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EXECUTIVE SUMMARY 

Occupational drivers are a unique subset of the driving population, as driving per se is not their 
primary job duty, but can nonetheless encompass a large portion of their working day. These 
occupational drivers make sales calls to various clients and other business entities throughout the 
day, and often use fleet vehicles as a critical component of business. The purpose of this research 
was to conduct an analysis of naturalistic data to better understand the behaviors of occupational 
drivers. Naturalistic data were collected by Lytx, a driver risk management company, over a 3-
month period. Supervisors in utilities and service organizations were the target vehicles in the 
analyses, as these employees had a driving profile that involved travel to site locations 
throughout the working day (e.g., they engaged in daily driving to various locations over the 
course of the day). The final data set contained 312,672 naturalistic driving safety-critical events 
(SCEs) and spurious baselines (BLs) reduced for driver behaviors and tasks.  

Overall, non-driving-related distraction tasks were uncommon in spurious BLs and SCEs (only 
2.26% of spurious BLs and 2.51% of SCEs had at least one distraction task observed). The task 
most frequently observed in the spurious BLs and SCEs was any task using a handheld cell 
phone, a task that included several cell phone subtasks. Observations of drowsy or falling asleep 
behaviors were rare (less than 0.01% of the SCEs and spurious BLs had observable signs of 
drowsiness). However, the odds of driver drowsiness for an SCE that did not include a 
confidence interval of “1.0” were higher than for spurious BLs (odds ratio estimate = 6.59, 95% 
confidence interval = [3.21, 13.57]).  

Future research should include an analysis of risk, distraction occurrence, and driver drowsiness 
for different types of occupational drivers. Also, future research should investigate the impact of 
safety policies, practices, and culture on SCE occurrence. 
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CHAPTER 1. INTRODUCTION 

Driving is an important example of a ubiquitous task with clear safety and environmental design 
values where there is a fundamental need to understand the behaviors adopted by individuals (in 
day-to-day journeys) and across cultural and national boundaries. Most light vehicle drivers use 
their personal vehicles to drive to and from work. However, occupational drivers, such as those 
in the sales industry, use fleet vehicles as a critical component of business. These occupational 
drivers make sales calls to various clients and other business entities throughout the day. While 
driving is not their primary job duty, it does constitute a large portion of their time. With such 
large numbers of these types of workers on the road, safety is clearly a concern in terms of caring 
for employees and maintaining the flow of business.  

Occupational drivers face unique risks in their jobs and have been found to be at increased risk 
for crashes while working. In 2014, the largest proportion of fatal occupational injuries in the 
United States occurred in transportation and material moving occupations (28% of fatal 
occupation injuries), with over 64% of these fatal injuries in drivers/sales workers and truck 
drivers.(1) A study conducted in Quebec found that taxi drivers had an average of 3.6 times the 
crash rate per year compared to all drivers (an average of 0.25 crashes per driver per year for taxi 
drivers compared to 0.07 for all drivers).(2) In a survey of Australian occupational drivers, the 
average crash rate per 1,000 km when driving a work-related vehicle was significantly higher 
than the average crash rate when driving a personal vehicle (average crash rates of 0.07 and 0.06, 
respectively).(3) 

Several studies have investigated this group’s driving behaviors in order to identify ways to 
reduce risk. A survey of sales and marketing professionals and construction workers found they 
perceived haste, tiredness, thinking about work during the drive, and use of a cell phone to be 
important factors during work-related driving, as compared to leisure-related driving.(4) 
Respondents also felt that thinking about work while driving increased the risk of crash 
involvement.(4) In a group of incident-involved drivers surveyed in Sydney, Australia, drivers on 
work-related trips reported much lower rates of not feeling tired at all (17% of drivers on work-
related trips) than those on holiday or social drives (55% and 30%, respectively). In other words, 
drivers on work-related drives were much more likely to be tired during their incident-involved 
trips than those not on work-related drives.(5) Interestingly, despite the evidence that 
occupational drivers are more likely to be involved in a crash, occupational drivers surveyed in 
Australia reported practicing safe driving behaviors more often in work vehicles than in personal 
vehicles, with speeding or other dangerous driving behaviors performed less often in the work 
vehicle. However, although prior evidence suggests occupational drivers may speed less often in 
their work vehicle compared to their personal vehicle, a survey of British company car drivers 
found those who frequently exceeded speed limits were more likely to view being on time for a 
work-related appointment as desirable.(6)  

Existing research on occupational drivers lacks information about the secondary, distracting, and 
possibly work-related tasks these drivers may be engaged in while driving. The Olson et al. 
(2009) study was the first naturalistic driving study to assess distraction in commercial motor 
vehicle (CMV) drivers.(7) The authors found that CMV drivers engaged in various non-driving, 
or tertiary, tasks while driving, and that the riskiest of these tertiary tasks were those activities 
that took the drivers’ eyes away from the forward roadway (i.e., visual distraction). Another 
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finding was that CMV drivers engaged in a variety of work-related tasks while driving. Given 
their long driving hours, it should not be all that surprising that CMV drivers would try to multi-
task. Could the same behaviors appear in occupational light vehicle drivers (whose job is not 
driving per se)? And, if so, what types of tertiary tasks are these drivers performing while 
driving?  

