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Motor vehicle crashes (MVCs) are consistently the leading cause of work-related fatalities for all industries
combined. They comprise the majority of workplace fatalities for occupations involved in transportation/ma-
terial moving and are one of the leading causes of death for many occupations which involve driving, but where
driving is not the primary job duty. Nonfatal work-related MVCs also have substantial injury and economic
consequences for workers and employers. This study used data from 70 companies from a range of industries to
assess the relationship between companies’ self-reported fleet safety management practices/policies and colli-
sion/injury metrics. Several practices were found to be statistically significantly related to collision/injury

metrics, including mobile phone record checking, fatigue mitigation practices, provision of driver training, and
collision response procedures. Implications of these findings and suggestions for future research are discussed.

1. Introduction

The risk of involvement in a work-related motor vehicle crash
(MVC) affects millions of workers in the United States (U.S.). MVCs are
the leading cause of work-related fatalities for all industries combined.
Of 66,588 work-related fatalities reported by the Census of Fatal
Occupational Injuries (CFOI) between 2003 and 2015, 30%
(n = 19,648) were due to MVCs on or off a public roadway fatal to a
driver or passenger, and an additional 6% (n = 4217) were pedestrians
struck by motor vehicles (Bureau of Labor Statistics 201 7a).! By occu-
pation, MVCs made up the majority of workplace fatalities for workers
engaged in transportation and material moving, accounting for 66% of
the total in 2015. They are also a leading cause of death for many oc-
cupations that involve driving, but where driving is not the primary job
duty, e.g., managers and sales workers (Bureau of Labor Statistics,
2017b).

Nonfatal work-related MVCs also have substantial injury and eco-
nomic consequences for workers and employers. For roadway incidents
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involving a motorized land vehicle, an estimated 31,130 private-in-
dustry workers who were a vehicle driver or passenger sustained lost-
workday injuries in 2015 (Bureau of Labor Statistics, 2016). Nearly
60% of these were serious enough to result in six or more lost workdays,
and 33% of the total resulted in 31 or more lost workdays. For non-
roadway incidents involving a motorized land vehicle, an estimated
6930 workers who were a vehicle driver or passenger sustained lost-
workday injuries, 34% of which resulted in 31 or more days away from
work (Bureau of Labor Statistics, 2016). Further, the Liberty Mutual
Workplace Safety Index estimated that serious roadway incidents in-
volving motorized land vehicles resulted in $3.2 billion in workers’
compensation costs in the U.S. in 2015 (Liberty Mutual Insurance
Company, 2018). In 2013, an on-the-job crash involving a nonfatal
injury was estimated to cost the employer almost $65,000 on average,
regardless of liability (Network of Employers for Traffic Safety, 2015).

In the U.S., “work-related” MVC s are limited to those that occur
only during the use of a vehicle for company business during the course
of the business day, regardless of whether the vehicle was owned or

! As defined by the Bureau of Labor Statistics, work-related MVCs comprise three broad categories: (1) Roadway incidents involving a motorized land vehicle are
“events involving transportation vehicles under normal operation, on roadways, which includes the parts of the public highway, street, or road normally used for
travel, as well as the shoulder or surrounding areas, telephone poles, bridge abutments, trees aligning roadway, etc.;” (2) Non-roadway incidents involving a motorized
land vehicle “closely mirror the coding scheme for roadway incidents, but include only those instances that occur entirely off of a public roadway, such as in a field,
factory, or parking lot;” and (3) Pedestrian vehicular incidents include “pedestrians and other nonoccupants of vehicles who are struck by vehicles or other mobile

equipment in normal operation regardless of location.”
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leased by the company or the employee’s personal vehicle (often re-
ferred to as a “grey fleet” vehicle) (Bureau of Labor Statistics, 2012).
However, companies provide vehicles to employees under conditions
that are broader than the scope of “work-related” crashes or injuries
reported in national statistics. Employees may be issued vehicles that
are authorized for business use, for commuting to or from work, for
personal use, or for use by family members. Use of vehicles under all
these conditions means that: (1) for company-provided vehicles, com-
panies’ assumption of vehicle liability extends beyond the work day;
and that (2) liability also extends to “grey fleet” vehicles. Taken to-
gether, company-provided vehicles (regardless of how they are used)
and “grey fleet” vehicles may be referred to as a company’s “fleet” — in
other words, all the vehicles that are operated on company business or
for which the company assumes liability.

A number of resources are available to guide companies in mana-
ging road risk for employees, as described below. All these resources
recommend a comprehensive road safety management program as es-
sential to preventing MVCs involving fleet vehicles. Within such a
program, progress toward road safety performance goals may be as-
sessed by: (1) supplementing ongoing collection and analysis of colli-
sion data by checking to ensure that the processes in place to prevent
MVCs are being implemented as planned (often referred to as an in-
ternal audit); and (2) benchmarking road safety management processes
and/or outcomes with other organizations [see, for example, (European
Transport Safety Council, 2012, Mitchell et al., 2012, National
Transport Commission (Australia) and Accident Compensation
Corporation (New Zealand), 2013, Network of Employers for Traffic
Safety, 2014, Pratt and Rodriguez-Acosta, 2015)]. U.S. and interna-
tional consensus standards for fleet safety management include similar
provisions regarding data collection, auditing, and benchmarking
(International Organization for Standardization, 2012, ANSI/ASSP,
2017a).

Research has also identified the importance of placing a road safety
management program (indeed, any program intended to manage a
specific workplace health or safety hazard) within the context of the
company’s overall occupational safety and health (OSH) management
system. The rationales for this integration across programs include:
sustained competitive advantage as a result of reductions in injury,
illness, and absenteeism (Loeppke et al., 2015, Wachter and Yorio,
2014); a shared vision that values OSH on the same level as operational
and production goals (Loeppke et al., 2015); avoiding OSH manage-
ment “silos” through actions that bring together risk management,
safety management, operations management, and human resources
(Hymel et al., 2011, Loeppke et al., 2015, Sorensen et al., 2013); op-
portunity for increased engagement with workers on OSH issues
(Loeppke et al., 2015, Sorensen et al., 2013, 2018); and opportunity to
apply safety and health messaging on the same topic to the on-and off-
the-job contexts (Hymel et al., 2011, Sorensen et al., 2013, 2018). Si-
milarly, a U.S. national consensus standard for OSH management sys-
tems calls not only for integration of components of the OSH manage-
ment system, but integration of the OSH management system with
management of quality, environment, and other areas (ANSI/ASSP,
2017b).

Benchmarking across organizations to compare operational costs,
freight rates, customer service, and supply-chain efficiency is a well-
established management tool in the truck transportation sector [see, for
example, (Menachof and Wassenberg, 2000, Ozkaya et al., 2010,
Woodrooffe et al., 2010, Torrey and Murray, 2015)]. However, few of
these sources incorporated road safety indicators. Two related studies
from Australia are an exception to this. The first of these identified road
safety policies and practices shown by research to be effective in
managing MVC in heavy-vehicle transport (Mooren et al., 2014a), ex-
amining studies that used both the organization and the individual
driver or manager as the unit of analysis. This paper reported that
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organization-level studies most often found the following elements to
be associated with reduced crash or injury risk: safety training; man-
agement commitment to road safety; scheduling and journey planning;
communication and support; vehicle conditions and physical work en-
vironment; risk analysis and corrective actions; and incentives. Al-
though this study did not provide a ready-to-use benchmarking tool, the
processes shown to be effective could be the basis for a tool to bench-
mark trucking safety. The second Australian study built on the findings
of Mooren et al., 2014a, examining trucking companies with high and
low rates of insurance claims according to their implementation of
evidence-based program elements (Mooren et al., 2014b). As was hy-
pothesized, companies with lower claims rates were more likely to have
policies and practices aligned with those identified by Mooren et al.
(2014a): risk assessment, including on-site safety audits; journey
management procedures; centralized scheduling and rostering; in-
centives to drivers who proposed safety innovations; and support for
driver input into occupational safety and health. There were, however,
some counter-intuitive findings. For example, having pre-hiring
screening practices in place and having fatigue management policies
were associated with higher claims rates (Mooren et al., 2014b).

