling public safe. 
All of these stakeholders have the opportunity to collaborate and combine their efforts to advance the 
state of the practice in highway worker safety.

MAiNTENANCE WORKER ISSUES

As state DOT budgets tighten, the traditional focus on infrastructure development has transitioned to 
one with a greater priority given to maintenance of existing roadways rather than new construction. 
Maintenance on roadways presents different challenges and risks to the traveling public and state 
DOT employees performing maintenance work. In general, maintenance work is more frequently 
performed on roadways with higher demand, meaning vehicle-worker con�icts may be more preva-
lent. In addition, the temporary nature of maintenance work may limit the protections and visibility 
afforded to construction workers in more established work zones. These differences can result in 
greater levels of risk to highway workers.
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FHWA recognizes this difference and the subsequent importance of highlighting unique mainte-
nance worker safety issues. In a 2014 brief, FHWA indicated that workers establishing a maintenance 
work site can best identify the individual safety concerns of that particular site. The brief describes 
many low-cost mitigations that can be incorporated into a maintenance site based on the safety de�-
ciencies identi�ed by workers. These include solutions from signage and pavement markings to the 
physical road surface and roadside itself (FHWA 2014).

The NCHRP Report 500 series is a 23-volume collection of reports that provide guidance for imple-
menting AASHTO’s Strategic Highway Safety Plan. Volume 17 of the series, A Guide for Reducing 
Work Zone Collisions, documents that, although maintenance work zones are generally in place for a 
short time, 8% of fatal work zone crashes in 2003 occurred in maintenance zones (Antonucci et al. 2005).

A 1998 report published in the Transportation Research Record describes the desired role of 
maintenance as an element of an overall infrastructure development program. The report argues that, 
to promote the safety of motorists and workers in maintenance sites, maintenance managers should 
be committed to continuing education so that they understand and implement the latest technology 
and policy initiatives to promote maintenance site safety (Byrd 1998).

NCHRP Report 475, which outlines options for planning nighttime highway construction and 
maintenance, acknowledges that it is desirable for many maintenance activities to be completed 
without restricting the full volume of the roadway. One approach to meeting this desire is to conduct 
nighttime maintenance work when road volumes are much lower, and some of the risks associated 
with daytime are reduced. However, nighttime work introduces alternative risks, such as reduced 
visibility and an increased incidence of drivers who are less alert and more likely to be impaired. 
The report presents potential strategies, such as increased traf�c control, for minimizing the risks for 
nighttime maintenance work (Bryden and Mace 2002).

Another source for information relating to maintenance work site issues is the National Work Zone 
Safety Information Clearinghouse. This information repository is a resource for any stakeholder 
seeking to improve work zone safety for everyone who interacts with a work site, including highway 
workers (Clearinghouse 2015). One of the elements of the National Work Zone Safety Information 
Clearinghouse is a searchable database of publications related to work site safety available on their 
website (www.workzonesafety.org). This database, when �ltered for publications relating to mainte-
nance, provides several speci�c reports relating to maintenance worker safety (Clearinghouse 2015).

One of the resources from this database is the “Maintenance Work Zone Safety” pocket guide. 
This document, which provides excerpts from the MUTCD on temporary traf�c control, is to be 
used in the �eld by maintenance workers to make their work sites as safe as possible. Because most 
maintenance operations are short term, this guide focuses on the short-term traf�c control require-
ments presented in the MUTCD. It provides seven core principles of temporary traf�c control that 
for incorporating into maintenance sites. These principles are as follows (American Traf�c Safety 
Services Association 2008):

1.	Plan for traf�c safety.
2.	Minimize interference with vehicular, bicycle, and pedestrian traf�c �ow.
3.	Provide clear and positive guidance on how to get through the temporary traf�c control zone.
4.	Perform continuous inspection and maintenance of temporary traf�c control zone devices.
5.	Maintain roadside safety throughout the project.
6.	Make sure workers receive the training that is required.
7.	Maintain good public relations.

Another study, conducted at the University of Kentucky, sought to identify best safety practices 
for highway maintenance workers. A survey that solicited ideas from public and private maintenance 
workers in Kentucky was conducted to determine what practices could be implemented to improve 
their safety. Some of the recommendations from the report included closed cab tractors for mowers 
on the roadside, LED stop signs in maintenance sites, and additional lighting in nighttime conditions 
(Hancher et al. 2007).
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The literature presented in this section highlights some of the unique safety issues that mainte-
nance workers encounter on roadways as opposed to construction workers in more established work 
sites. These safety issues demonstrate the potential for high-risk exposure for maintenance workers. 
Therefore, the literature suggests, maintenance worker issues require particular attention, and state 
DOT safety plans should consider maintenance workers as a special element of their overall safety 
programs.

EVALUATiON OF SAFETY PROGRAMS

To keep improving worker safety and determine if improvements are necessary to the existing poli-
cies and programs, it is necessary to evaluate the existing effectiveness of these policies and programs. 
Literature exists that relates to evaluating a state’s record in highway work sites and to barriers to 
reducing work site incidents.

In one study, Minnesota DOT sought to determine, through a simulator study, the safety impacts 
of the potential implementation of automated speed enforcement (ASE) systems in work zones. The 
researchers, understanding that speed and distraction are key issues in worker safety incidents, found 
the ASE system did not signi�cantly affect driver behavior. However, when the ASE system was 
combined with a dynamic speed display sign, there was improved driver attention, especially among 
younger and older drivers (Morris et al. 2016).

Virginia DOT (VDOT), which historically has used injury and fatality statistics to evaluate work 
zone performance, published a report outlining potential improvements in the evaluation system 
of work zones. Using a state-level database that contains information on weather and work zones 
and combining that information with raw incident statistics, VDOT established a rate measure to 
normalize the incident statistics based on the frequency of road construction and maintenance. 
This rate allows VDOT to better evaluate trends in work zone performance based on other factors 
(Kweon et al. 2016).

