Synthesis of Literature Relating to Cellular
Telephone/Personal Digital Assistant Use Iin
Commercial Truck and Bus Operations

e

U.S. Department of Transportation
Federal Motor Carrier Safety Administration Ap ril 2011



FOREWORD

The purpose of this project was to investigate the core question of what effects on commercial
truck and bus operations arise from driver distraction due to the use of mobile communication
devices such as cellular telephones (cell phones) or personal digital assistants (PDAS). Driver
distraction is recognized as a causal and contributing factor in collisions involving commercial
motor vehicles (CMVs). As part of its overall effort to reduce CMV crashes, the Federal Motor
Carrier Safety Administration (FMCSA) seeks to increase the understanding of driver distraction
in commercial vehicle operations (CVOs). The work performed under the project involved a
review of published driver distraction studies, with a focus on distractions in CVOs.

NOTICE

This document is disseminated under the sponsorship of the U.S. Department of Transportation
in the interest of information exchange. The United States Government assumes no liability for
its contents or the use thereof.

The contents of this Report reflect the views of the contractor, who is responsible for the
accuracy of the data presented herein. The contents do not necessarily reflect the official policy
of the U.S. Department of Transportation.

This Report does not constitute a standard, specification, or regulation.

The United States Government does not endorse products or manufacturers named herein. Trade
or manufacturers’ names appear herein only because they are considered essential to the
objective of this document.
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Note: Volumes greater than
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fl oz fluid ounces 29.57 milliliters mL
gal gallons 3.785 liters L
fts cubic feet 0.028 cubic meters m3
yd3 cubic yards 0.765 cubic meters m?3
MASS
0z ounces 28.35 grams g
Ib pounds 0.454 kilograms kg
T short tons (2000 Ib) 0.907 megagrams (or “metric ton”) Mg (or “t")
TEMPERATURE Temperature is in exact degrees
°F Fahrenheit 5x (F-32) +9 Celsius °C
or (F-32) - 1.8
ILLUMINATION
fc foot-candles 10.76 lux Ix
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Ibf poundforce 4.45 newtons N
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mL milliliters 0.034 fluid ounces fl oz
L liters 0.264 gallons gal
m3 cubic meters 35.314 cubic feet fts
m3 cubic meters 1.307 cubic yards yd3
MASS
g grams 0.035 ounces 0z
kg kilograms 2.202 pounds Ib
Mg (or “t") megagrams (or “metric ton”) 1.103 short tons (2000 Ib) T
TEMPERATURE Temperature is in exact degrees
°C Celsius 1.8C + 32 Fahrenheit °F
ILLUMINATION
Ix lux 0.0929 foot-candles fc
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Force & Pressure or Stress
N newtons 0.225 poundforce Ibf
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* Sl is the symbol for the International System of Units. Appropriate rounding should be made to comply with Section 4 of ASTM E380.
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EXECUTIVE SUMMARY

PURPOSE, RATIONALE, AND BACKGROUND

The objective of this project is to synthesize findings from the body of published literature
relating to cellular telephone (cell phone) use in automobiles, as well as any research findings
and conclusions relating to commercial vehicle operations. The question of driver distraction
effects in commercial trucking and motorcoach operations is critical due to an increase of both
the presence of potentially distracting devices in commercial motor vehicles (CMVs) and our
understanding of their potential safety risks. Thus, as a part of its mission to reduce the
occurrence of CMV crashes and increase operational safety, the Federal Motor Carrier Safety
Administration (FMCSA) seeks to increase the understanding of driver distraction caused by
electronic communication devices in commercial vehicle operations (CVOSs).

STUDY FINDINGS

The present study results indicate several key findings. The literature review indicates a relative
lack of published research specifically examining driver distraction in commercial vehicle
operations. What research is available indicates that the use of visually distracting devices in the
cab significantly degrades driver performance. This degradation in driver performance leads to
increased risk of critical events (such as pedestrian incursions and traffic signals) being missed
by drivers, and increased overall risk of a crash or near-crash. Actions such as entering
information into a device or dialing a cell phone require significantly focused attention that leads
to increased crash risk. Some evidence suggests that the risk associated with mobile
communication devices may be reduced through designs that consider driver workload.
However, additional research is needed prior to determining the differential risk from various
devices. Furthermore, the results of the literature synthesis also indicate that much of the
literature covering commercial driving only examines the effects of distraction on the truck
driver; little published literature is specifically related to the bus driver.

It is clear that wireless communication devices, such as cell phones, are widely adopted and
present in CMVs. The analysis suggests that these sources of distraction may increase the risk of
safety-critical events occurring.

CONCLUSIONS

These findings, in light of the importance and potential safety risks posed by driver distraction,
may help guide further research into the nature and magnitude of distraction faced by CMV
drivers as part of their normal job functions. While further research is clearly needed to address
these topics of concern, the information obtained in this study will assist policy makers and other
stakeholders (i.e., fleet administrators, trainers, and safety professionals) as issues of driver
distraction continue to be examined.
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1. INTRODUCTION

1.1  BACKGROUND

Due to the increasing presence of wireless technology in vehicles, there has been a growing
interest in the effect of wireless communication devices, such as cell phones, on safe driving.
This report describes an effort to collect and review the findings of the existing body of literature
regarding driver distraction resulting from the use of cell phones and other hand-held electronic
devices. Mobile devices such as cellular telephones (cell phones), personal digital assistants
(PDAS), and newer smart phones (i.e., phones with advanced Internet, email, and digital media
capabilities) have found widespread adoption in the United States. The use of other visually
demanding devices, such as portable navigation systems, has greatly increased as well. However,
cell phones (including smart phones) have an especially high adoption rate. Industry estimates
place the number of wireless subscribers in the United States at more than 270 million, a
substantial majority of the nation’s population (CTIA—The Wireless Association, 2009). A
significant portion of drivers own and use mobile devices, and indications are that many drivers
use these devices while driving (AAA Foundation for Traffic Safety, 2008).