Several organizations have designed benchmarking programs and
tools applicable to all types of company fleets, including the Australia-
based National Road Safety Partnership Program (NRSPP) (Mooren,
2015, www.nrspp.org.au), the Occupational Road Safety Alliance in the
United Kingdom (www.fleetsafetybenchmarking.net/main/), and the
U.S.-based global non-governmental organization the Network of Em-
ployers for Traffic Safety (NETS); www.trafficsafety.org) To date, the
NRSPP is the only one of these benchmarking programs discussed in the
peer-reviewed literature. The NRRSP’s content areas guided semi-
structured interviews with 83 individuals with road safety management
responsibilities, with the overall aim of gauging the extent to which
these individuals’ organizations addressed these content areas in their
road safety policies (Warmerdam et al., 2017). The main conclusions
pointed to a lack of policies to address known risk factors for workplace
crashes such as fatigue, lack of clarity on safety roles and responsi-
bilities for managers and drivers, inadequate policies for initial driver
qualification and maintaining driver competence, and potential pitfalls
of relying on technology over person-to-person communication and
feedback.

Another framework, developed to audit safety management in light-
vehicle fleets, could also be used to benchmark processes across orga-
nizations (Mitchell et al., 2012). Development of this audit tool began
with a literature review to identify best practices, followed by inter-
views with a small number of fleet managers and drivers to assess the
relevance of these best practices and potential usefulness of the tool.
Within the tool, best practices were grouped into five topic areas:
management, systems, and processes; monitoring and assessment; em-
ployee recruitment, training and education; vehicle technology, selec-
tion and maintenance; and vehicle journeys. One feature of this audit
tool that would make it valuable for benchmarking is that for each
program component (for example, management commitment to safety),
four levels of performance are delineated, including a description of the
policies that must be in place to achieve each level of performance.

Despite the availability of road safety benchmarking resources for
companies, peer-reviewed literature that reports benchmarking results
is limited. Case studies in the peer-reviewed literature have reported
the use of ongoing data collection and analysis as an internal tool for
fleet safety monitoring and continuous improvement (Darby et al.,
2009, Darby et al., 2011, Murray et al., 2012, Wallington et al., 2014).
Although studies such as these noted that benchmarking with other
organizations was a component of the collaborating company’s road
safety management strategy (Murray et al., 2012, Wallington et al.,
2014), they reported no results from external benchmarking.

In addition to the limited number of analyses of road safety
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benchmarking data, no studies other than Mooren et al. (2014b) could
be found in the peer-reviewed literature that have assessed the re-
lationships between road safety program elements and road safety
outcomes at organization level. Most of the existing literature has fo-
cused on describing fatal crashes within specific industries [see, for
example, (Ore and Fosbroke, 1997, CDC, 2003, Retzer et al., 2013,
Tiesman et al., 2013)], with relatively few analyses addressing MVCs
involving light vehicles operating for business purposes. Finally, with
the exception of studies on heavy trucks [see, for example, Campbell,
1991, Lyman and Braver, 2003, Fowles et al., 2013, Cantor, 2014,
Guest et al., 2014, Federal Motor Carrier Safety Administration, 2017)]
and one study based on data from a single light-vehicle fleet (Pratt and
Bell, 2019), most previously-published research has calculated collision
or injury rates based on the number of workers [see, for example,
(Mitchell et al., 2004, Driscoll et al., 2005, Pratt and Rodriguez-Acosta,
2013, Retzer et al., 2013, Chen et al., 2014)] instead of vehicle miles
traveled (VMT), which is a better measure of exposure to MVC risk
(Morris, 2015).

The study reported here attempts to address several gaps in the
literature: (1) the lack of peer-reviewed literature that reports results of
road safety benchmarking across multiple organizations; (2) the limited
number of studies that establish a link between positive road safety
outcomes in organizations and specific elements of road safety man-
agement programs; and (3) the limited number of studies that report
rates of work-related crashes (following the U.S. definition) or MVCs in
company fleets based on driving exposure. This study reports bench-
marking results from NETS for the first time in the peer-reviewed lit-
erature, using data from companies from diverse industries that operate
all vehicle types; calculates collision and injury rates using VMT as the
measure of driving exposure; and links program elements to three
safety outcomes: collisions per million miles traveled (CPMM), colli-
sions per 100 vehicles (%Fleet), and injuries per million miles traveled
(IPMM).

1.1. Hypotheses

The primary aim of this study was to determine which organiza-
tional practices and policies were significantly related to the fleet safety
outcomes assessed in this study. In addition, analyses also allowed for
hypothesis testing related to the number of practices/policies in place,
and the strength of the consequences of safety violations. Specifically,
the analysis was guided by the following hypotheses:

H1. Companies with greater numbers of fleet safety program elements
in place (either overall or in response to a specific safety issue) will
have better fleet safety outcomes: lower CPMM, %Fleet, and IPMM.

H2. Companies with stronger consequences for violations of policies on
specific road safety issues will have better fleet safety outcomes: lower
CPMM, %Fleet, and IPMM. For example, companies for whom violation
of a mobile phone policy is potential grounds for termination will have
better outcomes than companies that discourage mobile phone use
while driving but apply no consequences.

2. Methods

The data used for this study were provided by NETS, a not-for-profit
membership organization consisting of company-based road safety
professionals, whose mission is to reduce traffic-related collisions, in-
juries, fatalities, and costs around the world. Each year, NETS conducts
the STRENGTH IN NUMBERS® Fleet Safety Benchmark Program, which
allows member companies to compare their performance against other
companies, learn which program elements distinguish the highest-per-
forming companies, and discuss benchmark results and best practices in
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Table 1
Vehicle use scenarios reported by 2016 NETS benchmark participants, U.S. fleet
only.

Vehicle Use Scenario’ Companies (n = 70)

# %

Employees driving company-owned or -leased vehicleson 70 100.0
company business

Employees driving personal vehicles on company business 28 40.0

Employees driving rental vehicles on company business 31 44.3

Company “pool” vehicles that are not assigned to 37 52.9
individual employees

Executives driving company vehicles (may include use by 35 50.0
family members)

Use of company vehicles by authorized employees or 33 47.1
family members on personal time

Family members driving company vehicles (even if 24 34.3

unauthorized)

1 Contractor vehicles were excluded from data collection.

a collegial environment. In addition to submitting collision and injury
data, benchmark participants self-report the presence or absence of
specific fleet safety practices and policies in their companies via a
questionnaire. Consistent with preferred practice (Callen and Wilson,
2015), the results of the data analyses are discussed at an annual con-
ference.

Participants with multi-national operations may report data for
multiple countries, but the analysis reported here is limited to U.S.
fleets. Of 120 member companies, a total of 71 (59%) companies sub-
mitted benchmarking data for 2016. One company did not report U.S.
data separately and was therefore excluded from the analysis. NETS
benchmarking data covered several different vehicle use scenarios
(Table 1). It should be noted that the range of these scenarios extends
beyond the types of use that are within the scope of a work-related
crash as defined in the U.S., in that they limited use of company-pro-
vided vehicles by the employee or family member for personal travel.
All companies reported data (including collisions, injuries, and vehicle
mileage) for employees who drove company-owned or -leased vehicles
on company business, with smaller proportions reporting data for one
or more other scenarios. The 28 companies reporting that their data
included personal vehicles used by employees on company business
were also asked to estimate the percentage of personal vehicles in their
fleets. Only 4 of the 28 companies estimated that this was more than
10% of vehicles, and for most of the remaining 24 companies it was
well under 5%. Of note, three of the scenarios reported involved po-
tential use of vehicles by employees’ family members. The study data
include collisions, injuries, and mileage associated with these types of
vehicle uses. The inclusion of personal and family mileage dis-
proportionately affected light passenger vehicles — not medium and
heavy vehicles, which were unlikely to have been used by anyone other
than the employee and unlikely to have been driven for personal travel.

The NETS benchmarking program collects data needed to calculate
CPMM, %Fleet, and IPMM. A collision was defined as a single- or
multiple-vehicle event that occurred on or off a public roadway, or an
event in which a vehicle struck another road user such as a pedestrian
or cyclist. A single vehicle overturning or rolling over was also con-
sidered a collision. Events not classified as collisions were: acts of
nature, collisions with animals or debris, an object hitting the vehicle,
damage to glass only, vandalism, fire, theft, vehicle failure, and the
vehicle being hit while parked.