There are also barriers to the implementation of safety programs. A 2014 report from the Missouri 
DOT (MoDOT) observed survey response data suggesting that although MoDOT employees thought 
work zone setups accurately conveyed the hazards to the public, motorists more often perceived 
that the warning systems were inaccurate or did not provide enough information. Barriers such as 
driver education and lack of worker compliance with work zone requirements limit the effectiveness 
of the safety measures placed into the design of work zones (Long et al. 2014). Evaluating safety 
programs is critical to determining their effectiveness and identifying key areas of success that can 
be expanded and replicated.

A comprehensive NCHRP report outlines ways in which work zone data are collected and how 
the data are used to evaluate and assess the performance of work zones (Bourne et al. 2010). The 
report �nds that safety programs are established at the state agency level and are based on federal 
guidance. Detailed programs that recognize and use available data are more likely to consider the 
effectiveness of work zone safety features during the entire design, construction, and maintenance 
process. This effectiveness includes the ability to use data to adjust the work zone safety features 
throughout the process as needed (Bourne et al. 2010). This document highlights how accurately 
evaluating work zone and highway worker safety programs is a necessary step in improving over-
all safety.

The literature cited earlier examines how the transportation engineering �eld evaluates safety pro-
grams in work sites and how the construction and maintenance industry explores the effectiveness of 
safety practices from the viewpoint of the organization, worker, and work site. In their report in The 
American Professional Constructor, Berryman et al. identi�ed the �ve main factors that negatively 
in�uence safety programs (Berryman et al. 2006):

•	 Inadequate employee involvement,
•	 Lack of upper management enforcement,
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•	 Inadequate monitoring and training,
•	 Improper means to measure safety performance, and
•	 Ineffective incentive programs.

These factors were determined through a literature search and could be used as metrics for determin-
ing if a program’s structure has the potential to improve safety.

The use of leading indicators in construction and maintenance safety programs is becoming more 
widely used in the United States, including for highway work sites. However, it is important to be 
able to evaluate the effectiveness of programs that use leading indicators. A 2012 report from the CII 
identi�es methods for evaluating safety performance in leading indicator programs. The report poses 
that the identi�cation and measurement of leading indicators is critical to reaching the goal of zero 
work site incidents. This includes analysis of active (visible during the duration of the project) and 
passive (visible before construction or maintenance) leading indicators (CII 2012). It is also important 
to verify that collected leading indicators are correlated to incidents and properly mapped to lagging 
indicators. The evaluation of programs is critical because having an ineffective safety program can 
have high human and monetary costs.

CONCLUSiONS

This chapter has reviewed existing literature regarding current issues in highway worker safety. The 
collective research on the topic indicates that highway worker safety is a signi�cant concern. Much 
of the literature discusses the issues related to vehicles and their effect on safety in work sites. A sig-
ni�cant amount of research regarding the hazards of work sites from the perspective of the highway 
workers also exists that does not pertain to public vehicle crashes. All of this research, combined with 
the available data sources, provides a summary picture of current issues in highway worker safety.

The research included in this chapter has identi�ed several elements that can be effective aspects 
of an agency’s highway worker safety program. One of these elements is the option for the program 
to consider literature and data analysis practices from the traf�c engineering and construction and 
maintenance engineering �elds. Exploring recent trends in each of these �elds can lead to a more 
comprehensive understanding of the unique challenges in highway work sites.

Data regarding highway work sites are collected at the federal and state levels. For state DOTs to 
be able to implement effective safety programs, it is bene�cial to understand the data available so 
they can be analyzed in some of the ways the research described in this chapter has done. The data 
can be combined with knowledge of risk and human factors that are intrinsic to highway work sites. 
This additional knowledge can include driver behavior and worker behavior at the work sites.

In addition, the research has shown that identifying all of the stakeholders, including the owners, 
workers, and insurance companies, can better allow the natural efforts of these groups to improve 
safety to achieve a more ef�cient and effective product. Designers also play a key role in ensuring 
that designs minimize risk for workers who are constructing and maintaining state DOT infrastruc-
ture. Finally, evaluating existing programs and continually updating them as trends and data change 
can ensure the continued effectiveness of program elements.
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CHAPTER THREE

AGENCY PRaCTICES aND PERSpECTIVES  
ON HIGhWaY WORKER SaFETY

INTRODUCTION

In the United States, the primary highway system owners are state DOTs, and they maintain signi�-
cant autonomy and authority in this function. Their involvement and in�uence extend beyond the 
physical roadways, which the state DOTs design, construct, operate, and maintain, to other aspects 
of transportation system ownership. Because constructing and maintaining these facilities predomi-
nantly require personnel to be located in potentially hazardous work sites close to active travel ways, 
state DOTs have a �duciary and moral responsibility to promote the safety of their workers perform-
ing tasks within these work sites.

Although all state DOTs generally have the same role and responsibility of managing their state 
highway systems, each state has a unique structure for its safety program. States usually are responsi-
ble for the construction and maintenance of primary routes, but some state DOTs have a more super-
visory role; others have a more involved role, even on local and county roads. Because factors such 
as size, geography, weather, and agency organization and purview vary widely from state to state, 
there is not a one-size-�ts-all approach when it comes to safety programs. This chapter describes the 
safety program elements currently included in state DOT safety programs. The elements described 
provide examples that other state DOTs may elect to include in their safety programs. However, it is 
not the goal of this chapter to construct a “template” for a successful safety program that can be used 
by all of the states.

The goal of this chapter is to examine how safety programs are developed and operate in the state 
DOTs. Particular emphasis is placed on how incident and safety data are acquired, managed, and 
used. The chapter highlights sources of data that are more readily available, as well as data that may 
not be as available nationally. It is bene�cial to understand in greater detail how agencies use the data 
for their safety programs.