Although estimates vary, some studies of specific areas in the U.S. have indicated that
approximately 78 percent of crashes are said to involve driver distraction (Klauer, Dingus, Neale,
Sudweeks, & Ramsey, 2006). These crashes have a considerable monetary impact on society,
with the annual cost of cell phone-related crashes estimated at $43 billion for the United States
alone (Regan, Lee, & Young, 2009). In response, many States have enacted some form of cell
phone use restriction for all drivers or for a discrete segment of the driving population (e.g., teen
drivers, school bus drivers). Hand-held cell phone use while driving is banned in California,
Connecticut, Delaware, Maryland, New Jersey, New York, Oregon, Utah, and Washington, as
well as in the District of Columbia. Six States (lllinois, Massachusetts, Michigan, New Mexico,
Ohio, and Pennsylvania) allow localities to ban cell phone use while driving (Insurance Institute
for Highway Safety, 2009). Use of cell phones by school bus drivers while driving is banned (as
of August 2010) in 19 States and the District of Columbia. However, these restrictions have not
specifically targeted drivers of other bus types (i.e., transit and motorcoach). This State-by-State
method has created a patchwork of bans (Figure 1); this situation can prove frustrating to both
trucking companies and passenger carriers alike, as well as their drivers. National attention to the
perils of driving while texting has prompted several Federal bans on texting while driving:

e Inlate 2009, President Obama signed an Executive Order prohibiting Federal employees
from texting while driving Government-owned vehicles (Executive Order 13,513, 2009).

e InJanuary 2010, the Federal Motor Carrier Safety Administration (FMCSA) issued
guidance that bans commercial motor vehicle (CMV) drivers from texting while driving
(USDOT, 2010).
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Figure 1. Diagram. States with school bus driver cell phone bans

Adapted from Insurance Institute for Highway Safety (2009).

There is growing international concern about distraction with both CMV operators and
automobile drivers. Australian law bans the use of hand-held phones and activities such as
texting (Pennay, 2008). Only hands-free modes (such as speakerphones and wireless headsets)
are allowed while the vehicle is moving. This legislation is widely supported by the Australian
public. Ninety percent of drivers in one survey supported the hand-held phone ban (Pennay).
Many provinces in Canada ban hand-held cell phone use, including Newfoundland, Labrador,
Nova Scotia, and Quebec. However, the Canada Safety Council reports that no demonstrable
safety improvements have been observed from these bans and notes that enforcement of these
bans in other countries has not been tracked (Safety Canada, 2004). Similarly, most constituent
states of the European Union ban the use of hand-held cell phones during driving (Lissy, Cohen,
Park, & Graham, 2000). Although primarily targeted at automobile drivers, these bans also apply
to European CMV drivers.

Restrictions on cell phone use while driving is not a straightforward matter. Despite the known
risks associated with using cell phones while driving, the exact magnitude of these risks is
uncertain (Lissy, Cohen, Park, & Graham, 2000). Furthermore, Lissy et al. note that common
suggestions such as instructing drivers to pull off the road while operating a cell phone are both
unrealistic and potentially more dangerous than using the phone while driving. Goodman et al.
(1997) argued that until the true effects of in-vehicle communications are known, attempts to
make these systems as compatible as possible with safe driving, rather than restricting access to
such technologies, should be the goal. This accords with Hahn and Dudley (2002), who
discussed the difficulties in regulating the use of cell phones during driving and concluded that



the best tactic may be a broader approach, including the regulations of all forms of distraction
(e.g., navigation systems and entertainment systems in the vehicle) instead of attempting to target
certain rapidly evolving technologies such as cell phones and smart phones.

Interestingly, there appears to be public support for restricting the use of cell phones while
driving, even though many drivers do not associate their own use of cell phones while driving
with increased risk of a collision. In a 2003 study, Royal surveyed more than 4,000 U.S. drivers
and found that, of the 26 percent of those who had had a crash in the past 5 years, only 0.1
percent attributed the crash to cell phone distraction. The AAA Foundation for Traffic Safety
(2008) conducted a nationally representative telephone survey of 2,509 U.S. adults aged 18 and
older. The survey results indicated that more than 50 percent reported using a cell phone while
driving in the past 30 days, and one in seven sent text messages while driving. Also, text
messaging and talking on cell phones varied depending on age and education. Younger
individuals and those with higher levels of education indicated higher levels of cell phone use
and text messaging while driving. Of those surveyed, 83 percent (more than 4 out of 5 drivers)
believed that cell phone use while driving posed a serious safety problem, and more than 50
percent indicated that it was unacceptable to use a cell phone while driving. Even though they
were slightly less likely to use their cell phones while driving, between 29 and 46 percent of
drivers expressing these opinions reported using their phones while driving. Additionally, the
survey found that two-thirds of cell phone using drivers believed that it was safer to talk on a
hands-free cell phone than a hand-held cell phone.
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2. DRIVER DISTRACTION LITERATURE SYNTHESIS

