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Abstract

Objectives: The study objectives were to examine U.S. long-haul truck drivers (LHTDs)’ 

opinions on their safety needs and to assess the associations of driver reported unrealistically 

tight delivery schedules with: (1) their opinions on their compensation, maximum speed limits, 

and Hours-of-Service (HOS) regulations, and (2) their behaviors of noncompliance with these 

safety laws and regulations.

Methods: National Institute for Occupational Safety and Health analyzed data from its 2010 

national survey of LHTD health and injury. A total of 1,265 drivers completed the survey. Logistic 

regression was used to examine the associations between driver reported unrealistically tight 

delivery schedule and their opinion on safety and unsafe driving behaviors.

Results: Drivers who reported often receiving an unrealistically tight delivery schedule (an 

estimated 15.5% of LHTDs) were significantly more likely than drivers who reported never 

receiving an unrealistically tight delivery schedule to report that: (1) increasing the current 

maximum speed limit on interstate highways by 10 miles per hour (mph) would improve safety 

(odds ratio (OR) = 2.1); (2) strictly enforcing HOS rules would not improve safety (OR = 1.8); 

(3) they often drove 10 mph or more over the speed limit (OR = 7.5); (4) HOS regulations were 

often violated (OR = 10.9); (5) they often continued to drive despite fatigue, bad weather, or heavy 

traffic because their must delivery or pick up a load at a given time (OR = 7.5); and (6) their work 

was never adequately rewarded (OR = 4.5). When presented with 11 potential safety strategies, the 

largest percentage of LHTDs (95.4%) selected that building more truck stops/parking areas would 

improve truck driver safety.

Conclusions: Driver reported unrealistically tight delivery schedules are associated with drivers’ 

beliefs in safety laws/regulations and risk-taking behaviors. LHTDs see building more truck stops/
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rest areas as the most wanted safety need among the 11 potential safety strategies that were asked 

about in the survey.
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1. Introduction

Truck transportation is essential to the United States (U.S.) economy, with over 70% of 

the domestic freight tonnage moved in the U.S. transported by trucks (ATA, 2016). There 

were approximately 2 million heavy and tractor-trailer truck drivers in the United States 

in 2018, the majority of whom were long-haul truck drivers (LHTDs) who deliver goods 

over intercity routes that may span several states (BLS, 2020). These drivers face a high 

risk of truck crashes and occupational injuries. They were 12 times more likely to die 

on the job (Chen, et al., 2014) and 3 times more likely to suffer an occupational injury 

requiring days away from work than the general U.S. worker population (BLS, 2017). In the 

United States, large truck occupant deaths due to truck crashes continue to rise and were 

at their highest level in 28 years in 2017: there were 4,761 large truck fatalities and among 

them 841 were large truck occupants (FMCSA, 2020a). Fatal crashes involving large trucks 

and buses costed the U.S. economy an estimated $51 billion in 2017, and the economic 

impact escalated to $135 billion, when crashes with injuries or property damage are included 

(FMCSA, 2020a). The National Transportation Safety Board (NTSB) found fatigue to be the 

most frequently cited probable cause (31%–40%) in fatal-to-the-truck-driver crashes (NTSB, 

1990; Marcus and Rosekind, 2017). The Federal Motor Carrier Safety Administration 

(FMCSA)’s Large Truck Crash Causation Study estimated that 13% of all fatal large-truck-

related crashes involved fatigue as either a primary or secondary factor (FMCSA, 2007). The 

NTSB (2020) has listed the reduction in fatigue-related crashes as one of the most critical 

changes needed to reduce transportation accidents and save lives for 2019–2020.

Truck drivers operate in a work environment with a number of factors that can be associated 

with increased fatigue and stress because they can be away from home for days or weeks at a 

time; have long work hours, irregular work schedules, and time pressured delivery schedules 

(Sieber, et al, 2014; BLS 2020); are required to wait for access to a loading dock; are stuck 

in traffic (Chen et al., 2015b; FMCSA, 2007, Bunn et al., 2009, 2005; Stevenson et al., 

2010); and are paid by miles driven instead of by hours worked (Belzer, 2012; Belzer and 

Rodriguez, 2002;.Quinlan and Wright, 2008). Some drivers must load and unload cargo 

themselves (BLS, 2020; Sieber et al., 2014). Some of these work conditions are similar 

across countries, such as long work hours, irregular work schedule, time pressured delivery 

schedules, and pay determined by miles driven instead of by hours worked (Bigelow et al., 

2012; Brodie et al., 2009; Haworth et al., 1991; Jun and Bensman, 2010; Quinlan, 2003; 

ILO, 2000; 2015; Haworth, et al., 1991; Kircher and Andersson, 2013; Sabbagh-Ehrlich et 

al., 2005).

Studies of the association between work conditions and truck driver safety have focused on 

the impact of long work hours and irregular work schedules on driver sleep, driver fatigue, 
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and safety critical events (SCEs). Studies suggested that long work hours and irregular 

work schedules reduced drivers’ sleep duration and sleep quality (Heaton et al., 2008; 

Hege et al., 2015; Apostolopoulos et al., 2010; 2014, Hanowski et al., 2007). Researchers 

using naturalistic truck driving data analyzed the impact of time-on-task on safety critical 

event risk and found no consistent significant difference in risk of SCEs between hours 2 

through 11 (Hanowski et al., 2009). Few studies have assessed the association between the 

impact of time pressured delivery schedules on truck driver safety. A study by Braver et 

al. (1999) who examined factors that determined truck driver work schedules and found 

that 75% of dispatchers reported that they would consider revenue as a factor to determine 

whether to accept/reject a load compared to 9% of dispatchers who reported that they would 

consider HOS status as a factor. However Braver’s study did not examine the association 

between time pressured delivery schedules and truck driver safety. Our literature review 

revealed that not much has been reported on the effect of schedule pressure on safety and 

what has been reported is mostly concentrated on the construction industry (Nepal et al., 

2006; Han et al., 2014). Han and his colleagues (2014) referred to schedule pressure as 

production pressure. They concluded that production pressure was a key linkage between 

scheduling and safety in the construction industry. A Netherland driving stimulator study 

of 54 participants (who were university employees and students) suggested that under time 

pressure in comparison to non-time pressure, participants drove significantly faster and 

exhibited increased physiological activities, such as heart rate, respiration rate, and pupil 

diameter (Rendon-Velez and Happee, 2016). In 2019, the New York Time reported a fatal 

delivery truck crash that might be due to a time pressured delivery schedule (Callahan, 

2019). No epidemiological study has been reported so far on the association between time 

pressured delivery schedules and truck driver safety.

The NIOSH long-haul truck driver survey suggested that 37% of LHTDs reported that 

HOS regulations were often or “sometimes” violated, 31% reported they often or sometimes 

drove 10 miles per hour (mph) over the speed limits, and 71% reported they often or 

sometimes continued to drive despite fatigue, bad weather, or heavy traffic because they 

must deliver or pick up a load at a given time (Chen et al., 2015). An Austrian truck driver 

survey also suggested that approximately 5% of respondents reported that almost every 

trip they continue driving even when on the edge of falling asleep. The research question 

is why drivers do what they do. The U.S. National Academia of Sciences, Engineering, 

and Medicine (2016) recommended that FMCSA should support research aimed at better 

understanding the factors associated with driver behavior related to fatigue and sleep 

deficiency, including what motivates drivers’ decisions about whether to continue driving 

when they feel fatigued. An example of such research is the recent reports, by Belzer and 

his colleagues, suggesting that LHTDs work extremely long hours because they work for the 

money (Belzer and Sedo, 2018; Kudo and Belzer, 2019). Compared to LHTDs with a lower 

pay rate, LHTDs with a higher pay rate work fewer hours and are less likely to have fatigue.