It is hoped this chapter will provide a national overview of safety programs in a predominantly 
quantitative format so that the practices and trends can be visualized in �gures and tables. Additional 
exploration of speci�c safety programs by state DOTs that have the potential to be transferred and 
implemented in other states is included in chapter �ve.

The primary mechanism to achieve these goals was a survey questionnaire developed and distrib-
uted to state DOTs. The methodology section of this chapter outlines the process for conducting the 
survey and the procedure for gathering responses. This chapter is organized according to the same 
outline as the questionnaire and contains the following sections:

•	 Methodology,
•	 Demographics,
•	 Incident reporting,
•	 Data collection, and
•	 Data utilization.

The �ve sections of the questionnaire and this chapter have two purposes. The �rst is to create a logi-
cal format and progression of items within the questionnaire document that are easily comprehended 
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by survey participants. The second is to have effective questions that solicit the following information 
about state DOT safety programs and practices:

•	 Data sources that are available to state DOTs, how the sources are archived, and their robustness;
•	 How data are analyzed and used by the state DOTs;
•	 Policies and practices that have been implemented to mitigate highway worker safety risk; and
•	 Agency perspectives on safety policies and practices.

The survey questions were not limited to understanding the state DOT practices. A subsequent chap-
ter explores concepts beyond these points. However, the focus of the survey questions was improved 
understanding of national trends related to these aspects of state DOT policies and practices. The acqui-
sition of information directly from state DOT employees allowed for the collection of �rsthand informa-
tion about safety programs from individuals who regularly work with such programs and are invested 
in their successful implementation. However, this also resulted in the possibility of data about safety 
programs being based on estimates or personal impressions by one or more state DOT employees.

METhODOLOGY

The goal of the survey was to obtain useful and detailed information about the safety programs cur-
rently in place within state DOTs across the United States. A critical consideration in conducting the 
survey was to balance the ability to obtain the desired information with keeping the questionnaire 
short and simple enough to navigate and understand to achieve a high response rate from state DOT 
safety of�ces. For the data gathered from the survey to be useful in summarizing national trends, a 
target response rate of 80% (40 of 50) of the states was established.

The survey questionnaire was drafted and underwent several internal revisions. The �nal draft of 
the survey questions was sent to the NCHRP Synthesis Topic 47-16 review panel for feedback. The 
questionnaire was edited based on the feedback. The survey questions were coded into the Qualtrics 
online survey software to provide an easy-to-navigate and common interface for the participants in the 
survey. A link to the Qualtrics-formatted questionnaire was sent to the panel to pilot test the question-
naire to ensure that the question progression logic in the software was programmed correctly. At this 
point, after the panel’s review, the survey questionnaire was ready for nationwide distribution. The 
complete survey questionnaire that was distributed to the state DOTs is included in Appendix A.

With the assistance of NCHRP personnel, a link to the Qualtrics-formatted questionnaire was dis-
tributed to safety representatives in each state DOT. The questionnaire initially was distributed using 
an e-mail list of the members of the NAATSHO, an organization whose purpose is to communicate 
and distribute information regarding health and safety policies among state DOTs. The distribution 
of the results of this synthesis to state DOTs will help to ful�ll NAATSHO’s organizational objective 
“to promote and improve the ef�ciency and effectiveness of the occupational safety and health pro-
grams designed for the Highway and/or Transportation Departments in the United States, Canada and 
Mexico” (NAATSHO 2006). NAATSHO members are volunteers, most of whom are employees in 
the safety departments of state DOTs. For some states, the NAATSHO e-mail list contained multiple 
employees in the state. For these cases, e-mails were sent to all of the employees in the state on the list. 
As a result, e-mails containing the link to the survey questionnaire were sent to 63 NAATSHO mem-
bers. In the initial distribution, two e-mails were returned as undeliverable.

After the initial e-mail and a reminder e-mail from NCHRP, the total number of survey responses 
received was between 15 and 20. More reminder e-mails were sent over the course of 2 weeks, and 
the total survey responses increased to approximately 30. To increase the survey representation to 
achieve the 80% response rate target, follow-up phone calls were conducted with and e-mails sent to 
NAATSHO members. In addition, colleagues at state DOTs who had not yet responded were contacted 
to �nd appropriate safety personnel who would be willing to take the survey. After 2 weeks of these 
approaches, the survey response target (at least 40 of the 50 states) was met. In total, 41 (82%) states 
had a representative respond to the survey questionnaire. This number of responses exceeded the initial 
goal of 40 (80%) states.
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To preserve the anonymity of the respondents, the states, and the state safety programs, no state 
is speci�cally identi�ed with a response unless permission has been granted by a representative of 
that state DOT. States may be identi�ed as part of broad national regions. It is not the purpose of this 
chapter to identify speci�c state programs but instead observe general trends common to state DOTs 
across the nation.

State DOT size is a characteristic that can meaningfully differentiate states. To preserve the anonym-
ity of the states and still provide general trends based on the characteristic of state DOT size, a categorical 
scheme was established. FHWA reported 2013 state DOT disbursements (total expenditures of each state 
DOT in 2013), and this measure was selected as a reasonable proxy for state DOT size. The following 
four ranges of disbursements were de�ned (FHWA 2013b):

•	 Less than $1 billion in disbursements,
•	 $1 to $2 billion in disbursements,
•	 $2 to $4 billion in disbursements, and
•	 Greater than $4 billion in disbursements.

These four ranges were selected to have an approximately equal number of states per category. 
Several of the questionnaire responses were sorted by these categories. These are included in the 
tables in Appendix B. In those tables, each code (e.g., A1, B3, C5, etc.) corresponds to a state. The 
“A” states are in the less than $1 billion in disbursement category and randomly sorted within  
the category. This method was used for the other categories as well. These categories allow trends 
between state sizes to be highlighted without compromising the anonymity of the questionnaire 
respondents. Some of the qualitative responses in Appendix B were edited to preserve state anonymity.

