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EXECUTIVE SUMMARY

PURPOSE OF THIS REPORT

The purpose of this review, which was commissoned by Holden, is to examine the
current literature on driver didraction, focussng specificdly on in-vehicle digraction;
that is, distraction caused by activities or objects inside the vehicle rather than those
outside the vehicle.

The firg section of the report discusses the impact of technology-based distractions
(eg., mobile phones, route navigation and emall/internet) and non-technology-based
digractions (eg., conversang with passengers, eding/drinking and smoking) on driving
performance. In the second haf of the report, the various methods that have been used
to measure distraction are described and the measurement techniques that appear most
promigng in beng able to accurady measure in-vehicle didraction ae identified.
Future research needs and recommendations for minimisng driver distraction are made
in the final section of the report.

INTRODUCTION

Despite the complexities of the driving task, it is not unusua to see drivers engaged in
vaious other activities while driving, including taking to passengers and ligening to
the radio and even reading. Preoccupation with eectronic devices while driving is dso
becoming increasngly common. Any activity that didracts the driver or competes for
ther atention while driving has the potential to degrade driving performance and have
serious consequences for road safety. Research by the Nationd Highway Traffic Safety
Adminigration (NHTSA) edimates tha driver inatention in its vaious forms
contributes to approximately 25 percent of police-reported crashes. Driver distraction is
one form of driver inattention and is clamed to be a contributing factor in over hdf of
indtention crashes (Stutts, Reinfurt, Steplin & Rodgman, 2001; Wang, Knipling &
Goodman, 1996). However, as more wirdess communication, entertainment and driver
assigance sysems proliferate the vehicle market, it is probable that the rate of
digtraction-related crashes will escdate (Stutts et a., 2001).

TECHNOLOGY AND NON TECHNOLOGY BASED DISTRACTION

Severd in-vehicle devices and activities reviewed in this report appear to have the
potentiad to digract the driver and dgnificantly impar their driving performance and
sofety. The mgor findings to emerge from the reviewed literature are summarised
below.

M obile Phones

Many studies have found that using a hands-free phone while driving is no safer
than usng a hand-held phone. Using a mobile phone while driving can increase
the risk of being involved in acollison by up to four times.
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Research suggests that both the physicd and cognitive distraction caused by
uing mobile phones while driving can dgnificantly impar a driver's visud
search patterns, reaction times, decison-making processes and their ability to
maintain speed, throttle control and laterd position on the road.

Mobile phone use dso often involves associated tasks that may further distract
the driver. These activities can include writing down phone numbers on a piece
of paper whilst driving or writing down dates or notesin diaries.

Sending atext message is more distracting than Smply talking on amobile
phone.

Research has found tha taking on a mobile phone is more didracting than
holding an inteligent conversation with a passenger, but no more digtracting
than eating a cheeseburger.

Route Guidance Systems

Entering dedtination information is believed to be the mogt didracting task
associated with be use of a route guidance system, however use of voice input
technology can reduce the distraction associated with this task.

Route guidance systems that present navigation ingructions using voice output
ae les didracting and more usdble than those systems that present the
information on avisud display.

Route guidance systems with voice recognition technology ae a more
ergonomic and safer option than systems that require visua-manud entry.

Route guidance sysems that provide turntby turn indructions, rather than
presenting complex holigic route information, are less didracting to the driver
and present the most useable means of navigation.

Email and Internet Facilities

Some researchers believe that speech-based email systems have the potertid to
digract drivers and undermine road safety. As a result, a growing number of
system designers are recognisng that speech-based systems are not a panacea
for driver digraction and are focusng on developing dternative interfaces such
asthose that rely on tactile feedback.

Entertainment Systems

Tuning a radio while driving appears to have a detrimentd effect on driving
performance, particularly for inexperienced drivers.

Research suggests that smply ligening to radio broadcasts while driving can
impair driving performance.

Research suggests that operating a CD player while driving is more distracting
than didling a mobile phone and edting, however the use of voice-activation
may minimise this disraction.
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Non-Technology Distraction

A recent study reveded that a grester proportion of drivers involved in traffic
accidents are distracted by eating or drinking (1.7%) than by talking on a mobile
phone (1.5%). Another study corroborated this finding and found that eeting a
cheeseburger was as didracting as udng a voice-activated didling sysem, but
less digtracting than continuoudy operating a CD player.

Severd dudies have found that smoking while driving increases the risk of
being involved in acrash.

A summary of current research an teenage passengers reveded that the presence
of passengers increases crash risk, particularly for younger drivers, and this is
believed to result largely from distraction and peer-pressure.

In summary, there is converging evidence that both technology-based and non-
technology-based didractions can have a derimentd effect on human driving
performance. The extent, however, to which didraction compromises safety is
dependent on the frequency with which the driver is exposed to the source of distraction
in question. Very little, if anything, is currently known in Audrdia (and indeed in mogt
other countries) about the rdative frequency with which technology and non
technology-based tasks are peformed. The findings reported here do, neverthdess,
provide important information that can be used to optimise the ergonomic design of the
Human Machine Interface (HMI) in vehicle cockpits and inform the development of
other countermeasures for minimising driver digtraction.

RECOMMENDED DISTRACTION MEASUREMENT T ECHNIQUES AND
MEASURES

In addition to reviewing what is known about both technology and non-technology-
based didractions deriving from within the vehicle, the authors reviewed the various
scientific  techniques which have been used to measure driver distraction and the
measures of driving performance (eg., lane keeping) which gppear to be vulnerable to
the different types of didraction. While this materiad was reviewed primaily to asSst
Holden, it is reported here to assst others undertaking distraction-related research. The
following scientific techniques for measuring didraction were identified:

on-road and test track studies;
driving smulator Sudies,
dua-task studies;

eye glance monitoring studies,
the visua occluson method;

the peripherad detection task; and
the 15 Second Rule.

The findings of this review suggest tha usng a range of didraction measurement
techniques, rather than a single technique, would be appropriate in evauating HMI
design concepts and prototypes in vehicles. The particular technique, or sub-set of
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techniques, employed, however, will depend on the particular aspect of the HMI to be
asessed, and in paticular on the form of digraction (eqg., visud, physcd etc) that is
imposed on the driver by that aspect of the interface. With the possible exception of on
road and test track studies, and the 15-second rule, dl of the above methods are
congdered suiteble for use in HMI evaudation sudies Onroad studies are more
dangerous to conduct and are less experimentaly controlled than smulator studies, and
there is some doubt in the literature about the validity of the 15-second rule.

COUNTERMEASURES FOR MINIMISING DISTRACTION

Whilgt the magnitude of didraction as a road safety problem in Audrdia is not yet fully
known, there is converging evidence from studies oversess that it is likdy to be a
sgnificant issue here and that it is likely to become a greater contributor to road trauma
as the number of technology-based sources of digtraction in vehicles increases. On the
bass of the literature reviewed, the following recommendations are made for
minimising the effects of driver distraction.

Research

A caefully dedgned sudy of the prevdence of driver involvement in didracting
activities within the vehide should be undertaken. This information, combined
with the epidemiologicd data from the previoudy mentioned sudy beng
conducted by the Universty of Wesern Audrdia Depatment of Public hedth
Injury Research Centre, will engble an initid assessment of the magnitude of the
problem in Audrdia to be made. If driver distraction is shown to be a sgnificant
problem, then better recording by Police of the role of digtraction in crashes will
be needed.

An inventory of exiging and emerging technologies and services which can be
accessed onboard the vehicle or through portable devices carried into the
vehicle should be compiled. From this, research is needed to develop a
taxonomy of driver digractions that defines the different sources of digtraction
deriving from within the vehide and categorises them according to how
digracting they are in absolute and reative terms.

Research is required to better understand drivers  willingness to engage in
potentidly digracting tasks while driving, the factors that influence this
willingness and under what conditions drivers engage in distracting tasks.

There is currently litle knowledge regarding how drivers use in-vehice
technologies. whether they use them in the manner intended by the designer; and
a what point (or threshold) and under what conditions they become a
digtraction.

Research needs to be conducted into whether and how individual difference
factors such as age, gender, driving skill and experience influences the ease with
which drivers are distracted.

To complement the above activities, research is needed to develop a taxonomy
of distracting events and objects occurring outside the vehicle. As for sources of
digraction deriving from within the vehicle, research is needed to quantify how
digracting they are in absolute and relaive terms, done and in combination with
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internal digtracters. Some research on this issue is being undertaken by the
Monash Univerdty Accident Research Centre and this should be closdy
monitored.

There is a need to develop objective, standardised, measures of digtraction in
order to enable more accurate comparisons of results across studies (NHTSA,
2002a).

Further research is needed on dternative modes of input and output, such as
tactile feedback and voice activation, to determine whether these interaction
methods are a safe and viable dternative to manua entry systems.

The operation of certan onboard and portable technologies, such as mobile
phones, often involves associated tasks such as writing down phone numbers
and address details on pieces of paper. There is a need for research to design the
HMI so thet it diminates as far as possible the need for these secondary tasks.

No research, to the knowledge of the authors, has examined the potentialy
digracting effects of portable devices used by pedestrians and other road users
(eg., mobile telephones, pededtrian navigetors) to access information and
savices when negotiating ther way by means other than driving through the
road system.

The overdl costs and benefits afforded by various technologies must be assessed
before redtricting or prohibiting drivers from engaging in didracting tasks while
driving. Ligening to a radio broadcast, for example, might be digtracting: ye,
for a truck driver, this activity might be beneficdd in mantaning vigilance in a
low workload driving environmen.

Education and Training

A good ded is dready known about the risks associated with engaging whilst
driving in various didtracting activities. It is important that these are brought to
the atention of drivers and passengers. As a matter of priority, it is important to
maeke the motoring public aware that hands-free mobile phones can be just as
digtracting as hand-held phones.

As with the use of mobile phones, drivers must be educated and trained in the
optima manner in which to interact with exising and emerging onboard
technologies and services accessed through porteble devices in order to
minimise distraction.

Where flexibility exigs in the manner in which these devices can be operated
(there are, for example, many ways to tune and sdect a radio dation), user
manuas and tutorids provided by vehicle manufacturers and service providers
should highlight the most ergonomic and least distracting methods for doing so.

Legislation and Enforcement

Exiging legidaion should be reviewed and, where necessry, new legidation
created to limit driver exposure to, and deter drivers from engaging in, activities
which have the potentid to didract them. There is sufficient evidence, for
example, to judify a ban on the use of hands-free phones whilgt driving if this
can be practicaly enforced by the Police.
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Vehicle Design

- The mog effective way to minimise technology-based digtraction is to design
the Human Machine Interface (HMI) ergonomicdly. In Europe, North America
and Japan, draft dandards have dready been developed which contain
performance based goas which must be reached by the HMI <o that the in-car
technologies do not didract or visudly entertain the driver while driving (eg.,
the European Statement of Principles for Driver Interactions with Advanced In
vehide Information and Communication systems). It is important that the
development of these standards be closdly monitored by relevant authorities in
Audraia and that locd vehide manufecturers and system developers are
encouraged to refer to these tandards in designing their systems.

The operation of certan devices including mobile phones and route guidance
sysems often involves associated tasks such as accessng written information,
which can further distract the driver. There is a need for research to develop the
HMI so thet it diminates the need for these associated tasks.

Licensing
Handbooks for learner and probationary drivers should draw attention to the
potentid risks asxociaed with engaging in didracting activities within  the
vehicle

Knowledge tests should include items pertaining to the reative risks associated
with engaging in these ectivities.

Where appropriate, the graduated licensng system should be used to redtrict
driver exposure to didracting activities that are known to compromise safety.
The findings presented here, for example, suggest that there is a case for

redricting Probationary drivers from using (but not carying) mobile phones
while driving during some or dl of the P-period.

Fortunatdly, we are a an early enough stage in the evolution of the vehicle cockpit to
prevent distraction from escaating into amgor road safety problem.
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1. Introduction

The driving task is a complex one, requiring the interaction and coordinaion of various
cognitive, physical, sensory and psychomotor skills. It aso requires a subgtantia degree
of attention and concentration on the part of the driver (Beirness, Smpson & Pak, 2002;
Peters & Peters, 2001). Despite these complexities, it is not unusud to see drivers
engaged in various other activities while driving. These activities range from taking to
passengers and ligening to the radio, to applying make-up, shaving and even reading.
With the advent of wirdess communication (eg., mobile phones), more sophiticated
entertainment systems and the introduction of technologies such as route navigation and
the interret into vehicles, preoccupation with eectronic devices while driving is aso
becoming increesingly common. Any activity that digtracts the driver or competes for
their atention while driving has the potentid to degrade driving performance and have
serious consequences for road safety.

Research by the Naiond Highway Treffic Safety Adminisration (NHTSA) edimates
that driver inattention in its various forms contributes to agpproximady 25 percent of
police-reported crashes. Driver digtraction is one form of driver inatention and is
clamed to be a contributing factor in over haf of inattention crashes (Stutts, Reinfurt,
Saplin & Rodgman, 2001; Wang, Knipling & Goodman, 1996). However, as more
wirdess communication, entetanment and driver asSgtace systems proliferate the
vehicle market, it is probable that the rate of digtractionrelated crashes will escaate
(Stutts et al., 2001).