Collisions that occurred while the employee driver was operating a
company-owned or -leased vehicle or an executive vehicle may have
taken place in any of these circumstances: (1) driving for work during
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the business day; (2) commuting to or from work; or (3) personal travel
as authorized by the company. For company-leased vehicles only, col-
lision data did not distinguish between those involving the employee
driver and those involving a family member. Further, for company-
owned or -leased vehicles and executive vehicles, vehicle mileage data
did not distinguish between miles associated with driving for work
during the business day, commuting, and personal travel, nor did they
distinguish between miles driven by the employee and the family
member. It should be noted, however, that as the last two rows of
Table 1 show, these issues did not affect all companies in the study, and
that it is reasonable to assume that most of the vehicle mileage was
contributed by employee drivers.

The NETS injury definition is equivalent to the definition of a work-
related injury used by the U.S. Occupational Safety and Health
Administration (OSHA). These “OSHA-recordable” injuries encompass:
fatalities; injuries that resulted in loss of consciousness, days away from
work, restricted work, or transfer to another job; and injuries requiring
medical treatment beyond first aid (Occupational Safety and Health
Administration, 2017). Consistent with this U.S. definition of a work-
related injury, injuries reported here do not include those that occurred
while commuting to or from work.

Benchmark participants reported number of vehicles, collisions, and
VMT for the following vehicle sizes:

e Light: <10,0001b (=4536kg) (SUVs, sedans, light pick-up trucks,
passenger vans)

e Medium: 10,001-26,0001b (4536-11,793 kg)

e Heavy: > 26,0001b (> 11,793 kg)

NETS also collects data on 2- and 3-wheeled vehicles and vehicles
used primarily on a work site; these were excluded from this analysis.

CPMM was calculated by multiplying the total collisions reported
within each company by 1,000,000 and then dividing by the total miles
traveled by all vehicles reported. IPMM was calculated the same way as
CPMM, with reported injuries replacing collisions in the formula. %
Fleet was calculated by dividing the total number of collisions reported
by each company by the number of vehicles reported, and then multi-
plying by 100. The same formulas were used to calculate CPMM, %
Fleet, and IPMM separately for light, medium, and heavy vehicles.

Collision and injury metrics were supplemented with results from
the questionnaire about members’ fleet safety programs and practices.
The nature and level of individuals responding to the questionnaire
varied across companies. In general, those who responded to questions
about fleet safety programs and practices were higher-level managers;
some were fleet safety program managers or fleet asset managers, while
others had broad OSH responsibilities. Individuals who compiled and
submitted the collision, injury, vehicle, and mileage metrics were more
likely to be mid-level analysts with knowledge and experience with the
NETS data requirements and conventions.

Company representatives responded to questions about various fleet
safety topics, including:

o Fleet safety management system:

o Age of the program and recent changes to the program

o Tracking of road safety metrics

o Motor vehicle record checks

o Level of road safety support from executive team, and level of
performance of field managers

o Inclusion of road safety performance in managers’ performance
review

o Drivers’ receipt of information on road safety performance at the
individual or company level

o Collision review and response process, including determination of
severity based on criteria for cost, damage, or injury
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o Green fleet practices
o Fleet safety interventions:
o Processes for identifying and mitigating high-risk driving
o Driver training, commentary drives (supervisor “ride-alongs”)
o Fatigue risk management (FRM)
o Mobile phone policies
o Use of in-vehicle monitoring systems (IVMS)
o Procurement of company vehicles with collision avoidance tech-
nologies

To address Hypothesis 2 (i.e., that companies with stronger con-
sequences for violation of road safety policies will have better fleet
safety outcomes), several questions were utilized to determine the
strength with which these program elements were implemented. For
one set of questions — those related to fatigue risk management (FRM) —
companies were asked to provide separate responses by vehicle size
(light, medium, or heavy), because of potential program differences due
to regulatory requirements.

For items where companies identified multiple company practices
related to a given issue (e.g., FRM), composite variables were created
by summing the total number of related practices, representing stronger
responses to that issue. A variable was also created to represent overall
road safety within the companies, by weighting major program topic
areas such that the best possible implementation would result in a value
of one. Weighting was done because some topic areas had more items
on the questionnaire than others. These values were then summed
across the major topic areas. Finally, mutually exclusive but separate,
related items were also combined into single variables to allow for di-
rect comparison between the different practices. The Appendix A pro-
vides a complete list of items assessed in the questionnaire.

2.1. Data management and analysis procedures

All data were read into SAS version 9.4 and assessed for out-of-
range errors and any other problems. Descriptive statistics were gen-
erated for each individual variable, including means and frequencies, as
appropriate. Histograms were also generated to assess the distribution
of key outcomes of interest. The data were also assessed for outliers,
and for influential outliers in particular. To assess these issues, boxplots
for each outcome were generated and examined. In addition, pre-
liminary regression models were fit and influence statistics and plots
were generated, including Cook’s distance, leverage and outlier plots,
DFFITS, and DFBETAs. These diagnostics assess whether removing a
particular observation results in a major change to the estimates, thus
rendering that observation unduly influential. Assessment of these
analyses resulted in the removal of two companies for analyses invol-
ving CPMM, and one each for analyses involving %Fleet and IPMM.

Bivariate relationships were assessed between the three outcomes of
interest, as were the relationships between each company practice and
each of the three outcomes. Independent samples t-tests, Pearson cor-
relations, and one-way analysis of variance (ANOVA) tests were con-
ducted as appropriate. A significance level cut-off of p < 0.05 was used
for all analyses. Items related to fatigue mitigation practices, to which
companies provided separate responses by vehicle size, were analyzed
by CPMM, %Fleet, and IPMM specific to each vehicle size.

Linear regression techniques were also used to assess each of the
outcomes, fitting a separate model for each. The likelihood of practices
to co-occur in given companies and the limited number of companies
available in the dataset limited the scope of the regression analyses.
Only practices related to companies’ U.S. fleets as a whole were con-
sidered for the regression models, to avoid data loss due to listwise
deletion. All practices that were significant (p < 0.05) in the bivariate
context were initially considered as regression predictors. For issues
represented by multiple related items, only the most statistically
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Table 2
Fleet characteristics for 2016 NETS benchmark participants, U.S. vehicles only.

Companies by industry® Number Percentage
Total 70 100.0
Pharmaceutical 16 229
Other manufacturing” 13 18.6
Utilities 9 12.9
Oil & gas extraction 6 8.6
Insurance 5 7.1
Professional, scientific, and technical services 9 129
Other services® 6 8.6
Transportation and warehousing 5 7.1
Retail trade 1 1.4

Fleet vehicle use’
Sales 47 67.1
Transport of products/materials 39 55.7
Service 36 51.4
Executive use 33 47.1
Maintenance 32 45.7
Transport people 19 27.1

Vehicle size Number Percentage Total miles Miles/vehicle

Total [70 companies] 332,846 100.0 5,474,336,976 16,447
Light (<10,0001b) (<4536 kg) [66 companies] 262,232 78.8 4,140,101,527 15,788
Medium (10,001-26,000 1b) (4536-11,793 kg) [26 companies] 46,959 14.1 545,827,849 11,623
Heavy (> 26,0001b) (> 11,793 kg) [29 companies] 23,655 7.1 788,407,600 33,329

1 North American Industry Classification System (NAICS) (2017). [https://www.census.gov/cgi-bin/sssd/naics/naicsrch?chart =2017].

2 Excludes Pharmaceutical.
3 Excludes Insurance and Professional, scientific, and technical services.

* Does not sum to 70 companies; many companies operate vehicles for a range of purposes. Responses to this item cover both U.S. and global operations.

significant (e.g., smallest p-value) factor, or the one that most uni-
versally represented the issue (e.g., sum of fatigue mitigation practices,
combined mobile phone policy variable) was included as a predictor, to
avoid problems with multicollinearity. These items were all entered
into initial models (one for each of the three outcomes) and assessed.
Predictors with the highest p-values were removed first, and the models
were then re-fit. That iterative process was followed until a model was
finalized for each outcome.

3. Results

Fleet characteristics for the NETS member companies are shown in
Table 2. A variety of industries are represented, with a particularly
strong representation of pharmaceutical and manufacturing companies.

Table 3
Descriptive statistics for outcomes of interest by vehicle size.