The study’s objectives were to examine U.S. LHTDs’ opinions on their safety needs and 

to assess the associations of driver reported unrealistically tight delivery schedules with: (1) 

their opinions on their compensation, maximum speed limits, and HOS regulations, and (2) 

their behaviors of noncompliance with these safety laws and regulations.
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2. Methods

2.1. Study population and survey methods

Data for this study were collected as part of the National Institute for Occupational Safety 

and Health’s (NIOSH) National Survey of LHTD Health and Injury. The survey was a 

nationally representative sample of 1265 U.S. LHTDs participating at 32 truck stops along 

selected interstate highways across the contiguous United States in 2010. LHTDs were 

eligible for the survey if they had driven a truck with three or more axles as their main 

job for at least 12 months and took at least one mandatory 10-hour rest period away from 

home during each delivery run, as mandated by the FMCSA (FMCSA, 2003). A complex 

three-stage sampling process was used to achieve the best possible nationally representative 

sample of LHTDs: (1) first selection of interstate or other limited-access highway sections. 

Limited-access highway segments were stratified by geographic region and truck traffic 

volume; (2) followed by selection of individual truck stops along the selected highway 

sections. Truck stops with a restaurant and paved overnight parking lot with at least five 

parking spaces were identified using a national listing of truck stops [Brice, 2008]. Thirty-

two truck stops were selected with probability proportional to the number of parking spaces 

at the truck stop; and (3) random selection of drivers for interview at the selected truck stops. 

Additional information on the sampling methods are available in the previous report by 

Sieber et al (Sieber et al., 2014). The survey was approved by the NIOSH Human Subjects 

Review Board. The questionnaire used in the survey was developed with input from a 

stakeholder meeting and two LHTD focus group discussions. Participants in the stakeholder 

meeting included representatives from the American Trucking Associations (ATA), Owner 

Operator Independent Drivers Association, trucking companies, unions, FMCSA, academia, 

and other truck and highway safety organizations. The questionnaire was pilot tested at truck 

stops with LHTDs.

2.2. Data collected

The in-person, interviewer-administered survey collected data on broad aspects of truck 

driver health and injury, including demographic information, employment history, working 

conditions, job compensation, driver training, health conditions, truck crashes, occupational 

injuries, drivers’ opinions of their safety needs, and driving behaviors (Sieber et al, 2014; 

Birdsey et al, 2015; Chen et al, 2015a; 2015b). From a list of 11 potential safety strategies, 

drivers were asked to rate how well each strategy would improve the safety of truck drivers, 

using a Likert scale from 0 (“not at all”) to 5 (“very much”). For this analysis, drivers’ 

ratings were collapsed into two categories: “low level of agreement” (response choices 0–2), 

and “high level of agreement” (3–5). Reasons for the collapsing into two categories include 

easy interpretation and understanding of the results. Like all other questionnaire items, the 

list of 11 potential safety strategies which were listed in Table 2 was informed by input from 

a stakeholder meeting and two focus group discussions with LHTDs.

There were three response categories (often/sometimes/never) for questions such as: (1) 

How often do you receive an unrealistically tight delivery schedule? (2) How often do you 

continue to drive despite fatigue, bad weather, or heavy traffic because you must deliver or 

pick up a load at a given time? (3) How often do you drive 10 miles or more faster than the 
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speed limit? and (4) How often do you feel your work has been adequately rewarded in the 

past 12 months?

2.3. Statistical analysis

Descriptive statistical methods were used to assess national estimates for LHTDs’ opinions 

on their safety needs from the 11 potential safety strategies. To compute the national 

estimates, each completed personal interview was assigned a probability weight which 

represented the inverse of the product of probabilities of selection of the highway segment in 

stage 1, the truck stop in stage 2, and the truck driver in stage 3:

Weight = Probability highway segment * Probability truck stop * Probability truck driver −1

The national estimates of the total number of LHTDs and percentages of drivers responding 

to individual interview questions were determined as the sum of the probability weights for 

responding truck drivers.

Logistic regression analyses were performed to assess the associations between drivers’ 

opinions and potential risk factors. For this purpose, three separate regressions were used. 

(1) Opinion of whether their work was adequately rewarded was used as the dependent 

variable (never vs. often); age, gender, driver reported frequency of receiving unrealistically 

tight delivery schedules, and annual income were used as independent variables. (2) Opinion 

of whether increasing the current speed limit on interstate highways by 10 mph would 

improve safety was used as the dependent variable (high level of agreement vs. low level 

of agreement); age, gender, and driver reported frequency of receiving unrealistically tight 

delivery schedules were used as independent variables. (3) Opinion of whether strictly 

enforcing the HOS regulations would improve safety was used as the dependent variable 

(low level of agreement vs. high level of agreement); age, gender, and driver reported 

frequency of receiving unrealistically tight delivery schedules were used as independent 

variables.

Logistic regression analyses were also performed to assess the associations between driving 

behaviors and potential risk factors. For this purpose, three separate regressions were 

used. (1) Driver reported frequency of driving 10 mph or more over the speed limit was 

used as the dependent variable (often vs. never); age, gender, driver opinion on whether 

increasing current speed limit on interstate highways by 10 mph would improve safety, 

and driver reported frequency of unrealistically tight delivery schedules were used as 

independent variables. (2) Driver reported frequency of continuing to drive despite fatigue, 

bad weather, or heavy traffic because they must deliver or pick up a load at a given time 

was used as the dependent variable (often vs. never); age, gender, driver reported frequency 

of unrealistically tight delivery schedules, and annual income were used as independent 

variables. (3) Drivers reported violating HOS rules was used as the dependent variable 

(often vs. never); age, gender, driver reported frequency of unrealistically tight delivery 

schedules, and annual income were used as independent variables. The dependent variables 

for these three logistic regressions had three response categories (often/sometimes/never). 

In the logistical regressions, drivers who reported “sometimes” were excluded from the 
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analysis. This exclusion was made because the goal of this study is to compare the group 

who reported “often” with the group who reported “never.” All statistical analyses were 

performed using SAS 9.4 (SAS, 2013).

3. Results

The NIOSH long-haul truck driver survey suggested that U.S. LHTDs had a mean age 

of 47.8 years, 93.5% of LHTDs were male, 64.5% were company drivers, and 35.5% 

were owner-operators (Sieber et al, 2014). Additional results of U.S. LHTDs’ demographic 

information and employment history are available in previous reports (Sieber et al. 2014; 

Birdsey et al 2015; Chen et al 2015b). Table 1 lists results of driver reported unrealistically 

tight delivery schedules, driving behaviors, and driver opinion of their job compensation. 

These data are also available from Chen et al., 2015b.

When presented with 11 potential safety strategies, LHTDs most often reported high level of 

agreement (i.e., reported a 3–5 on the Likert scale) with building more truck stops/parking 

areas would improve truck driver safety (95.4% of LHTDs), followed by equally enforcing 

traffic laws on car and truck drivers (90.5%), paying drivers by the hour for loading and 

unloading time (87.7%), and equalizing maximum speed limits for cars and trucks on 

interstate highways (86.6%). Only 10.8% reported high level of agreement with decreasing 

the current maximum speed limit on interstate highways by 10 mph would improve safety 

(Table 2).