This report provides a comprehensve review of the current literature on driver
digraction, focussing specificdly on in-vehicle digtraction; that is, distraction caused by
activities or objects ingde the vehicle rather than those outsde the vehicle. The overdl
am of the report is to review what is known about the effects of in-vehicle digraction
on driver performance and safety; review the range of techniques that have been used to
measure and quantify the effects of didtraction on driver performance; identify future
research needs in the area; and recommend countermessures for minimising driver
digraction. To the knowledge of the authors, the report provides the most
comprehensve summary of accumulated literature currently in existence.

The firg section of the report discusses the impact of technology-based distractions
(eg., mobile phones, route navigatiion and emal/internet) and non-technology-based
digractions (eg., converang with passengers, edting/drinking and smoking) on driving
performance. The rdative influence of the various technology and non-technology
based digtractions on driving performance is aso examined and the driving performance
vaiables (eg., soeed mantenance and reaction time) that seem to be mogt sendtive to
specific digracters are identified. In the second haf of the report, the various methods
that have been used to measure didraction are described and the measurement
techniques that appear most promisng in being ade to accuratdy measure in-vehide
digraction are identified.

The concduding section of the report contains a brief summary of the key findings
emerging from the literature review, recommendations for the sdlection of digtraction
measurement  techniques suitable for use in assessng the Human Machine Interface
(HMI) in vehicles, and some recommendations for future research and countermeasures
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to minimised driver didraction. We begin by defining and characterisng the various
forms of driver distraction.

2. What is Driver Distraction?

Driver didrection forms pat of the broader category of driver inatention. The
American Automobile Associgtion Foundation for Traffic Safety defines  driver
digraction as occurring “when a driver is delayed in the recognition of information
needed to safdy accomplish the driving task because some event, activity, object or
person within or outsde the vehicle compelled or tended to induce the driver's shifting
atention away from the driving task.” (Treat, 1980, p. 21). The presence of a triggering
event or activity digtinguishes driver digraction from the broader category of driver
inattention (Beirness et d., 2002).

According to the NHTSA there are four didinct types of driver digtraction: visud,
auditory, biomechanicad (physical) and cognitive digtraction.

Visual Distraction. There are three different types of visud didraction. The firg form
occurs when the driver’s visud fidd is blocked by objects, such as stickers on the car’s
windscreen or windows or dark window tints, that prevent them from detecting or
recognisng objects or hazards in the road environment (Ito, Uno, Atsumi & Akamatsu,
2001). The second type of visud distraction occurs when the driver neglects to look at
the road and instead focuses on another visud target, such as an in-car route navigation
sysem or billboard, for an extended period of time. The third type involves a loss of
visud “dtentiveness’, often referred to as “looked, but did not see’, and interferes with
the driver’s ability to recognise hazards in the road environment (Ito et d., 2001). The
second type of visud digtraction is of mogt interest in this review.

Auditory Distraction. Auditory didraction occurs when the driver momentarily or
continually focuses ther attention on sounds or auditory sgnds rather than on the road
environment. Auditory digraction can occur when ligening to the radio or when
holding a conversation with a passenger, but is most pronounced when using a mobile
phone (Direct Line Motor Insurance, 2002).

Biomechanical (Physical) Distraction. Biomechanica digtraction occurs when drivers
remove one or both hands from the dseering whed to physcdly manpulate an object
indead of focusng on the physica tasks required to drive safely such as steering in the
appropriate direction or changing gears (RoSPA, 1997).

Cognitive Distraction. Cognitive digraction includes any thoughts that absorb the
driver’s dtention to the point where they are unable to navigate through the road
network safely and their reaction time is reduced (Direct Line Motor Insurance, 2002).
Taking on a mobile phone while driving is one of the most well documented forms of
cognitive didraction, however it can adso occur when trying to operate in-vehide
devices such as route navigation systems or talking to a passenger.

It is important to note that these four forms of distraction, athough classed separately,
are not mutudly excusive. For example, operating a particular device, such as a mobile
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phone, may involve dl four forms of didraction: physical didraction caused by didling
a phone number or pressng buttons to receive a cdl; visual distraction caused by
looking a the phone to did a number or receive a cdl; auditory distraction caused by
holding a conversation with a person; and cognitive digtraction caused by focusng on
the topic of conversation rather than monitoring any hazards or changes in the road
environment.

In addition to the afore mentioned forms of didtraction, the NHTSA recognises 13
sources of digtraction (Stutts et d., 2001). Theseinclude:

egting or dinking;

outside person, object or event;
adjusting radio, cassette, or CD,;

other occupantsin vehicle;

moving object in vehide

smoking related;

taking or ligening on mobile phone;
dialing maobile phone;

using device/object brought into vehicle;
10 using device/controlsintegral to vehicle;
11. adjusting cdlimate contrals;

12. other distraction; and

13. unknown digtraction.

CoNoO~WONE

For the purpose of this report, sources of distraction will be further broken down into
technology-based didtracters (e.g., mobile phones, route navigation and CD players) and
nonttechnology based didracters (eg., taking to passengers, eding/drinking and
smoking).

3. Technology-based Distraction

The following sections of the report examine the impact of technology-based and non-
technology based distractions on driving performance and road safety. The focus is on
digraction caused by activities or objects ingde the vehicle, rather than outsde the
vehidle.

31 Mobile Phones

There is a vast body of literature examining the impact of mobile phone usage on
driving performance (Direct Line Motor Insurance, 2002; Goodman, Bents, Tijering,
Wierwille, Lerner & Bend, 1997). In generd, this research indicates that there is a
ggnificant associdion between mobile phone use while driving and crash risk (Lam,
2002). However, given the wide range of methodologies used to measure the effects of
mobile phone use on driving peformance (eg., epidemiologicd, onroad, closed-
course, and samulator dudies), the many vaiadles involved in the vehicle-driver-road
environment sysem, and the differing levels of complexity associated with mobile
phone conversations, there has been little consensus in the literature regarding the
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precise impact of mobile phone use on specific aspects of driving performance
(Nowakowski, Friedman & Green, 2001; STTG, 2002).

Usng a mobile phone while driving can didract drivers visdly, physcdly, aurdly,
and/or cognitively. Physcd and visud digraction is paticulaly pronounced when
operating a hand-held phone, but can aso occur when usng a hands-free phone.
Regardless of whether the phone is hands-free or hand-hdld, drivers are forced to
remove their eyes from the road and their hands off the whed to reach for the phone and
initiste a connection by ether didling a number or answering an incoming cdl. Hand-
held phones have the additiond physica distraction of requiring the driver to drive one
handed while holding the phone to their ear during a conversation (Goodman et d.,
1997; RoSPA, 1997).

Auditory digraction can result from the driver being dartled by the initid ringing of the
phone or from the conversation itsdf. While auditory didraction occurs during any
conversation, it is particularly pronounced while conversng on a mobile phone, as the
sound quality and reception can vary throughout the conversation and drivers often
sruggle to hear the person on the other end of the line (Direct Line Motor Insurance,
2002). Regardless of whether the phone is hand-hed or hands-free, there is strong
evidence that the actuad task of conversng on the phone, whether it be listening or
taking, while driving places dgnificant cognitive demands on drivers and didracts
them from concentrating on the safe operation of the vehicle and any hazards arigng in
the road environment (Goodman et d., 1997, Matthews, Legg & Charlton, 2003).
Research suggests tha the impact of talking on a mobile phone on driving performance
differs from that of holding a conversation with a passenger, as passengers are aware of
the road environment and will generdly let the conversation lgpse during a dangerous
driving gStuaion, dlowing the driver to concentrate fully on negotiating the hazard. A
person on a mohbile phone, however, is not awvare of any potentid hazards and they will
often continue to tak, digracting the driver a criticd moments (Direct Line Motor
Insurance, 2002). There may dso be socid pressures (e.g., when talking to the boss) to
maintain a telephone conversation despite the presence of potential hazards.

Mobile phone use aso often involves the performance of secondary tasks that may
further digtract the driver. These can indude writing down informaion such as a
telephone number on a piece of paper or writing dates or notes in diaries. Thus, the
digrecting effects of usng mobile phones while driving may extend beyond the actud
operation of the phoneitself (Goodman et al., 1997).

The various forms of didraction caused by usng a mobile phone can affect driving
performance in severd ways. A review of the mobile phone literature conducted by the
Royd Society for the Prevention of Accidents (RoSPA) concluded that the use of
mobile phones impairs the following driving performance messures

maintenance of lane position;

maintenance of gppropriate and predictable speed;

maintenance of appropriate following distances from vehiclesin front;
reaction times,

judgement and acceptance of safe gapsin traffic; and

general awareness of other traffic (RoSPA, 2002, pg, 7).

4  MONASH UNIVERSITY ACCIDENT RESEARCH CENTRE



The extent to which these driving performance measures are affected by mobile phone
use depends on the type of mobile phone being used. The following section of the report
discusses the effects of hand-held and hands-free mobile phones on driving performance
and behaviour.

311 Hand-Held Mobile Phones

The dangers of usng a hand-hed phone while driving have been debaed in the
literature for years (Goodman et d., 1997). A vast number of studies have examined the
effects of operating a hand-held phone on driving peformance. The results of these
dudies generdly suggest that usng a hand-held phone degrades driving performance
ggnificantly and, in response, may countries including Audrdia Brazil, Ity and
England, and severd daes in the U.S, have prohibited the use of hand-hedd mobile
phones while driving (Goodman et a., 1997; Matthews et d., 2003; RoSPA, 2002;
STTG, 2002).

An onroad study by Green, Hoekstra and Williams (1993) examined the effects of
interacting with a hand-hedd mobile phone on severd driving performance measures.
Eight participants drove a 1991 Honda Accord aong a 19 turn, 35 minute test route that
included sections of reddentid neighbourhoods, city dreets and  expressways.
Participants were guided through the test route by an in-vehide experimenta route
navigation sysem that issued turntby turn indructions. During the trip each driver
didled a familiar tdephone number and engaged in three types of secondary tasks using
a hand-hed mobile phone a ligening task in which drivers ligened to a 30 second
description of a scenario and then were prompted to make a decision about the scenario
based on the information heard; a taking task in which participants had to describe
something (eg., what they did on the weekend) for 30 seconds, and a liging task in
which they had to lig as many items as possble tha belonged to a given category.
Measurements of the laterd podtion of the car on the road, speed, throttle postion,
seering whed angle and eye fixaion measures were recorded while participants were
using and not using (basdline) the mobile phone.

Based on observed increases in steering whed angle standard deviations, didling the
phone number was the mogt didtracting task. The three mobile phone tasks did not differ
in ther leve of didraction, however they were more didracting than driving done.
Differences were observed in the standard deviaion of throttle pogtion, with variations
in throttle postion greatest for the talking task and lowest for the didling task. No other
sgnificant effects of phone usage were observed, however this may have been due to
the smal sample sze or the short testing period used (Green et d., 1993). The results
do, however, suggest that usng a hand-hed mobile phone while driving may adversdy
influence a driver’s ability to maintain their laterd pogtion on the road and ther throttle
control.

Reed and Green (1999) dso examined the impact of usng a hand-held mobile phone on
driving peformance, both on red roads and in a fixed-based driving smulator. The
primary focus of the study was to determine if the results found in the driving smulator
corresponded to results found in an ontroad instrumented vehicle. However, it does
provide important ingghts into the degrading effects of mobile phone use on driving.
Sx mde and sx femde drivers drove dong a freeway route in an insdrumented vehicle
while periodicdly making cdls on a hand-held mobile phone. The same participants
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then drove a smilar route in a driving smulator while aso making phone cdls Lane
position, speed, steering whed angle and throttle pogtion measurements were taken in
both driving Stuations.

Results reveded that use of the mobile phone reduced driving precison both on the
road and in the driving smulator. Compared to normd driving, grester vaiations in
lane position and speed and throttle control were observed both on the road and in the
smulator when participants were making cdls on the mobile phone. Moreover, the
older paticipants (aged 60+) showed greater decrements in ther ability to mantan
speed and lane position than the younger participants aged 20 to 30 years. The authors
adso noted that the driving smulator demondtrated good vdidity for measuring Speed
control and the effects of the phone tasks on driving (Reed & Green, 1999).

More recently, a British study conducted by the Transport Research Laboratory (TRL)
for Direct Line Motor Insurance examined the dangers of using a mobile phone when
driving (Burns, Parkes, Burton & Smith, 2002). Usng a hand-held and a hands-free
mobile phone while driving was compared to driving while over the UK legd acohol
limit (80mg/100ml, or 0.08), driving while not under the influence of acohol and
driving while not usng a phone. Twenty participants were tested usng the TRL
advanced driving smulator on two occasons. On one test trid, the participants used a
hand-held and a hands-free mobile phone to converse with the experimenter while
driving. On the second test trid, the participants consumed a drink containing acohol or
a dmilar tasting placebo before driving. Each participant experienced four driving
conditions. a motorway with moderate traffic conditions, maintaining a safe following
disgance from a vehicle ahead; atempting to negotiate a bend; and driving on a dud
carriageway with treffic lights.