DEmOGRaphICS

The questionnaire’s �rst section asked the respondents basic demographic questions regarding their 
role in worker safety and general information about their agency. This information is important to 
understanding the background, experience, and job roles of the individuals completing the survey 
questionnaire. In addition, because all state DOTs are structured and function differently, it was 
necessary to try to quantify the diversity among the states.

The questions relating to the state DOT representative responding to the survey questionnaire 
included requesting his or her job title and the number of years worked with the current agency. 
Figure 5 shows a distribution of the number of years of experience of the respondents. In total, the 
41 respondents had a combined 625 years of experience at their current agency, with an average of 
15.2 years per respondent and a median of 15 years. The minimum was 1 year, and the maximum 
was 30 years.

FIGURE 5  Frequency of responses by respondent’s years of experience (n �" 41).
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The job titles of the respondents varied widely and included such diverse titles as “safety and risk 
manager,” “statewide safety security and emergency coordinator,” and “highway safety inspector.” 
Table 1 provides a summary of how frequently various safety and managerial-related words appeared 
in the respondents’ job titles. There will be greater con�dence in the survey results if the survey respon-
dents have roles within the state DOT that provide accurate knowledge and perspectives of the state 
DOT safety programs and give them access to information about safety programs and incident report-
ing practices. The high frequency of the words in Table 1 serves as partial justi�cation for the validity 
of the results of the survey.

Many of the job titles include multiple key words listed in Table 1. For example, the job titles 
“risk management safety of�cer” and “occupational safety and health training manager” contain 
three of the words in Table 1. It is not surprising that the word “safety” is well represented in the job 
titles. Of the 41 state representatives who responded, only �ve had titles that did not include the word 
“safety.” Of these �ve, some contain the word “risk” or are generic “program director” or “program 
administrator” titles.

To demonstrate further that the respondents to the survey are knowledgeable about their state 
safety programs, the questionnaire asked the respondents how often they “work with worker injury 
claims and prevention programs.” Figure 6 is a histogram distribution showing the frequency that 
the respondents work with injury claims and prevention programs.

The most striking aspect of Figure 6 is that a majority of the respondents (63%) work with 
injury claims and prevention programs on a daily basis. As a follow-up question to the frequency 
that they work with these programs, the respondents were asked to describe their speci�c role 
with these programs. The respondent who selected “Very rarely (yearly)” for the frequency ques-
tion (see Figure 6) followed up that the particular “of�ce oversees the Departments [sic] Safety 
program, but has no role in processing or overseeing claims.” So even respondents who may not 
work frequently with claims and prevention programs still are invested in some aspect of the safety 
program in their agency.

Key Word Number of Titles Percentage of Titles

Safety 36 88
Risk 5 12
Health 7 17
Manager/Coordinator 17 41
Director/Administrator 9 22

n = 41.

TablE 1
Job TitlEs of REspondEnts That Contain KEY Words

FIGURE 6  Frequency that respondents work with injury claims  
and prevention programs (n �" 41).
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In response to the question asking the respondents to describe their role with worker injury claims 
and prevention programs, two general trends were present across the descriptions. The respondents 
are managers of these claims and programs. Their roles are to collect the information and manage the 
claims and programs based on the data collected. The second trend is that many of the respondents 
also are involved speci�cally in the implementation of safety programs, particularly the training 
aspects of the programs.

The other questions in this section of the questionnaire referred to the characteristics of the state 
DOT that the respondent was representing in the survey response. The questionnaire asked the fol-
lowing two questions regarding the characteristics of the agency:

•	 What is the approximate size of your agency in total number of employees?
•	 What is the approximate percentage of your agency’s employees who are regularly on construc-

tion and/or maintenance sites?

Figures 7 and 8 are histogram distributions presenting the frequency of each response.

These questions aimed to demonstrate not only the diversity of the state DOTs but also the number 
of workers who are experiencing higher safety risk by spending time in highway work sites as a part 
of their job. Based on these two questions, a rough estimate of at least 75,600 state employees nation-
wide are regularly on construction or maintenance sites. This underscores the volume of human life 
that is at risk of injury in work sites and further justi�es the importance of this synthesis report.

FIGURE 7  Distribution of state DOTs by number of employees (n �" 41).

FIGURE 8  Distribution of state DOTs by percentage of employees who 
are regularly on work sites (n �" 41).
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INCIDENT REpORTING

The second section in the questionnaire related to how the agency responds when injury incidents 
occur with their employees. The focus of these questions is to get a sense of the national practice 
among state DOTs for the process followed when an injury incident occurs on a jobsite. The questions 
speci�cally relate to the process for reporting and archiving incidents that occur with state highway 
employees in highway work sites.

Postincident Steps

The �rst question in this section provided the respondent with a list of potential steps that could be 
taken by the state DOT after an incident has occurred in a highway work site. These work site inci-
dents were separated into three types:

•	 Public automobile—incidents involving vehicles owned by the public that enter highway work 
sites.

•	 On-site vehicle/equipment—incidents involving vehicles and equipment that are allowed in the 
highway work site and are typically used to conduct the work.

•	 On-site hazard—incidents in the highway work site that do not involve a vehicle or equipment.

Figure 9 shows a summary of the frequency of each postincident step for each of the three types 
of work site incidents as de�ned by this synthesis report.

FIGURE 9  Frequency of postincident steps by type of incident (n �" 41).
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As seen in Figure 9, many of the steps listed in the questionnaire are taken by the state DOTs after 
a work site incident. The �gure reveals that the steps have similar clusters around the three types 
of incidents. Generally, each step received a similar number of responses across the three incident 
types. This result indicates that the reporting procedures for the state DOTs are similar regardless of 
the type of incident. The notable exception is the “inform law enforcement” step, which is more fre-
quently taken in public automobile incidents. This step appears far less common after the occurrence 
of the two other types of incidents. For all the incident types, “Upload �ndings to ‘lessons learned’ 
database” and “Inform federal OSHA” are the least employed of the steps listed.