Table 3 lists results of the three logistic regression models that used drivers’ opinions of their 

job compensation, maximum speed limits, and HOS rules as the dependent variables. (1) In 

model one, drivers’ opinion on “whether their work was adequately rewarded” was used as 

the dependent variable. Compared to drivers who reported never receiving an unrealistically 

tight delivery schedule, those who reported often receiving an unrealistically tight delivery 

schedule were significantly more likely to report their work was never adequately rewarded 

(odds ratio (OR) = 4.5). (2) In model two, drivers’ opinion on “whether increasing the speed 

limit on interstate highways by 10 mph would improve safety” was used as the dependent 

variable. Compared to drivers who reported never receiving an unrealistically tight delivery 

schedule, those who reported often receiving an unrealistically tight delivery schedule were 

significantly more likely to have high level of agreement with the statement that increasing 

the current maximum speed limit on interstate highways by 10 mph would improve safety 

(OR = 2.1). (3) In model three, drivers’ opinion on “whether strictly enforcing the HOS 

regulations would improve safety” was used as the dependent variable, compared to drivers 

who reported never receiving an unrealistically tight delivery schedule, those who reported 

often receiving an unrealistically tight delivery schedule were significantly more likely to 

report low level of agreement with the statement that strictly enforcing the HOS rules would 

improve safety (OR = 1.8).

Table 4 lists results of the three logistic regression models that used drivers’ unsafe driving 

behaviors (speeding, continuing to drive despite adverse conditions, and violating HOS 

rules) as the dependent variables. (1) In model one, “driver reported frequency of driving 

10 mph or more over the speed limit” was used as the dependent variable (often vs. 
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never). Compared to drivers who reported never receiving an unrealistically tight delivery 

schedule, those who reported often receiving one were significantly more likely to report 

often speeding (OR = 7.5). (2) In model two, “driver reported frequency of continuing to 

drive despite fatigue, bad weather, or heavy traffic because they must deliver or pick up a 

load at a given time” was used as the dependent variable (often vs. never). Compared to 

drivers who reported never receiving an unrealistically tight delivery schedule, those who 

reported often receiving one were significantly more likely to report often continuing to 

drive despite fatigue, bad weather, or heavy traffic (OR = 7.5). (3) In model three, “driver 

reported frequency of violating HOS rules” was used as the dependent variable (often vs. 

never). Compared to drivers who reported never receiving an unrealistically tight delivery 

schedule, those who reported often receiving one were significantly more likely to report 

often violating HOS rules (OR = 10.9).

4. Discussion

4.1. Safety needs from LHTDs’ perspective

The NIOSH survey suggested that among the five safety needs identified by most LHTDs, 

two (build more truck stops/parking areas and designate truck-only lanes on interstate 

highways) would require changes in infrastructure, and the other three (equal speed limits 

and equal enforcement of traffic laws on cars and trucks, and strictly enforcing HOS 

regulations) would require changes in laws and policies.

The need for additional truck stops and parking areas has been identified by several 

governmental and industry studies (NTSB, 2000; FHWA, 2002; 2015; ATRI, 2016). This 

study suggested that building more truck stops and parking areas was the most wanted safety 

need by LHTDs (identified by the highest percentage (95.4%) of LHTDs) among many 

needs. A recent study by Bunn et al. (2017) indicated there was an association between 

commercial vehicle driver at-fault crashes involving sleepiness/fatigue and proximity to rest 

areas or truck stops. There was an inverse relationship between the risk of commercial 

vehicle driver at-fault crashes and the distance between the crash site and location of rest 

areas or truck stops. Their study results suggested that infrastructure changes including more 

truck stops and parking areas could potentially result in increased safety.

The second most wanted safety need by LHTDs (identified by 90.5% of LHTDs) was 

strictly enforcing existing traffic laws on car and truck drivers equally. Previous analysis 

of the LHTD survey by Chen et al. (2015b) found that 90.2% of LHTDs reported “often” 

(36.1%) or “sometimes” (54.0%) getting frustrated by drivers of passenger vehicles on the 

road. These results suggested a need for educating the public on how to share the road with 

commercial heavy trucks. FMCSA (2016) launched a new safety campaign “Our Roads, 

Our Responsibility” to raise awareness about sharing the road with large trucks and buses. 

LHTDs also favored the idea of truck-only lanes on the interstate highways. Truck-only 

lanes are lanes designated for the use of trucks. Trucks are required to use truck-only lane 

while passenger cars are encouraged not to use the truck-only lanes but not prohibited. The 

purpose of truck-only lanes is to separate trucks from other mixed-flow traffic to enhance 

safety and/or stabilize traffic flow. There have been a few studies and discussions on the 

feasibility and potential safety benefit of building truck-only lanes on interstate highways in 
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California and Oregon. The potential benefits may include making interstate highways less 

congested and safer for both truck and passenger vehicle drivers by not sharing the road 

between truck and passenger vehicle drivers (FHWA, 2005; Lord, et al, 2009; ODOT, 2009; 

myAJC, 2016; CA.gov, 2017).

Paying drivers by the hour for loading and unloading time is among the top 5 most wanted 

safety needs identified by LHTDs. Researchers and organizations have also recommended 

better pay (including paying drivers by the hours worked) for better truck safety in the 

United States and Australia (Belzer and Rodriguez, 2002; Belzer, 2012; Belzer and Sedo, 

2018; Quinlan and Wright, 2008; Quinlan, 2016; Thompson and Stevenson, 2014). There 

are several factors that may influence drivers’ compensation: (1) whether drivers are paid 

by the miles or by the hours; (2) whether they are paid for loading, unloading, and waiting 

time; (3) what their actual rate of pay might be; (4) what is the driver’s targeted earning 

(Belzer and Sedo, 2018), (5) whether there is a driver shortage, and (6) truck drivers are 

exempt from overtime pay under the Fair Labor Standards Act (BLS, 2009) in the United 

States. In 2015, U.S. Senate bill S.1739 - Truck Safety Act (https://www.congress.gov/

bill/114th-congress/senate-bill/1739/text) included a provision requiring employers to pay 

truck operators for all hours worked, rather than solely per miles driven. However, this 

has not become a law and is making its way through the courts (https://www.trucks.com/

2018/10/22/court-ruling-require-driver-pay/). Paying drivers for all hours worked would 

require federal legislation with support from the industry; or an independent industry-wide 

decision to change practices (Overdive, 2019). In addition to monetary compensation, the 

study’s results suggested that driver reported unrealistically tight delivery schedule also 

influenced how they perceived their job being compensated.

In the United States, the median annual wage for heavy and tractor-trailer truck drivers was 

$45,260 in 2019 (BLS, 2020). The study’s results of the associations between annual income 

and unsafe driving behaviors are mixed: compared to drivers with an annual income greater 

than $50,000, drivers with an annual income of $50,000 or less were more likely to report 

continuing to drive despite fatigue, bad weather or heavy traffic because they must deliver 

or pick up a load at a given time, but they were less likely to report often violating HOS 

regulations. One possible explanation is that drivers with an annual income of $50,000 or 

less were more likely to be younger drivers who may be willing to take more demanding 

delivery jobs compared to older or more senior drivers. On the other hand, lower income 

drivers might be unable to get the amount of work necessary to meet their needs, which 

might push them to work long hours beyond what is allowed by HOS regulations. Further 

research is needed to explain the mixed results.