The purpose of this research was to conduct an analysis of naturalistic data collected by Lytx, a 
driver risk management company, over a 3-month period. Supervisors in utilities and service 
organizations were the target vehicles in the analyses, as these employees had a driving profile 
involving travel to site locations throughout the working day (e.g., they engaged in a large 
amount of daily driving to various locations over the course of the day). The data provided by 
Lytx are descriptive data on the adverse consequences of fatigue and tertiary tasks while driving. 
In addition, Lytx re-reviewed all cell phone safety-critical events (SCEs) and spurious baselines 
(BLs) from September 1, 2014, to December 1, 2014, to determine the frequency of the 
following cell phone subtasks: dial cell phone, reach for cell phone, reach for 
Bluetooth/headset/earpiece, talk/listen on hands-free cell phone, talk/listen on handheld cell 
phone, and text/email/surf web on cell phone. The results of these analyses provided information 
on the scope of cell phone use (and other distractions) and fatigue during SCEs and spurious BLs 
for occupational drivers.  
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CHAPTER 2. METHODS 

DATA 

Lytx collected data from drivers using their DriveCam program. As shown in Figure 1, the 
DriveCam program is a closed-loop behavior modification system with multiple steps to assure 
positive outcomes. First, risky driving events are captured by the video-based device. The 
captured events (video and kinematic data) are automatically transmitted from the vehicle to 
Lytx review centers. Trained analysts review the video and kinematic data and record what the 
driver was doing during the captured events, and then calculate a severity score for each video 
event. Reviewed events are made accessible on a password-protected website for captured 
events, dashboards, and reports. In the setting of a commercial fleet, a supervisor reviews with 
drivers the videos and reports generated by review analysts to pinpoint risky driving behaviors 
and coach drivers on how to avoid future risky behaviors. Lastly, drivers return to the field with 
added knowledge and motivation to drive safely. 

 
Figure 1. Illustration. Schematic of the DriveCam® program. 
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Events were captured for review when certain kinematic thresholds were met. Examples of 
trigger types with kinematic thresholds included accelerating, braking, cornering, rough or 
uneven surface, and/or speeding. Captured events could have met more than one kinematic 
threshold. During review, reductionists noted whether the captured event consisted of a collision, 
near collision, other unsafe driving, or normal driving. This information, in addition to the 
triggers (i.e., kinematic thresholds exceeded) for each event, was provided to the Virginia Tech 
Transportation Institute (VTTI). VTTI classified events as SCEs or spurious BLs. SCEs included 
collisions or near collisions, regardless of kinematic trigger type. Events with accelerating, 
braking, cornering, speeding, or “other” kinematic triggers were also classified by VTTI as 
SCEs, termed “other, less severe safety-related events” in the analysis. In this particular data set, 
less severe safety-related events could include behaviors such as traffic violations, risky driving 
(e.g., following too close to a lead vehicle), not wearing a seatbelt, etc. 

Events captured by the rough or uneven surface trigger, with no other triggers or observed 
collision, near collision, or other safety event, were classified as spurious BLs. An example of a 
spurious event might be a vehicle hitting a pothole in the road while driving normally. The 
impact might trigger the system to record the video epoch, but upon review by reductionists, it 
was clear the epoch was not safety related. Presence of driver inattention during the event did not 
affect the event classification as SCE or spurious BL.  

The data provided for analysis consisted of 90 days of existing naturalistic data, including 
110,862 spurious BLs and 201,810 SCEs. For this study, spurious BLs were kept in the data set 
for analysis. Including these events in analysis allows researchers to assess driver behavior in 
non-safety critical moments. A recently published study comparing random BLs to spurious BLs 
using event-based naturalistic driving data found the two to be relatively similar, thus supporting 
the use of spurious BLs when random BLs are unavailable.(8)  

Approximately 10,000 occupational drivers were included in the data set. The data set was re-
reviewed by the Lytx reduction team to identify the presence of the following cell phone 
subtasks: use of a handheld cell phone, use of a hands-free cell phone, use of another 
communication or electronic device, dialing a cell phone, reaching for a cell phone, 
talking/listening on a cell phone, reaching for a Bluetooth/headset/earpiece device, 
talking/listening on a Bluetooth/headset/earpiece device, talking/listening on a push-to-talk 
device, texting/email/web surfing on a cell phone, paperwork, and looking at/interacting with a 
paper map. For each SCE and spurious BL, all observed distractions were noted. 

The operational definitions for distraction tasks are included in Table 1.  
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Table 1. Distraction tasks and their operational definitions. 

Distraction Task Operational Definition 

Dial handheld cell phone 

When the driver is pressing buttons or interacting with a touch screen on a 
handheld cell phone in order to dial a phone number to make a call. This can 
include dialing, searching for a contact’s number, entering a voice mail 
password, etc.  