Outcome n M sd Min Max
CPMM (total) 68 4.94 2.10 0.46 9.89
Light vehicles 65 4.93 2.12 0.00 9.04
Medium vehicles 24 8.37 10.55 0.00 44.63
Heavy vehicles 28 6.40 7.12 0.00 29.40
%Fleet (total) 69 10.10 5.18 0.09 20.77
Light vehicles 66 9.28 5.02 0.00 19.37
Medium vehicles 26 10.30 9.89 0.00 37.50
Heavy vehicles 28 11.01 12.89 0.00 66.67
IPMM (total) 67 0.27 0.28 0.00 1.33
Light vehicles 64 0.33 0.66 0.00 4.96
Medium vehicles 25 0.24 0.41 0.00 1.38
Heavy vehicles 28 0.17 0.26 0.00 1.05

Notes: n =number of companies; M = mean; sd = standard deviation;
min = minimum value; max = maximum value.

CPMM = collisions per million miles, %Fleet = collisions per 100 vehicles,
IPMM = injuries per million miles.
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NETS member companies use vehicles in their fleets for a variety of
purposes, with sales and transport of goods the most commonly re-
ported. A large proportion of the vehicles reported by NETS member
companies were light vehicles (78.8%), which also represented a ma-
jority of the miles traveled (over four billion). More than a quarter of
NETS member companies also reported information for heavy and
medium duty vehicles.

The numbers of miles driven, vehicles, and collisions varied across
NETS member companies. Miles driven ranged from just over a million
miles to nearly 500 million. Number of vehicles ranged from 136 ve-
hicles to almost 51,000; collisions ranged from one to about 3100. The
mean CPMM for all vehicles combined was 4.94, the average %Fleet
was 10.10, and the overall mean IPMM was 0.27 (Table 3). The CPMM
for light vehicles was very similar to the overall rate (Table 3) because
most miles were driven by these vehicles (Table 2). Potential differ-
ences in each outcome within the three vehicle sizes were assessed
using one-way ANOVAs with the Tukey correction for pairwise com-
parisons. Results indicated that CPMM differences between light and
medium vehicles approached significance (p = 0.051), with no com-
parisons reaching the 0.05 threshold. %Fleet was similar across the
vehicle sizes, with slight increases, but no significant differences, as
vehicle weight increased. The rate of IPMMs was very low, given that
an injury is a much less common event than a collision. There were no
statistically significant differences in IPMM by vehicle size.

3.1. Bivariate results

3.1.1. CPMM and fleet safety practices t-test results

Bivariate analyses involved assessing differences in each outcome
by whether or not a company reported engaging in a given fleet safety
practice. Table 4 shows the means, standard deviations, and in-
dependent samples t-test results for statistically significant CPMM
analyses. A list of all variables analyzed in this study is available in the
Appendix A, but for the sake of parsimony only those with a statistically
significant relationship to CPMM are presented here. Several practices
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Table 4
Relationships between CPMM and fleet safety practices — significant results for independent samples t-tests.
Practice/policy Yes No t-value
M sd n M sd n
Currently (re)developing road safety program 6.02 0.59 6 4.84 2.17 62 —3.25%
High-risk drivers receive remote driver training 5.66 1.97 32 4.22 1.91 27 .83*
Commentary drives: behind-the-wheel 3.78 2.26 17 5.27 2.29 24 2.07*
Collision review includes determination of severity 4.13 2.05 26 5.34 1.97 36 2.34%
Fatigue risk management (LV)
Training for new hires 1.57 0.82 4 5.15 1.98 61
Refresher training for all drivers 3.60 2.02 11 5.20 2.05 54
Medical screenings for fatigue 1.78 0.47 2 5.03 2.07 63
Restrictions on night driving 2.44 1.22 4 5.09 2.06 61
In-vehicle monitoring system (IVMS) in use 4.50 2.24 40 5.58 1.73 28
IVMS summaries provided to upper management 5.15 2.24 23 3.63 1.99 17
Fleet safety scorecard: data points included
CPMM 4.76 2.06 36 6.98 2.22 7
Severity 3.72 1.90 14 5.79 2.07 29
Preventable/non-preventable 5.91 1.84 24 4.12 2.30 17
Commentary drive completions 3.29 1.92 9 5.60 2.06 34
Fleet safety scorecard: publishing to drivers 4.08 2.47 15 5.68 1.89 28
Required rollover protection on new vehicles 3.57 1.94 8 5.39 2.05 52

Notes: M = mean; sd = standard deviation; n = number of companies; LV = light vehicles.

* p < 0.05.
** p < 0.01.
**% p < 0.001.

were significantly associated with a difference in CPMM, as noted
below. Companies that reported they were currently either developing
or re-developing their road safety program had CPMMs about 1.18
points higher than those who were not, and companies that provided
remote driver training (online, CD, or DVD-based training) for high-risk
drivers had CPMMs about 1.44 points higher than those that did not.
Conducting commentary drives, determining severity as a part of
collision reviews, using in-vehicle monitoring systems (IVMS), and re-
quiring rollover protection on new vehicles purchased were all sig-
nificantly related to lower CPMMs. Several fatigue mitigation practices

Table 5
Relationships between %Fleet and fleet safety practices — significant results for
independent samples t-tests.

Practice/policy Yes No t-value
M sd n M sd n
Significant road safety program 452 081 3 10.35 5.15 66 7.42***
revision > 5years ago
Any form of driver training for all 5.94 4.45 10 10.81 4.99 59 2.89**
employees
Collision review includes 7.84 545 25 11.28 474 38 2.66*
determination of severity
Fatigue risk management (LV)
Fatigue training for new hires 2.49 1.79 4 9.72 4.85 62 2.95*
Medical screenings for fatigue 2.22 0.27 2 9.50 4.94 64 2.07*
Restrictions on night driving 334 177 4 9.67 493 62 254"
Tracking near misses 8.21 552 24 11.11 4.75 45 2.28*
Fleet safety scorecard: near 5.83 426 8 11.27 5.08 36 3.15*F
misses
Banned use of mobile phone 8.19 6.16 23 1099 4.60 28 2.02*
equipment while driving
Driving record is checked at time 5.90 1.17 6 10.50 5.24 63 5.64%**
of hire
Notes: M = mean; sd = standard deviation; n = number of companies;
LV = light vehicles.
* p < 0.05.
** p < 0.01.

*% p < 0.001.
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were significantly related to lower CPMMs, including fatigue training
for new hires (mean difference = 3.58, the largest identified with these
analyses), refresher training for all drivers, medical screenings for fa-
tigue, and placing restrictions on night driving. Companies were also
asked if they created and published (internally) a fleet safety scorecard.
Several aspects of the scorecard were also statistically significant.
Including preventable and non-preventable collisions on the scorecard
was significantly associated with higher CPMMs, but the reason for this
result was unclear.

3.1.2. %Fleet and fleet safety practices t-test results

The next analysis assessed the relationships between %Fleet and
fleet safety policies and practices (Table 5). The results were similar but
not identical to the CPMM findings. Again, only significant results are
shown in Table 5; see the Appendix A for a list of all variables assessed.
Having significantly revised the road safety program more than five
years ago was related to lower %Fleet. Likewise, providing driver
training for all employees, determining severity as part of collision re-
views, tracking near misses (near crashes), including near misses on
one’s fleet safety scorecard, and checking driving records at the time of
hire were all significantly associated with lower %Fleet. Similar to
CPMM comparisons, several elements of FRM for light vehicles were
significantly related to lower %Fleet, with the largest differences ob-
served for fatigue training for new hires and medical screenings for
fatigue, at 7.23 and 7.28 percentage points lower, respectively.