4.2. The association of driver reported unrealistically tight delivery schedules and truck 
driver safety

Previous studies of truck driver work conditions and safety have focused on the association 

between work conditions and driver rest, sleep, and fatigue. An Australian truck driver 

survey suggested that about 20% of respondents reported that their employer did not give 

them enough time to stop to rest (Haworth et al., 2991). However, the Australian survey did 

not examine the association between time pressured schedule and truck drivers’ opinions 

Chen et al. Page 8

Saf Sci. Author manuscript; available in PMC 2024 August 09.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.ca.gov/
https://www.congress.gov/bill/114th-congress/senate-bill/1739/text
https://www.congress.gov/bill/114th-congress/senate-bill/1739/text
https://www.trucks.com/2018/10/22/court-ruling-require-driver-pay/
https://www.trucks.com/2018/10/22/court-ruling-require-driver-pay/


of safety needs and unsafe driving behaviors. This study expanded the current literature 

by linking time pressured delivery schedules to driver’s opinions on their safety needs and 

unsafe driving behaviors. The study’s results suggested that driver reported unrealistically 

tight delivery schedules were not only linked to their low level of agreement with maximum 

speed limits and HOS regulations, but also to their behaviors of noncompliance with these 

safety laws and regulations. HOS regulations were issued by the Federal Motor Carrier 

Safety Administration (FMCSA). The regulations limit the number of daily and weekly 

hours a commercial vehicle driver can drive and work, and regulate the minimum amount 

of time a commercial vehicle driver must spend resting between driving shifts in the United 

States. Canada, Mexico, Australia, New Zealand, and the European Union have similar 

regulations.

In European countries and Australia, researchers developed programs that help carriers, 

dispatchers, shippers in scheduling a time sensible delivery schedule, to find a feasible 

delivery schedule that is flexible and can be configured to consider different sets of 

rules imposed by government regulations and union contracts (Goel, 2010; 2012; Goel 

et al., 2011). In North America, the North American Fatigue Management Program 

(www.nafmp.com) is a web-based training program and provides carriers and dispatchers 

a comprehensive approach to manage their delivery schedules.

Law enforcement and in-vehicle safety technologies, such as speed limiters (or speed 

governors) and in-vehicle monitoring systems (IVMS), can reduce unsafe driving behaviors. 

Vaa (1997) found that intensive enforcement (an average of 9 hours of police presence 

along a 35-kilometers long stretch of road per day) resulted in reductions in vehicle 

speed that lasted up to 8 weeks. Shinar and Stiebel (1986) demonstrated the relationship 

between the perceived risk of receiving a citation and driving in excess of speed limits. 

The researchers found compliance with speed limits to be greatest in the vicinity of police 

vehicles and diminish with increasing distance from policy vehicles; the distance halo 

effect was greater for mobile than stationary police vehicles. Companies can also use 

speed limiters or governors, which limit maximum vehicle speed, to reduce speed-relevant 

crashes. Hanowski et al. (2012) suggested that trucks equipped with speed limiters had a 

significantly lower rate of speed-relevant crashes (approximately 50% lower) compared to 

trucks without speed limiters. A NIOSH study (Bell et al., 2017) suggested that IVMS 

in conjunction with feedback plus supervisory coaching were effective in improving truck 

drivers’ unsafe driving habits including speeding, cell phone use while driving, seatbelt use, 

fatigued driving, and distracted driving.

5. Limitations

The study limitations include that the current findings are dependent on the assumption that 

the survey respondents interpreted “unrealistically” tight delivery schedules in the same way. 

The self-reported data are subject to recall and interviewer bias. The survey respondents 

might have provided socially and legally appropriate answers to questions regarding 

speeding and HOS rules violation. Although this “social desirability” bias was minimized 

by the anonymous nature of this survey and by assuring respondents that results would be 

published only in aggregate form, results suggested the illegal statements regarding HOS 
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rules and driving 10 + miles over the speed limit were much less frequently reported than 

driving despite fatigue, weather, etc. which is not illegal. However, driver self-reported 

speeding, fatigued driving, and noncompliance with HOS were used in previous studies 

(Stephens, et al., 2017; Hege, et al., 2015; McCartt et al., 2008). Another limitation is that 

the questions to collect drivers’ opinions of their safety needs might lead the respondents 

to answer positively. This is a cross-sectional study that cannot be used to infer causality 

because a temporal sequence cannot be established.

6. Opportunities for future research

One of the study limitations is that the current findings are dependent on the assumption 

that the survey respondents interpreted “unrealistically” tight delivery schedules in the same 

way. The emergence of onboard safety monitoring systems including real time fatigue 

measurement technologies and the mandatory use of the electronic logging device (ELD) in 

the United States (effective on December 16, 2019) provide new opportunities to measure 

time pressured delivery schedules, driver fatigue, and driving behaviors objectively. Future 

research is needed to study the impact of time pressured delivery schedules on truck driver 

safety by using these objective measurements. The onboard fatigue/behaviors measurement 

technologies use machine learning and pattern recognition technologies to detect driver 

fatigued and distracted driving behaviors. The technologies can also provide feedback to 

drivers and managers in real time, which can potentially reduce fatigued and distracted 

driving (Wang and Xu, 2015; Masala and Grosso, 2014). The U.S. FMCSA plans to employ 

data from onboard safety monitoring systems in its updated study of contributing factors to 

crashes involving large commercial trucks (FMCSA, 2020b).

7. Conclusions

The NIOSH national LHTD survey suggested that driver reported unrealistically tight 

delivery schedules were common among LHTDs. Driver reported unrealistically tight 

delivery schedules can erode drivers’ beliefs in safety laws/regulations and promote risk-

taking behaviors. LHTDs see building more truck stops/rest areas as the most wanted safety 

need among the 11 potential safety strategies that were asked about in the survey. These 

findings suggest where interventions may be considered. For example, (1) government and 

private partners can build more truck stops/rest areas; (2) carriers and dispatchers can adopt 

recommendations in the North American Fatigue Management Program (www.nafmp.com) 

and schedule delivery times so that drivers can have adequate time for sleep and rest; 

(3) drivers can be given training to inform them of the risks of noncompliance with the 

maximum speed limits and HOS rules; and (4) carriers can use speed limiters and IVMS 

with supervisor feedback to reduce unsafe driving habits.

Acknowledgements

This work was supported by the NIOSH with partial funding from the FMCSA, U.S. Department of Transportation. 
We wish to thank Albert Alvarez, Dale Belman, Michael Belzer, Rebecca Brewster, Terry Bunn, Jeff Hickman, 
Akinori Nakata, Kyla Retzer, Martin Walker, and Ann Williamson for their helpful comments and/or guidance 
in development of our survey questionnaire or this manuscript. We particularly wish to thank the participating 
truck stops and drivers without whom this data collection would not have been possible. Westat Inc. provided data 
collection.

Chen et al. Page 10

Saf Sci. Author manuscript; available in PMC 2024 August 09.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.nafmp.com/


References

Apostolopoulos Y, Sonmez S, Shattell M, Belzer MH, 2010. Worksite-induced morbidities of truck 
drivers in North America: a research meta-analysis of underserved populations. AAOHN J 58 (7), 
285–296. [PubMed: 20608567] 

Apostolopoulos Y, Lemke M, Sönmez S, 2014. Risks endemic to long-haul trucking in north america: 
strategies to protect and promote driver well-being. New Solutions 24 (1), 57–81. [PubMed: 
25053606] 

ATA. 2016. ATA American Trucking Trends 2016. Available on http://www.trucking.org/article/ATA-
American-Trucking-Trends-2016. Accessed on February 1, 2017.

ATRI. 2016. Managing critical truck parking case study–real world insight form truck parking diaries. 
American Transportation Research Institute. 950 N. Glebe Road, Suite 210. Arlington, VA.

Bell JL, Taylor MA, Chen GX, Kirk RD, Leatherman ER, 2017. Evaluation of an in-vehicle 
monitoring system (IVMS) to reduce risky driving behaviors in commercial drivers: comparison 
of in-cab warning lights and supervisory coaching with videos of driving behavior. J. Saf. Res 60, 
125–136.

Belzer M, Rodriguez D, Sedo S. 2002. Paying for safety: An economic analysis of the 
effect of compensation on truck driver safety. Washington, DC: United States Department of 
Transportation, Federal Motor Carrier Safety Administration. http://www.is.wayne.edu/mbelzer/
pubs/PayAndSafety_Report_020910.pdf. Accessed on July 8, 2016.