2.1 INTRODUCTION

Although driver distraction has long been recognized as a threat to safe driving, the majority of
driver distraction research has focused on general (automotive) driving. While some studies have
addressed driver distraction in commercial heavy truck transportation (Olson, Hanowski,
Hickman, & Bocanegra, 2009), motorcoach operations have not been examined in a similar
manner. In order to determine the possible scope and implications of driver distraction on both
types of CMV operations (i.e., heavy truck and motorcoach), a wide-ranging literature review
was performed. However, it should be noted that both automotive and CMV driver distraction
research is a rapidly evolving field. The focus of this literature survey examined research
published prior to May 2009, though some key studies published between the completion of the
initial literature synthesis and the authoring of this report are also included. More recently
published findings, and especially those from real-world data collection efforts, have provided
more information on this critical topic of driver distraction.

Additionally, there appear to be major differences in the outcome of driver distraction studies
based on the research apparatus. While simulator, and to some extent test-track, studies allow for
experimental control over and measurement of the cognitive distractions (such as the type of
phone conversation), they have not typically agreed with naturalistic studies’ determination of
actual risk from phone use while driving. Laboratory and test-track studies may have unrealistic
driving and cell phone use conditions, lack of ecologically valid driver choices due to test track
or simulated environment restrictions, and lack the risk associated with real world driving
(Tijerina, 2010). Another possible explanation for these differences is that the frequency and
occurrence of secondary behaviors (including cell phone use) is not consistent in the real world
(Sayer, Devonshire, & Flannagan, 2007), whereas they are often presented in such a manner in
simulator and test track experiments. Overall, it is important to keep these differences in mind
while comparing the results from different research methods.

Drawing definite conclusions from more limited studies can be problematic. This is because the
majority of the extant literature does not separately examine the different sub-tasks associated
with cell phone use. For example, the use of a cell phone may involve a variety of sub-tasks,
including reaching for and holding the phone, performing the visually complex process of
manually dialing the phone, and holding the phone to the ear in order to carry out the
conversation. While more recent research (Olson, Hanowski, Hickman, & Bocanegra, 2009) has
identified that these sub-tasks are not equal in risk, most of the prior published body of literature
has collapsed measurement across all sub-tasks. The Olson et al. study was able to examine the
components of dialing a cell phone (associated with a significant increase in risk) versus talking
or listening to the cell phone (not associated with a significant increase in risk). Thus, the risk
associated with cell phone use determined from studies that view all facets of cell phone use as
the same should not be used to make definite attributions of risk and instead may be viewed as
illustrative of general and potential effects of distraction.

Although attempts to mitigate the impact of driver distractions (e.g., staged presentation of
distraction-likely messages in heavy-demand driving situations; Verway, 1993) have been



undertaken, the technology to accomplish this has not been adequately developed. Additionally,
while standards (such as the “15-Second Rule”) have been proposed to define a maximum
allowable in-vehicle device interaction time for visual and manual tasks (SAE International,
2004; Green, 1999), these have not been shown to be sensitive to distraction (Tijerina, Parmer, &
Goodman, 2000). The lack of clear guidance on distraction-likely technologies, coupled with
distraction’s known impact on automotive driving performance, leads to the obvious need for
further empirical research of CMV operator distraction.

The purpose of this report is to synthesize current literature regarding the effect of cell
phone/smart phone (including PDA) use on other modes of transportation (i.e., light and heavy
vehicles) and discuss implications for the safe operation of trucks and motorcoaches. The
research teams gathered existing literature from academic, government, and industry sources.
The empirical research findings within these reports and articles have been collected and are
summarized herein.

2.2 LITERATURE FINDINGS

221 Driver Distraction

Research performed by Treat, Tumbae, McDonald, Shinar, Hume, Mayer, et al. (1977) identified
inattention and internal distraction as major contributors to traffic collisions. Epidemiological
studies have placed the risk of a collision while using a cell phone as roughly four times that of
driving without using a cell phone (Redelmeier & Tibshirani, 1997). These findings have been
given further support from naturalistic observation data that indicate any behaviors requiring
eyes-off-road time of greater than 2 seconds increases the risk of a crash or near-crash by more
than twice that of nominal driving (Klauer, Dingus, Neale, Sudweeks, & Ramsey, 2006).

Similar results have been found in naturalistic observation studies of CMV drivers. A study
conducted by Hanowski, Perez, and Dingus (2005) determined that driver distraction accounted
for 6.5 percent of all safety-critical events recorded during an observation period. Interestingly,
Hanowski et al. indicate that 6 percent of the drivers in that study were responsible for
approximately one-quarter of the safety-critical events. Safety-critical events are crashes, near-
crashes, crash-relevant conflicts, and unintentional lane deviations. Crashes involve contact with
an object. Near-crashes are events that require a rapid evasive maneuver by one of the parties
involved. Crash-relevant conflicts are similar to near-crashes, though the severity of the evasive
maneuver is less than that in a near-crash. Unintentional lane deviations involve drifting outside
of the driving lane. In addition, naturalistic observation studies have suggested a possible link
between fatigued and distracted driving in CMV drivers (Barr, Yang, Hanowski, & Olson, 2005).
Of the safety-critical events identified in the data, 60 percent had some type of tertiary task (e.g.,
non-driving related tasks such as eating) listed as a potential contributing factor (Olson,
Hanowski, Hickman, & Bocanegra, 2009). The most risky distraction found was text messaging;
CMV drivers who are text messaging are approximately 23 times more likely to be involved in a
safety-critical event compared to non-text-messaging CMV drivers. Further results indicate a
significant increase in safety-critical event risk from the use of a cell phone (dialing a cell phone
leads to a six times greater risk of a safety-critical event). These naturalistic driving studies have
found evidence for a possible relationship between boredom and monotony in the driving task
and sensation-seeking through distracting tasks. In addition, as noted by Hancock and Scallen