3.1.3. IPMM and fleet safety practices t-test results

Significant differences for IPMM are shown in Table 6. The largest
differences were once again noted for fatigue mitigation practices ap-
plied to light vehicles, but significantly lower IPMMs were also noted
for companies that applied these practices to heavy and medium ve-
hicles. Other major themes emerging in this analysis were similar to
those noted for CPMM and %Fleet. Currently revising one’s road safety
program was related to higher IPMMs, while having completed the last
significant revision more than five years ago was associated with lower
IPMM:s. Driver training, remediation for high-risk drivers, determining
collision severity, IVMS, several aspects of companies’ fleet safety
scorecard, and having a corporate executive team that champions road
safety were all related to lower IPMMs. Some counter-intuitive results
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Table 6
Relationships between IPMM and fleet safety practices — significant results for independent samples t-tests.
Practice/policy Yes No t-value
M sd n M sd n
Current/recent road safety program revision 0.35 0.35 30 0.20 0.19 37
Significant road safety program revision > 5 years ago 0.12 0.04 3 0.28 0.29 64
Any form of driver training for new hires who will use non-company vehicles 0.17 0.11 25 0.33 0.33 42
Any form of driver training for all employees 0.08 0.09 11 0.31 0.29 56
High-risk (HR) drivers
Classified via audits, observation, commentary drives 0.20 0.27 29 0.35 0.30 30 2.05%
Respond to HR classif. with classroom training 0.20 0.21 27 0.35 0.34 32 2.08*
Respond to HR classif. with behind-the-wheel training 0.21 0.25 34 0.37 0.34 25 2.00*
Collision review includes determination of severity 0.16 0.18 25 0.33 0.32 37 2.55*
Fatigue risk management
Fatigue training for new hires (LV) 0.03 0.02 4 0.35 0.68 60
Medical screenings for fatigue (LV) 0.04 0.01 2 0.34 0.67 62
Restrictions on night driving (LV) 0.03 0.02 4 0.35 0.68 60
Company standards for driving and rest hours (MV) 0.04 0.09 10 0.37 0.48 15
Fatigue training for new hires (HV) 0.04 0.04 6 0.21 0.28 22
Refresher training on fatigue for all drivers (HV) 0.05 0.09 11 0.25 0.31 17
Medical screenings for fatigue (HV) 0.05 0.04 5 0.19 0.28 23
One-on-one sessions to manage fatigue (HV) 0.04 0.03 3 0.19 0.27 25
IVMS included driver camera(s) 0.13 0.08 10 0.30 0.30 29
Fleet safety scorecard: data points included
Collision-related injuries or fatalities 0.18 0.17 26 0.40 0.36 18
Near-misses 0.12 0.11 9 0.30 0.30 35
Collisions on company vs. personal time 0.11 0.08 8 0.30 0.30 36
Commentary drive completions 0.12 0.10 10 0.31 0.30 34
Driver action plan development/completion 0.15 0.11 6 0.29 0.30 38
Costs of collisions 0.17 0.12 16 0.32 0.33 28
Fleet safety scorecard: publishing to drivers 0.14 0.10 16 0.34 0.32 28
Corporate executive team championed road safety 0.12 0.08 10 0.30 0.30 57
Required anti-lock braking protection on new vehicles 0.28 0.28 58 0.04 0.04 3
Driving record is not checked 0.07 0.11 6 0.29 0.29 61

Notes: M = mean; sd = standard deviation; n = number of companies; LV = light vehicles; MV = medium vehicles; HV = heavy vehicles.

* p < 0.05.
** p < 0.01.
% p < 0.001.

Table 7
Relationships between outcome measures and fleet safety practices — significant
results for Pearson correlations.

Practice/policy Outcome
CPMM %Fleet IPMM
r n o r n or n
# fatigue mitigation practices (LV) —0.29* 65 ns. 64
# fatigue mitigation practices (all — n.s. 68 ns. 67
vehicle sizes)
Mobile phone policy n.s. 61 —0.25* 61 n.s. 61
(higher = stronger policy)
Field managers’ performance on -0.33" 35 ns. 36 —-0.39* 36

road safety

Notes: M = mean; sd = standard deviation;
LV = light vehicles.
**p < 0.001.

T p=0.051.

* p < 0.05.

** p < 0.01.

n = number of companies;

were also observed. For example, companies that did not check driving
records reported lower IPMMs, while companies that reported anti-lock
brakes were a requirement for new vehicle purchases reported higher
IPMMs.

3.1.4. CPMM, IPMM, and %Fleet correlation and ANOVA results
To test Hypothesis 1 (that companies with greater numbers of fleet
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safety program elements would have better fleet safety outcomes),
correlations between each outcome and the composite variables created
to represent overall road safety, and road safety within each topic area,
were also conducted. The expected inverse relationship was observed
between the overall composite variable and each of the outcomes, but
none of these relationships were statistically significant (CPMM:
r= —0.17, p = 0.30; %Fleet: r = —0.13, p = 0.31; IPMM: r = —0.13,
p = 0.29). Significant results of additional Pearson correlations are
shown in Table 7, which reinforce several of the t-test results reported
earlier (see the Appendix A for a list of all “check all that apply” vari-
ables assessed using correlational analyses). The number of fatigue
mitigation practices applicable to light vehicles had a significant in-
verse association with CPMM and %Fleet, while the number of fatigue
mitigation practices combined across all vehicle sizes was significantly
related to %Fleet (r = —0.33, p < 0.01). A stronger mobile phone
policy was also inversely related to %Fleet (r = —0.25, p < 0.05).
Finally, field managers’ performance on road safety was marginally
related to CPMM (r = —0.33, p = 0.051), and significantly related to
IPMM (r = —0.39,p < 0.05).

As described earlier, composite variables also were created to ad-
dress Hypothesis 2 (that companies with stronger consequences for
violations of policies on specific road safety issues will have better fleet
safety outcomes). The results of significant one-way ANOVAs are pre-
sented in Table 8 (see the Appendix A for a list of all variables with
more than two mutually exclusive categories assessed using ANOVAs).
As the ANOVA results show, checking mobile phone records after col-
lisions, particularly for all collisions, was related to significantly lower
CPMM and %Fleet. In addition, using IVMS to review all collisions was
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Relationships between outcome measures and fleet safety practices — significant results for ANOVA pairwise comparison tests (Tukey correction).

Outcome Practice/policy F-value M sd n Comparisons significant at p < 0.05
CPMM Mobile phone record checking 5.44** 1-3, 2-3
1. Not checked 5.35 1.87 37
2. Checked for serious collisions only 4.88 2.16 26
3. Checked after all collisions 2.25 1.69 5
%Fleet Mobile phone record checking 3.32* 1-3
1. Not checked 11.00 5.17 38
2. Checked for serious collisions only 9.79 4.92 26
3. Checked after all collisions 4.93 4.07 5
%Fleet IVMS review 4.97* 3-4
1. IVMS not in fleet 11.06 4.99 29
2. Not reviewed 8.37 5.18 15
3. After serious collisions only 13.70 5.55 9
4. After all collisions 7.44 3.98 14

Notes: M = mean; sd = standard deviation; n = number of companies.
¥ < 0.001.

* p < 0.05.

** p < 0.01.

also significantly related to lower %Fleet, when compared to companies
that only checked after serious collisions (Table 8).

3.2. Regression results

The results of the linear regression analyses are presented in
Table 9, with a separate final model for each outcome. In the multi-
variable context, several of the key variables from the bivariate ana-
lyses were also significant. The factor in Model 1 (CPMM) with the
largest beta value was related to checking mobile phone records fol-
lowing a collision. Compared to companies that do not check these
records, checking after all collisions was related to CPMMs 3.45 points
lower, after controlling for other variables in the model. Compared with
checking after serious collisions only, checking mobile phone records
after all collisions was associated with significantly lower CPMM
(B = —2.74,p < 0.01; comparison not shown in table). There was no
significant difference between not checking records and checking only

applied to light vehicles (companies could identify up to 10), CPMMs
were 0.29 points lower. Counter-intuitive results were observed for
high-risk drivers and fleet safety scorecards; providing remote driver
training (online, CD, DVD) as a response to high-risk drivers and pub-
lishing a fleet safety scorecard were both related to significantly higher
CPMMs.

The %Fleet regression findings (Model 2) echo the CPMM findings
for FRM and mobile phone record checking. Specifically, checking
mobile records after all collisions was significantly related to lower %
Fleet compared to not checking. There were no significant differences
between either of the other options. In addition, this model revealed
that several IVMS practices may play a role in understanding differ-
ences in %Fleet. Compared to companies that did not have IVMS, those
that had IVMS but did not review the data after collisions had lower %
Fleet (3 = —3.02, p < 0.05), while those that reviewed it after serious
collisions only actually had a higher %Fleet (f = 4.02, p < 0.05). In
fact, compared to reviewing IVMS after serious collisions only, all other

practices were related to significantly lower %Fleet (f = —7.04,
after serious collisions. For each additional fatigue mitigation practice
Table 9
Regression results assessing collision/injury outcomes with safety practices.
Outcome Practice/policy B SE t-value
Model 1: CPMM High-risk drivers receive remote training (ref = no) 1.31 0.44
R? = 0.42 # fatigue mitigation practices (LV) -0.29 0.13
Fleet safety scorecard published (ref = no) 1.04 0.50
Mobile phone record checking (ref = not checked)
Checked for serious collisions only -0.72 0.46
Checked after all collisions —3.45 0.82
Model 2: %Fleet # fatigue mitigation practices (LV) -0.79 0.37
R*=0.31 IVMS review (ref = no IVMS)
Not reviewed —3.02 1.46 —2.07*
After serious collisions only 4.02 1.83 2.19%
After all collisions —0.67 1.70 —0.40
Mobile phone record checking (ref = not checked)
Checked for serious collisions only -2.10 1.31 —1.60
Checked after all collisions -6.19 2.36 —2.62*
Model 3: IPMM Any form of driver training for new hires using non-company vehicles (ref = no) -0.14 0.07 —2.04*
R%=0.14 Collision review includes severity determination (ref = no) —0.16 0.07 —2.23*

Notes: p = parameter estimate; SE = standard error; LV = light vehicles.
* p < 0.05.
** p < 0.01.
*x% p < 0.001.
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p < 0.01, for having IVMS, but not reviewing; § = —4.69, p < 0.05,
for reviewing after all collisions).