Belzer M (2012). The economics of safety: How compensation affects commercial motor vehicle 
driver safety. Presented to United States House of Representatives Committee on Small Business 
July 11, 2012 http://smallbusiness.house.gov/uploadedfiles/7-11_belzer_testimony.pdf. Accessed on 
October 24, 2014.

Belzer MH, Sedo SA, 2018. Why do long distance truck drivers work extremely long hours? Economic 
Labor Relations Rev 29 (1), 59–79. 10.1177/1035304617728440.

Bigelow PI, Betts D, Hogg-Johnson S, Amick BC, Sieber WK, Skinner M, Jakubicek M. 2012. 
Health, safety, and wellness of truck drivers in Canada: Results of a pilot study. In: Krueger 
GP, editor. Research on the health and wellness of commercial truck and bus drivers: Summary 
of an international conference. Washington, DC: United States Department of Transportation, 
Federal Motor Carrier Safety Administration, Transportation Research Board. P 95–105. http://
onlinepubs.trb.org/onlinepubs/conf/cpw5.pdf. Accessed on February 28, 2018.

Birdsey J, Sieber WK, Chen GX, Hitchcock T, Lincoln JE, Robinson CF, Nakata A, 2015. National 
survey of long-haul truck driver injury and health: Health behaviors. J Occup Environ Med 57, 
210–216. [PubMed: 25654523] 

BLS. 2009. Fact Sheet #19: The Motor Carrier Exemption under the Fair Labor Standards Act (FLSA). 
https://www.dol.gov/whd/regs/compliance/whdfs19.htm. Accessed on September 19, 2017.

BLS. 2017. Table 3. Number, incidence rate, and median days away from work for nonfatal 
occupational injuries and illnesses involving days away from work by selected worker occupation 
and ownership, 2015. https://www.bls.gov/news.release/osh2.t03.htm. Accessed on February 8, 
2018.

BLS. 2020. Occupational outlook handbook. https://www.bls.gov/ooh/transportation-and-material-
moving/heavy-and-tractor-trailer-truck-drivers.htm. Accessed on May 13, 2020.

Braver ER, Preusser CW, Ulmer RG, 1999. How long-haul motor carriers determine truck driver work 
schedules: the role of shipper demands. J. Saf. Res 30 (3), 193–204.

Brice TA, 2008. The trucker’s friend and national truck stop directory 2008. TR publications, 
Clearwater, Florida.

Brodie L, Lyndal B, Elias IJ, 2009. Heavy vehicle driver fatalities: learnings from fatal road crash 
investigations in Victoria. Accid. Anal. Prev 41, 557–564. [PubMed: 19393807] 

Bunn TL, Slavova S, Struttmann TW, Browning SR, 2005. Sleepiness, fatigue and distraction/
inattention as factors for fatal versus nonfatal commercial motor vehicle driver injuries. Accid. 
Anal. Prev 37, 862–869. [PubMed: 15921653] 

Chen et al. Page 11

Saf Sci. Author manuscript; available in PMC 2024 August 09.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.trucking.org/article/ATA-American-Trucking-Trends-2016
http://www.trucking.org/article/ATA-American-Trucking-Trends-2016
http://www.is.wayne.edu/mbelzer/pubs/PayAndSafety_Report_020910.pdf
http://www.is.wayne.edu/mbelzer/pubs/PayAndSafety_Report_020910.pdf
http://smallbusiness.house.gov/uploadedfiles/7-11_belzer_testimony.pdf
http://onlinepubs.trb.org/onlinepubs/conf/cpw5.pdf
http://onlinepubs.trb.org/onlinepubs/conf/cpw5.pdf
https://www.dol.gov/whd/regs/compliance/whdfs19.htm
https://www.bls.gov/news.release/osh2.t03.htm
https://www.bls.gov/ooh/transportation-and-material-moving/heavy-and-tractor-trailer-truck-drivers.htm
https://www.bls.gov/ooh/transportation-and-material-moving/heavy-and-tractor-trailer-truck-drivers.htm


Bunn TL, Yu L, Slavova S, Bathke A, 2009. The effects of semi-truck driver age and gender and the 
presence of passengers on collisions with other vehicles. Traffic Inj. Prev 10, 266–272. [PubMed: 
19452368] 

Bunn TL, Slavova S, Rock PJ. 2017. Association between commercial vehicle driver at-fault crashes 
involving sleepiness/fatigue and proximity to rest areas and truck stops. Accident Analysis and 
Prevention (2017), 10.1016/j.aap.2017.11.022.

CA.gov. 2017. Truck-only lanes. http://www.dot.ca.gov/trafficops/trucks/truck-only-lanes.html. 
Accessed on April 10, 2017.

Callahan P 2019. Amazon Pushes Fast Shipping but Avoids Responsibility for the Human Cost. The 
New York Times. September 5, 2019. https://www.nytimes.com/2019/09/05/us/amazon-delivery-
drivers-accidents.html. Accessed on May 13, 2020.

Chen GX, Amandus HE, Wu N, 2014. Occupational fatalities of truck driver and driver/sales workers 
in the United States, 2003–2008. Am. J. Ind. Med. 57, 800–809. [PubMed: 24811905] 

Chen GX, Collins JW, Sieber WK, Pratt SG, Rodríguez-Acosta RL, Lincoln JE, Birdsey J, Hitchcock 
TM, Robinson CF, 2015a. Vital signs: seat belt use among long-haul truck drivers─United States, 
2010. Morb. Mortal. Wkly Rep. 64, 217–221.

Chen GX, Sieber WK, Lincoln JE, Birdsey J, Hitchcock T, Nakata A, Robinson CF, Collins JW, 
Sweeney MH, 2015b. National survey of U.S. long-haul truck drivers: injury and safety. Accid. 
Anal. Prev. 85, 66–72. [PubMed: 26397196] 

FHWA. 2002. Study of adequacy of commercial truck parking facilities–technical report. FHWA-
RD-01–158. http://www.fhwa.dot.gov/publications/research/safety/01158/01158.pdf. Accessed on 
July 8, 2016.

FHWA. 2005. Issues in the financing of truck-only lanes. https://www.fhwa.dot.gov/publications/
publicroads/05sep/02.cfm. Accessed on April 10, 2017.

FHWA. 2015. Jason’s Law truck parking survey results and 
comparative analysis http://ops.fhwa.dot.gov/freight/infrastructure/truck_parking/jasons_law/
truckparkingsurvey/jasons_law.pdf Accessed on July 5, 2016.

FMCSA. 2003. 49 CFR Parts 385, 390, and 395 Hours of Service of Drivers; Driver Rest and Sleep for 
Safe Operations; Final Rule. Federal Register: Vol. 68, No. 81 / Monday, April 28, 2003/Rules and 
Regulations. https://www.gpo.gov/fdsys/pkg/FR-2003-04-28/pdf/03-9971.pdf. Accessed on July 8, 
2016.

FMCSA. 2007. Large Truck Crash Causation Study. Washington, DC: U.S. Department of 
Transportation, Federal Motor Carrier Safety Administration. http://www.fmcsa.dot.gov/research-
and-analysis/research/large-truck-crash-causation-study. Accessed on March 1, 2018.

FMCSA. 2016. FMCSA launches new safety campaign to raise awareness about sharing the road 
with large trucks and buses. https://www.fmcsa.dot.gov/newsroom/fmcsa-launches-new-safety-
campaign-raise-awareness-about-sharing-road-large-trucks-and. Accessed on May 2, 2017.