Driver's reaction times to hazards were on average 30 percent dower when conversing
on a hand-hedd mobile phone than when driving under the influence of dcohol, and 50
percent dower than under norma driving conditions. There was aso evidence of
reduced speed control when using a mobile phone. The authors concluded that using a
hand-hed moaobile phone while driving sgnificantly impars driving performance and
represents a significant road safety danger (Burns et d., 2002).

The dbove dudies demongrate the adverse effects of usng a hand-held phone on
driving peformance. In an effort to determine what specific aspects of hand-hdd
mobile phone use have the grestest didtracting effects, the Nationd Police Agency of
Japan conducted a study which investigated 129 mobile phone-related vehicle crashes
(Japanese Nationd Police Agency, 1996). They found that 42% of the crashes involved
the driver responding to a cal a the time of the crash, 32% of the drivers were didling
a number, 16% were conversing on the phone and 5.4% of drivers were hanging up the
phone. Based on this data the authors concluded that the main risk associated with
mobile phone use while driving was the physcd didraction caused through handling
and manipulating the phone (Japanese Nationd Police Agency, 1996). As the physica
manipulation of hand-held phones was beieved to be the man cause of driver
digraction, hands-free mobile phones were developed in an effort to reduce, or even
diminae, the physcd didraction caused by handling the phone while driving
(Whesetley, 2000). However, as subsequent investigations discovered, this did not turn
out to be the case. Research reveded that it is not just the physca digraction of
handling the phone that presents a dgnificant safety hazard, but dso the cognitive
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digraction of being engaging in a conversaion. Indeed, many sudies have found that
usng a hands-free phone while driving is no safer than usng a hand-held phone
(Haigney, Taylor & Westerman, 2000; Matthews et d. 2003; Redemeier & Tibshirani,
1997).

312 Hands-Free Mobile Phones

Usng an epidemiological approach, Reddmeer and Tibshirani (1997) examined
whether usng a mobile phone while driving increases the risk of being involved in a
vehidle crash and whether hand-free phones offer any safety advantages over hand-held
phones. A tota of 699 Toronto drivers who owned a mobile phone and who were
involved in a vehicle crash resulting in subgtantial  property damage, but no persond
injury, paticipated in the study. Each driver’s mobile phone cdls on the day of the
crash and during the week prior to the crash were andysed through detailed mobile
phone hilling records. The time of each collison was determined through each driver's
satement, police records and records of cals made to emergency services. Case
crossover analysis was used to assess the risk associated with mobile phone use. Results
reveded tha the risk of beng involved in a vehide crash while usng a mohbile phone
was four times greater than the risk among the same drivers when they were not
conversing on a phone. Moreover, the authors observed no safety advantages of using a
hands-free phone as opposed to a hand-hedd mobile phone while driving. The authors
concluded that their results did not support the policy being adopted in many countries
of prohibiting the use of hand-held, but not hands-free, mobile phones while driving
(Redemeier & Tibshirani, 1997).

A more recent study by Haigney, Taylor and Westerman (2000) dso reveded smilar
results. Usng a driving amulator, Haigney and colleagues examined the redive effects
of hand-hedd and hands-free mobile phone use on driving performance. Thirty
participants (mean age 26.93 years) firs completed a questionnaire designed to obtain
demographic information such as age and driving experience. The participants were
then seated in he Agon Driving Smulator and fitted with a heart rate sensor in order to
measure any deviations from their resing heart rate while usng the mobile phone.
Paticipants completed four smulated drives in which they had to ded with an
incoming cdl, twice usng a hands-free phone and twice usng a hand-held phone. Mean
Speed, standard deviation of accelerator pedal travel, brake pedd travel, number of gear
changes, and the number of overtaking manoeuvres, off-road excursons and collisons
were recorded as dependent measures. Results reveded that speed and standard
deviation of accelerator pedd travel were lower while usng the mobile phone, but mean
heart rate increased during phone use. Moreover, as heart rate increases were not
associated with phone type, the authors concluded that heart rate increases were not
relaed to the physicd demands of holding the phone, but rather to the cognitive
demands associated with the phone conversation. Given that increased cognitive
demand may contribute to driver distraction and render drivers less responsve to
hazards in the road environment, the authors recommended that drivers should not
engage in any mobile phone use, neither hand-held nor hands-free, while driving.

Armed with the knowledge that that it is dso the cognitive distraction of being engaged
in a conversttion and not just the physcd digraction of handling the phone that
contributes to driver distraction, researchers sought to establish the impact of cognitive
digraction on various measures of driving peformance and examine whether and how
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the levd of cognitive didraction, as determined by the complexity or emotiondity of
the phone conversation, influences driver behaviour.

Harbluk, Noy and Eizenman (2002) investigated the impact of cognitive distraction on
driver's visud behaviour in an onrroad experiment. A total of 21 drivers, aged 21 to 43
years, drove an ingrumented Toyota Camry aong an 8-kilometre city test route while
carying out secondary tasks of varying cognitive complexity. These tasks were
communicated via a hands-free mobile phone. Each participant drove the test route
under three task conditions. while performing no secondary task; while completing easy
addition problems (eg., 6+9); and while completing complex addition tasks (eg.,
47+38). Three measures of driver behaviour were recorded: visud scanning behaviour
usng eye tracking equipment fitted to the car; measures of vehicle control, such as
braking and longitudind decderation; and drivers subjective assessments of workload,
safety and digtraction.

Measurement of drivers visud scanning patterns reveded that as the cognitive
complexity of the mobile phone task increased, drivers made dgnificantly less saccadic
eye movements (high-speed eye movements which facilitate exploration of the road
environment) and spent more time looking centrdly and less time looking to the right
periphery for impending hazards (i.e, pededrians). Drivers dso spent less time
checking their mirrors and ingruments and many drivers displayed a change in ther
inspection petterns of ther forward view (eg., spent more time looking up or down),
dthough not al drivers changed their visud inspection patterns in the same way.
Sgnificant changes were dso observed in vehicle control, as evidenced by an increased
incidence of hard braking during the complex addition task. Findly, as the complexity
of the addition tasks increased, drivers perception of workload (as recorded using the
NASA-TLX), digraction and perceptions of their driving as being less safe dso
increased (Harbluk et a., 2002).

While Harbluk et &. (2002) focused on the effects of cognitive distraction on drivers
visud behaviour, the Surface Trangportation Technicd Group (STTG) (2002) assessed
whether the complexity of a conversation when using a mobile phone affects a driver's
response time to stimuli. An openloop driving Smulation and tracking task was utilized
to sudy three different conditions of taking on a mobile phone no telephone use
smple phone conversation (eg., how is your day?); and complex conversation (eg.,
remembering meeting times). Thirty college paticipants were randomly divided into
three groups. One group performed the 3-minute smulated driving and tracking task
without usng the mobile phone, the second group performed the driving and tracking
tasks while involved in a smple conversation on the mobile phone and the third group
performed the tasks while engaged in the complex telephone conversation. In the
samulated driving task, participants viewed a 3-minute long rurd highway video scene,
which was projected on a large screen. Stimuli, including road sgns and pedestrians,
were projected onto the roadway scene and the participants were asked to respond to the
simuli by pressing a ecified key on a keyboard. The time they took to respond to the
simuli was recorded. In the tracking task, participants were required to track a smal
circle that moved randomly across a computer screen. Overdl accuracy, time on target
and the number of times the target was missed was recorded.

In the smulated driving task, engaging in a complex teephone conversation resulted in
ggnificant increases in reaction times to simuli presented compared to not usng a
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phone or engaging in a smple teephore conversation. There were no dgnificant
differences observed in response times between the smple conversation and the no-
phone condition. In addition, a sgnificant reduction in tracking accuracy was observed
between the complex conversation condition and the smple conversation and no-phone
conditions, but not the sSmple conversation and no-phone condition. These results
suggest that a driver's ability to perceive and respond to hazardous Stuations in the
driving environment is dgnificantly impared when conversng on a mobile phone,
particularly when the conversation is complex in nature.

In addition, the impact of mobile phone-based distraction on drivers decison-meking
ability and, in paticular, their ability to make safe cross-treffic turning decisons was
examined by Cooper & Zheng (2002). Using a closed course driving experiment, 39
participants were seated in an insrumented car and exposed to gpproximately 100 gaps
between eight vehicles that circled the test circuit continuoudy. This &t circuit was wet
for hdf of the trids Participants were asked to press down on the accelerator peda
when they fdt that it was safe to turn in front of the gpproaching vehides (athough the
test vehicle sayed daionary). For hdf the time participants were required to listen to a
complex message conssting of a statement followed by target words and state whether
the target words were consgtent with the criterion statement. On the other haf of the
trids participants were not distracted. The influence of engaging in the verbd message
task on drivers gap acceptance decisions was measured.

Regardless of whether the drivers were, or were not, distracted by the verba message
task, they were more likey to decide to turn across oncoming traffic if the gap between
themsdves and the approaching vehicle was large, if the speed of the approaching
vehicle was dow and the intervas between making successve turning decisons were
low. Younger participants were also more likely than the older drivers to accept shorter
gaps. When the drivers were not distracted, they also took into account the condition of
the road surface (whether it was wet or dry) when making a decision to turn. In contras,
when distracted by the verbal message task, drivers did not acount for the road surface
condition when deciding whether to accept or regect a gap. Indeed, on the wet road
aurface, the paticipants were edimated to have initiated twice as many potentid
collisons when digtracted as when not distracted. The authors concluded that listening
and responding to verbad messages (as occurs during a phone conversation) while
driving, reduces a driver's ability to adequately consder and process al the information
necessary for safe decisonr-making and, in turn, can adversdy impact road safety
(Cooper & Zheng, 2002).

Recently, increases in traffic dendty and the complexity of the traffic environment has
adso been found to exacerbate the didracting effects of mobile phones on driving
performance (Strayer, Drews & Johnston, 2003). Usng a driving Smulator, Strayer et
d. found that converang on a hands-free mobile phone while driving lead to an increase
in reaction times to a lead braking vehicle, with this increase in reaction times becoming
more pronounced as the density of the traffic increased. One important aspect of this
finding is tha nether the tet car nor the leed vehide interacted with the additiond
vehicles on the road, suggesting that amply increesing the perceptua complexity of the
road environment can intengfy the didracting effects of engaging in a phone
conversation while driving.
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In summary, the dudies reviewed suggest that both the physcd and cognitive
digraction caused by usng a mobile phone while driving can dgnificantly impar a
driver's ability to maintain speed, throttle control and higher latera postion on the road
(Green et d., 1993; Reed & Green, 1999). It can dso impar drivers visud search
patterns, reaction times, decisornrmaking processes and can increase the risk of being
involved in a collison by up to four times (Direct Line Motor Insurance, 2002; Cooper
& Zheng, 2002, Harbluk et d&., 2002; Rededmeer & Tibshirani, 1997). Moreover,
research suggedts that drivers are not aware of the negative effects of using mobile
phones on ther driving performance (Lesch & Hancock, in press). It is important to
note that the literature on the didracting effects of mobile phones while driving is
extensve. For a more comprehensve review of the research examining the effects of
mobile phones on driving performance, the reader is referred to a review conducted by
the ROSPA (2002).

3.1.3 Text Messaging

To the knowledge of the authors, very little research has been conducted on the
digracting effects of sending or recaving text messages while driving. A Direct Line
MORI survey of 2,000 drivers in the United Kingdom reveded that drivers consdered
sending a text message to be the mogt digtracting activity (above reading a map, usng a
hand-held or hands-free phone, edting fast food or changing a tape) to perform while
driving (MORI, 2001, cited in Direct Line Motor Insurance, 2002). Despite these
concerns, two Audtrdian surveys, one conducted by the Universty of Sydney and the
other by Telstra, have found that 30 percent of the people surveyed had, in the past, sent
text messages while driving (Canada Safety Council, 2002) and that one in sx drivers
regularly send text messages while driving (Telsra, 2003). Such a high prevaence of
text messaging while driving is digurbing, given that the physcd, visud and cognitive
digraction associated with text messaging while driving is likdy to be greater than thet
associated with smply talking on a hand-held phone (Direct Line, 2002). It is, therefore,
criticd for future research to concentrate on examining the impact of sending a text
message on driving performance.