(1999), while use of these devices often leads to significantly degraded driver performance, the
increase in risk is not always reflected in an increased number of collisions. Instead, these
devices increase the overall risk associated with driving and should be viewed as having an
interactive effect (due to other roadway environment risk factors) on the actual occurrence of
collisions.

This is a critical topic, as a 2007 observational study estimated that, at any given moment during
the day, almost 800,000 individuals are simultaneously operating a vehicle and talking on a
hand-held cell phone (Glassbrenner and Ye, 2007). This creates a situation where driver
inattention is highly likely and, in turn, increases the probability of a collision occurring. Data
from a naturalistic driving study conducted in Northern Virginia indicated that 78 percent of
crashes and 65 percent of near-crashes involved some form of driver distraction in the preceding
3-second period (Klauer, Dingus, Neale, Sudweeks, & Ramsey, 2006). Klauer et al. concluded
that drivers engaging in a visually complex or manual-dexterity demanding task have
approximately three times greater risk of a near-crash or crash.

As portable telephones, cell phones give the user the ability to communicate voice information
wirelessly and are considered (for the purposes of this report) to be auditory communications
devices. PDAs are hand-held computing devices for the management of contacts, tasks, and
scheduling. Wireless PDAs may allow the user to browse the Internet and access email. Some
PDAs can be expanded with additional features such as access to the Global Positioning System
(GPS) for route navigation and turn-by-turn directions. Other PDAs include entertainment
functions such as audio and video playback. However, the primary function of a PDA is visual
information communications. Smart phones act as a combination of cell phones and PDAs,
providing the user with a device combining both voice communications and wireless data
communication/organization. Smart phones are both auditory and visual communication devices.
However, due to their similar nature of distraction, for the purposes of this report PDAs will be
considered as smart phone type devices.

These devices all pose the potential for distraction, if used while driving. However, they differ in
the methods by which they cause distraction. This is largely because driving is a complex task
requiring constant visual (Sivak, 1996) and auditory (Wiese and Lee, 2004) monitoring by the
driver. At any point in time, at least one of the subsystems of working memory (either the
phonological loop or visuo-spatial sketchpad; Baddeley, 2000) is likely to be occupied by the
primary task of driving. The use of mobile electronic devices presents either visual or auditory
information to which attention must be paid. The driver’s cognitive resources are split between
the competing demands of the driving task and the personal electronic device. This creates
situations where drivers may miss critical driving cues and safety events, therefore increasing the
risk of a collision or other serious safety-critical event. However, in order to study the effect of
driver distraction adequately, definitions that are more suitable to measurement and research are
needed.

Various researchers have proposed many definitions of driver distraction that attempt to account
for the source of distraction. Regan, Young, and Lee (2009, p. 3) define driver distraction as “the
diversion of attention away from activities critical for safe driving toward a competing activity.”
This definition is suitably broad (including both visual and auditory channel distracters) and
allows for a wide range of distraction sources. Another practical definition is proposed by



Ranney, Mazzae, Garrott, & Goodman (2000, p. 1), who define driver distraction as “any activity
diverting attention away from the [primary] task of driving.” They further separate driver
distraction into four categories: visual distracters, auditory distracters, biomechanical distracters,
and cognitive distracters. They illustrate how wide ranging this definition of distraction is by
noting that acts such as tuning a radio or adjusting mirrors are potential sources of driver
distraction. In addition, a single distracter within the Ranney et al. definition may belong to
multiple categories; dialing a cell phone involves cognitive (remembering a telephone number),
visual (scanning for the correct telephone button), and biomechanical (performing button
presses) tasks. Considering both the source and the mechanism of distracters is especially useful
as the number and variety of possible distraction sources increase (Wallace, 2003).

The following sections outline the effect of the use of mobile electronic devices on driver
performance and transportation safety. Mobile electronic devices such as cell phones, PDAs, and
smart phones have been found to have deleterious effects on driver performance when used
during driving, especially in regards to their visual demand. The available literature on driver
distraction was reviewed and summarized based on the effects of distraction on primary aspects
of driver performance. Based on the literature, four areas of driver performance were identified:
lateral control, longitudinal control, reaction time, and workload.

222 Effects on Driver Performance

2221 Lateral Control

Driver control over the lateral, or lane, position of a vehicle is a commonly used measure of
driver performance. This measure is the position of the vehicle in relation to the center of the
vehicle’s current and intended travel lane. The ability of the driver to maintain the vehicle on or
near the center of the travel lane has traditionally been used as a marker of driving performance;
however, various associated measures of lateral control (such as average lane position,
variability/standard deviation in lane position, frequency of lane deviations, steering wheel angle,
and reversal rate) have also been used (Regan, Lee, & Young, 2008).