To gauge the effectiveness of the steps that state DOTs identi�ed, respondents were asked to rate 
the effectiveness of each step their agency took after an incident at a work site on a roadway. This 
effectiveness is judged according to how well the step contributes to the success of the agency’s 
safety program. The respondents were asked to rate the effectiveness of each step using a scale of 
1 to 5 (1 �" not effective, 5 �" very effective). The overall average effectiveness rating for the public 
automobile incident steps and on-site hazard steps was 3.7; for on-site vehicle/equipment incident 
steps, it was 3.8. Communicating lessons learned agencywide was indicated by the respondents as a 
“very effective” step across all three of the incident types (average rating �" 4.0). The highest average 
effectiveness rating (4.3) was associated with informing federal OSHA for on-site vehicle/equipment 
incidents, and the lowest average (2.9) was related to informing law enforcement about incidents 
resulting from on-site hazards. Tables B1a through B1d in Appendix B present a summary of the 
average effectiveness of four selected postincident steps according to the self-reported respondent per-
spectives. These steps include communicating lessons learned agencywide, return to work initiatives, 
reviewing or modifying policies and procedures, and postincident investigations. Tables B1a through 
B1d divide responses based on the four disbursement categories and report the average effectiveness 
based on the categories for the three types of incidents.

Archiving Process

Three questions in this section of the questionnaire related to the state DOT’s incident report archiving 
process. The �rst of these questions asked which departments at the agency are responsible for com-
piling and archiving incident reports. Figure 10 shows the frequency with which respondents identi-
�ed particular departments as having a role in compiling and archiving incident reports. Respondents 
could select all departments that applied.

As is shown in Figure 10, the safety of�ces (regional or statewide) are the most frequently cited 
location for the compiling and archiving of incident reports. Many state DOTs have multiple depart-
ments across disciplines contributing to and maintaining the archive of incident reports. Some of the 
“Other” responses for this question included emergency operations and the claims of�ce.

FIGURE 10  Frequency of agency departments that have  
archive responsibilities.
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The second question asked what format is used to archive incident reports at state DOTs. Fig-
ure 11 shows the frequency with which respondents identi�ed particular formats used to maintain 
the archive of incident reports. Respondents could choose more than one format if their incident 
reports are archived in multiple ways.

The third question related to archival processes of incident reports asked respondents to identify 
how incident reports are categorized. Figure 12 presents a summary of the frequency with which 
respondents cited particular categorization types for the incident reports that state DOTs compile 
and archive.

It is encouraging that many state DOTs use multiple means of categorization to archive their inci-
dent reports. Of the 18 respondents who selected “Other,” many indicated their data sources are also 
categorized by the date on which the incident occurred. Table B1d in Appendix B indicates that the 
largest states (with disbursements greater than $4 billion) are more likely to have an “Other” type of 
categorization. In fact, 78% of these states used an “Other” type of categorization, whereas between 
30% and 38% of the states with $4 billion or less in disbursements used an “Other” type of categori-
zation for incident reports. Maintaining several methods of categorization can allow the reports to be 
easily queried to �nd a speci�c incident or by using data to implement and evaluate safety initiatives.

Near Miss Reporting

Several of the questions in this section of the questionnaire referred to near miss incidents that occur 
on work sites. Only 44% (18 of 41) of the respondents indicated their agency has a system in place 
to report a near miss incident.

FIGURE 11  Frequency of format of archived incident reports.

FIGURE 12  Frequency of categorization type for archived  
incident reports.
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Of the 18 states that have a near miss reporting system, nine use the same reporting process for a 
near miss that is used for other incident types. Among the nine states that have a different reporting 
process for a near miss, some of the differences included the following:

•	 Similar forms to actual incidents but less detailed information for near misses,
•	 Near miss incident reporting is optional, and
•	 Different administrative communication tracks for near miss incidents.

Descriptions of the near miss reporting processes for states that have them are included in 
Tables B2a and B2d. One state DOT provided a particularly detailed account of its near miss reporting 
process. When a near miss incident occurs, the foreman reports the incident to the county manager. 
This manager reports the event to the state DOT’s district safety coordinator, who completes a spe-
cial noti�cation form and submits it to an employee safety group. This group distributes details of the 
incident to the executive staff at the agency. This entire process takes only a few hours.

For states that do not have a reporting system for near misses, the questionnaire prompted the 
respondents to select from a list of choices the reason the agency does not have a near miss reporting 
system. Figure 13 shows a distribution of the reasons agencies do not have such a system in place.

The primary reason for not having a near miss reporting system was the lack of a clear de�nition 
of a near miss. Additional research and education efforts within state DOTs and the construction and 
maintenance industry more broadly could standardize the de�nition of a near miss so that the report-
ing of these incidents can become more common and standardized among state DOTs. A consistent 
de�nition of near miss incidents across state agencies could help identify national trends regarding 
such occurrences. In addition, educating state DOTs about the value in tracking near misses to over-
all safety performance and the connection of near misses to injury incidents would help promote the 
implementation of near miss reporting systems.

DaTa COLLECTION

The third section of the questionnaire sought to determine the sources of data that are available and 
used by the state DOTs regarding highway worker safety. The �rst question in this section asked 
respondents to indicate if a particular data set is available to their agency. In addition, respon-
dents were asked whether the available data sets are used by their agency. Figure 14 shows, for 
each of the data sets, how many state DOTs have the data available and how many actually use that 
data set.