3.2 In-vehicle Route Guidance Systems

Invehicle route guidance systems (also referred to as navigation systems) are designed
to guide drivers dong the most direct route to a paticular destination. Drivers enter a
required dedtination into the sysem and the sysem then automaticaly plots the fastest
or the shortest route to that destination and issues turn by turn ingructions on how to
reach the degtination (Farber, Foley & Scott, 2000). As well as potentialy increasng
driving exposure, concerns have aso been raised over the didracting nature of route
guidance sysems (Regan, Oxley, Godley & Tingval, 2001). Route guidance systems
can digract drivers physcaly through the manud entry of dedtination details, visudly,
by looking a the visud display when entering dedinations or when viewing the
eectronic map; aurdly, when ligening to auditory turn-by-turn indructions, and/or
cognitively, when the driver focuses their atention on turning ingructions or degtination
entry. Thus driver didraction when usng an in-vehicle route guidance sysem can
occur while entering dedination daa and/or when following the turn-by-turn
indructions issued by the system. These two sources of distraction are discussed below.
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321 Destination Entry

One mgor concern with the use of route guidance systems while driving is the task of
entering degtination information. This is a time consuming process and is often very
digracting for the driver. Depending on the type of sysem and how the information is
entered, entering dedtination details can teke a driver up to 9 minutes to complete
(Farber e d., 2000). Moreover, while some route guidance systems only dlow
detination information to be entered while the vehicle is Saionary, a number of
sysdems actudly dlow the driver to enter this information while the vehide is in
motion.

A number of methods exig for entering information into route guidance sysems
sdecting the required dedtination from a scrolling li of cities, suburbs and  dreet
names, manudly typing in the street number and name and suburb of the dedtination
letter by letter; or using voice input to enter the destination details (Farber et d., 2000;
Tijering, Johngton, Parmer, Winterbottom & Goodman, 2000). The first two methods of
data entry ae the lengthies and the most physcdly and cognitively demanding
however, they are dso the most commonly used methods by drivers. A survey of 130
route guidance users reveded that only 10 percent of respondents use voice input to
enter dedtination information and 25 percent regularly enter information manudly while
driving (Hway-liem, 2002). The relative benefits of usng voice rather than manua
input when operdting route guidance sysems has become a mgor focus of the
distraction research on route guidance systems.

Tijeina and colleagues examined the didracting effects of entering destination
information into four different route guidance systems while driving (Tijering, Parmer
& Goodman, 1998). Each route guidance system required different detination entry
methods. three involved visud-manud dedtination entry, while the fourth involved
voice input and output. The visud attention required to did a hand-hedd mohbile phone
and tune the radio was aso recorded as a comparison. Sixteen participants drove a 7.5-
mile tes track with traffic lights in an instrumented vehide. While driving dong the test
route, participants were required to enter dedtination information into each of the four
route guidance systems. Mean glance time a the road and the in-vehicle device, number
of lane exceedences and time taken to enter destination information was recorded for
each route guidance system.

Reaults reveded that the three systems which required visud-manud dedtination entry
were associated with the longer completion times, longer eyes-off-road times, more
frequent glances a the device, and a greater number of lane exceedences compared to
the voice activated system. In particular, the drivers aged less than 35 years took, on
average, over one minute to enter dedination information into the sysems manudly,
while drivers aged over 55 took twice as long to peform the same tasks. The voice
activated system, however, was associaed with more frequent glances a a cad
contaning the dedination detals than the visud-manud entry sysems presumably
because of the added necessity to spell the destination correctly. Regardless of the type
of route guidance system, the dedtination entry task took substantialy longer to
complete than dther the mobile phone didling or radio tuning tasks. The authors
concluded that route guidance systems with voice recognition technology are a more
vidble and safer option than systems that require visud-maenud entry (Tijerina e d.,
1998). However, continuing concerns over the amount of time required to enter
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dedtination informeation, whether manudly or by voice-activation, led the developers of
a number of sysems to limit access to certain navigation functions while the vehide is
moving. A number of route navigation sysems now ‘lock out' the dedination entry
function when the vehicle isin maotion (Farber et d., 2000).

322 Route Guidance

Once a driver has entered the destination information and is en route, the route guidance
system will issue ingructions to the driver as to the best course to take. The form that
these ingructions take varies widdly across sysems. Information can be presented using
a visud display, auditory messages or both. In the case of visud displays, information
can be presented either as a route map, or as a turn-by-turn display (Tijerina et d., 2000;
Srinivasan & Jovanis, 1997).

Numerous studies have examined and compared the relaive distracting effects of route
guidance sysems that present navigation information in different forms. One of the
most notable of these was the camera car study, conducted as part of the evduation of
the TravTek navigation system by the NHTSA in Orlando, Forida between 1992 and
1993 (Dingus et d., 1995). Four different route guidance system conditions were
examined: tumnby-turn guidance screens with and  without voice guidance and
eectronic route map with and without voice guidance. Two control conditions, written
directions on paper and a conventional paper map, were dso examined. Eighteen
visitors and 12 locd people served as participants. Participants drove an insrumented
“camegra ca”, which dlowed detaled measurement of driving peformance while
interacting with the various configurations of the TravTek route guidance system, the
paper map and the written direction list. Results indicated that the eectronic route map
without voice guidance and the conventiond map control resulted in the most driving
intruson of dl the sysems tested. Use of the dectronic route map without voice
guidance created high visud attention demand, requiring drivers to look longer a the
disolay to retrieve the required information. Use of this sysem dso resulted in more
breking errors and lane deviaions than the other navigation sysems. Results adso
reveded that the usng the conventiond map required a large amount of cognitive
atention, as evidenced by the higher number of aorupt braking manoeuvres and high
workload ratings under this condition. Of dl the conditions, the turn-by-turn guidance
screen with voice guidance provided the best performance with regard to usability,
sdfety and atentiona demand, suggesting that route guidance systems which provide
turntby turn ingructions, rather than presenting complex holistic route information, are
less digracting to the driver and present the most usesble means of navigation (Dingus
et al., 1995).

A more recent dudy by Srinivasan and Jovanis (1997) used a high fideity driving
gmulgor to examine the effect on driving peformance of interacting with complex
route guidance systems. More specificaly, the study sought to determine whether route
guidance sysems result in better driving peformance than conventiond maps and
whether the addition of voice guidance or a turn-by-turn display further enhances the
effects of route guidance sysems. Eighteen paticipants drove dong a sSmulated
network condsing of urban two-lane undivided aterids, four-lane undivided aterids
and four-lane divided roads. Each participant used four route guidance systems. head-
down eectronic route map; paper map; head-up turn-by-turn guidance display with
head-down eectronic map; and voice guidance with head-down dectronic map. Driving
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speed, workload (NASA TLX), navigaion erors, and reaction time to externd events
were measured while interacting with each system. The voice guidance/dectronic map
system was associated with better driving performance, resulting in the fastest mesan
speeds on al road types, the lowest workload ratings and least number of navigationa
errors. In contrast, use of the paper map resulted in the lowest mean speeds, the highest
workload ratings and the greatest number of navigationd errors. The authors concluded
that lower mean speeds were an indication that the system required more of the driver's
atentiond capacity, as drivers would drive a dower speeds to compensate for ther
reduced attention to the roadway. The authors therefore viewed faster mean Speeds as
better driving performance. Which route guidance sysem least affected drivers
reaction times to externad events depended on the type of event examined. Reactions
times to crossng vehicles were the quickes when usng the eectronic map systems,
while reection times to traffic dgnd changes were fastet when usng the heads-up
display/dectronic map system. Based on the results of this and the Dingus et d. (1995)
sudy, it appears that route guidance systems which provide voice guidance ingtructions
are deemed the most usable and the least digtracting to drivers.

In summary, the dudies reviewed suggest that the extent to which route guidance
sysems distract drivers depends on the mode of degtination information entry and the
presentation of navigation indructions. Generdly, entering dedtination informetion is
believed to be the most didtracting task associated with the use of a route guidance
sysem, however use of voice input technology can reduce the distraction associated
with this task. Smilarly, route guidance systems that present navigation ingructions
using voice output are less digtracting and more usable than those systems that present
the information on a visud disgplay. Turn-by-turn route guidance indructions are adso
deemed more acceptable and usable by drivers than more complex holistic maps,
particularly when coupled with voice-activation.

3.3 In-vehicle Internet and E-mail Facilities

The avalability of in-vehicle internet and emall access is predicted to become an
important dement of so-cdled car ‘infotainment’ systems. It will enable the driver to
download traffic updates and wegther reports to improve traffic flow, obtain information
on restaurant locations and paking avalability and to access emals and web
information (Burns & Lansdown, 2002). However, the distraction associated with the
use of such sysems while driving is a concern for researchers, car manufacturers and
desgners. A mgor focus in the development of these systems has been on designing an
interface that is the least didracting for drivers to use while they are driving (Technicd
Insghts, 2001). Severd dternative interfaces have been designed and are currently
commercidly available. These incdude systems that use tactile marks on the buttons to
give each button a dgtinct fed, thus reducing the need for drivers to look away from the
road to see what they are pressng (eg., the BMW iDrive infotainment system); systems
that employ steering mounted buttons to input information (eg., Volvo's concept car
PC); and systems which rely on voice activation for input (eg., the Generd Motors and
Mercedes-Benz systems). Many system designers fed tha the application of speech
based sysgems will solve the problem of interacting with complex internet and email
dislay while driving (Technicd Ingghts, 2001). However, some researchers bdieve
that speech-based emall sysems have the potentid to didtract drivers and undermine
road safety (Burns & Lansdown, 2002; Technica Insghts, 2001).
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A recent study by Lee, Caven, Haake, and Brown (2002) revealed that using speech
based email while driving degrades driving peformance. They used a medium-fiddity
driving dmulator to examine how a speech-based email system affects drivers attention
to the roadway and their reaction time to a periodicaly braking lead vehicle. A tota of
24 univerdty dudents drove a series of 5 to 7 minute smple and complex driving
scenarios, in which they used voice commands to operate ether a ample (three leve
menu) or complex (four to seven leve menu) emal system. Participants were required
to access severd new emaill messages, read and reply to the messages and exit the
sysem, usng only voice commands. Measures of each participant’s reaction time to a
braking lead vehicle, subjective cognitive workload and a measure of their Stuation
awareness were collected. The data showed that when interacting with the speech-based
emal system, regardless of the complexity of the system, drivers reection time to the
braking lead vehicle was 30% longer than when not interacting with the system.
Moreover, this 30% increase in resction time trandated into a 3.5 to 38.5% increase in
callisons and 27.3 to 80.7% increase in collison velocity. Interaction with the speech
based system aso increased drivers subjective workload and this was highest for the
complex emal sysem. While the results suggest that a speech-based interface does not
eiminate the problem of driver digraction when interacting with complex systems, the
results should be interpreted with caution. Of particular concern is that the speech-based
emall sysem was not compared to email systems that used other modes of input (eg.,
manua input) and thus it may smply be the task of interacting with an emal system,
regardless of the mode of input and output, that creates a distraction and not the use of a
speech-based system per se. A growing number of system designers are recognising that
Speechrbased systems are not a panacea for driver distraction and are focusing on
developing dterndive interfaces such as those that rely on tactile feedback. However, to
the knowledge of the authors the effect of these types of interfaces on driver
performance has not been experimentally tested.

3.4 Entertainment Systems
34.1 In-car Radios

Despite being equipped to dmost every car on the road, surprisngly little research has
directly examined the didracting effects of interacting with, or ligening to, a car radio.
Therefore, little is known about the cognitive, physcd and visud demands that
interacting with a radio places on drivers. It is likdy that radio use places different
demands on drivers depending on the nature of the specific task they are performing and
the type of interface used. Tuning a dation, for example, is likely to be associated with
increased physica and visud didraction, while ligening to the radio is likey to create
more of a cognitive or auditory distraction (Haigney & Westerman, 2001).

Research that has examined radio use while driving has tended to use radio tuning only
as a compaison task agangt which the didracting effects of other in-car tasks are
judged. This is because the level of didraction created by usng a radio is generdly
deemed ‘acceptable’ (Haigney & Westerman, 2001). Indeed, severad studies have found
that tuning the radio is less didracting than didling or taking on a maobile phone
(Department of Cdifornia Highway Petrol, 1987, McKnight & McKnight, 1991;
Strayer, Drew, Albert & Johnston, 2001) or operating route guidance systems (Tijerina
et d., 1998). However, numerous other studies have found tha tuning a radio degrades
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driving performance more than holding a smple conversion on a mobile phone,
paticularly when driving in adverse conditions (eg., in wet, dippery conditions)
(Briem & Hedman, 1995; Wikman, Nieminen & Summaa, 1998).

An onroad study conducted by Wikman and colleagues (1998) examined the alocation
of visud attention of 23 experienced and 24 inexperienced drivers as they tuned the
radio, changed a cassette and didled a mobile phone while driving dong rurd and city
roads. The results reveded that drivers spent greater lengths of time glancing away from
the road when tuning the radio compared to when using the mobile phone. Changing the
cassette resulted in the shortest glance durations away from the road. Compared to the
experienced drivers, the novice drivers made more short (less than 0.5 seconds) and
long (more than 3 seconds) glances away from the road, which were associated with
large deviations in lane pogtion. These results suggest that tuning a radio while driving
gopears to have a derimenta effect on driving peformance, paticulaly for
inexperienced drivers.