Research has demonstrated that cell phone use leads to significant increases in driver errors. A
simulator study conducted by Abdel-Aty (2003) reported that drivers were much more likely to
make errors, including lateral deviations, while using a cell phone to answer a phone call from
the experimenter. Laberge, Scialfa, White, and Caird (2004) compared cell phone conversations
with conversations between drivers and passengers in a driving simulator-based task and found
that drivers were more likely to drive closer to the shoulder while distracted by any form of
conversation. Likewise, instrumented vehicles studies have demonstrated that entering
information into a cell phone leads to increases in the frequency and magnitude of lane
deviations (Green, Hoekstra, & Williams, 1993). Reed and Green (1999) examined this through
a study of drivers’ use of cell phones while operating vehicles. Drivers performing a dialing task
concurrent with otherwise nominal driving had significantly more lateral vehicle movements and
steering wheel input variations when compared to a non-distraction period of driving. Similarly,
Shinar, Tractinsky, and Compton (2005) conducted a simulator study examining the effects of
driver distraction (e.g., from cell phone use) on average lane position. Shinar et al. found that
lane position stability significantly degraded with a cell phone distraction task. There was also a
significant interaction between travel speed and lane position over time. With increased
exposure, drivers traveled significantly closer to the shoulder, especially when following a lead



vehicle. When examining the variability in lane position, there were significant effects for age of
the driver (older drivers displayed significantly greater variance in lane positioning as compared
to young or middle-aged drivers). Additionally, Shinar et al. measured steering variability
through rate and frequency of steering wheel corrections. Their findings indicated that while
steering variability significantly changed with distraction, there was no clear pattern depending
on the type of distraction. This may be seen as evidence that distraction has a globally negative
impact on steering variability.

Interestingly, laboratory findings have not been replicated in real-world driving measured
through naturalistic data collection means. Sayer et al. (2007) measured 36 drivers in a
naturalistic setting and found that steering variance and lateral lane position means were higher
under secondary task conditions, however there were no significant differences between the
secondary tasks (which included conversations, grooming, cell phone use, eating/drinking, and
multiple secondary tasks). This suggests that the magnitude of real-world driver distraction
effects may be less than those observed in laboratory settings, with the majority of the risk
accompanying the visual and/or manual components of phone use.

2.2.2.2 Longitudinal Control

When drivers are engaged in a secondary task such as using cellular phones or PDA devices,
fewer attentional resources are available to monitor and control vehicle speed. This, in turn, is
reflected in greater variations and deviations from the pre-distraction speed as well as decreased
headway (time to collision). Because of this, a number of researchers have used driver
longitudinal control (or speed control) as a measure of the effect of driver distraction. Most
hypotheses of distraction’s effects on speed control have predicted lower average speeds with
greater variability under distraction conditions. However, it is worth noting that in real-world
situations drivers may adapt strategies such as lower speeds as a compensatory measure (Sayer,
Devonshire, & Flannagan, 2007).

Harms (1991) hypothesized that variations in mental workload due to the complexity of a driving
scenario and secondary distraction tasks would be reflected in driving speed. In a simulator
study, Harms found that when drivers experienced an increase in task loading, vehicle speed was
reduced. Later research by Reed and Green (1999) compared driving while dialing a telephone to
a nominal driving period in both simulator and instrumented vehicle modalities and noted that, in
both simulator and real vehicle settings, the use of a telephone results in greater variability
around mean speed and throttle position. Similar findings were reported from a simulator study
conducted by Shinar et al. (2005), who noted that distractions from the driving task such as cell
phones and other personal technologies make it more difficult for drivers to maintain a set speed.
Shinar et al. found that distractions lead to increased variance around the driver’s mean speed. In
addition, they also noted a significant distraction/age interaction, with older drivers exhibiting a
greater amount of variance around their mean speed as compared to younger drivers under
distracted driving conditions.

However, some research has noted opposite driver distraction effects on speed control. Recarte
and Nunes (2002) explored drivers’ speed control under both restricted and unrestricted driving
speeds in an instrumented vehicle driving task. These researchers found that distraction might
actually lead to an increase in mean speed under some conditions, which contradicts the majority
of previous research findings. They speculated that this increase was due to drivers attempting to



maintain an optimal speed for the roadway, combined with attentional narrowing, which reduced
secondary speed cues from the roadway environment. Although a logical explanation, it is
interesting that other researchers have not noted similar findings or proposed similar operational
mechanisms.

Sayer et al. (2007) observed 36 drivers in a naturalistic study of driving behavior. For most
drivers in their sample, under distraction conditions (through secondary tasks, including cell
phone use), speed variance was lower than in baseline conditions. Although Sayer et al.
determined that throttle variance had increased under secondary task conditions, the resulting
speed variance (considered the ultimate, practical, measure of control outcome) was actually
lower. This suggests that drivers were ultimately exercising greater longitudinal control under
distraction conditions, although they had to use more throttle inputs to achieve this. This contrast
between naturalistic measurement and laboratory experiments should be taken into consideration
when attempting to predict the real-world outcomes from distraction conditions. The effects seen
in laboratory conditions are often not applicable to the real world.

2.2.2.3 Reaction Time

Driver distraction research has often used reaction time to roadway events as a performance
measure and a secondary measure of safety. Although most of the driving task may be performed
with only minor levels of conscious effort, safe driving is assumed to depend on the driver
having the focused attention necessary to constantly monitor the forward roadway and detect
hazardous situations. When the driver’s attention is occupied by secondary (distracter) tasks, the
ability to detect such hazards in a timely fashion is negatively impacted. This distraction effect is
reflected in increased reaction times to events and hazards, as well as an increase in the
occurrence of undetected hazards.