Reach for handheld cell phone 
Driver is reaching towards his/her cell phone. Begins when the driver starts to 
move his/her hand in the direction of the phone to retrieve the phone. Finishes 
when one of the other categories begins (i.e., dialing, talking/listening). 

Reach for 
Bluetooth/headset/earpiece 

Driver is reaching towards his/her Bluetooth/headset/earpiece. Begins when 
the driver starts to move his/her hand in the direction of the 
Bluetooth/headset/earpiece to retrieve the Bluetooth/headset/earpiece. 
Finishes when one of the other categories begins (i.e., dialing, 
talking/listening). 

Talk/listen on 
Bluetooth/headset/earpiece 

When a driver talks, listens, or gives voice commands on a 
Bluetooth/headset/earpiece. Driver must be observed talking repeatedly with 
no obvious passenger interaction.  

Talk/listen on handheld cell 
phone 

When a driver is talking on a handheld phone or has the phone up to his/her 
ear as if listening to a phone conversation or waiting for a person they are 
calling to pick up the phone, or if the driver uses the speaker phone function 
on a handheld cell phone and keeps the handheld phone in his/her hand(s) 
while using the speaker phone function. 

Talk/listen on push to talk 

When a driver talks, listens, or gives voice commands on an integrated hands-
free system. Driver likely pushes a button in center stack, steering wheel, or 
rear-view mirror before beginning to talk or listen. Driver must be observed 
talking repeatedly with no obvious passenger interaction.  

Text/email/surf web on cell 
phone 

When the driver views the handheld cell phone display with or without 
pressing buttons or manipulating the touch screen for a purpose other than 
making/receiving a call. Examples include when the driver uses the cell phone 
to check time, types a text message, reads a received text message, browses 
the internet or email, or uses the phone’s other applications.  

Paperwork 

Driver is reading or writing on material that is in the vehicle, but not a part of 
the vehicle (i.e., not reading external signs, or radio display). This could be 
reading or writing on directions, paper material, packaging. Driver may also 
be shuffling or searching through paper or materials.  

Manipulate other electronic 
device (e.g., tablet, computer, 

etc.) 

Driver is manipulating some non-manufacturer installed electronic device 
(tablet, computer, personal digital assistant, laptop, mp3 player, etc.) either by 
pressing buttons, viewing, opening/closing, plugging in, etc.  

Manipulate GPS 

Driver is manipulating some GPS device (handheld device, equipment 
installed by the vehicle manufacturer, aftermarket device, etc.) either by 
pressing buttons, viewing, opening/closing, plugging in, etc. Device may be 
handheld, in vehicle center stack, placed or mounted on vehicle dash or front 
window. 

Look/interact with paper map Driver is reaching for, holding, or reading a paper map. 
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The cell phone-related distractions apply to different phone types. These phone types are 
operationally defined in Table 2. For example, if the driver was viewed as talking/listening on 
his/her cell phone, the Lytx reduction team would need to also identify the phone type using 
Table 2 as a guide. 

Table 2. Phone types and their operational definitions. 

Phone Type Operational Definition 

Handheld cell phone 

Handheld cell phones include phones with button keypad or touch screens that 
the driver must hold to use. For example, if the driver must push buttons on a 
keypad or touch the screen to dial, talk/listen, or end the phone call, the phone 
is handheld. If the driver uses the speakerphone feature, but keeps the phone 
in their hand, the phone is considered handheld. 

Bluetooth/headset/earpiece 
(portable hands-free) 

Portable hands-free devices include headsets (wired or wireless) or other 
aftermarket Bluetooth or hands-free devices that are NOT integrated into the 
vehicle by the manufacturer. May include some voice activation, but driver 
does not use the handheld phone for task being reduced. 

Push to talk (integrated hands-
free) 

Driver uses cell phone technology that is integrated into the vehicle; a 
handheld phone is not used at all. This includes equipment installed by the 
vehicle manufacturer such as microphones and speakers for cell phone use, a 
speech-based user interface to dial the phone, and other phone controls built 
into the vehicle (e.g., center stack, steering wheel, or rear-view mirror 
buttons). Integrated hands-free devices include vehicles that have a cell phone 
built into the vehicle itself, and vehicles that detect and interact with the user’s 
nomadic device, sometimes requiring direct manipulation of the phone itself. 

 
The Lytx reduction team also coded evidence of driver drowsiness or falling asleep in the SCEs 
and spurious BLs. Lytx’s protocol for identifying these two levels of drowsiness is “drowsy” and 
“falling asleep.”  

ANALYSIS METHODS 

Frequencies of different behaviors were compared across several groups using odds ratio (OR) 
estimates with 95% confidence intervals (CI) and Pearson’s chi-squared tests. In studies of 
naturalistic driving data, ORs allow researchers to compare the odds of an SCE for multiple 
levels of a particular condition. The results are often explained in terms of increased or decreased 
risk. A more detailed explanation of this analysis method and interpretation of the results 
follows. 