Smilar results were dso reveded by Horberry, Anderson, Regan, Triggs & Brown
(2003) in a study examining the distracting effects of operating a car radio and cassette
player while driving in both ample (no hbillboards and few buildings and traffic) and
complex (many billboards, buildings and oncoming vehicdles) sSmulated driving
environments. Thirty participants from three age groups (under 25, 30-45, and 60-75
years) took pat in the study, which was conducted in the Advanced Driving Simulator
located & Monash Universty. Participants were required to perform two distraction
tasks while driving: a hands-free mobile phone task, in which they answered a series of
generd knowledge quedtions and an entetanment system task, in which they were
required to tune the radio, change the radio’'s bass/treble and speaker balance and insert
and gect cassettes. Measures of mean speed, speed deviation from the posted speed
limit, percelved workload (NASA TLX) and responses to hazards were taken. The
results reveded tha perceived workload was highest for the radio task in both the
ample and complex driving environments and was the lowest for the no distraction
condition. The radio task was also associated with lower mean speeds and grester
deviations from the posted speed limit than ether the phone task or no didraction
condition. Participants were dso less responsive to some hazards when distracted by the
radio or the phone tasks compared to the no distraction condition.

Research ds0 suggests tha amply lisgening to radio broadcasts while driving can
impair driving peformance (Jncke, Musid, Vogt & Kaveram, 1994). Usng a
samulaion approach, Jancke et d. examined the conditions under which ligening to the
radio afects driving behaviour. A totd of twenty participants controlled a graphicdly
displayed car on a computer monitor dong smple and complex smulated roads at
different times of day while ether ligening or not ligening to a radio program.
Ligening to the radio program resulted in a strong deterioration in driving performance,
as measured by deviations from the correct lane, particularly under the complex driving
condition.

The Wikman et d. (1998), Horberry et d. (2003) and Jancke et d. (1994) studies clearly
demondrate that tuning or even amply ligening to the radio while driving can didtract
the driver and degrade driving performance. Even though the level of digtraction caused
by interacting with a radio may be smaler than that caused by other in-car tasks (e.g.,
using route navigation or holding a complex conversation on a mobile phone), it should
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not be discounted. This is particularly important given tha in-car radios are extremely
common and thus the frequency with which drivers interact with radios while driving is
probably much higher than the rate a which drivers interact with route guidance
sysems. Indeed, evidence from a recent AAA sudy conducted in the United States
demongtrated that adjusting the radio, CD player or tape cassette was found to be the
second highest cause of digtraction-related vehicle crashes (Stutts et al., 2001).

34.2 In-Vehicle CD Players

In-car CD players are now a common feature in many cars. However, few studies have
examined the digracting effects of usng these sysems while driving. The process of
changing a CD and sdecting a new track is likey to be reaively more didracting than
amply ligening to music, as these tasks place greater visud and physicad demand on
drivers. Indeed, research suggests that operating a CD player while driving is more
digracting than dialling a mobile phone. Jenness, Lattanzio, O'Toole and Taylor (2002)
examined the effect of continuoudy operating a CD player on Smulated driving
behaviour. Twenty-9x participants completed five driving conditions, while edting a
cheeseburger, reading directions, usng a voice-activated or manud-diad system to place
cdls on a mobile phone, or continuoudy operating a CD player (sdecting a CD,
insarting it, sdecting a track, removing the CD and placing it back in its case).
Measures of speed violations, lane keeping errors, glances away from the road and
driving times were recorded. The results indicated that participants made more lane
deviations and glances away from the road and had the longest driving times when
operating the CD player, than when egting or didling numbers on a mobile phone.

Prdiminary evidence suggeds that the use of voice-ativation may minimise the
digraction associated with usng CD players while driving (Géartner, Konig and Wittig,
2002). Gértner and colleagues examined the reldive impact on driving performance of
usng manua and speech input to operate a radio, CD player, telephone and a navigation
sysgem. A totd of 16 participants drove a vehicle equipped with a Driver Information
System (radio, CD player, telephone and navigation system) and a speech input system
while performing 12 smple (eg., changing the radio dtaion) and complex tasks (eg.,
usng the route navigation sysem). When usng voice-input to operate the systems,
drivers were less likely to deviate from ther lane and drive a too lower speeds. Drivers
aso glanced more often at their mirrors and less at the display when using the voice-
activated system. Unfortunately, the authors did not report these results separately for
eech system, and thus it is difficult to draw firm conclusons regarding the effects of the
voice-activation system on the operation of the CD player. The pattern of results does,
however, suggest that use of a voice-activated sygsem minimises the some of the
digtraction associated with operating a CD player. Of course, some aspects of operating
a CD player, such as getting CDs in and out of their cases and inserting them in the CD
player, will not be minimised by the development of voice-activation technologies.

343 In-vehicle Television and Video

Rear seet tdlevisonvideo/DVD systems are currently among one of the best sling in-
car devices on the market in the United States (Technica Insghts, 2001). The market
for in-vehicle tdevison and video systems was worth $208 million dollars in the United
States in the year 2000, and experts estimate that revenues for tie market will increase
to $450 million during 2003. With such high market proliferation, it is important to
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edablish the digracting influence these sysems on drivers. As the market is dill in its
introductory phase, no research, to the knowledge of the authors, has examined the
influence of these sysems on driver peformance. It is likdy tha tdevisons and
video/DVD sysems will creste a visud (if mounted so that the driver can view the
screen), auditory and cognitive didraction as drivers try to ligten to the program.
Legidation dready in place in the United States and Audrdia prohibits tdevison and
video/DVD systems to mounted anywhere in the vehicle where they can be viewed by
the driver while they ae driving (NHTSA, 2000b). Clearly, however, research is
required to examine if and how these sysems didract drivers in order to inform ther
future design.

344 Portable Devices

There is an emerging trend towards the provison of sarvices to the driver through
portable devices such as the mobile phone or pocket PC. In Europe, for example, it is
possble to access Internet services, navigation asssance and entertainment information
through a pocket PC or mobile telephone. These services can be expected to be
avalable in Audrdia shortly. Currently, there are no quiddines, dandards, or
regulations in Audrdia governing the use of portable devices used for these purposes
whilg driving.

Entertainment systems, paticulaly radios and CD players, are common features in
most cars and the popularity of more complex systems such as televison and video is
dso increesng. The dudies reviewed suggest that tuning or manipulating, or even
amply ligening to the radio or CD player while driving, can disract the driver and
degrade driving performance. Some sudies even suggest that performing these tasks is
more didracting than didling or taking on a mobile phone. Despite the increasng
popularity of rear seat televisons and videos, little is known about whether and how
these systems distract drivers.

4. Non Technology-based Distraction

Drivers often engage in a number of non technology-based activities which have the
potential to didract them from the driving task and increase the risk of a crash. The
range of non technology-based activities that are performed while driving is endless,
however some of the man activities that drivers engage in include eeting, drinking,
smoking and taking to passengers. This section of the report reviews research that has
examined the distracting effects of these activities on driving.

4.1 Eating and Drinking

Eating and drinking are activities tha are commonly caried out by drivers. While
egting and drinking are deemed acceptable activities while driving, and no legidation
exigs prohibiting drivers from carry out these activities, eating and drinking can cregte a
physcad and visud digraction for drivers as it requires them to remove their eyes off
the road and one or both hands off the steering whed for extended periods of time.
When a spill occurs, the process of esting and drinking can become even more
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digracting. A recent study by the American Automobile Association’s Foundation for
Traffic Safety (AAA) reveded that a greater proportion of drivers involved in treffic
accidents are distracted by eating or drinking (1.7%) than by talking on a mohbile phone
(1.5%) (Stutts et d., 2001). Results of an experimenta study by Jenness et d. (2002)
aso corroborate the results of Stutts et d. They found that eating a cheeseburger was as
digracting as usdng a voice-activeted didling sysem, but less didracting than
continuoudly operating a CD player.

4.2 Smoking

Smoking is a common activity among drivers, however it can didract drivers as they
remove their hands from the whed to light a cigarette, hold it for an extended period of
time and put it out. Severd sudies have found that smoking while driving increases the
risk of being involved in a crash (Brison, 1990; Chrigtie, 1990; Violanti & Marshal,
1996). Brison used a case-controlled study to investigate the risk of a motor vehicle
crash in smokers and non-smokers. A sdf-administered questionnaire was sent out to
1,000 people known to be involved in a motor accident and 1,100 controls who had not
been involved in a crash, to obtan information on each driver's smoking status. The
results reveded that smokers had an increased risk of being involved in a motor
accident than non-smokers and the tendency to smoke while driving further increased
this risk. Brison concluded that the association between smoking and increased crash
risk could be the result of three factors didtraction caused by smoking, behavioura
differences between smokers and non-smokers, and carbornmonoxide toxicity.

A review of the literature by Christie (1990) dso reveded that smokers have an
increased crash risk compared to nortsmokers and this greater risk remains when age,
gender, education, adcohol consumption and driving experience are accounted for.
Agan, the studies reviewed by Christie offered a range of explanations for the smoking
crash risk association, ranging from smoking being a physcd didtraction to decrements
in driving performance due to high levels of carbon-monoxide. Regardiess of the exact
cause of smokers increased risk of being involved in a crash, it is clear thet smoking
while driving is a hazard. Indeed, research conducted by Stutts et a. (2001) reveded
that smoking was a source of digraction in 0.9% of digtraction-related crashes, which
equated to approximately 12,780 crashes over the 5 year period examined.

4.3 Passengers

Conversing with passengers is an activity that is carried out by dmost every driver and
dthough this is generdly conddered to be a low-risk activity, passengers can, under
certain circumstances, be a source of distraction to drivers. For instance, passengers can
become a didraction when they are engaged in an argument or intense conversaion
with the driver or another passenger, or when the driver has to turn around to attend to
or console a passenger or child. Although, to the knowledge of the authors, no research
has directly examined whether and how passengers distract drivers, research does exist
which provides anecdotal evidence that passengers may be a digraction. A summary of
the current ressarch on teenage passengers by Williams (2001) revealed that the
presence of passengers increases crash risk, particularly for younger drivers, and this is
believed to result largely from digraction and risk-taking. When passengers are present
there is often an increese in verbd and sometimes phydcd interaction and this is
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believed to incresse drivers inatention to the driving task, which in young,
inexperienced, drivers can have dangerous consequences (Williams, 2001).

A sudy by Regan and Mitsopoulos (2001) aso provides evidence that passengers can
be digracting to drivers. They conducted focus groups with 28 ACT resdents to
examine pasenger influences on driver behaviour. The results of the focus group
discussions reveded that some of the participants found passengers to be distracting
under certain circumstances. One participant dtated that they found the presence of
pasengers digracting to the point where they were less likdy to detect traffic light
changes or road signs. Another participant mentioned that they had been distracted by
helping a passenger look for something in ther walet and amost had an accident.
Research conducted by Stutts et a. (2001) for the AAA provides further evidence of the
digracting effects of passengers. They found that passengers in the vehicle were the
source of digtraction in 10.9% of digtraction related crashes. Drivers clamed that at the
time of the crash they were arguing or fighting with a passenger, looking a a passenger
or helping them with tasks such as buckling their seatbelt.

Overdll, it gppears that many everyday, non technology-based activities carried out by
drivers, such as edting, drinking, smoking and interacting with passengers, can distract
them and increase their crash risk. Eating, drinking and smoking can cregste a physca
and visud digtraction, as they require drivers to remove their eyes from the road and one
or both hands from the steering whed for extended periods of time. The didtracting
effects of passengers is less well understood due to a lack of direct research, however,
anecdotal evidence suggests that passengers can indeed create a distraction under
certain circumstances.

5. The Role of Driver Distraction in Crashes: Sources of
Distraction and their Relative Dangers

Severd dudies have examined the rdative levels of didraction afforded by various in-
vehicle sysems or activities. In generd, these studies suggest that the more complex
sources of didraction (eg., navigdaion sysems) afford greater levels of driver
digraction than do more ‘smple sources (eg., edating or smoking) that require fewer
deps to complete. However, in determining which sources of didraction have the
greatest didtracting effects on drivers, a clear distinction needs to be made between the
actud leves of digraction afforded by performing an activity per se, and the frequency
with which this activity is carried out by drivers. For example, taking to a passenger
may be less of a didraction in isolation than interacting with a navigation system;
however, the frequency with which drivers engage in conversaion with passengers is
likedy to be far grester than the frequency with which drivers interact with navigation
systems and therefore has more opportunity to distract drivers and contribute to a crash.
This rases an important issue should an activity tha is less didrecting, but is
performed frequently and thus has the potential to result in more crashes, be consdered
more didracting than a more complex activity that is performed rardly. It is clear that
when datempting to determine how didracting an activity is, exposure to that activity
needs to be condgdered. This is particularly important when reviewing sudies that are
based on crash data, as the number of crashes attributed to being distracted by a certain
activity may not reflect how digracting the activity is, but rather how frequently drivers
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engage in the activity. Moreover, exposure is not a datic vaiable the frequency with
which drivers interact with certain in-car devices is likely to increase over the next few
years and, hence, a sysem which does not contribute to many crashes now, may
contribute to many crashesin the future.