In the regression assessing IPMM (Model 3), only two significant
predictors remained in the final model. Providing driver training for
new employees who drive non-company vehicles was significantly as-
sociated with 0.14 points lower IPMM, and including determination of
severity in the collision review process was related to 0.16 points lower
IPMM. There was much less variance in IPMM overall, compared to
CPMM and %Fleet, and this model only explained about 14% of it. This
lack of variance in the outcome could partly explain why fewer factors
were predictive of IPMM in the multivariable context.

4. Discussion

The main goals of this study were to assess the two key hypotheses
of interest, and to explore relationships between company fleet safety
practices/policies and CPMM, %Fleet, and IPMM. The first hypothesis
implied that companies with more fleet safety practices would have
better collision/injury metrics than those with fewer practices. This
hypothesis was partially supported. The relationships between the sum
of all practices (intended to represent overall road safety within the
company) and the three outcomes of interest were in the expected di-
rection, but were not statistically significant; however, the sum of fa-
tigue mitigation practices was (Section 3.1.4). As the number of fatigue
mitigation practices applied to light vehicles increased, CPMM, %Fleet,
and IPMM all decreased. The sum of fatigue mitigation practices across
all vehicle sizes was also inversely related to %Fleet at a statistically
significant level.

The second hypothesis suggested that stronger consequences for
violations of fleet safety policies would be related to better collision and
injury metrics. Again, partial support was observed for this hypothesis,
with some practices showing a significant relationship, while others did
not. The most notable examples were related to practices that are fol-
lowed when a collision occurs. Checking mobile phone records, parti-
cularly after all collisions, was related to significantly lower CPMM and
%Fleet, and was a significant factor in both the bivariate and multi-
variable context (Tables 8 and 9). Reviewing IVMS information after all
collisions was significantly related to lower %Fleet in the bivariate
context, compared to doing a review after serious collisions only
(Table 8). In the regression model, companies that simply reported
having IVMS, even without reviewing the data (Table 9), and somewhat
counter-intuitively, companies that reviewed it only after serious col-
lisions actually had the highest %Fleet compared to those in the other
categories (Table 8). This counter-intuitive result implies that using
IVMS data as a reaction to serious collisions only is not consistent with
this technology’s intended use: continuous analysis of all IVMS data
combined with timely supervisory coaching to correct risky driving
behaviors before a collision occurs. Other studies have demonstrated
that in-vehicle driver feedback combined with coaching significantly
reduced risky driving behaviors among those who drove for work (Bell
et al., 2017, Hickman and Hanowski, 2011). Although not all the re-
lationships in the NETS data were in the expected direction, the overall
findings pertaining to IVMS suggest it may play an important role in
distinguishing between higher and lower performing fleets, but future
study of this factor is required to more fully understand it.

This study also explored how different practices and policies affect
road safety metrics. Given that the three different outcomes are related
but unique measures of road safety, it was not surprising to observe
differences in which practices/policies were significantly related to
each outcome, and in the level of significance for practices related to
multiple outcomes. CPMM is a different safety metric (using exposure)
than is %Fleet, which is different still from IPMM (again accounting for
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exposure). All these metrics, however, adjust for company differences
in miles driven or numbers of vehicles. Given that differences exist, one
potential approach for interpretation of these results is to look for
common themes that play a role in more than one outcome metric, and
particularly for those that were significant in the multivariable context.
Indeed, several such themes emerged: duration of road safety program,
time since program revision, company leaders’ involvement (i.e., cor-
porate executive team who champion road safety and field managers’
performance), driver training, response to collisions, the fleet safety
scorecard, and fatigue risk management.

Time since revising the company’s road safety program was sig-
nificantly related to each of the three metrics (Tables 4-6). Results were
mixed, however, and several interpretations are possible. It may be that
companies recognize a problem and actively work to improve their
program, with the intention of lowering collisions and injuries in the
future. Other companies may view their positive metrics as reason to
maintain their current fleet safety practices without the need to make
any changes. Still others with positive metrics may continue to monitor
small changes in their metrics with the goal of continuous improvement
in their management practices. Finally, it is also possible that for the
question asking when the last significant revision or addition was made
to their road safety program, companies did not all interpret “sig-
nificant” in the same way.

Positive associations between safety outcomes and company lea-
ders’ road safety championing and performance were seen at two levels
within NETS member companies. First, in the bivariate analysis, there
was a highly significant relationship (p < 0.001) between IPMM and
championing of road safety by the corporate executive team (Table 6).
Second, in the correlation analysis, field managers’ level of performance
on road safety was significantly associated with lower IPMMs and
marginally related to lower CPMMs (Table 7). These results are con-
sistent with other research that found commitment to road safety at top
levels of organizations to be associated with safer driving behaviors
(Banks, 2008) and more positive perceptions of driving safety culture
(Arboleda et al., 2003, Wills et al., 2005, Wills et al., 2006). Another
study reported significant correlations between management commit-
ment and a range of self-reported driver behaviors grouped under four
main themes: driver errors, violations of traffic laws or safe driving
practices, distracted/fatigued/impaired driving, and adherence to pre-
trip maintenance procedures (Wills et al., 2006). Further, the results of
this study align with findings from the broader OSH literature that
demonstrate the importance of the commitment of company leaders to
the success of OSH initiatives (Loeppke et al., 2015, Sorensen et al.,
2013, 2018). These previous findings suggest that commitment to road
safety at the management level has an important influence on drivers’
perceptions about safety and self-reported driving behaviors, while the
analysis of NETS benchmarking data reported here adds information
about the relationship between corporate executives’ championing of
road safety and positive fleet safety outcomes at the company level.

A number of program elements related to driver training were sig-
nificantly related to all three outcomes in both the bivariate and mul-
tivariable contexts, but not always in the expected direction. The bi-
variate results showed that although providing training to all drivers
was significantly associated with lower %Fleet and lower IPMM (Tables
5 and 6), applying more intensive training approaches to high-risk
drivers was also significantly associated with better outcomes (for ex-
ample, behind-the-wheel and classroom training for high-risk drivers
were associated with lower IPMM in the bivariate analysis [Table 6]).
However, not all training results were intuitive; remote training for
high-risk drivers was significantly associated with higher CPMM in both
the bivariate and multivariable analyses (Tables 4 and 9). It is possible
that this level of training was not adequate to remediate high-risk
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driving or that drivers did not take this type of training seriously.
Moreover, training is considered to be a lower level of hazard control,
compared to those that mitigate a hazard or eliminate it altogether
(such as restricting night driving), or mitigate it through engineering
changes (such as purchasing vehicles with features such as automatic
emergency braking) (Bird and Germain, 1996).

The generally positive associations between driver training and the
three study outcomes are inconsistent with a systematic review of post-
license driver training, which found no evidence of its effectiveness in
reducing crashes or injuries (Ker et al., 2005). However, few of these
studies were conducted in an occupational setting, and some of them
were low-intensity interventions such as correspondence courses. Stu-
dies of driver training conducted in occupational settings have shown
more positive results (Arboleda et al., 2003, Gregersen et al., 1996,
Salminen, 2008, Wills et al., 2006). Because of the occupational set-
tings, the training results from these four studies are more directly
comparable to the results reported here for NETS member companies
than are results from assessments of post-license or remedial training in
the general population.