Hancock, Simmons, Hashemi, Howarth, and Ranney (1999) examined the effect of a visual
distraction task on driver reaction time. This was performed as an instrumented vehicle test-track
experiment, where drivers were required to react to the change in a traffic signal (green to red
directly, an action which forced a driver response by eliminating the decision “dilemma zone”
created by the amber light). These researchers found that drivers’ brake reaction time to the red
light increased significantly under distraction conditions; the undistracted average brake reaction
time of 0.61 seconds rose to almost a full second in distraction conditions. Variability in braking
responses also increased under distraction conditions. Drivers were required to brake more
intensely following a foreshortened distance between the stop line and their vehicle; this
situation was viewed as increasing the likelihood of a rear-end collision with a following vehicle.
Hancock et al. concluded that driver distractions present an immediate hazard for the driver and
passengers as well as for other roadway vehicles.

In a later study, Hancock, Lesch, and Simmons (2003) reported similar findings from a study of
42 drivers. Drivers in this study completed a phone task while driving an instrumented vehicle on
a closed test track. Drivers who were using the cell phone while driving had significantly
impaired reactions to roadway events. Specifically, drivers using cell phones had a 15 percent
increase in non-responses to a stoplight as compared to drivers who were not using cell phones.
Hancock, Lesch, and Simmons concluded that the use of in-vehicle technologies such as cell
phones significantly degraded performance safety and were significant distracters from the
primary task of driving the automobile.

10



Similar non-response findings were noted by McKnight and McKnight (1993) in a study
examining driver responses to videos of potential roadway hazards. Participants in this study
observed a 25-minute video of 45 different highway traffic scenarios, requiring the participant to
respond using simulated vehicle controls. Four distraction levels were examined and compared
to the baseline of “no distraction”: placing a phone call, carrying on a casual phone call (e.g.,
what the participant did for a living, hobbies, etc.), carrying on an intense phone call (e.g.,
requiring the participant to solve math and short-term memory problems), and tuning a radio.
The findings indicated that within each distraction level, the potential for a non-response to the
hazard increased as compared to a baseline comparison. Intense phone conversations had the
greatest proportion of non-responses, similar to the decrements observed with the visually
demanding task of tuning a radio. Placing calls and casual conversations demonstrated
significantly lower levels of decrements.

Laberge et al. (2004) reported the findings of a driving simulator experiment comparing the
distraction potential from conversations with passengers versus those carried out during a cell
phone call. Their study compared driver behavior in three conditions: conversing on a cell phone,
conversing with a fellow participant serving as a passenger, and driving alone. Laberge et al.
found a significant difference in response times to a pedestrian incursion. Drivers who were
engaged in a conversation, regardless of the modality, had significantly increased (i.e., degraded)
reaction times to a pedestrian in the forward roadway. In addition to supporting the evidence of
increased reaction time under distracted driving conditions, these results are interesting as they
provide some contrary evidence to the common assumption that passengers modulate their
conversational pace with respect to roadway conditions.

In a simulator-based task manipulating the control over in-vehicle messaging, Jamson,
Westerman, Hockey, and Carsten (2004) found that while drivers were making adjustments in
their headway (increasing their headway from a lead vehicle) during a distracting task, they were
significantly less likely to anticipate the braking of a lead vehicle. This was reflected in the
significant increases in braking reaction time. Likewise, Reed and Robbins (2008) examined the
effect of using Short Message Service communications (text messages) while driving. Drivers
attempting to complete a text message had a variety of deficits, including increased lane
variability and reduced vehicle speed. Drivers also had greatly increased reaction times to
roadway events. When examining the impact of reading a received message, similar findings
were present, although at a lesser magnitude. Interestingly, participants were aware that their
driving was impacted during these distraction tasks and reported attempts to drive with a larger
safety margin. However, this was not reflected in the decrements observed in many of the
performance measures, including reaction time.

Although measures of lateral control, longitudinal control, and reaction time typically are used in
distraction research, there is some evidence that driver gap acceptance (the space between
oncoming vehicles that a driver intends to turn across, say to make a left hand turn from a two-
lane road in North America) is affected. In a test track experiment, Cooper and Zheng (2002)
examined the effect of an auditory processing distraction task on intersection gap acceptance
judgments. Their results indicate that age, gap size, speed, and pavement condition all influenced
the gap acceptance decision. However, when participants were asked to perform gap acceptance
decisions while simultaneously performing an auditory processing task, participants no longer
accounted for the pavement conditions (e.g., whether the road surface was wet or dry) in their
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decision-making process. Drivers were equally likely to accept a given gap in wet or dry
conditions, even though the relative safety of the wet conditions was reduced.

As noted by Summala (2002), drivers may understand the relative risk of distracted driving and
attempt to increase their headway during car following. This allows a longer reaction time to still
fall within a period where a response will be effective. However, Summala also pointed out that
driver determination of adequate headway can be ineffectual, and expectations of the roadway
can be violated. Thus, drivers may not always be relied upon to compensate for distraction
effects.

2224 Workload

The introduction of new technologies in motor vehicles (such as cell phones and other attention-
demanding devices) presents questions related to their impact on driver workload. When the
distraction task loading occurs through the auditory channel, as in the form of a cell phone call,
the additional information (and, in some cases, the content of the information) has been found to
influence performance.