FMCSA. 2020a. 2019 Pocket Guide to Large Truck and Bus Statistics. https://www.fmcsa.dot.gov/
sites/fmcsa.dot.gov/files/2020-01/FMCSA%20Pocket%20Guide%202019-FINAL-1-9-2020.pdf. 
Accessed on May 13, 2020.

FMCSA. 2020b. Request for Information Concerning Large Truck Crash Causal 
Factors Study. A Notice by the Federal Motor Carrier Safety Administration 
on 01/15/2020. https://www.federalregister.gov/documents/2020/01/15/2020-00557/request-for-
information-concerning-large-truck-crash-causal-factors-study. Accessed on May 6, 2020.

Goel A 2010. Truck Driver Scheduling and Australian Heavy Vehicle Driver Fatigue Law. http://
www.patatconference.org/patat2010/proceedings/2_12.pdf. Accessed on May 18, 2020.

Goel A, Archetti C, Savelsbergh M. 2011. Truck Driver Scheduling in Australia. https://
publications.csiro.au/rpr/download?pid=csiro:EP11174&dsid=DS1. Accessed on May 18, 2020.

Goel A, 2012. The minimum duration truck driver scheduling. EURO J. Transport. Logistics 1, 285–
306. 10.1007/s13676-012-0014-9.

Han SU, Saba F, Lee SH, Mohamed Y, Pena-Mora F, 2014. Toward an understanding of the impact of 
production pressure on safety performance in construction operations. Accidents Anal. Prevention 
68, 106–116.

Chen et al. Page 12

Saf Sci. Author manuscript; available in PMC 2024 August 09.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://CA.gov
http://www.dot.ca.gov/trafficops/trucks/truck-only-lanes.html
https://www.nytimes.com/2019/09/05/us/amazon-delivery-drivers-accidents.html
https://www.nytimes.com/2019/09/05/us/amazon-delivery-drivers-accidents.html
http://www.fhwa.dot.gov/publications/research/safety/01158/01158.pdf
https://www.fhwa.dot.gov/publications/publicroads/05sep/02.cfm
https://www.fhwa.dot.gov/publications/publicroads/05sep/02.cfm
http://ops.fhwa.dot.gov/freight/infrastructure/truck_parking/jasons_law/truckparkingsurvey/jasons_law.pdf
http://ops.fhwa.dot.gov/freight/infrastructure/truck_parking/jasons_law/truckparkingsurvey/jasons_law.pdf
https://www.gpo.gov/fdsys/pkg/FR-2003-04-28/pdf/03-9971.pdf
http://www.fmcsa.dot.gov/research-and-analysis/research/large-truck-crash-causation-study
http://www.fmcsa.dot.gov/research-and-analysis/research/large-truck-crash-causation-study
https://www.fmcsa.dot.gov/newsroom/fmcsa-launches-new-safety-campaign-raise-awareness-about-sharing-road-large-trucks-and
https://www.fmcsa.dot.gov/newsroom/fmcsa-launches-new-safety-campaign-raise-awareness-about-sharing-road-large-trucks-and
https://www.fmcsa.dot.gov/sites/fmcsa.dot.gov/files/2020-01/FMCSA%20Pocket%20Guide%202019-FINAL-1-9-2020.pdf
https://www.fmcsa.dot.gov/sites/fmcsa.dot.gov/files/2020-01/FMCSA%20Pocket%20Guide%202019-FINAL-1-9-2020.pdf
https://www.federalregister.gov/documents/2020/01/15/2020-00557/request-for-information-concerning-large-truck-crash-causal-factors-study
https://www.federalregister.gov/documents/2020/01/15/2020-00557/request-for-information-concerning-large-truck-crash-causal-factors-study
http://www.patatconference.org/patat2010/proceedings/2_12.pdf
http://www.patatconference.org/patat2010/proceedings/2_12.pdf
https://publications.csiro.au/rpr/download?pid=csiro:EP11174&dsid=DS1
https://publications.csiro.au/rpr/download?pid=csiro:EP11174&dsid=DS1


Hanowski RJ, Hickman J, Fumero MC, Olson RL, Dingus TA, 2007. The sleep of commercial vehicle 
drivers under the 2003 hours-of-service regulations. Accid Anal Prevent 39, 1140–1145.

Hanowski RJ, Hickman JS, Olson RL, Bocanegra J, 2009. Evaluating the 2003 revised hours-of-
service regulations for truck drivers: the impact of time-on-task on critical incident risk. Accid. 
Anal. Prev. 41, 268–275. [PubMed: 19245885] 

Hanowski RJ, Bergoffen G, Hickman JS, Guo F, Murray D, Bishop D, Johnson S, & 
Camden MC 2012. Research on the safety impacts of speed limiter device installations 
on commercial motor vehicles: Phase II. U.S. Department of Transportation. Federal Motor 
Carrier Safety Administration. March 2012. http://atri-online.org/wp-content/uploads/2014/07/
Speed-Limiters.pdf. Accessed on January 28, 2019.

Haworth NL, Vulcan P, Schulze MT, and Foddy B. 1991. Truck driver behavior and perceptions study. 
https://www.monash.edu/_data/assets/pdf_file/0015/216411/muarc018.pdf. Accessed on May 26, 
2020.

Heaton K, Browning S, Anderson D, 2008. Identifying variables that predict falling asleep at the wheel 
among long-haul truck drivers. AAOHN J 56, 379–385. [PubMed: 18792612] 

Hege A, Perko M, Johnson a, Yu CH, Sonmez S. Apostolopoulos Y. 2015. Survey the impact of work 
hours and schedules on commercial motor vehicle driver sleep. Saf Health Work; 6: 104–113. 
[PubMed: 26106509] 

ILO. 2000. International hazard datasheets on occupation of driver, truck/
heavy. https://www.ilo.org/wcmsp5/groups/public/—ed_protect/—protrav/—safework/documents/
publication/wcms_186282.pdf. Accessed on May 27, 2020.

ILO. 2015. Priority safety and health issue in the road transport sector. https://www.ilo.org/wcmsp5/
groups/public/—ed_dialogue/—sector/documents/publication/wcms_400598.pdf. Accessed on 
May 27, 2020.

Bensman D, Jun X 2010. The heart of the problem: trucking in china’s logistics sector. http://
lerachapters.org/OJS/ojs-2.4.4-1/index.php/PFL/article/view/423/419. Accessed on May 18, 2020.

Kircher K, Andersson J, 2013. Truck drivers’ opinion on road safety in tanzania–a questionnaire study. 
Traffic Inj. Prev. 14 (1), 103–111. 10.1080/15389588.2012.671982. [PubMed: 23259525] 

Kudo T, Belzer MH, 2019. The association between truck driver compensation and safety 
performance. Saf. Sci. 120, 447–455.

Lord D, Middleton D, Whitacre J. 2009. Does separating trucks from other traffic improve overall 
safety? http://citeseerx.ist.psu.edu/viewdoc/download?10.1.1.472.9097&rep=rep1&type=pdf. 
Accessed on April 10, 2017.

McCartt AT, Hellinga LA, Solomon MG, 2008. Work schedules of long-distance truck 
drivers before and after 2004 hours-of-service rule change. Traffic Inj. Prev. 9, 201–210. 
10.1080/15389580802040287. [PubMed: 18570141] 

Marcus JH, Rosekind MR, 2017. Fatigue in transportation: NTSB investigations and safety 
recommendations. Injury Prevention 23 (4), 232–238. [PubMed: 26929259] 

Masala GL, Grosso E, 2014. Real time detection of driver attention: Emerging solutions based on 
robust iconic classifiers and dictionary of poses. Transport. Res. Part C: Emerging Technologies 
49, 32–42. 10.1016/j.trc.2014.10.005.