How a company responds to a collision was one of the most im-
portant themes that emerged, and it was noted in several different
forms. Determining the collision severity (including the extent of da-
mage, costs, and injuries) was significantly related to each of the out-
comes, including the IPMM regression model (Tables 4-6, and 9). As
discussed, checking mobile phone records following a collision was also
a key predictor of both collision metrics, and in both the bivariate and
multivariable contexts (Tables 8 and 9). Reviewing IVMS information
after all collisions was also significantly associated with lower %Fleet
(Table 8). Collectively, these factors suggest that a serious and complete
response to a collision is related to lower CPMM and %Fleet, and po-
tentially to fewer injuries.

Results related to data collection and use of a fleet safety scorecard
were mixed. Four scorecard-related elements were significantly asso-
ciated with lower CPMM, one with lower %Fleet, and six with lower
IPMM. These results support the importance of ongoing data collection
and reporting, and they imply a commitment to information-sharing
throughout an organization, all of which are viewed as best practices
(ANSI/ASSP, 2017a, Bidasca and Townsend, 2014, Mitchell et al.,
2012).

One element related to the fleet safety scorecard found to be sig-
nificantly associated with lower CPMM was publishing the scorecard to
drivers (Table 4). This supports the value of communicating safety-re-
lated information at all levels of an organization, not just to upper
management. This finding is consistent with research that demon-
strated that higher quality of communication between the driver and
supervisor was associated with safer driving behaviors (Banks, 2008,
Newnam et al., 2012). In another study, having road safety rules and
communicating them throughout the organization were strongly asso-
ciated with positive organizational safety climate (Wills et al., 2005,
Wills et al., 2006).

A few counter-intuitive results related to data collection and the
scorecard were also observed. For example, reporting preventable and
non-preventable collisions on the scorecard was significantly associated
with higher CPMM, and not checking driving records was significantly
associated with lower IPMM. Companies that are in the process of im-
proving their procedures for data collection and review may have less
favorable metrics in some cases because they are identifying more in-
cidents and collisions. Because the results regarding scorecards are
mixed, conclusions should be drawn with caution. Further examination
of the relationship between scorecards and fleet safety outcomes would
require analysis across multiple data years combined with assessments
of changes in procedures for data collection and review. Such assess-
ments would necessarily involve methods beyond the NETS
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questionnaire, including in-depth program audits and key informant
interviews.

The application of FRM to drivers of light, medium, and heavy ve-
hicles was the final theme that was common among all three metrics,
and in both the bivariate context and regression models, with particu-
larly strong findings related to lower IPMMs. For light and heavy ve-
hicles, providing fatigue training for new hires and providing medical
screenings for fatigue were both significantly associated with lower
IPMM:s. It should be noted, however, that these practices have only
recently begun to be assessed by NETS and were implemented by a
smaller number of companies than many of the other practices. It could
be that the most progressive companies (in terms of road safety) are the
early adopters of FRM for light-vehicle drivers.

Since the 1930s, heavy vehicles and their drivers in the U.S. have
been covered by hours-of-service regulations that set maximum driving
and duty hours, for the purpose of managing driver fatigue. Based on
the findings presented here, it appears that application of non-reg-
ulatory fatigue risk management to all vehicle sizes is associated with
positive fleet safety outcomes, particularly lower IPMMs. Consistent
with these findings, a voluntary consensus standard based on best
practice recommends FRM for all drivers (ANSI/ASSP, 2017a), and road
safety guidance used by the oil and gas industry provides FRM re-
commendations that do not distinguish between vehicle sizes and reg-
ulatory environments (International Association of Oil & Gas Producers,
2016). Further, medical experts have noted the one-dimensional nature
of the hours-of-service regulations that cover heavy-vehicle drivers,
calling for a more flexible, comprehensive approach to FRM (Lerman
et al.,, 2012). This more comprehensive approach would consider a
variety of strategies, including: intervening within the “chain of re-
sponsibility” that includes shippers, dispatchers, and receivers; the use
of occupational physicians to provide expertise in scheduling and
medical screening; taking into account the relationships between shift
work, long work hours, and fatigue; and training workers to help them
manage fatigue and improve sleep both on and off the job (Gander
et al., 2011, Lerman et al., 2012). Some of these — medical screenings,
FRM training, and restrictions on night driving (a scheduling inter-
vention) — were identified in the NETS benchmarking data as being
significantly associated with better fleet safety outcomes.

Other research has assessed the effectiveness of fatigue training for
individuals who drive for work. A study of truck drivers found that
fatigue training was associated with statistically significant improve-
ments in drivers’ perceptions of organizational safety climate post-
training (Arboleda et al., 2003). Another study assessed the effective-
ness of workplace fatigue training for both heavy- and light-vehicle
drivers in a petrochemical company (Gander et al., 2005). In that study,
heavy-vehicle drivers showed statistically significant improvements in
knowledge based on a post-training quiz, and follow-up questionnaires
two years post-training showed good knowledge retention. Two years
post-training, 47% of respondents reported they had changed their fa-
tigue management strategies at work, and 49% reported changing them
at home. Similar results were reported for light-vehicle drivers in the
same company, who received a version of the same fatigue training
adapted for their workplace driving environment. Gander et al. (2005)
was the only study of the effectiveness of FRM in light-vehicle fleets
found in the literature. The positive findings from the NETS data re-
garding FRM for light-vehicle drivers suggest a need for additional in-
tervention research to strengthen the evidence for its effectiveness.

4.1. Strengths and limitations
This study has a number of notable strengths. For the first time, it

brings together data on fleet safety outcomes and programs for a large
number of company fleets of all types, which accounted for more than
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5.4 billion U.S. VMT in 2016. Further, the companies that participated
responded to a detailed questionnaire about fleet safety programs and
practices, making it possible to identify statistically significant re-
lationships between program elements and road safety performance.
Data were collected using a standard protocol and definitions, with
participating companies receiving technical assistance as necessary.
Collision and injury rates were calculated using VMT, which is a more
precise measure of exposure than number of workers employed, the
most commonly used measure of exposure in the occupational safety
literature. These analyses also used three different outcome metrics to
assess fleet safety practices, strengthening the validity of the findings,
especially those that were common to all three.

Several limitations must also be acknowledged. The cross-sectional
nature of the study means that observed relationships between vari-
ables do not denote causality. In addition, a minority of companies
allowed personal use of company-provided vehicles by the employee
and/or spouse, where mileage and crashes could not be disaggregated
from employee business use. Further, data on fleet safety practices were
self-reported, and respondents were only asked about the presence or
absence of policies. A more in-depth research design incorporating
audits and key informant interviews would be needed to ascertain the
quality of implementation of the fleet safety policies addressed in the
NETS questionnaire, and the extent to which companies may be chan-
ging their policies based on the NETS benchmarking analysis.

Certain fleet safety policies and practices tended to co-occur, but it
was not possible to determine the individual contribution of each of
these. Because the company was the unit of analysis, the number of
observations available for multivariable analysis was relatively small.
Although CPMM, IPMM, and %Fleet were rates (which adjusted for
differences in either exposure or number of vehicles), statistical ana-
lyses did not include additional exposure-related control variables.
Additionally, a large number of bivariate statistical tests were con-
ducted, which could have resulted in some significant results due only
to chance. However, a goal of this study was to explore how all prac-
tices affected these outcomes, which required the completion of nu-
merous tests, and the regression analyses accounted for this issue.

Although quality checks were conducted after data from all the
companies were compiled, it is possible that individual companies may
not have adhered strictly to case definitions when submitting data. In
addition, the data were limited to U.S. vehicle use for the participating
companies, so the findings cannot be generalized to other countries.
Additionally, for several reasons, the results are not necessarily gen-
eralizable to all U.S. companies that operate motor vehicles: (1) most
benchmark participants were large companies, which may have more
resources to devote to road safety management than smaller companies
and thus have better data collection practices in place; (2) NETS is a
membership organization comprising companies that already tend to
have good road safety practices; and (3) participation in the benchmark
was voluntary, and the distribution of companies by industry does not
reflect the distribution of industry in the U.S. economy. Further, be-
cause some practices were nearly universally followed across NETS
member companies, for example, adoption of a mobile phone policy, no
significant results were observed, but these remain key practices for
companies that lack such a policy to consider.