FIGURE 13  Distribution of reasons agencies do not have a near miss reporting system.
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The results shown in Figure 14 are indicative of how state policies and/or practices might restrict 
information from safety personnel because of con�dentiality concerns. For example, the three data 
sets with the least availability to the state DOTs are “worker annual performance review,” “medical 
records,” and “contractor safety records.” In some cases, it is possible that individual employee 
records (performance or medical) may be protected by state policy and cannot be used in the devel-
opment of safety programs.

In addition, for each data set, some state DOTs have access to the data but the agencies do not 
currently make use of that particular data set. According to the survey responses, there were approxi-
mately six states with access to any one particular data set that were not using the data. Leveraging 
all pertinent and readily available data is one approach to improving data-driven safety programs. 
If pertinent data are being collected and archived, the costs associated with integration into a safety 
program are measurably reduced.

Respondents were asked, for data that was available or used by their agency, how complete the 
data are based on a scale of 1 to 5 (1 �" very incomplete, 5 �" very complete). For details on the results 
of this question and to see the data categorized by state DOT size, refer to Tables B3a through B3d 
in Appendix B. Table 2 shows the average completeness rating each data set received.

FIGURE 14  Frequency of availability and usage of data sets (n �" 41).

TablE 2
AvEragE ComplEtEnEss Rating for Each Data SEt

Data Set Average Completeness Rating

Incident report 4.0
Police citation report 3.9
Worker insurance claim 4.2
Worker annual performance review 3.7
Safety training records 3.6
Contractor safety records 2.9
Medical record 3.3
Fatality /njury datai  4.1
Roadway design 3.9
Roadside design features 3.9

1 = very incomplete; 5 = very complete.
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Three of the data sets received an average rating of 4.0 or better in terms of their completeness: 
“Incident report,” “Worker insurance claim,” and “Fatality/injury data.” These data sets contain 
some of the core safety documents used for developing safety initiatives, and the documents are 
likely required by law in their state. Therefore, it is not surprising these data sets received the highest 
completeness ratings.

The overall average completeness rating for all of the data sets is 3.7. This result is encouraging 
and indicates that, when the state DOTs have access to a particular data set, the data are reasonably 
complete and therefore would be bene�cial in agency decision making regarding safety programs 
for workers in work sites.

Another important characteristic of the data sets is the length of time after an incident the data 
are available for use by the state DOT. The results showed that internal state DOT structure and 
processing have the greatest impact on the time after an incident that the data becomes available 
for use. No one data set generally takes more or less time than the others. For example, of the  
41 survey responses, 21 state DOTs have access to all of their available data sets within 3 months. In 
contrast, ten state DOTs must wait more than 1 year to have access to all of their available data sets. 
This disparity indicates that no single data set takes a certain amount of time to become available. 
Table B4c provides a summary of the time required for data to be available to state DOTs. This table 
indicates that the smallest states (those with less than $1 billion in disbursements) may have access 
to data the soonest. Eighty-four percent of the data available to the smallest states are available 
within 1 month. No other size group has that level of data availability within that period. Further 
analyzing the processes of state DOTs that have quick turnarounds with their data sets would be 
bene�cial for states that experience longer latencies between the occurrence of an incident and the 
availability of data sets.

Having data available to state safety personnel soon after an incident allows the statewide safety 
strategies to be updated and adjusted based on current trends. These adjustments ensure that safety 
strategies are based on current trends and thus are most effective at protecting state workers in high-
way work sites.

The ways in which state DOTs analyze available data to promote highway worker safety are also 
of interest. Respondents were asked if their agency has conducted “any research or data analysis 
regarding highway worker safety in work sites on roadways and workers’ compensation related to 
injuries.” Only 39% (16 of 41) of respondents stated that their agency conducts this type of research. 
For agencies that conduct this analysis, the primary method involves examining past incident sta-
tistics and other internal reviews of historic data. Some agencies partner with outside organizations, 
such as FHWA or an in-state university, to perform safety data analysis and research.

Thirteen of the respondents identi�ed data sources not currently available to their agency but 
that they believe would be bene�cial. Some of these desired data sources include data from other 
state DOTs and other government agencies (federal, municipal, etc.). Other respondents indicated 
they would like their agency to have more integration of its current databases to more effectively 
categorize and understand incidences. Tables B5a and B5b in Appendix B list the descriptions of data 
sources that respondents thought would be bene�cial for their state. The following three responses 
exemplify types of desired data:

•	 An accident database with information about the types of vehicle crashes with state DOT 
equipment,

•	 Information from private road management companies working for the state and from local 
municipalities, and

•	 More detailed worker compensation data, including lost and restricted time.

Despite the presence of state DOT research and analysis regarding highway worker safety, it is 
important to make strides toward equipping state DOTs with the data that can be the most bene�cial 
to state DOT safety programs. In addition, it is vital that state DOTs be able to conduct internal 
research and partner with research institutions to extract the most value from collected data.
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DaTa UTILIZaTION

The fourth section of the questionnaire continued with querying respondents about data sources 
available to state DOTs. However, the questions in this section focused on how state DOTs imple-
ment data available to them as part of safety policies and practices.

To help determine the frequency that data are used, one question in the survey provided a list of 
policies and practices that could be developed from the data (either internal or external) and asked the 
respondents to indicate whether data were used in the development of the policy/practice. Table 3 is a 
summary of the list of policies and practices presented in the question and the number of respondents 
who indicated that their state DOT had used data to develop the listed policy or practice. Respondents 
were able to select all policies/practices that applied.

Additional training options were the most prevalent forms of data-driven implemented practices. 
For the four respondents who selected “Other,” two cited programs relating to PPE. In addition, two 
respondents indicated that data have made their agency consider a safety incentive program, and one 
respondent used data to revise existing policies and procedures.

Table B6a separates the responses to this question regarding the use of data to develop pro-
grams or policies at state DOTs. For the “Driver awareness programs” and “Drug/Alcohol abuse 
programs,” the smallest states (those with less than $1 billion in disbursements) more than any other 
group used data to implement such programs. The percentage of implementation was more than 20% 
higher than the implementation percentages for the two programs from state DOTs with disburse-
ments of $1 billion or more.