This section of the review will examine the relative levels of didraction aisng from
interacting with in-car sysems or performing an activity usng an “in vitro” gpproach.
Tha is it will examine how didracting eech activity is reative to other activities,
regardless of the frequency with which drivers carry out the activity. Firdst, however, it is
interesting to review two studies conducted in the United States, which used crash data
to examine the reative didraction afforded by various in-car activities in order to better
undergand the role of digtraction in road crashes and some of the more common (but
not necessarily the greatest) sources of distraction in distraction-related crashes.

51 The Role of Driver Distraction in Crashes Overseas

Sutts et d. (2001) conducted a study for the AAA in which they examined detaled
crash records from the Crashworthiness Data System collected between 1995 and 1999.
This sudy condituted Phase 1 of a larger project examining the role of digtraction in
treffic crashes. They found that, of the crashes examined, 8.3% were the result of the
driver being digtracted by some event, object or activity ingde or outsde the vehicle.
The sudy dso identified the most common sources of digtraction that contributed to
these distraction crashes. These sources are displayed in Table 1.

Table 1. Percentage of drivers who cited each didtraction source as contributing to
crashes.

Distraction Source % of Drivers
Outside person, object or event 29.4
Adjusting radio, cassette, CD 11.4
Other occupant in vehicle 10.9
Moving object ahead 4.3
Other device/object brought into vehicle 29
Adjuding vehide/dimate controls 2.8
Eating or drinking 17
Usng/didling mobile phone 15
Smoking related 0.9
Other digtraction 25.6
Unknown distraction 8.6

As illugtrated, adjusting the radio, cassette or CD player was the most commonly
reported source of in-vehicle didraction, followed closdy by other vehicle occupants.
Interestingly, using or didling a mobile phone was the second lees common source of
digraction reported by drivers. However, this may be the result of under-reporting by
participants, as use of ahand-held mobile phoneisillegd in many U.S. dates.

In 2003, Stutts and colleagues completed the second phase of the project, which focused
on the devdopment and vdidation of a driving log methodology to quantify the
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occurrence of the digtracting activities identified in Phase 1 and examine the effects of
these didractions on driving performance (Stutts, et a., 2003). Recording equipment
was equipped to the vehicles of 70 participants for a period of one week. Two cameras
were directed towards the driver and the front passenger area to record driver and
passenger behaviour and one camera was directed outside of the car to record the road
environment ahead. Participants were informed that the study was examining the effect
of road and traffic conditions on driving behaviour and were indructed to drive
normaly. Three hours of driving data was coded for each driver and the presence or
absence of particular digtracting activities during this period was documented. Results
reveded that amos al drivers adjusted controls such as the ar conditioning while
driving and the mgority of drivers conversed with passengers (77%) and ate or drank
(71.4%) while the vehicle was moving. Drivers dso spent 15.3 percent of their tota
travel time conversng with passengers, 3.8 percent manipulating vehicle controls, 1.5
percent eating or drinking and 1.3 percent of the time interacting with a mobile phone.
However, drivers were more likey to engage in these activities while the vehicle was
dationary, suggesting that drivers do tend to engage in didracting activities a “safer”
driving times. The results aso indicated thet engaging in the didracting activities while
the vehicle was moving, negeively affected driving performance. In particular, when
engaging in an activity, drivers spent more time with one or both hands off the steering
whed, spent more time looking indde rather than outsde the vehicle, and made a
greater number of lane exceedences.

A more recent study carried out by Glaze and Ellis (2003) for Virginia Commonweelth
University used crash records collected by troopers during 2002 to determine the most
common sources of driver digraction contributing to crashes in Virginia. Ther reults
differed in severd ways to those of Stutts et d.’s Stlage 1 study (2001), in terms of the
digtraction sources that most commonly contributed to distraction-related crashes. The
sources of digraction identified in the Glaze and Ellis study are shown in Table 2.

Table 2. Sources of distraction and the proportion of al digtractions accounted for by
each distraction source.

Distraction Source % of all reported digtractions
Passenger/children distraction 8.7
Adjusting radio, cassette, CD 6.5
Eating or drinking 4.2
Usng/didling mohile phone 3.9
Adjusting vehicle/climate controls 3.6
Other persond items 29
Smoking related 21
Document, book, map, directions, newspaper 1.8
Unrestrained pet 0.6
Grooming 0.4
Technology device 0.3
Pager 0.1
Other digraction ingde vehicle 26.3

As displayed, Glaze and Elliss (2003) results reveded dightly more categories than the
results of Stutts et d. (2001), however the main digtraction categories are amilar. Glaze
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and Ellis found that passengers were the most common source of didraction, while
devices such as pagers and technologies, were the least common source of driver
digraction. Usng a mobile phone was aso found to be a more common source of
digraction in the Virginia study than in the Stutts et d. (2001) study. There are severd
possble explanations for the observed differences in results found between the two
dudies, incuding differences in sample sze (the Virginia dudy had a much smdler
sample sze) or differences in methodology (Stutts et d. obtained ther data from the
CDS which is vehde-based, whereas the Virginia study had troopers complete crash
surveys for each crash they attended). The results may adso be the result of time
differences. The data for the Stutts et a. study was obtained during the years 1995 to
1999, whereas the cita for the Virginia sudy was obtained during the last haf of 2002.
It is likdy that the use of certan devices, paticulaly mobile phones, would have
increased in the period between these two dudies and this may explan why certain
devices were a more common source of driver digtraction in the Virginia study.

As discussed earlier, however, the data from these two studies are influenced by drivers
exposure to the various didtraction sources. Those activities which drivers engage in
more frequently are likely to be more common sources of distraction regardiess of how
digracting they are per s As no exposure data is avalable, it is not posshle to
determine the relaive levels of didraction afforded by the various sources based on the
results of these studies. Experiments that compare the distracting effects of two or more
incar activities provide a much clearer picture of the reative levds of digraction
afforded by different distracters, because the level of exposure to each of the activities is
controlled. Numerous dudies have compared the differentid effects on driving
peformance of interacting with different in-car devices or peforming different
activities.

A large amount of research has been conducted into the reative distracting effects of
interacting both with different types of mobile phones and with mobile phones and other
in-vehicle devices or activities Studies which have examined the differentid effects on
driving performance of interacting with different phone types have generdly reveded
that usang a hands-free mobile phone is no less digracting than using a hand-hed phone
(Haigney et d., 2000; Matthews et d., 2003; Redelmeier & Tibshirani, 1997). However,
sending a text message is far more didracting than smply taking on a mobile phone
(Direct Line, 2002). Research has dso found that taking on a mobile phone is more
digracting than holding an intdligent conversstion with a passenger, but no more
digracting than eating a cheeseburger (Jenness et a., 2002; RoSPA, 1997). Most
commonly, however, the didracting effects of mobile phones have been compared to
tuning a car radio. Although many of these studies have found tha tuning a radio is less
digracting than taking on a mobile phone (Depatment of Cdifornia Highway Petrol,
1987; McKnight & McKnight, 1993; Strayer et d., 2001), some studies have reveded
that tuning the radio is actudly more didracting than holding a smple conversation on a
mobile phone, particularly under wet conditions (Briem & Hedman, 1995; Wikman et
a., 1998). One mgor criticism of dudies that have compared the effects of mobile
phones and radios is tha dmost every sudy has tested radio tuning by getting
paticipants to turn a continuoudy turning knob or continuoudy pushing the ‘seek’
button, rather than pressng pre-set buttons. Thus, comparing mobile phone use and
radio tuning usng modern systems has not been tested a present, but is likely to yied
more meaningful results.
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The driver digraction created by using route guidance systems has aso been compared
to the digraction caused by other in-vehicle devices and activities One study by
Tijerina and colleagues (1998) compared the didracting effects of usng four different
route guidance sysems with didling a number on a mobile phone and tuning the radio.
They found that using al four route guidance systems created a greater digtraction than
didling a mobile phone or tuning a radio. Ancther study by Baker and Boardman
(2001) compared the digtracting effects of using a route guidance system, adjusting the
radio and climate control settings and accessng emal. They found tha the more
complex tasks of usng the route guidance sysem and accessng emals were
ggnificantly more disracting to drivers, in terms of lane postion and speed variability
and task completion time, than adjusting the radio and climate control settings.

In addition, the digtraction crested by interacting with an in-car CD player has been
compared to other in-car activities. Jenness et a. (2002) compared the effects of usng a
CD player to didling a phone, eating a cheeseburger and reading directions on drivers
performance. The results reveded that operating a CD player is as didracting as reading
directions, and both of these activities are dgnificantly more digracting than edting a
cheescburger or dialing a mobile phone. Another study by Gartner and colleagues
(2002) examined the didraction caused by operating a CD player, a radio, route
guidance sysem and a mobile phone. They found that drivers made more lane
deviations while using the route guidance system, didling the mobile phone or gtoring a
gation into the radio, than when operating the CD player.

Findly, it is important to note that severa studies have found that age can aso dfect the
rlative didracting effects of in-vehice devices (Lam, 2002; McKnight & McKnight,
1993; Stutts et al., 2001). A recent Audrdian study examined the association between
digraction, both indde and outsde the vehicle, and the risk, for drivers of different
ages, of being involved in a crash (Lam, 2002). Fata and injury crash data collected by
NSW police during the years 1996 and 2000 was examined and crashes were
categorised as resulting from no didraction, didraction ingde the vehide and
digraction outsde the vehicle The in-vehicle didractions included usng a hand-hed
phone, attending to passengers, tuning the radio, adjusting the CD player and smoking.
Results reveded that drivers in the 25-29 year age group had the greatest risk d being
involved in a fad or injury crash when usng a hand-hdd mobile phone of dl age
groups examined. In contrast, the risk of being involved in a fad or injury crash
reulting from other in-vehicle digractions increased with increesng driver age. This
result supports the findings of a study by McKnight and McKnight (1993) and is
believed to result from the decreased ability of older drivers to share attention between
two concurrent tasks. With regard to the finding that 25 to 29 year olds are a a greater
crash risk when using a mobile phone than other age groups, Lam suggested that this
may result from differential exposure to mobile phone use across age groups, rather than
differences in atention sharing ability. Drivers in the 25 to 29 year age group may be
more likey to use their mobile phone while driving than older drivers and this increased
exposure heightened their crash risk.

Ovedl, many dudies have examined the rdative didraction afforded by different in-
vehicle devices and activities. However, these dudies have differed in several ways,
including usng diffeent variants of the same devices and activities different
methodologies (e.g., onroad dudies versus smulator based studies) and comparing
different combinations of devices and activities. Such differences meke it difficult to
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draw firm condusons regarding which in-vehicle devices or activities are more
digracting than others. One generd trend that does emerge from the literature, however,
Is that the more complex a system or activity is, and the longer it takes to complete, the
more it didracts the driver. Thus, operating complex devices, such as route navigetion
sygems and in-vehicle email fadilities, gppears to have a more degrading effect on
driving performance than rdatively smple tasks such as tuning the radio or conversng
with passengers. More detailed research comparing the relative didtraction afforded by
vaious in-car devices and activities under controlled conditions is required before an
accurate taxonomy of driver didraction sources can be edtablished. However, it is
possble to develop a rough ranking of distraction sources based on the research
reviewed. Thisranking isdisplayed in Table 3.

Table 3. Rank order of in-vehicle distracters from most distracting to least distracting.

Email/Internet

Route Navigation (if poorly designed)
Usng/didling mobile phone
Adjusting radio, cassette

Adjugting dimeate controls

Eating or Drinking

Smoking related

Taking to passenger

5.2 The Role of Driver Distraction in Crashes in Australia

The extent to which didraction is a road safety problem in Audrdia is a function of
both the increased risk associated with digtraction and the prevalence of digtraction
while driving. There is some epidemiologicd research currently being conducted in
Audrdia by the Universty of Wegsern Audrdia Depatment of Public Hedth Injury
Research Centre (see www.irc.uwaedu.al) examining the increese in crash risk
associated  with  didraction  deriving from both  within and outsde the vehide
However, a present, the results of this research are unavallable. Nevertheless, the
oversees research reviewed does provide converging evidence of the increased crash
rsk associated with usng cetain devices while driving. Research conducted in the
U.S. has found that usng a mobile phone while driving can increase the risk of having a
crash by up to four times (Reddmeer & Tibshirani, 1997), while interacting with an
email system can lead to a 3.5% to 38.5% increase in crashes(Lee et ., 2001).

While there has been no sydemdic invedtigation of the prevdence of driver
involvement in didracting activities in Audrdia limited survey evidence shows tha
around one third of mobile phone users regularly use hand-hdd phones while driving
and one in 9x drivers send text messages while driving (Telstra, 2003). A recent
observationa study has aso found that two percent of Mebourne drivers were observed
usng a hand-hdd phone while driving (Taylor, Bennett, Carter & Garewell, 2003).
However, no information is currently available regarding the prevdence of other forms
of ditraction in this country.
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5.3 Current Polices and Practices for Managing Driver Distraction in
Australia

The current Australian Road Rules (ARRs) contain a number of rules regarding the use
of invehicle devices and technologies while driving that ae desgned to minimise
driver digtraction.