Another set of limitations pertains to the level at which data were
collected. Collection of data at the company level only did not allow for

Appendix A

See Table Al.
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assessment of differences between organizational units within the same
company, which might have provided useful insights about how
varying levels of policy implementation within these units were related
to the outcome measures. In addition, using the company as the unit of
analysis does not address the underlying organizational, interpersonal,
and individual factors at lower levels of these companies, which have
been shown to be associated with positive road safety climate (Wills
et al., 2005, 2006) and safer driving behaviors (Banks, 2008, Newnam
et al., 2012). Research to assess drivers’, supervisors’, and safety man-
agers’ road safety knowledge, attitudes, and behaviors, either as a case
study in a single NETS member company or across several companies,
may be a useful adjunct to the company-level results reported here.

Finally, analyses were limited by the questions included in the NETS
questionnaire. Of note, the outcome measures are limited to lagging
indicators: collision and injury rates. Further, because NETS as an or-
ganization is focused on road safety management, not other aspects of
OSH management, questions that accompanied submission of bench-
marking data did not address the integration of road safety manage-
ment within the larger OSH management system. Because these con-
cepts were not measured by the NETS questionnaire, the extent to
which features of the larger OSH management system may have con-
tributed to fleet safety outcomes is unknown. This is a topic that may be
considered for inclusion in future questionnaires.

4.2. Conclusion

These analyses identified several practices and policies that could
serve as a guide for companies aspiring to improve road safety for ve-
hicles operated on their behalf, and thereby reduce collisions, asso-
ciated costs, and employee injuries: duration of the road safety pro-
gram, time since program revision, company leaders’ safety
commitment and performance, driver training, response to collisions,
the fleet safety scorecard, and fatigue risk management. A number of
practices were common across the three metrics (CPMM, %Fleet, and
IPMM), and even after controlling for other factors in the regression
models. Companies looking for promising approaches should focus on
the fleet safety practices identified through this study, as well as the
practices they feel are the most adoptable/changeable in their en-
vironment.

The findings and conclusions in this report are those of the authors
and do not necessarily represent the views of the National Institute for
Occupational Safety and Health, Centers for Disease Control and
Prevention.

Mention of any company or product does not constitute endorse-
ment by the National Institute for Occupational Safety and Health,
Centers for Disease Control and Prevention. In addition, citations to
websites external to NIOSH do not constitute NIOSH endorsement of
the sponsoring organizations or their programs or products.
Furthermore, NIOSH is not responsible for the content of these web-
sites. All web addresses referenced in this document were accessible as
of the publication date.
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Table Al
Topics and response choices used to create variables.

Topic: Response choices

Years road safety program in place: In (re)development; 1; 2; 3... 9; 10+
Last time company made significant revision: Currently; 2-5 years ago; > 5 years ago
Extent of revisions: Overall road safety program revised or new; Revisions to specific practices or policies
Specific areas of revisions*: Commentary drive process; High-risk drivers; Collision reviews; Road safety metrics/scorecard; Driver training; In-vehicle monitoring systems
(IVMS); Mobile phone use; Fatigue programs; Training for managers related to road safety; Other
Which drivers receive driver training*: New hires company vehicles; New hires non-company vehicles; High-risk drivers; Drivers whose supervisors recommend training; Periodic
training all employees company vehicles; Family members of employees; All employees; No driver training programs in place
Identify high-risk drivers: Yes; No
Sources of data used to classify high risk*: IVMS; Driver audits, observations, or commentary drives; Hotline feedback; Managers' recommendations; Driving records from
company, insurance or public records; Other
Data classification system*: Point System; Periodic System; Statistically validated predictive models; Specific incident can trigger high-risk classification; Other
Response(s) to high-risk classification: Currently, little or no follow-up occurs; Remote driver training (online, CD, DVD); Classroom training; Behind-the-wheel driver training;
Commentary drives; Collision reviews; Special coaching or counseling sessions; Disciplinary action, possibly termination or suspension; Collision-cost sharing or other
monetary penalty; Vehicle selection limitations; IVMS placed in drivers' vehicle; Revocation of driving privileges (for company vehicles); Other
Conduct commentary drives: Yes; No
In which circumstances®: For new hires; For high-risk drivers; Follow-up when collisions occur; As part of behind-the-wheel training; Periodic commentary drives conducted with
tenured drivers
Review collisions: Yes; No
Components of collision review process*: Review between driver and immediate manager; Special team/board; Determination of severity; Determination of preventability/non-
preventability; Report issued to senior management for serious collisions; Corrective actions developed; Follow-up to ensure corrective actions implemented; Lessons learned
are shared throughout organization; Other
Fatigue program**: Did not report metrics specific to light/medium/heavy vehicles; Addressing fatigue in less than 80% of light fleet; Company standards established for driving/
rest hours; Required fatigue training for new hires; Periodic training for all drivers; Optional training; Periodic evaluations; Medical screenings for fatigue; Driver surveys on
fatigue; One-on-one sessions with drivers to manage sleep/fatigue; Empower workers to report fatigue; Restrictions on night driving; Partner driving (asked for medium and
heavy vehicles only)
Use of IVMS: Yes; No
If NO, plan to use IVMS in future: Yes; No; Undecided
Extent of IVMS use: Piloting IVMS devices; Past pilot stage but used in < 80% vehicles; Used in =80% of vehicles
IVMS features for majority of vehicles*: Device that beeps or flashes; Device that records specific trigger events; Camera(s) recording outside; Camera(s) recording driver/inside;
Camera(s) that save when any trigger occurs; Metrics/recordings available via manual online retrieval; Non-safety functions such as route planning; Uncertain
Who receives IVMS data*: Driver; Drivers' immediate managers; Safety staff; Fleet staff; Summaries to upper management
IVMS management*: Not actively managed; Drivers reviewed own metrics; Managers reviewed metrics with group; Managers reviewed metrics with individual drivers
IVMS data reviewed after collision: Yes, for all collisions; Yes, for serious collisions only; No
Publish road safety scorecard: Yes; No
Data points included on scorecard*: CPMM, or similar rate; Collisions per 100 vehicles, or similar; Collisions per hours driven or worked; % of fleet involved in collisions;
Collision-related injuries or fatalities; Collision-related lost work days; Severity; Preventable/non-preventable collisions; Specific types of collisions; Near-misses; Trigger events
from IVMS; Collisions on company time vs. personal time; Commentary drive completions; Driver training completions; Collision review completions; Individual driver action
plan development/completion; Costs of collisions; % of fleet considered high risk
Publish to which groups*: Members of corporate executive group; Senior management; Field/middle management; Leaders of safety, health, environment group; Leaders of fleet
management; Drivers
Periodicity: Monthly; Quarterly; Annually
Make an effort to track near-misses: Yes; No
Written mobile phone policy: Yes, formal, written companywide policy; Formal written policy at discretion of countries/businesses; Guidelines/recommendations only; Working on
developing formal policy; Currently no plans to develop policy
Which best describes policy: Banned/restricted only texting/typing; Allowed hands-free technology; Banned any phone while driving
Response if driver involved in a collision while using phone*: No special action is taken; Issue warning; Disciplinary action; Termination; Conduct commentary drive; Assign
training; Classify driver high risk
Use technology to restrict phone use: No; No, but considering it; Yes, limited basis; Yes, used in 80% or more of vehicles
Check phone records after collision: Yes, for all collisions; Yes, serious collisions only; No
One or more corporate executive champion(s): Yes; No
Rate executive team's support: 1-5
Field managers assigned specific responsibilities: Yes; No
Rate field managers' performance: 1-5
Required on all new light vehicles in U.S.*: Seat belts; Front air bags; Side air bags; Other air bags; Anti-lock braking system; Electronic stability control; Back-up camera/sensor;
Blind spot sensor/side camera; Tire pressure monitoring system; Daytime running lights; Navigation systems; Lane-departure warning systems; Forward collision warning;
Emergency brake assistance; Adaptive speed for cruise control; Adaptive headlights; DUI ignition lock; In-vehicle monitoring system; Rollover protection systems; Require
maximal crash ratings
Frequency motor vehicle records were checked for drivers of co. vehicles: Only at hire; Annually; Two times per year; Quarterly; Continuously (automatically notified of any MVR
changes); Do not routinely check

Notes:

* Respondents directed to choose all that apply.

** First two responses exclusive, all other responses: choose all that apply; asked separately for light, medium, heavy, and site vehicles. For all items with “chose
all that apply” options, additional variables were also created that represented the total of items chosen.
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