Another question asked to what extent the state DOT shares the information it has collected 
with other organizations. The collection of data can be time consuming and expensive, so the more 
that existing information is shared, the more ef�cient and effective other organizations can be in 
terms of their safety programs. Table 4 presents a summary of the list of organizations presented 
in the question and the number of respondents who indicated that their state DOT shares data with 
that organization. The list of organizations was designed to include various levels of government 
agencies and nongovernmental entities. Respondents were able to select all agencies/organizations 
that applied.

Sharing data with other state DOTs was the most common response. This response is encouraging 
because state DOTs have similar roles and needs for similar forms of information. The respondents 

Policy/Practice Number of 
Responses

Percentage of Responses

Additional training for 
workers 

37 90 

Additional training for 
supervisors 

34 83 

New standards for work 
site traffic  control plans 

28 68 

Driver awareness programs 27 66 
Worker behavior 
assessment programs 

13 32 

Safety incentive programs 10 24 
Drug/alcohol abuse 
programs 

18 44 

Other 4 10 
None 0 0 

n = 41.

TablE 3
PoliciEs/PracticEs PrEsEntEd in QuEstion  
and NumbEr of AgEnciEs Indicating ThEY UsEd  
Data to DEvElop thE PolicY/PracticE
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who selected “Other” described an assortment of types of organizations. Some agencies share data 
with professional organizations, such as the American Traf�c Safety Services Association. Other 
state DOTs share information with other state agencies or in-state research universities. A large per-
centage (22%; nine of 41) of the respondents indicated their state DOT does not share information 
with any other organization. All of these groups can bene�t from sharing data with one another to 
make highway work sites safer.

The �nal question of the survey solicited ideas from the respondents regarding recommenda-
tions for other state DOTs to implement successful safety programs. The following are paraphrased 
examples of these recommendations:

•	 Encourage involvement in safety programs from all levels of the agency to ensure that manage-
ment supports safety programs demonstrated to be effective for employees.

•	 Use the latest technology and keep the programs updated. Take advantage of online training.
•	 Share safety policies and practices with other states so that the successful programs can be shared 

among the state DOTs.

CONCLUSIONS

The approach of gathering information regarding state worker safety policies and practices through 
a survey captures some understanding of current state DOT safety programs. In addition, the survey 
allows for capturing circumstances and challenges experienced by state DOTs with respect to their 
safety programs. As described in this chapter, state DOTs are diverse. Each state DOT experiences its 
own set of issues but remains committed to improving the safety of its employees in highway work 
sites. With this diversity comes opportunity.

This synthesis obtained survey responses from 41 state DOTs, and the results capture much of 
the national diversity. The survey respondents represent states from all regions in the United States. 
Some state DOTs have invested time and money in a new safety program, but others have invested 
in other programs and ideas. From a nationwide highway worker safety perspective, sharing the 
research and program methods is an economically ef�cient way to potentially improve worker 
safety nationwide. Although institutional limitations may prevent some state DOTs from follow-
ing the model of other state DOTs that have a successful safety program element, understanding 
fellow state DOT safety programs can be useful in adapting broad safety ideas to a new organiza-
tional context.

There are distinct limitations of the survey approach to gathering this information and making 
generalized conclusions with con�dence. To make the questionnaire as user friendly as possible, 
the questions were limited predominantly to numerical and multiple-choice responses. This format 
may have limited the depth of some responses and directed the respondents’ thinking in a way that 
would not have been the case if open response questions had been used. However, it was neces-
sary to make the questionnaire simple and quick to complete to achieve the required response rate. 
Ten open response questions were included in the survey. Reporting results from such questions 

Organization Number of Responses Percentage of Responses 

Federal agencies 19 46 
Other state DOTs 23 56 
County/municipal 
governments 

7 17 

Private organizations 6 15 
Other 10 24 
None 9 22 

n = 41.

TablE 4
OrganiZations with Which StatE DOT SharEs Data
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and maintaining the anonymity of the states means the qualitative results can be reported only in 
broad terms.

Improvements in data sharing and data availability are helpful in allowing states to make data-
driven decisions for their safety programs. It is the hope that this chapter provides a better under-
standing of national trends relating to state DOT data gathering and utilization practices for highway 
worker safety. This chapter highlights general opportunities for improvement that can be imple-
mented at the state DOT level. The implementation of some of these opportunities can lead to more 
consistent nationwide safety practices and raise awareness of safety issues experienced by state 
employees working in highway work sites.
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CHAPTER FOUR

INJURY DATA ANALYSiS

INTROdUCTiON

This chapter provides detailed �ndings from the analysis of injuries and fatalities that occur at high-
way work sites. Speci�cally, the data analysis aimed to quantify and compare injury and fatality 
incidence rates according to injury type, severity, project type, and other related characteristics. The 
analysis is based on highway work site injury and fatality data that are publicly available on the 
Internet, including the following data sets:

•	 Bureau of Labor Statistics (BLS),
•	 Occupational Safety and Health Administration (OSHA),
•	 National Institute for Occupational Safety and Health (NIOSH),
•	 Fatality Analysis Reporting System (FARS),
•	 Strategic Highway Research Program (SHRP 2), and
•	 State DOT data.

In the original scope for this synthesis, the NCCI was targeted as a potential source of publicly 
available data that could be analyzed as a part of this chapter. However, after a thorough search of 
the NCCI website, no aggregate data sources were located. Much of the website required a username 
and password for access to the data. Therefore, it was deemed that any data the site may have did not 
meet the “publicly available” requirement for this portion of the study.