MyAJC. 2016. Truck lanes for I-75 a $2 billion gamble. http://www.myajc.com/news/transportation/
truck-lanes-for-billion-gamble/xb239NcVfuWpZFs0RsaQuJ/. Accessed on April 10, 2017.

National Academies of Sciences, Engineering, and Medicine. 2016. Commercial Motor Vehicle Driver 
Fatigue, Long-Term Health, and Highway Safety: Research Needs. Washington, DC: The National 
Academies Press. 10.17226/21921.

Nepal MP, Park M, Son B, 2006. Effects of schedule pressure on construction performance. J. 
Construction Eng. Management. 132 (2), 182–188.

NTSB. 1990. Safety study: Fatigue, alcohol, other drugs, and medical factors in fatal-to-the-driver 
heavy truck crashes (volume 1). National Transportation Safety Board. Report No. NTSB/
SS-90/01, Washington, D.C.

NTSB. 2000. Highway special investigation reports: Truck parking area. Washington, DC: National 
Transportation Safety Board, NTSB/SIR-00/01. http://www.ntsb.gov/news/events/Documents/
truck_bus-SIR0001.pdf. Accessed on July 8, 2016.

Chen et al. Page 13

Saf Sci. Author manuscript; available in PMC 2024 August 09.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://atri-online.org/wp-content/uploads/2014/07/Speed-Limiters.pdf
http://atri-online.org/wp-content/uploads/2014/07/Speed-Limiters.pdf
https://www.monash.edu/_data/assets/pdf_file/0015/216411/muarc018.pdf
https://www.ilo.org/wcmsp5/groups/public/-ed_protect/-protrav/-safework/documents/publication/wcms_186282.pdf
https://www.ilo.org/wcmsp5/groups/public/-ed_protect/-protrav/-safework/documents/publication/wcms_186282.pdf
https://www.ilo.org/wcmsp5/groups/public/-ed_dialogue/-sector/documents/publication/wcms_400598.pdf
https://www.ilo.org/wcmsp5/groups/public/-ed_dialogue/-sector/documents/publication/wcms_400598.pdf
http://lerachapters.org/OJS/ojs-2.4.4-1/index.php/PFL/article/view/423/419
http://lerachapters.org/OJS/ojs-2.4.4-1/index.php/PFL/article/view/423/419
http://citeseerx.ist.psu.edu/viewdoc/download?10.1.1.472.9097&rep=rep1&type=pdf
http://www.myajc.com/news/transportation/truck-lanes-for-billion-gamble/xb239NcVfuWpZFs0RsaQuJ/
http://www.myajc.com/news/transportation/truck-lanes-for-billion-gamble/xb239NcVfuWpZFs0RsaQuJ/
http://www.ntsb.gov/news/events/Documents/truck_bus-SIR0001.pdf
http://www.ntsb.gov/news/events/Documents/truck_bus-SIR0001.pdf


NTSB. 2020. NTSB 2019–2020 most wanted list of transportation safety improvements. https://
www.ntsb.gov/safety/mwl/Pages/default.aspx. Accessed on May 13, 2020.

ODOT. 2009. Truck only lanes. https://www.oregon.gov/ODOT/TD/TP/docs/tolling/whitepaper7.pdf. 
Accessed on April 10, 2017.

Overdive. 2019. Trucking reps testify before Congress on driver pay, 
hours, safety. https://www.overdriveonline.com/trucking-reps-testify-before-congress-on-driver-
pay-hours-safety/. Accessed on May 6, 2020.

Quinlan M, 2003. Occupational safety and health in trucking: an Australian and European. Perspective. 
10.13140/2.1.3008.8648.

Quinlan M, Wright L, 2008. Remuneration and safety in the Australian heavy vehicle industry: 
a review undertaken for the National Transport Commission. National Transport, Melbourne, 
Australia.

Quinlan M 2016. Do better pay rates for truck drivers improve safety? http://newsroom.unsw.edu.au/
news/business-law/do-better-pay-rates-truck-drivers-improve-safety. Accessed on July 5, 2016.

Rendon-Velez Elizabeth & Leeuwen PM & Happee Riender & Horvath Imre & van der Vegte Wilhelm 
& de Winter Joost. (2016). The effects of time pressure on driver performance and physiological 
activity: A driving simulator study. Transportation Research Part F Traffic Psychology and 
Behaviour. 41 (Part A). 150–169. 10.1016/j.trf.2016.06.013.

Sabbagh-Ehrlich S, Friedman L, Richter ED, 2005. Working conditions and fatigue in professional 
truck drivers at Israeli ports. Inj Prev 11, 110–114. [PubMed: 15805441] 

SAS Institute, 2013. Base SAS 9.4 Procedures Guide, Statistical Procedures, Second ed. SAS Institute 
Inc., Cary, NC.

Shinar D, Stiebel J, 1986. The effectiveness of stationary versus moving police vehicle on compliance 
with speed limit. Hum. Factors 28, 365–371.

Sieber WK, Robinson CF, Birdsey J, Chen GX, Hitchcock T, Lincoln JE, Nakata A, Sweeney MH, 
2014. Obesity and other risk factors: The national survey of U.S. long-haul truck driver health and 
injury. Am. J. Ind. Med. 57, 615–626. [PubMed: 24390804] 

Stephens AN, Nieuwesteeg M, Page-Smith J, Fitzharris M, 2017. Self-reported speed compliance and 
attitudes towards speeding in a representative sample of drivers in Australia. Accid. Anal. Prev. 
103, 56–64. [PubMed: 28384489] 

Stevenson M, Sharwood LN, Wong K, Elkington J, Meuleners L, Ivers RQ, Grunstein RR, Williamson 
A, Haworth N, Norton R. 2010. The heavy vehicle study: a case-control study investigating risk 
factors for crash in long distance heavy vehicle drivers in Australia. BMC Public Health, 10, 
162, 1–5. http://www.biomedcentral.com/content/pdf/1471-2458-10-162.pdf. Accessed on March 
1, 2018. [PubMed: 20043862] 

Thompson J, Stevenson M, 2014. Associations between heavy-vehicle driver compensation 
methods, fatigue-related driving behavior, and sleepiness. Traffic Inj. Prev. 15 (sup1), S10–S14. 
10.1080/15389588.2014.928702. [PubMed: 25307373] 

Vaa T, 1997. Increased police enforcement effects on speed. Accid. Anal. Prev. 29, 273–365.

Wang X, Xu C, 2015. Driver drowsiness detection based on non-intrusive metrics considering 
individual specifics individual specifics. Accid. Anal. Prev. 95 (350–357), 2020. 10.1016/
j.aap.2015.09.002. Accessed on June 3.

Chen et al. Page 14

Saf Sci. Author manuscript; available in PMC 2024 August 09.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.ntsb.gov/safety/mwl/Pages/default.aspx
https://www.ntsb.gov/safety/mwl/Pages/default.aspx
https://www.oregon.gov/ODOT/TD/TP/docs/tolling/whitepaper7.pdf
https://www.overdriveonline.com/trucking-reps-testify-before-congress-on-driver-pay-hours-safety/
https://www.overdriveonline.com/trucking-reps-testify-before-congress-on-driver-pay-hours-safety/
http://newsroom.unsw.edu.au/news/business-law/do-better-pay-rates-truck-drivers-improve-safety
http://newsroom.unsw.edu.au/news/business-law/do-better-pay-rates-truck-drivers-improve-safety
http://www.biomedcentral.com/content/pdf/1471-2458-10-162.pdf


A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Chen et al. Page 15

Table 1

aResults of LHTD reported unrealistically tight delivery schedules, driving behaviors, and opinion on their job 

compensation, National Survey of U.S. Long-Haul Truck Driver (LHTD) Health and Injury 2010.