Rule 300: Use of hand-hed mobile phones dates that: “The driver of a vehicle
(except for emergency or police vehicdes) must not use a hand-hedd mobile
phone while the vehicle is moving, or is dationay but not parked, unless the
driver is exempt from this rule under another law of thisjurisdiction”.

A falure to obey this rule can result in aloss of demerit points (3 points in Victoria and

NSW and 1 point in WA) and a fine ($135 fine in Victoria, $220 in NSW and $100 in
WA).

Rule 299: Televison recavers and visud display units in motor vehicles states
that: “A driver must not drive a motor vehicle that has a televison receiver or
visud display unit in or on the vehicle operating while the vehidle is moving, or
is dationary but not parked, if any pat of the image on the screen is visble to
the driver from the normd driving postion or is likely to distract another driver.
This rule does not apply if the visud display unit is, or is pat of, a driver’s ad
(eg. closed-circuit televison security cameras, dispaich system, navigationd or
intelligent hignway and vehide sysem equipment, rear-view screens, ticket-
issuing machines, or avehicle monitoring device).

While there is currently no law in Audrdia prohibiting the use of advanced driver
assgdance sysems (eg. invehide navigaion sysems) while the vehide is moving,
many vehicdle manufacturers recognise the dangers associated with using these devices
while driving. In the case of in-vehide navigation sysems, some vehicle manufecturers
‘lock-out’ some navigation functions, particulaly the dedination entry function, when
the vehicleisin motion (Farber et d., 2000).

As noted esewhere in this report, a worrying trend is the increasing use in vehicles of
portable devices, such as mobile phones, Persona Digitd Assstants (PDAS) and pocket
PCs, which ae dready being used overseas to provide access to navigation,
entertainment and traffic information services. There are currently in Audrdia no traffic
regulations prohibiting the use of portable devices that might be used to access such
services when they become available here.
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6. Driving Performance Variables and their Sensitivity to
Distraction

Driver digraction research has assessed the effects of various different devices and
activitties on numerous driving peformance messures. The driving performance
measures examined have most commonly included mantenance of the vehid€'s laerd
position on the road, speed maintenance and control, reaction time to external events,
gap acceptance, subjective workload, and atention to safe driving practices. This
section of the review describes the impact of engaging in the activities and operating the
devices discussed in the proceeding sections of this report (e.g., mobile phones, route
guidance systems and egting) on each of these driving performance measures.

6.1 Lateral Position

Latera pogtion refers to the position of a vehicle on the road in relation to the centre of
the lane in which the vehide should be driven. Research on the digracting effects of
mobile phones suggests that a driver's ability to maintain ther laterd podtion on the
road is adversdy affected when usng a mobile phone. Drivers make greater lane
pogtion deviations and exceedences while didling or taking on ether a hand-held or
hands-free mobile phone, even when driving on draight roads with little other traffic
(Green et d., 1993; Reed & Green, 1999).

Research aso suggests that drivers make a grester number of lane deviations and
exceedences when manudly entering dedtination information into a route guidance
sygdem or when following navigation indructions presented visudly, rather than
through voice guidance (Dingus et d., 1995; Tijerinaet d., 1998).

Tuning the radio or smply ligening to radio broadcass can result in a strong
deterioration in driving performance, as measured by deviations from the correct lane
pogtion (Jancke et d., 1994; Wikman et d., 1998). Interacting with a CD player while
driving has dso been shown to increase the number of lane deviaions made by drivers
(Jenness et d., 2002). However the use of voice-input, rather than manud input, to
operate CD players, does dgnificantly reduce the number of lane deviations made
(Gértner et al., 2002).

6.2 Speed Maintenance and Control

Severa dudies have demondrated that drivers tend to display larger vaiations in
driving speeds and throttle control when using a mobile phone, and this has been
demonstrated for hands-free as wedl as hand-held phones (Burns et d., 2002; Green et
d., 1993; Reed & Green, 1999). In particular, drivers tend to reduce their speed when
talking on a mobile phone (Burns et d., 2002; Haigney et d., 2000). Some researchers
interpret  these speed reductions as evidence that drivers pay less attention to
mantaning ther speed while usng a mobile phone, while others interpret it as
evidence that drivers engage in compensatory behaviours when talking on the phone in
order to reduce their crash risk. In redlity, it islikely that both factors are relevant.
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A dudy by Srinivasan and Jovanis (1997) dso found that mean speeds were lower when
drivers operated a route navigation system using manua inputs and outputs, rather than
voice-activation. Operaing a CD player while driving dso results in lower driving
speeds (Jenness et a., 2002). However, the use of voice inputs to operate these devices
has been shown to reduce the likelihood of travelling a too lower speeds (Gértner et d.,
2002).

6.3 Reaction Times

Drivers  reactions to externd events or objects are generdly dower when usng a
mobile phone, paticulaly when engaging in a complex conversation. A number of
researchers have found that using either a hand-held or hands-free phone can increasse
drivers reections to hazards and common road events such as traffic light changes by
up to 30 percent (Brookhuis, de Vries & de Waard, 1991; Burns et al., 2002; Strayer &
Johnston, 2001; STTG, 2002; Tokunaga, Hagiwara, Kagaya & Onodera, 2000).
Drivers reaction times can aso be reduced by operating a route guidance sysem while
driving. A study by Srinivasan and Jovanis (1997) found that drivers reaction times to
vehides crossng ther pah or traffic light changes increesed when usng a route-
navigation sysem which issued turn-by-turn navigation indructions. Interacting with an
invehide emal sysem while driving has dso been found to increase drivers reaction
times to aperiodicaly braking lead vehicle by 30 percent (Lee et d., 2002).

6.4 Gap Acceptance

Negotiating gaps in traffic is a complex task requiring vast amounts of visud attention
and cognitive resources. When using a mobile phone, drivers tend to accept shorter gaps
in traffic when turning compared to when driving without usng a phone (RoSPA,
1997). A study by Cooper and Zheng (2002) aso found that, when usng a mobile
phone, drivers did not consider the weather conditions or the surface of the road when
maeking a decison to turn across oncoming traffic. The authors concluded that when
usng the mobile phone and the road surface was wet, drivers initiated twice as many
collisons as when not using the phone.

6.5 Workload

Workload refers to the amount of cognitive resources or cognitive effort an individua
has to dlocate to complete a task correctly. Research shows that operating or talking on
a mobile phone of any type while driving results in incressed workload and grester
levels of frudration, paticularly when the conversation is complex or highly emotiond
(Harbluk et a., 2002; Matthews et d., 2003). Operating a route guidance system while
driving aso increases drivers  subjective workload, paticularly if the sysem is
operated manualy, rather than through voice-activation (Srinivasan & Jovanis, 1997).
Interacting with an in-car email sysem, even when it is voice-activated, aso increases
drivers subjective workload and this workload increase is further heightened as the
system becomes more complex to operate (Lee et ., 2002).
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6.6 Attention to Safe Driving Practices

Research has found that when using a mobile phone or operating a CD player, drivers
tend to spend less time checking ther mirrors and indruments, which affects ther
ability to monitor and negotiate traffic safdy (Burns et d., 2002, Gartner et d., 2002;
Harbluk et a., 2002).

The above discusson highlights that many driving performance measures are degraded
by didraction. A particuar driving performance measure, such as the ability to mantan
laterd podtion on the road, can be affected by numerous in-vehice devices and
activities Smilarly, a paticular device or activity can degrade numerous performance
measures Smultaneoudy, cregting a cocktall for disaster. At present it is difficult to
draw conclusons regarding which driving performance measures are most sengtive to
digraction, given the variability across dudies in the driving peformance measures
examined and how they are measured. However, it does appear that drivers ability to
maintain ther lane podstion and speed and their reaction times to externd events are
particularly affected by digtraction.

7. Methods for Measuring Distraction

Numerous measures and techniques have been employed to measure driver distraction.
These measures range from high-tech equipment such as advanced driving smulators,
which are cgpable of measuring a range of driving performance measures, to relatively
“low-tech” measures designed to measure specific aspects of didraction, such as the
visud occluson technique. This section of the report discusses the various methods thet
have been used to measure driver disraction and examines both their advantages and
their disadvantages as measurement tools.

7.1 On-road and Test Track Studies

One of the mos redigic methods that has been employed to measure the distracting
effects of various in-vehicle technologies is the onroad evduation study. With this
method, drivers are required to drive an insgrumented vehicle for a specified period of
time and driving peformance data ae collected usng data loggers. Driving
performance while interacting with the various technologies is compared againgt a
basdine measure, usudly driving when not interacting with the devices (NHTSA,
2002b). While this method yidds a vast amount of data in red-world conditions, it is
time consuming (taking months or years to complete) and very expendve, and thus is
rarely used as a method to measure driver distraction Short-duration on-road
evauations or tedt-track studies adso represent red world driving and are often used to
examine the digracting effects of technologies (Cooper & Zheng, 2002; Green e d.,
1993; Harbluk et d., 2002). Participants are required b drive a vehicle equipped with
one or more in-vehicle technologies on a test route, on actua roads or on a closed test
track. Data on participants driving performance while interacting with the technologies
is collected, either by a data logger and/or an observer, and compared againgt a basdine
measure to determine the didraction afforded by the technologies. This method does
approximate red driving conditions and driving on a closed test track does minimise the
safety risks associated with driving on actua roads (Goodman et a., 1997). However,
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the data collected can be affected by the effects of learning to use the technologies and,
in some cases, of being watched by an observer (NHTSA, 2002b). The nature of the
course can adso dffect the data collected. If the course is rdatively short and there is
little or no traffic or obgtacles, then the drivers may not ascribe as much priority to the
driving task (and grester priority to the technologies) as they would on actua roads
(Goodman et d., 1997).

7.2 Driving Simulators

Research examining driver digraction often makes use of driving smulators, as they
dlow for a number of driving peformance measures to be examined in a rddively
redigic and sife driving environment. Driving Smulators, however, vary subdantialy
in their characterigics and this can affect ther redism and the vdidity of the results
obtained. High-fiddity smulators offer a redisic driving environment, complete with
redistic components and layout, a coloured, textured, visual scene with roadside objects
such as trees and signpodts, and often have a motion base. Low-fiddity smulators offer
less redigic driving environments, usudly with only mgor makings (eg., road line
markings) reproduced in the visud scene and they are often fixed-based (Godley, Triggs
& Fildes, 2001; Reed & Green, 1999).

Driving smulators have a number of advantages over onroad and test-track studies.
Firs, smulators provide a safe environment to conduct research that is too dangerous to
be conducted on the road (Goodman et d., 1997). Measuring the digtracting effects of
certan devices on driving is one example of potentidly dangerous research that is often
conducted in driving smulators. Although ted-tracks may be used to examine the
digracting effects of devices on driving usng single vehide scenarios, usng multiple-
vehicle scenarios in such dtuations can be hazardous. Driving smulaors, on the other
hand, provide a safe environment for the examination of these issues usng multiple
vehicle scenarios, where the driver can negotiate or interact with other vehicles or road
users while using certain devices (Goodman et d., 1997; Reed & Green, 1999). Second,
greater experimental control can dso be gpplied in driving smulators compared to on-
road Sudies, as they dlow the type and difficulty of driving tasks to be precisdy
spoecified and potentidly confounding varigbles such as weether can be diminated
(Reed & Green, 1999). Third, the cost of modifying the cockpit of a smulator to
address different research questions may be dgnificantly less than modifying an actud
vehide and ensuring that the modifications are roadworthy or meet the design rules
(Reed & Green, 1999). Fourth, a large number of driving performance measures can be
examined in driving smulators, such as gpeed control and maintenance and latera
position on the road. Additiond measures such as eye-movements and glance behaviour
can ds0 be collected when usng smulation (Triggs, 1996). Findly, a large number of
different test conditions (eg., night and day, different weather conditions or road
environments) can aso be administered with relative esse, and these conditions can
include hazardous or risky driving Studions that would be difficult or dangerous to
generate under red driving conditions (Reed & Green, 1999; Sinivasan & Jovanis,
1997; Triggs, 1996).

Use of driving amulators as research tools does, however, have a number of
dissovantages. Firdt, data collected from a driving smulator includes the effects of
learning to use the smulator and any in-vehicle devices and may aso include the effects
of being monitored by the experimenter (NHTSA, 2000b). Driving smulators,
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paticularly high-fiddity smulators, can dso be very expensve to ingal and operate
and ae often much more expensve than other equipment used to measure driver
digtraction (eg., visud occluson goggles) (Reed & Green, 1997). Smulator discomfort
or sckness is another problem encountered with smulators, and is particularly common
among older drivers (Goodman et d., 1997). However, one of the most problematic
agpects of driving smulator research that has mgor implications for driver distraction
research is the effect of the smulator on driver's priorities in relation to the driving task
and the concurrent tasks of interacting with in-vehicle devices. Driver's behaviour and
the amount of cognitive resources they devote to performing concurrent tasks while in
the amulator may differ sgnificantly from their behaviour in red cars on actual roads
because there are no serious consequences that result from driving errors in the
smulator (Goodman et d., 1997). Thus, a driver may glance away from the road, or
remove their hands from the steering whed for grester lengths of time when didling a
phone in a smulator than they would in the red world because their safety is not
compromised. This issue is a contentious one in driving smulator research and raises
the issue of the validity of driving Smulators as tools for human factors research.