To determine if the levels of a variable are related to differences in SCE involvement, a 
contingency table, such as the example shown in Table 3, is created and analyzed using an OR 
and respective 95% CI. In Table 3, the variable is time of day and the levels include time periods 
A and B. Variables with more than two levels are analyzed similarly—a table is created and OR 
calculations are made for two levels of the variable at a time, allowing researchers to compare 
the difference in SCE risk for any two levels of the variable (e.g., time of day level A could be 
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compared to time of day level C, time of day level B could be compared to time of day level C, 
and so on until all relevant comparisons were made). 

Table 3. Example of a contingency table for time of day risk comparison. 

Variable SCEs Spurious BLs Total 

Time of Day: Level A n11 n12 n1. 

Time of Day: Level B n21 n22 n2. 

Total n.1 n.2 n.. 

The formula for calculating the OR estimate is the cross product(9): (n11*n22) /( n12*n21), where 
n11 is the number of SCEs that occurred during time of day level A; n12 is the number of spurious 
BLs that occurred during time of day level A; n21 is the number of SCEs that occurred during 
time of day level B; and n22 is the number of spurious BLs that occurred during time of day level 
B. 

The formula for calculating the CI is(10)
 𝑂𝑂𝑂𝑂 × 𝑒𝑒±𝑧𝑧∗𝑆𝑆𝑆𝑆𝑂𝑂𝑂𝑂 , where e is a constant and the base of 

natural logarithms; OR is the odds ratio; z is the z-score value corresponding to the chosen alpha 
(1.96 for a 95% CI); and SE is the standard error of the natural logarithm of the OR. 

An OR is considered substantially higher (or lower) if the CI does not include 1.0. If the OR 
estimate for the contingency table does not include a CI of “1.0” and is greater than 1.0, time of 
day level A is associated with substantially greater odds of being involved in an SCE than time 
of day level B. If the OR estimate for the contingency table does not include a CI of “1.0” and  is 
less than 1.0, time of day level B is associated with substantially greater odds of being involved 
in an SCE than time of day level A. If the OR estimate is equal to 1.0 or if the CI includes 1.0, 
the two levels’ (time of day levels A and B) odds of being involved in an SCE are not 
substantially different. 

This study also used Pearson’s chi-squared tests of independence to compare the distribution of 
driver drowsiness across time of day levels. The Pearson’s chi-squared test of independence is 
used to test whether one categorical variable is independent of another categorical variable.(11) 

SCEs and spurious BLs were labeled as “drowsy,” “falling asleep,” or neither. The categories 
“drowsy” and “falling asleep” were combined and considered “drowsiness” in this analysis. To 
determine if the time of day periods were related to differences in frequency counts of driver 
drowsiness, a contingency table, such as the example shown in Table 4, was created. In Table 4, 
o11 is the observed number of SCEs and spurious BLs without driver drowsiness in time of day 
level A; o12 is the observed number of SCEs and spurious BLs with driver drowsiness in time of 
day level A; o21 is the observed number of SCEs and spurious BLs without driver drowsiness in 
time of day level B; and o22 is the observed number of SCEs and spurious BLs with driver 
drowsiness in time of day level B.  
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Table 4. Example of a contingency table for time of day drowsiness comparison. 

Variable 

Number of SCEs and 
Spurious BLs 

without Driver 
Drowsiness 

Number of SCEs and 
Spurious BLs with 
Driver Drowsiness 

Total 

Time of Day: Level A o11 o12 o1. 

Time of Day: Level B o21 o22 o2. 

Total o.1 o.2 o.. 

The general formula for the Pearson’s chi-squared test statistic is(12) 𝜒𝜒2 = ∑ ∑ �𝑂𝑂𝑖𝑖,𝑗𝑗−𝑆𝑆𝑖𝑖,𝑗𝑗�
2

𝑆𝑆𝑖𝑖,𝑗𝑗
𝑐𝑐
𝑗𝑗=1

𝑟𝑟
𝑖𝑖=1  , 

where r is the number of rows and c is the number of columns in the contingency table; Oij is the 
observed count; and Eij is the expected count in the contingency table for row i, column j. 

The degrees of freedom (df) were calculated as df = (r-1)*(c-1). If the probability of the test 
statistic with df was less than alpha (α, or one minus the confidence level), the test statistic was 
considered statistically significant. If the test statistic was statistically significant, the null 
hypothesis (the row variable was independent from the column variable) was rejected. In the 
example above, the null hypothesis was that the time of day variable for the levels tested was 
independent of SCEs and spurious BLs coded as driver drowsiness.  
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CHAPTER 3. RESULTS  

The final data set contained 312,672 naturalistic driving SCEs and spurious BLs reduced for 
driver behaviors and tasks. These epochs included 110,862 spurious BLs with no observable 
unsafe behaviors, 1,480 collisions, 5,517 near-collisions, and 194,813 less severe safety-related 
events (for a total of 201,810 SCEs). In the sections below, these SCEs and spurious BLs are 
described by the distraction tasks and drowsiness observed and by the time of day of the events.  