An instrumented vehicle study by Harbluk, Noy, and Eizenman (2002) examined changes in
drivers’ visual scanning driving patterns under three levels of distraction: no distraction, an easy
cognitive task (i.e., simple addition tasks), and a difficult cognitive task (i.e., difficult addition
tasks). As predicted, drivers had significantly increased hard-braking events under distracted
driving conditions. Interestingly, drivers made fewer saccades (i.e., abrupt, rapid, small eye
movements), spent more time focusing on the central visual field, and spent less time scanning
the right periphery while performing a distraction task. This collapse of normal visual scanning
behavior was reflected in driver subjective mental workload ratings, which increased
significantly (along with subjective ratings of distraction) in distracted driving conditions. This
suggests that under increased task load situations, visual scanning collapses to a minimal level,
increasing the risk that a driver will miss a critical event. These findings were supported by
Schreiner, Blanco, and Hankey (2004), who found that drivers exhibited a decreased percentage
of glance time toward the forward roadway and speedometer and increased response times to
visual events (i.e., forward and peripheral areas) while manually dialing the cell phone as
compared to the baseline driving condition.

Similar results were found in a large-scale naturalistic observation study performed by Klauer et
al. (2006), who determined that the risk of a safety-critical event occurring during mobile device
use was greatest during dialing. This was reflected in an odds ratio significantly greater than that
of baseline driving. The odds ratio found that talking or listening to a hand-held device was not
significantly different from baseline (i.e., non-eventful) driving. The greatest risk was found to
occur during the visually demanding act of dialing. Although this study was conducted prior to
the widespread introduction of hands-free phone units, it is likely that hands-free (as compared to
hand-held) interactions would likely impart less demand on the driver. Further support for this is
found in the Klauer et al. finding that simple secondary tasks did not significantly elevate risk,
while moderate and complex secondary tasks did. Thus, the demand presented by the device
appears to influence the safety of its use while driving.

Tijerina, Kiger, Rockwell, and Tornow (1995) examined the workload of commercial heavy-
vehicle drivers while using cell phones and text messaging devices in an instrumented heavy
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vehicle. Their results indicate that the use of a cell phone, particularly dialing, leads to an
increase in driver workload. Some measures of driver performance also sensitive to workload
variations (such as speed control) did not appear to covary with the use of cell phones and text
messaging devices. However, lane control performance was found to degrade significantly while
drivers were concurrently using a cell phone or text messaging device. Tijerina et al. concluded
that the additional task demand imparted by in-vehicle devices could degrade the performance of
over-learned vehicle control skills (such as lane keeping and speed maintenance), even in highly
trained CMV drivers. This was seen as increasing both the workload and risk of collisions as
well as decreasing driver safety.

Mixed evidence regarding the impact of device type (specifically, hand-held versus hands-free
device use) has been found. An on-road study by Matthews, Legg, and Charlton (2003)
examined three types of cell phones (i.e., hand-held, hands-free [speakerphone], and headset).
These three phone configurations were examined in terms of their in-use impact on driver mental
workload as participants drove a specified route. Results indicated significant differences in
mental workload between the three types of phones. The headset configuration was associated
with the lowest mental workload ratings, followed by the hand-held phone. The hands-free
speakerphone was associated with the greatest workload ratings—the sound quality was not clear
as background noise rendered the conversation unintelligible. These authors concluded that the
use of headset-based phones while driving would lead to less interference with the cognitive
demands of driving.

23 SUMMARY

Driver distraction has long been recognized as a threat to transportation safety. One naturalistic
driving study of a sample of drivers in Northern Virginia found that 78 percent of the crashes and
65 percent of near-crashes were preceded by drivers looking away from the forward roadway just
prior to the onset of the conflict. (Klauer et al., 2006). As industry estimates suggest that
approximately 90 percent of Americans own and use cell phones (CTIA-The Wireless
Association, 2009), and that at any moment during the day approximately 800,000 drivers are
talking on a cell phone while driving (Glassbrenner & Ye, 2007), driver distraction related to the
use of cell phones becomes a serious concern. Initial analyses of naturalistic driving data indicate
notable effects on commercial driving performance while performing visually intensive cell
phone tasks (such as dialing; Olson, et al., 2009). However, by far, the most notable distraction
found was text messaging. CMV drivers who are text messaging while operating their vehicles
are approximately 23 times more likely to be involved in a safety-critical event as compared to
non-text-messaging drivers (Olson et al.).

As mentioned before, driver distraction (and especially CMV driver distraction) is a rapidly
evolving field. Thus, it is important to note that the majority of the literature collected in this
effort was available prior to May 2009. As more recent examinations are published, as well as
research that is able to quantify the actual risk associated with distraction in the real world, these
findings should be reevaluated. Likewise, it is important to view the published research through
the context of the method of data collection. Simulator studies have produced results that do not
agree with the frequency or magnitude of distraction related events in the real world.
Additionally, the applicability of findings related to automobile driving may not apply to CMV
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operations due to the fundamental differences of operating an automobile and operating a large
articulated vehicle, as well as the different exposure associated with the typically higher
annualized vehicle miles traveled logged by CMV operators as compared to automobile drivers.

Finally, it should be noted that the majority of the extant literature does not specifically examine
individual tasks associated with cell phone use (dialing vs. conversation). More recent studies
published have indicated significant differences between the risk of dialing a phone and simply
conversing on the phone (Olson et al., 2009). Thus, drawing overarching conclusions from these
studies may be problematic. However, the findings may help to determine what areas of cell
phone use within truck and motorcoach operations should be examined further.