Survey questions Often (%b) Sometimes (%) Never (%)

In your driving experience over the previous 12 months, how often do the following situations 
occur?

You receive an unrealistically tight delivery schedule. 15.5 57.9 25.7

The hours-of-service rules are violated. 9.7 27.0 63.0

You continue to drive despite fatigue, bad weather, or heavy traffic because you must deliver 
or pick up a load at a given time?

23.8 47.0 29.2

You drive 10 miles per hour or more over the speed limit? 4.5 26.0 69.4

You feel your work has been adequately rewarded? 36.1 34.2 29.4

a :
Source: Chen et al. (2015b). Results were based on responses from 1263 LHTDs.

b :
Percent is weighted national estimate. Weighted national estimates were computed using all non-missing survey responses.
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Table 2

National estimates of drivers’ opinions on 11 potential safety strategies, National Survey of U.S. Long-Haul 

Truck Driver (LHTD) Health and Injury 2010.

Survey Question: Weighted national 
estimatea

I’m going to read you some activities that may or may not improve safety for truck drivers, 
using a scale from 0, which means “not at all,” to 5, which means “very much.” Please rate how 
well each statement describes how you feel about whether or not the activity would improve 
safety

High level of 

agreementb (%)

Low level of 
agreement (%)

Build more truck stops/parking areas 95.4 4.6

Strictly enforce traffic laws on car and truck drivers equally 90.5 8.8

Pay drivers by the hour for loading and unloading time 87.7 11.4

Equalize the car and truck maximum speed limit on interstate highways 86.6 13.3

Strictly enforce the hours-of-service (HOS) regulations 60.2 39.6

Designate truck only lanes on interstate highways 59.6 39.1

Pay drivers by the hour for driving time 53.0 46.2

Require a short rest break after 4 h continuous driving 43.9 55.6

Require speed governors for all large trucks 27.5 72.2

Increase the current maximum speed limit on interstate highways by 10 mph 26.2 72.8

Decrease the current maximum speed limit on interstate highways by 10 mph 10.8 88.6

a :
Weighted national estimates were computed using all non-missing survey responses (1263).

b :
The original response was a Likert scale from 0 (“not at all”) to 5 (“very much”). For this analysis, the ratings of 0–2 were collapsed into “low 

level of agreement” and the ratings of 3–5 were collapsed into “high level of agreement.”
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Table 3

Results of the three logistic regressions that used drivers’ opinions as the dependent variables, National Survey 

of U.S. Long-Haul Truck Driver Health and Injury 2010

Drivers’ opinions (Dependent variables) Risk factors (Independent variables) OR (95% CI)a

Model one

Opinion on whether their work was adequately 
rewarded (never vs. often)

Ageb 0.99 (0.97–1.01)

Gender (female vs. male) 1.1 (0.5–2.2)

Reported frequency of receiving unrealistically tight delivery 
schedule (often vs. never)

4.5 (2.9–7.0)*

Reported frequency of receiving unrealistically tight delivery 
schedule (sometimes vs. never)

2.4 (1.7–3.4)*

Annual income, (<=$50,000 vs. >$50,000) 2.0 (1.5–2.7)*

The Hosmer and Lemeshow testc: χ2 = 10.1 Pr > ChiSq = 0.3

Model two

Opinion on whether increasing the speed limit on 
interstate highways by 10 mph would improve safety 
(High level of agreement vs. low lever of agreement)

Age 0.99 (0.98–1.00)

Gender, female vs. male 1.1 (0.7–1.8)

Reported frequency of receiving unrealistically tight delivery 
schedule (often vs. never)

2.1 (1.4–3.1)*

Reported frequency of receiving unrealistically tight delivery 
schedule (sometimes vs. never)

1.6 (1.1–2.1)*

The Hosmer and Lemeshow test: χ2 = 7.8 Pr > ChiSq = 0.5

Model three

Opinion on whether strictly enforcing the HOS 
regulations would improve safety (Low lever of 
agreement vs. high level of agreement)

Age 0.99 (0.98–1.01)

Gender (female vs male) 1.0 (0.6–1.6)

Reported frequency of receiving unrealistically tight delivery 
schedules (often vs. never)

1.8 (1.2–2.5)*

Reported frequency of receiving unrealistically tight delivery 
schedules (sometimes vs never)

1.5 (1.2–2.0)*

Employment (owner-operators vs. company drivers) 1.8 (1.4–2.3)*

The Hosmer and Lemeshow test: χ2 = 5.1 Pr > ChiSq = 0.7

a :
OR — odds ratio; CI — confidence interval.

b :
Age was used as a continuous variable in the logistic regressions.

c :
The null hypothesis for the Hosmer and Lemeshow test is that the data fit the model. P > 0.05 means that at α = 0.05 we fail to reject the 

hypothesis that the data fit the model.

* :
Significant at the 0.05 level.
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Table 4

Results of the three logistic regression models that used drivers’ driving behaviors as the dependent variables, 

National Survey of U.S. Long-Haul Truck Driver Health and Injury 2010.

Behaviors (dependent variables) Risk factors (independent variables) OR (95% CI)a

Model one

Driver reported frequency of driving 10 mph 
or more over the speed limit (often vs. never)

Ageb 0.98 (0.95–1.0)

Gender (female vs. male) 0.6 (0.2–1.9)

Opinion on whether increasing current speed limit on interstate 
highways by 10 mph would improve safety (High level of agreement 
vs. low level of agreement)

4.4 (2.6–7.3)*

Reported frequency of unrealistically tight delivery schedule (often vs. 
never)

7.5 (3.2–17.8)*

Reported frequency of unrealistically tight delivery schedule 
(sometimes vs. never)

1.9 (0.8–4.5)

The Hosmer and Lemeshow testc: χ2 = 6.5 Pr > ChiSq = 0.6

Model two

Driver reported frequency of continuing to 
drive despite fatigue, bad weather, or heavy 
traffic because they must deliver or pick up a 
load at a given time (often vs. never)

Age 0.981 (0.966–0.997)*

Gender (female vs. male) 0.6 (0.3–1.1)

Driver reported frequency of unrealistically tight delivery schedule 
(often vs. never)

7.5 (4.5–12.3)*

Driver reported frequency of unrealistically tight delivery schedule 
(sometimes vs. never)

3.0 (2.0–4.5)*

Annual income (<=$50,000 vs. >$50,000) 1.6 (1.2–2.2)*

The Hosmer and Lemeshow test: χ2 = 10.7 Pr > ChiSq = 0.2

Model three

Driver reported frequency of violating HOS 
rules (often vs. never)

Age 1.0 (1.0–1.0)

Gender (female vs. male) 0.7 (0.3–1.5)

Driver reported frequency of unrealistically tight delivery schedule 
(often vs. never)

10.9 (5.3–22.3)*

Driver reported frequency of unrealistically tight delivery schedule 
(sometimes vs. never)

3.6 (1.8–7.1)*

Drivers’ opinion on whether strictly enforcing the Hours-of Service 
regulations would improve safety (low level of agreement vs. high 
level of agreement)

6.1 (4.0–9.3)*

Annual income (<=$50,000 vs. >$50,000) 0.7 (0.4–0.99)*

The Hosmer and Lemeshow test: χ2 = 5.4, Pr > ChiSq = 0.7

a :
OR — odds ratio; CI — confidence interval.

b :
Age was used as a continuous variable in the logistic regressions.

c :
The null hypothesis for the Hosmer and Lemeshow test is that the data fit the model. P > 0.05 means that at α = 0.05 we fail to reject the 

hypothesis that the data fit the model.

* :
Significant at the 0.05 level.
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