FREQUENCY AND RISK OF DISTRACTION TASKS 

The frequency of distractions by event type is listed below in Table 5. Overall, distraction tasks 
were uncommon in both spurious BLs and SCEs. Only 2.26% of spurious BLs and 2.51% of 
SCEs had at least one distraction task observed in the epoch. The task most frequently observed 
in the spurious BLs was any task using a handheld cell phone (observed in 1.32% of spurious 
BLs), a task that includes several cell phone subtasks. For collisions, very few distractions were 
observed: one classified as any cell phone task (handheld), one as dialing cell phone, and one as 
talk/listen on a Bluetooth device. The most frequently observed task for near collisions and other, 
less severe safety-related events was any cell task using a handheld cell phone (observed in 3.7% 
and 1.48% of each event type, respectively). 
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Table 5. Frequency of distraction tasks in SCEs and spurious BLs. 

Distraction Task 
Number of SCEs 

with Distraction (% 
of SCEs) 

Number of Collisions 
with Distraction (% 

of Collisions) 

Number of Near 
Collisions with 

Distraction (% of 
Near Collisions) 

Number of Other, Less 
Severe Safety Events with 

Distraction  
(% of Other Safety 

Events) 

Number of Spurious 
BLs 

 (% of Spurious BLs) 

Any Cell Task – 
Handheld 3,095 (1.53%) 1 (0.07%) 204 (3.70%) 2,890 (1.48%) 1,460 (1.32%) 

Any Cell Task – 
Hands Free 1,352 (0.67%) 0 (0.00%) 63 (1.14%) 1,289 (0.66%) 687 (0.62%) 

Any Other 
Communication 

Device 
613 (0.30%) 0 (0.00%) 14 (0.25%) 599 (0.31%) 355 (0.32%) 

Dial Cell Phone 137 (0.07%) 1 (0.07%) 10 (0.18%) 126 (0.06%) 83 (0.07%) 

Reaching for Cell 
Phone 374 (0.19%) 0 (0.00%) 15 (0.27%) 359 (0.18%) 162 (0.15%) 

Talk/Listen on 
Handheld Cell Phone 1,131 (0.56%) 0 (0.00%) 77 (1.40%) 1,054 (0.54%) 585 (0.53%) 

Reach for Bluetooth 
Device 19 (0.01%) 0 (0.00%) 0 (0.00%) 19 (0.01%) 8 (0.01%) 

Talk/Listen on 
Bluetooth Device 1,133 (0.56%) 1 (0.07%) 54 (0.98%) 1,078 (0.55%) 578 (0.52%) 

Talk/Listen on Push-
to-Talk Device 433 (0.21%) 0 (0.00%) 11 (0.20%) 422 (0.22%) 225 (0.20%) 

Texting or Emailing 774 (0.38%) 0 (0.00%) 69 (1.25%) 705 (0.36%) 267 (0.24%) 

Paperwork 8 (< 0.01%) 0 (0.00%) 0 (0.00%) 8 (< 0.01%) 4 (< 0.01%) 

Looking at Map 6 (< 0.01%) 0 (0.00%) 0 (0.00%) 6 (< 0.01%) 15 (0.01%) 

Any Distraction Task 5,057 (2.51%) 1 (0.07%) 281 (5.09%) 4,775 (2.45%) 2,500 (2.26%) 
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Table 6 displays the OR estimates and 95% CIs when comparing distraction tasks in SCEs and 
spurious BLs. The OR estimates for several distraction tasks had CIs that did not include “1.0” (in 
Table 6, these comparisons are indicated with an asterisk [*]). Texting or emailing was found to 
have the highest risk of all the tasks (OR estimate = 1.59, CI = [1.39, 1.83]). The following tasks 
were also associated with a substantially higher risk of SCEs: any cell task with a handheld phone 
(OR = 1.17, CI = [1.10, 1.24]) and reaching for a cell phone (OR estimate = 1.27, CI = [1.06, 
1.53]). Looking at a map was associated with a lower risk of SCEs (OR estimate = 0.22, CI = 
[0.09, 0.57]); it is important to note, however, that this task was observed in 0.01% of spurious 
BLs and less than 0.01% of SCEs.  

Table 6. OR estimates and 95% CIs comparing distraction tasks in SCEs and spurious 
BLs. 