As the technology research and design communities gain increased understanding of the
potential increases in risk presented by drivers using mobile communication technologies (such
as cell phones and PDAS), attempts to mitigate the impact of such distractions have been
undertaken. SAfety VEhicle(s) using adaptive Interface Technology (SAVE-IT), a study released
in May 2008, investigated using adaptive warnings (e.g., lane departure warnings or forward
collision avoidance technology) that would only sound a warning if the driver was not watching
the forward roadway, and adaptive driver-vehicle interface technology that would control the
function of mobile devices in potentially dangerous driving events. However, any attempt at
designing driver assistance systems that mitigate the increased task demand posed by in-vehicle
communications must consider both the visual and auditory channels (Vollrath & Totzke, 2000).

Both visual and auditory distractions must be accounted for in order to ensure that distraction is
effectively mitigated. A modern distraction and drowsiness detection system investigated by
Kircher, Kircher, and Claezon (2009) has attempted to use eyes-off-roadway time as a metric—a
marker of distraction risk as noted by Klauer et al. (2006)—and notify drivers of potential
distracted driving through vibrations in the seat pan. Summala (2002) noted that drivers are
occasionally able to perform some, albeit limited, distraction mitigation strategies on their own.
However, Summala also explained that drivers’ expectations are not always valid and that their
choices are occasionally incorrect. Hence, there is an increased risk associated with cell phones
and PDAs noted by the majority of the literature.

Some attempts to quantify and limit the distraction potential of new in-vehicle devices have been
proposed. One example, the “15-Second Rule,” depends on an in-vehicle task being executed
while stationary within a 15-second-or-less period (SAE International, 2004; Green, 1999).
However, this standard has not proven to be sensitive to driver distraction in experimental
conditions (Tijerina et al., 2000). Ongoing attempts to develop practical and easily applicable
guidelines for the measurement of distraction in motorcoach operations are needed.
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3. CONCLUSIONS

The results of the literature synthesis indicated that, although substantial literature examining the
effects of driver distraction exists regarding wireless communication devices (such as cell
phones), the literature primarily covers only the effects of distraction on non-commercial
automobile driving. Little information is present regarding the effect of distraction on the
professional truck driver and even less information is specifically related to the motorcoach
driver. The findings in the current literature focus primarily on the associated increases in risk
presented by the use of mobile phones while driving a vehicle. While some newer literature has
examined the effects of devices (e.g., PDAs and GPS navigation systems that are primarily
visually demanding), such research has not generally extended to devices specific to the CMV
driver (e.g., dispatching devices). In the course of this literature review, the only reference made
to distraction as related to operating a motorcoach was found in legislative items. The research
community has not adequately examined distraction within motorcoach operations and the
unique driver tasks associated with motorcoach operations. Thus, one key finding of the
literature review is that further research is essential to understanding the relationship between
distracted driving and the safe operation of a motorcoach.

Although operation of a motorcoach appears to be similar to the operation of a light vehicle,
several important differences must be kept in mind when comparing the two, or drawing
conclusions from research dealing with only one. In addition to being responsible for the safe
operation of a motorcoach on public roads, the motorcoach operator is often responsible for such
tasks as managing passengers; remaining on predetermined timetables; maintaining
communications with a dispatching office, tour agency, and destination; as well as announcing
the arrival at attractions. While some of these tasks are required of heavy truck drivers, enough
differences are present for the operation of a motorcoach to be viewed as fundamentally different
from that of a tractor-trailer. As mentioned earlier, the literature lacks results from empirical
research regarding motorcoach operators and forces the research and design community,
regulators and the transportation industry to rely on the extrapolation of findings from
automotive and trucking research. However, similar distraction deficits could be expected to
affect the safe operation of a motorcoach as they affect the safe operation of a heavy truck.

A naturalistic driving study with motorcoaches would provide detailed information about the
actual technology usage and factors that lead to all forms of driver distraction. Motorcoaches
could be instrumented with cameras and other sensors while motorcoach drivers make their
normal, revenue-producing trips. The primary goal of such a study would be to investigate
crashes, near-crashes, and crash-relevant conflicts from the motorcoach driver’s perspective to
help determine functional countermeasures. Identifying these functional countermeasures would
assist in the development of effective technologies, enforcement strategies, training and
education programs, and other specific countermeasures to reduce motorcoach crashes and their
associated injuries and fatalities.

Overall, the literature identified in the process of this synthesis indicates consistent degradations
in driver performance due to the effects of driver distraction. This degradation in driver
performance leads to increased risk of critical events (such as pedestrian incursions and traffic
signals) being missed by drivers and possibly to an increased overall risk of a crash or near-
crash. The greatest risk from cell phones/smart phones appears to occur during operational tasks
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that are primarily visual in nature. Actions such as entering information into a device or dialing a
cell phone require significant visual attention focus that leads to greatly increased crash risk.
Some evidence exists that suggests that the risk associated with cell phones/smart phones may be
reduced through design that considers driver workload. However, additional research is needed
prior to determining the differential risk from devices. Furthermore, research specifically
examining driver distraction in a motorcoach operation setting is needed.

This rapid evolution of distracted driving research necessitates further investigation of both the

body of scientific literature and truck and motorcoach company practices and CMV driver
opinions.
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