In addition to reporting �ndings from the data analysis, a summary of each data source is provided 
to describe its bene�ts and limitations for use in highway worker safety management. Each of the 
data sources contains useful information for understanding and quantifying incidences that occur in 
highway work sites; however, the data sources differ signi�cantly and are related to highway worker 
safety to different degrees. To keep the analysis consistent between the different data sources, only 
the most recent 3 years of data available from each archive are considered. The analysis generally 
explores the years 2011 to 2013.

To develop a comprehensive view of highway worker safety that takes into account the variety of 
risk exposures present at highway work sites, state DOTs have the option to utilize all of the targeted 
sources when developing worker safety management programs. Each source has its own bene�ts and 
contributes value to safety management programs.

BUREAU OF LAbOR STATiSTiCS DATA

OSHA and the BLS are both divisions of the DOL. Separate divisions within the DOL, OSHA, and 
BLS generally have and use the same data pertinent to highway worker safety. However, these data 
are organized and categorized differently between OSHA and the BLS.

The BLS collects a signi�cant amount of data regarding all aspects of labor in the United States 
and has one program that speci�cally relates to safety in the workplace. The Injuries, Illnesses, and 
Fatalities (IIF) program is described on the BLS web page as a program that “provides annual infor-
mation on the rate and number of work-related injuries, illnesses, and fatal injuries, and how these 
statistics vary by incident, industry, geography, occupation, and other characteristics” (BLS 2016). 
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Owing to the methodology used to obtain data by the IIF program, the data are separated into two 
primary categories: fatal occupational injuries and nonfatal occupational injuries and illnesses. The 
injury and fatality records in each of these two categories contain the same general information except 
that the fatality records are coded more speci�cally in terms of the type of industry. The records in the 
nonfatal injuries and illnesses category are not coded speci�cally enough to �lter the data by industry 
and potentially isolate incidents related to highway workers. Therefore, this section explores only the 
fatality portion of the IIF program database because more detailed conclusions can be reached regard-
ing fatal incidents involving highway workers.

The Data Tools section of the IIF program allows the user to generate tables that summarize char-
acteristics of individuals and incidents by the following four attributes:

•	 Year (1992–2014);
•	 Area (nationwide or by an individual state, territory, or metropolitan area);
•	 Industry type (heavy and civil engineering construction, etc.); and
•	 Ownership (private, government, etc.).

These attributes allow the user to effectively limit the scope of the search and, in terms of this 
synthesis study, narrow the results as much as possible to focus on highway workers. To demonstrate 
the types of data that can be extracted from this database related to highway workers, the following 
�gures and tables have been generated to serve as examples. These examples are in no way compre-
hensive of the results and observations that can be obtained from the data set. The examples were 
chosen to highlight the type of data available and potential uses for the data to help describe the current 
state of highway worker safety and inform the development of safety programs.

To limit the scope of inquiry to highway worker safety, the BLS data used for the following charts 
and tables uses the Data Tools feature of the IIF program. The Data Tools selection was performed 
for the Fatal Injury Numbers table type. Table 5 provides a description of the attributes selected to 
obtain the data set that isolated, to the degree possible, fatalities among highway workers in the 
United States.

For individual states conducting similar analyses for their safety programs, the selection can be 
limited to a speci�c state. Although limiting the selection to only government ownership was an option, 
inconsistencies among states regarding whether they report the speci�c type of ownership led to 
selecting all ownerships for this industry type to ensure the most complete data set possible.

With these selections, the IIF’s Data Tools feature generates a table that presents the �ltered fatalities 
according to several categories, including basic demographics, incident type, location, occupation, 
and others. These categories can be useful in determining different characteristics of fatalities in the 
highway, street, and bridge construction (HSBC) industry. According to the data set, 320 fatalities 
occurred in the industry between 2011 and 2013. This total includes fatalities that occurred on all 
types of roadways, not only highways, and as mentioned is inclusive of all types of ownership (not 
just state DOTs). All of these �gures report results for the sum of the 3 years from 2011 through 2013. 
Figure 15 shows the age distribution of the workers who died in the incidents, and Figure 16 shows 
the distribution of workers by race or ethnic origin.

Table 5
EXample IIF Fatality  Database–Selected Attributes  
for HiGhway WorKers

Criterion Selection

Year 2011–2013 (inclusive)
Area All United States
Industry type Highway, street, and bridge construction (Code 2373XX)
Ownership All ownership types

Source: BLS (2016).
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When these values are explored on a state-by-state level, individual state DOTs can determine how 
the fatality rates for these speci�c demographics align with available employment demographics in 
the highway, street, and bridge construction industry in that state. Discrepancies between the two, 
particularly in demographic divisions for which the fatality rate is higher, can indicate areas where 
state safety efforts might be focused.

The data set provides additional information regarding the causes of the incidents as well as a 
distribution based on the injured part of the body that resulted in the fatality. Figure 17 shows a chart 
of the primary sources of the fatalities. Figure 18 breaks down the types of vehicle incidents into sub-
categories. Figure 19 presents the part of the body that was injured, ultimately resulting in the fatality.

These statistics can be used to determine where safety efforts are to be focused. It is not surprising 
that most fatalities involve vehicles. When the individual vehicle types are considered (Figure 18), it 
can be determined that passenger vehicles are involved in only a small percentage of fatalities (20%). 
Trucks and multipurpose vehicles, which are more likely involved in the work conducted at the work 
site, account for most of the vehicle-related fatalities (75%). In the chart outlining the affected parts 
of the body, it is no surprise that the category multiple body parts is the one with the highest percent-
age, especially because these incidences are ones that resulted in fatalities.

There are limitations to these data in the context of developing highway worker safety manage-
ment programs. The primary limitation of the BLS data is the lack of detailed industry coding in the 

FIGURE 15  Fatality distribution by age for HSBC industry (2011–2013). 
Source: BLS 2016.

FIGURE 16  Fatality distribution by race for HSBC industry 
(2011–2013). Source: BLS 2016.
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