Distraction Task OR Estimate 95% CI 

Any Cell Task – Handheld 1.17 (1.10, 1.24)* 

Any Cell Task – Hands Free 1.08 (0.99, 1.19) 

Any Other Communication Device 0.95 (0.83, 1.08) 

Dial Cell Phone 0.91 (0.69, 1.19) 

Reaching for Cell Phone 1.27 (1.06, 1.53)* 

Talk/Listen on Handheld Cell Phone 1.06 (0.96, 1.17) 

Reach for Bluetooth Device 1.30 (0.57, 2.98) 

Talk/Listen on Bluetooth Device 1.08 (0.97, 1.19) 

Talk/Listen on Push-to-Talk Device 1.06 (0.90, 1.24) 

Texting or Emailing 1.59 (1.39, 1.83)* 

Paperwork 1.10 (0.33, 3.65) 

Looking at Map 0.22 (0.09, 0.57)* 

 

DRIVER DROWSINESS  

Reductionists rated driver drowsiness in two categories: drowsy and falling asleep. Frequencies 
of observed drowsy or falling asleep behaviors in SCEs and spurious BLs are listed in Table 7. 
Observations of drowsy or falling asleep behaviors were rare: only 104 of the 312,672 SCEs and 
spurious BLs had observable signs of drowsiness. 

Frequency and Risk of Drowsiness in Spurious Baselines and Safety-Critical Events 

Of the SCEs, less than 0.05% were rated as drowsy or falling asleep (96 total SCEs, 71 rated as 
drowsy, and 25 rated as falling asleep). Similarly, less than 0.008% of the spurious BLs were 
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rated as drowsy or falling asleep (8 total spurious BLs, 6 rated as drowsy, and 2 rated as falling 
asleep).  

The odds of driver drowsiness for an SCE were substantially higher than for spurious BLs (OR 
estimate = 6.59, CI = [3.21, 13.57]). The odds of driver drowsiness were higher for collisions 
and near-collisions than for less severe safety events (OR estimate = 7.06, CI = [2.21, 22.59] and 
OR estimate = 23.48, CI = [15.49, 35.60], respectively). In a comparison of collisions and near-
collisions, the odds of driver drowsiness were slightly higher for near-collisions (OR estimate = 
3.32, CI = [1.02, 10.80]). 

Table 7. Frequency of observed driver drowsiness and falling sleep in SCEs and spurious 
BLs. 

Event Type 
Number with Drowsiness or 

Falling Asleep  
(% of Event Type) 

Number without Drowsiness or 
Falling Asleep (% of Event Type) 

Spurious BL 8 (0.01%) 110,854 (99.99%) 

Collision 3 (0.20%) 1,477 (99.80%) 

Near Collision 37 (0.67%) 5,480 (99.33%) 

Other, Less Severe Safety Event 56 (0.03%) 194,757 (99.97%) 

Total 104 (0.03%) 194,814 (99.95%) 

 

None of the observed SCEs or spurious BLs coded with drowsiness were also coded with a 
distracting task. 
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CHAPTER 4. CONCLUSIONS 

DISCUSSION 

The study used data collected from occupational drivers on their regular, work-related driving 
trips to assess the frequency and risk of non-driving tasks and drowsiness as well as the effects of 
time of day. The drivers included in this study were considered occupational drivers: they used 
fleet vehicles to complete their work tasks, but driving was not their primary job duty. The data 
set included 110,862 spurious BLs and 201,810 SCEs from approximately 10,000 occupational 
drivers during a 90-day window.  

During data reduction, trained reductionists noted the occurrence, if any, of several non-driving 
tasks. This study showed a decrease in the prevalence of non-driving tasks compared to the 
professional truck and bus drivers observed in previous naturalistic driving studies.(13,7) In the 
current study, non-driving tasks were observed in approximately 2.5% of SCEs and 2.3% of BLs. 
A naturalistic driving study with truck and bus drivers found non-driving task prevalence to 
range from 6% in SCEs and 2.6% in BLs in Hickman and Hanowski,(13) whereas Olson et al.(7) 
found that truck drivers were performing a non-driving task in nearly 60% of SCEs and BLs. The 
reason for the large variance in these studies is that Olson et al.(7) lacked an active safety 
intervention, whereas Hickman and Hanowski,(13) similar to the current study, involved such an 
intervention. Although the time periods in Hickman and Hanowski(13) and the current study are a 
few years off, the data suggest that occupational drivers engage in secondary tasks during SCEs 
half as often as the heavy truck and bus drivers in Hickman and Hanowski. However, the data in 
the current study do not allow us to determine why this might be. The prevalence rates of non-
driving tasks in BLs were similar in the current study and Hickman and Hanowski,(13) which may 
support safety interventions and driver coaching in reducing frequency of non-driving tasks 
during work-related driving. 

In the current study, talking or listening on a handheld or hands-free phone was the most 
common non-driving task (observed in just over 0.5% of all SCEs and BLs for handheld and 
hands-free cell phone types). However, in Olson et al., drivers conversed on a handheld phone in 
4.38% of SCEs and 4.21% of baselines, and on a hands-free phone in 2.04% of SCEs and 4.53% 
of BLs.(7) Comparing these studies shows a large decrease in handheld phone use, with an eight-
fold decrease in handheld phone conversing tasks in the current study. Hickman and 
Hanowski(13) observed commercial truck and bus drivers conversing on a handheld phone in 
0.93% of SCEs and 1.07% of BLs and on a hands-free phone in 0.48% of SCEs and 0.77% of 
BLs.(13) Although hands-free phone use in the general population is likely more popular today 
than in 2009 due to improved technology and regulations along with company policies 
prohibiting handheld cell phone use while driving, the hands-free phone talk/listen prevalence in 
the current study was observed four to eight times less frequently than in Olson et al.,(7) but 
nearly equal to the rates in Hickman and Hanowski.(13) Thus, it does not appear that improved 
technology and increased regulations against handheld cell phone use have influenced a switch 
to hands-free cell phone use in occupational drivers that drive a heavy truck. Support of this 
hypothesis can be seen in the comparable rates between Hickman and Hanowski(13) and the 
current study—drivers in both of these studies were receiving safety feedback and coaching on 
their driving and in-cab behavior (which likely included feedback and coaching on driving 
without distractions, such as a cell phone).  
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The current study found the risk assessment of several non-driving tasks to be similar to other 
naturalistic driving studies. Reaching for a cell phone was found to be associated with increased 
risk among the occupational drivers in this study (OR estimate = 1.27). Similarly, 
locating/answering a cell phone was associated with an increased risk (OR estimate = 3.65) in 
Fitch at al.,(14) a naturalistic study of light-vehicle drivers, and reaching for an object was 
associated with an increased risk (OR estimate = 3.09) in Olson et al.(7) Reaching for a cell phone 
is both visually and manually distracting for the driver, who has to locate the cell phone and 
remove at least one hand from the steering wheel to grasp it. This task may also involve a sense 
of urgency, as drivers may feel compelled to answer an incoming call or text. The perceived 
importance of a call is positively correlated with the driver answering and initiating a call while 
driving.(14) The task texting/emailing was found to be associated with an increased risk in the 
current study (OR estimate = 1.59), as well as in studies involving commercial truck drivers 
(texting, OR estimate = 23.24) and light-vehicle drivers (using risk rate approach, risk rate = 
2.12).(14,7) Talking or listening on a handheld or portable hands-free cell phone was not risky in 
the current study; this finding has also been corroborated in other naturalistic driving 
studies.(13,14,7) 

The current study showed a large shift in one non-driving task: looking at a map. Olson et al.(7) 
found this secondary task to increase risk (OR estimate = 7.02); however, the current study 
showed a protective effect (OR estimate = 0.22).(7) It is difficult to explain why looking at a 
paper map was protective in the current data set, as this task has been shown to be associated 
with increased mean duration of eyes off forward roadway, which increases risk.(7) Although this 
task was not a common occurrence in either data set, it was more frequently observed in a 
previous study (0.38% of all events in Olson et al. and <0.01% of all events in the current 
study).(7) As the prevalence of satellite navigational systems, especially those on smart phones, 
has grown, paper map use has likely decreased. It is also possible the occupational drivers in the 
current study were driving in areas or to sites more familiar to them than the commercial truck 
drivers in Olson et al. It would be interesting to consider the situational and environmental 
differences in paper map usage across different driver populations in future analyses. 

Most notably, the on-board safety monitoring system that collected the data in this study was 
used as a fleet management tool to reduce unsafe driving behaviors. In a study sponsored by the 
Federal Motor Carrier Safety Administration, Hickman and Hanowski (2011) instrumented 100 
tractor-trailers with Lytx video-based devices and collected data for 17 consecutive weeks while 
the trucks made their normal, revenue-producing deliveries.(15) They found that Carrier A 
significantly reduced the mean rate of recorded risky driving events per 10,000 miles from 
baseline to intervention by 37% (p = 0.046), and Carrier B significantly reduced the mean rate of 
recorded risky driving events per 10,000 miles from baseline to intervention by 52.2% 
(p = 0.03). Drivers who received a coaching session at Carrier A reduced their mean rate of 
severe risky driving events per 10,000 miles from baseline to the intervention phase by 75.5% 
(p = 0.073).  

The DriveCam program has also been tested with newly licensed teen drivers.(16) In the first nine 
weeks of the intervention, the teen drivers reduced their rate of risky driving events from an 
average of 8.6 risky driving events per 1,000 miles during baseline to 3.6 risky driving events per 
1,000 miles (58% reduction). The group further reduced the mean rate of risky driving events to 
2.1 per 1,000 miles in the following nine weeks (76% reduction). The decrease from 8.6 to 2.1 
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risky driving events per 1,000 miles was statistically significant (t = 4.15, p = 0.0007). These 
studies suggest that, when properly used, on-board safety monitoring systems can significantly 
reduce unsafe driving behaviors. Thus, the low prevalence rates for the safety-related events 
should not be surprising. 

Drowsiness was rarely observed in the current study: less than 0.05% of SCEs and spurious BLs 
were rated as drowsy or falling asleep. It is important to note that drowsiness was only recorded 
if it was acute drowsiness. Moreover, the video length was 12 seconds, and only the first 8 
seconds of video could be used, as the precipitating event (e.g., swerve in response to a lead 
vehicle stopping or driving over rough road if it was a false safety trigger) could increase the 
driver’s arousal. The length of the video only allowed for a determination of acute fatigue, as less 
subtle (but common) signs of fatigue could not be determined reliably with 8 seconds of video. 
Observer Rating of Drowsiness (ORD), a well-established method for measuring fatigue using 
video data, requires at least 1 minute of video to reliably gauge driver fatigue and thus, could not 
be used with the current data set.(17) ORD is assessed by “averaging” the driver fatigue score 
over that minute; raters are asked to observe fatigue over the whole minute before giving a score 
representative of the epoch. It is possible a driver could show varying signs of fatigue during the 
1-minute period, with moments of appearing significantly fatigued or less fatigued. This 
occurrence has been observed in other data sets. Given the wide range of driver behaviors while 
fatigued, it is likely a 12-second video may misrepresent true driver fatigue during the epoch. 
Thus, the method of determining driver fatigue used for the current study was likely insufficient 
to reliably determine a driver’s level of fatigue, and this should be considered when 
understanding the study’s drowsiness results. 

Comparing the drowsiness results in the current data set to other studies is supportive of the 
above conclusions—the current data set had remarkably low counts of observed drowsiness. In a 
naturalistic study of non-occupational drivers, moderate to severe drowsiness (drowsiness 
determined as a score of 60 or above on ORD) was observed in approximately 2% of baselines 
and over 10% of crashes and near-crashes.(18) In a survey of incident-involved drivers in 
Australia, 83% of sampled drivers on a work trip stated they were at least “a bit” tired (compared 
to 45% of those on holiday trips and 70% of those on social trips).(5) It is possible that drivers in 
the current study were drowsy on lower levels of the drowsiness scale or drowsy behaviors were 
present outside of the short video epoch used to assess drowsiness. The differences in drowsiness 
prevalence highlight a need to further study occupational drivers with longer video epochs and 
established ORD protocols. 

The current study did not have any observations of drowsiness and engagement in distracting 
tasks while driving. This is not surprising, as it would be difficult for a driver to be engaged in a 
distracting task and also show the acute drowsiness coded in the study. This finding is supported 
by several other studies, and for various driver types. In Klauer et el. (2006), drowsiness and 
secondary task engagement were rarely observed together.(18) A study of local short-haul drivers 
found that drowsy drivers did not engage in distracting tasks that required high levels of driver 
attention, like using a cell phone or reading, but were more likely to engage in behaviors that 
may counter drowsiness, such as singing along with the radio.(19) The relationship between task 
engagement level and drowsiness could be assessed with additional task reduction (as the tasks 
reduced for this study tended to be high-engagement tasks) and using ORD protocol to gauge 
lower levels of drowsiness.  
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LIMITATIONS 

Although the data collection method and data set had several strengths, limitations were present. 
The data were reduced using Lytx classifications for driver drowsiness. As noted above, this only 
included acute fatigue and not lesser, more prevalent forms of fatigue. Also, as discussed above, 
the time length of the epoch did not allow a thorough assessment of drowsiness. The “average” 
score over at least 1 minute of video should be used to more accurately assess fatigue.(17)  

Another important limitation to remember is that the results here are applicable to drivers with an 
on-board monitoring system in their vehicles. Drivers likely received coaching from safety 
managers, with the intention of altering or improving their driving behaviors. Drivers with an on-
board monitoring system may also exhibit safer driving than those drivers without a system, 
regardless of coaching. A limitation of naturalistic-type data in an observational study is the 
inability to test a particular, imposed task on driver behavior and safety. However, it allows 
drivers to choose when to engage in certain tasks when they feel safe doing so; alternatively, 
drivers who do not feel safe performing certain tasks while driving may choose not to do so.  

FUTURE RESEARCH 

Future research should include an analysis of risk, distraction occurrence, and driver drowsiness 
for different types of occupational drivers. Information on the different occupations or vehicle 
types was requested for this analysis, but was unavailable. Several studies of occupational 
drivers have found associations between the safety culture of the company and driver behavior. 
A study of 1,000 occupational drivers in Queensland, Australia, measured the relationship 
between safety climate factors and several driving behaviors.(20) Safety climate was measured on 
six factors: “communication,” “work pressures,” “relationships,” “driver training,” “management 
commitment,” and “safety rules.” These factors were associated with pre-trip vehicle 
maintenance, driver error, traffic violations, and driver distraction. When company drivers in 
high crash rate companies were compared to those in low crash rate companies, more drivers in 
the high crash rate company reported feeling they had “little control over their work life.”(21) In a 
survey comparing self-reported driving behavior differences in four companies with strong 
safety practices, the company with the most extensive safety policies had higher reports of safe 
driving behavior in the work vehicle.(3) These studies highlight the role safety culture can play in 
driving behavior, especially when assessing occupational drivers. These differences in “safety 
culture” and other safety management techniques were not assessed in the current study. Future 
naturalistic driving studies could evaluate how safety policies, practices, and culture affect SCEs 
to determine if the safety culture of a company influences its drivers’ behavior. 
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