Blaauw (1982) proposed two aspects of smulator vdidity. The firsd concerns the
physca correspondence between the smulator's components, control layout, and its
response characterigtics, with its rea-world counterpart. This has been labdlled physca
vdidity, but is dso commonly referred to as the smulator's fiddity. The cdoser a
sSmulator approximates the red-world driving environment, in terms of the desgn and
layout of its controls, the redism of the visud scene and its physicd response
characterigtics, the greeter fiddity it is reported to have (Godley et d., 2001; Triggs,
1996). A dmulator that offers a redidic visud scene complete with a coloured,
textured, background and roadside objects such as signposts and trees, would have
greater fiddity, for example, than one which offers a black and white representation of
the roadway, with only mgor road line markings visble Smilarly, a smulator that has
a motion-base and can smulate the kinaesthetic and motion cues present in red world
driving would be consdered to have greater fiddity than a fixed-based smulator (Reed
& Green, 1999). The levd of fiddity required by a smulator depends on the type of
research that is to be conducted. It has been suggested that higher fiddity leves are
required for research where the results of the smulation will be used to draw
conclusions about red-world driving performance, such as would occur when assessng
whether an in-vehicle device is likely to distract drivers in the red-world (Triggs, 1996).
Seveard driving dmulation sudies have demondrated how a smulaor’'s levd of fiddity
can afect driving performance. For example, previous research has found tha the
performance of driving tasks, such as speed control and lane performance, are less
precise in fixed-based, or lower fiddity, amulators than in higher-fiddity, motionbased
smulators or red vehicles due to the absence of haptic and motion cues (Blaauw, 1982;
McLane & Wierwille, 1975).

The second aspect of smulaor vdidity is behaviourd vadidity and concerns the
correspondence between the way in which the driver or operator behaves in the
samulator and in actua vehicdes (Blaauw, 1982). The best method for determining the
behaviourd vdidity of a amulaor is to compare driving performance in the smulator
to driving performance in red vehices usng the same driving tasks (Blaauw, 1982).
There are two levels of behavioura vdidity: absolute vdidity and reative vdidity. If
the numerical vaues for certain tasks obtained from the smulator and actua vehicles
are identical or near identica, absolute validity is said to have been achieved (Godley et
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d., 2001; Harms, 1996). Reddive vdidity is achieved when variations in driving tasks
have a gamila impact, in teems of direction of change and magnitude, on driving
performance in both the smulator and rea vehicdles (Hams, 1996). While the number
of driving smulator gtudies is limited, research has generdly found that smulators have
demongrated good relative behaviourd vdidity for many driving performance
mesasures, dthough absolute validity has rardy been demonsrated (Blaauw, 1982;
Carsten, Groeger, Blana & Jamson, 1997; Godley et d., 2001; Harms, 1996; McLane &
Wierwille, 1975; Reed & Green, 1999).

Of most interest here is a study conducted by Reed and Green (1999) to assess the
vaidity of a low cogt driving smulator for its use in measuring the didracting effects of
didling a mobile phone. Tweve paticipants drove both an ingrumented car dong a
freeway route and a driving Smulator while periodicaly didling a mobile phone.
Measures of lane pogtion, speed, steering whed angle and throttle postion were
recorded and compared for the smulator and actud driving conditions. The results
reveded that mean speeds were Smilar in both the smulator and the instrumented
vehicle, however lane-keeping was less precise in the smulaor than in the insrumented
vehide. More specificdly, the varidion in lane postion was twice as large in the
smulator than in the instrumented vehicle, and may reflect drivers tendency to be less
cautious about making driving errors in the smulator because the consequences for
doing s0 are far less than they are in actud vehicles. The authors concluded that the
smulator demonstrated good absolute vdidity for speed measurements and good
relative vdidity for the effects of the phone task on driving (Reed & Green, 1999). It
should be noted however, that while the research of Reed and Green is promising in
terms of a amulator’s ability to accuratedly measure driver distraction, demondrating the
vdidity of one smulator for a paticular driving task does not mean that dl smulators
will be as equdly vdid. Therefore, vaidity information for individud smulators should
be collected separately for each driving Stuation they are to be used for (Triggs, 1996).

7.3 Dual-task Studies

Human beings only have a finite amount of cognitive processng resources to devote to
performing tasks. When the concurrent performance of two tasks exceeds this resource
pool, greater attention is devoted to one task and the performance of the other task is
adversdly affected (Reed, 1996). This can often occur in the driving Stuation when the
driver is Smultaneoudy trying to engage in a conversation with a passenger and
negotiate traffic. Driving peformance may deteriorate as the conversation becomes
interesting and the driver devotes more atention to it. Alternatively, the conversation
may be disupted if the road environment suddenly becomes more hazardous.
Interacting with the growing number of in-vehicle technologies is likdy to degrade
driving performance in much the same way as conversng with passengers, as the driver
devotes greater attention to using the device and less to the driving task. Dud-task
dudies asess the effects of performing one tak on the peformance of another
concurrent task. In the context of driver distraction, these studies generdly examine the
effects of usng an in-vehice device (eg., mobile phore), or engaging in an activity
(eg., edating) on driving performance. Virtudly al the studies reviewed in this report are
dud-task sudies, as they examined the effect of engaging in one task (eg., didling a
mobile phone or entering dedtination informetion into a navigation system) on another
task — driving.
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One mgjor drawback of most of the dua-task studies reviewed, however, is that they do
not examine performance trade-offs between the driving and the digtraction tasks. Many
dudies have examined how increesing the complexity of the didtraction task further
influences driving performance, but few have examined how increesng the complexity
of the driving task effects the performance of the digtraction task. For example, would
increasng the complexity of the driving environment result in less dtention being
devoted to the didraction task? Would drivers stop performing the distraction task
dtogether until the driving task required less attention, or would they dill atempt to
engage in the didraction task, further degrading driving performance and/or resulting in
errors in the digraction task (eqg., didling incorrect numbers on a mobile phone)? The
examination of performance trade-offs is aso important for another reason. Many
sudies measure the effect of performing two distracter tasks and assume that, if one of
the tasks has a grester adverse effect on driving performance than the other thet it is the
most distracting task. It may be, however, that participants smply chose to devote more
attention to that task (i.e, the one assumed to be most didtracting) than the other, a
greater expense of the driving task. In order to gain a grester understanding of the
digracting effects of in-vehicle technologies, it is important for research on driver
digraction to examine the performance trade-offs between the driving and the
distraction tasks.

One variant of dud-task studies that has recently been developed and shows promise as
a tool for measuring didraction is the Periphera Detection Task (PDT). The PDT was
developed by van Winsum, Martens and Herland (1999) to measure driver menta
workload and visud digraction. With this method, participants are required to perform
a series of tasks while detecting and responding to targets (e.g., lights) presented in the
periphery. As drivers become more distracted by the primary task, they respond dower
and fail to detect more PDT targets (Olsson & Burns, 2000). Performance of the PDT
task therefore provides a measure of how distracting the primary sk is. While the PDT
was origindly developed to measure increases in driving tak demands, research has
recently examined whether the PDT is a vdid method for messuring the leve of
digtraction afforded by in-vehicle technologies and the results are promising.

Usng a driving smulator, Martens and van Winsum (1999) examined the vdidity of
the PDT to measure increased workload and driver distraction resulting from use of a
driver support system. Participants were required to drive aong smulated roads and
motorways while responding to a red square that was presented on the smulator screen
to the driver's periphery. At various times dong the road network, participants were
confronted with criticd incidences such a braking lead vehide. Paticipants aso
interacted with ether a driver support system that issued tactile warnings, a driver
support system that issued auditory warnings or no driver support system. Reaction
times to, and detection rates of, the red light were measured and higher reaction times
and fallure to detect the red light were interpreted as the result of increased workload or
greater didraction. The results reveded that as the complexity of the driving task
increased, reection times and falures to detect the dgnd dso increased. PDT
performance aso deteriorated when speech-based, but not tactile-based, warnings were
issued by the driver support system. On the basis of these results, the authors concluded
that the PDT is a vdid and senstive method for measuring increases in diver workload
and driver digtraction resulting from messages provided by driver support systems.
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Olsson and Burns (2000) have examined, in a red traffic environment, whether the PDT
is a vaid and ussful measure of driver menta workload and visud digraction caused by
the use of in-vehicle sysems. They had 13 participants drive dong a motorway and
country roads while changing a CD, tuning the radio and counting backwards. A small
red light was randomly presented on the windscreen in the driver’s peripherd fidd of
view and participants were required to respond to this light by pressng a button. PDT
reection time, hit rate, subjective mentad workload and heart-rate varigbility were
recorded and compared to basdine performance in order to assess the didtracting effects
of engaging in the three tasks. The PDT measure reveded dgnificant differences
between the three tasks in terms of reaction times and hit rate. Mean reaction times were
dowest for the counting backwards task, while hit rates were the worst for the CD task.
The authors concluded that the PDT is a sendtive measure of the visud and cognitive
digraction caused by in-vehicle tasks Furthermore, the participants deemed the
detection task as acceptable to perform while driving and passengers noted that
responding to the targets did not adversely affect the participants driving.

More recently, Harms and Patten (2003) examined the sengtivity of the PDT to
diginguish between different route navigation message modes. Twenty-four mde
professond drivers drove an insrumented car equipped with an in-vehide information
sysgem (IVIS) for navigation, PDT-equipment and advanced data collection systems,
which recorded following distance, speed variance, brake activity and latera podtion on
the road. Drivers drove two test routes. one usng only their memory of the directions
given to them and one where they were guided by a route navigation system. One-third
of the participants were issued with visud navigation directions, one-third with verba
directions and one-third with both visud and verbd navigation messages. Participants
were asked to respond to the PDT simuli as soon as they detected them while ill
maintaining their atention to the road environment. The participants driving behaviour,
in teems of gpeed variance and brake activity, was not affected by the different
navigation moddities. In terms of PDT detection and hit-rate, participants reaction time
to the simuli was longer when interacting with the navigetion sysem than when ariving
the test route from memory, however this was only dgnificant for the full navigaion
condition in which participants receved visud and verbd directions. Paticipants hit-
rate was aso lower when interacting with the navigation system than when driving from
memory, particularly when they received only visud directions from the sysem. The
authors concluded that, while the PDT task was sendtive to variation in task demand
across the navigation and memory conditions, only navigation messages presented in a
visua mode had a dgnificant effect on the PDT task. They proposed that the PDT is
therefore biased towards measuring the effects of visua didraction and its sengtivity to
cognitive load is questionable. The authors suggested that the PDT would be best used
in combination with other measures of digtraction, dthough it should have a prominent
placein the test battery given the importance of visua processing to safe driving.

While the studies reviewed provide support for the PDT as a vaid and useful measure
of visua digtraction, more research is needed to further validate the use of the PDT as a
measure of cognitive load. Research should aso be conducted to establish the
concurrent vaidity of the PDT. That is, the results obtained from using the PDT need to
be compared againg the results obtained from using another wel-vdidated measure of
driver didraction to determine if there are any discrepancies between results. If no
magor discrepancies are evident, then the vdidity of the PDT will be further enhanced.
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7.4 Eye Glance Studies

Visud behaviour while driving has been studied widely since the 1960's (Farber et d.,
2000). One aspect of drivers visud behaviour that has been the focus of widespread
atention is the visuad digraction caused by the use of in-car devices such as radios,
phones and climate control systems. Two gpproaches for measuring visua demand or
digtraction are used: eye glance recordings and the visuad occlusion technique.

The eye glance technique measures visud behaviour by recording the frequency and
duration of eye glances a particular objects in the driver's visud fidd (Farber & 4d.,
2000). When drivers perform a secondary task while driving, they usudly complete this
task through a series of brief glances (1 to 2 seconds) at the object interspersed with
glances a the roadway. Eye glance studies record and measure the frequency and
duration of glances towards the secondary task which gives a measure of the tota “eyes
off road time’, and hence the visud demand or interference associated with performing
the task (Haigney & Westerman, 2001). Totd eyes-off-road-time is a widely accepted
and valid measure of the visual demand associated with the performance of a secondary
tak and is highly corrdated with the number of lane excursons committed during
secondary task peformance  (Curry, Greenberg & Blanco, 2002; Hagney &
Westerman, 2001).

Eye glance behaviour has traditionaly been measured by using a video recorder to
record the driver's eye and hand movements. The time consuming process of andysing
the tapes frame-by-frame is then conducted to obtain the eye glance data (Farber et d.,
2000). Today, sophisticated head and eye tracking devices have smplified this process
and dlow for the red-time measurement of frequency and duration of eye glances, scan
paths, eye-closures, and over-the-shoulder head turns. The FaceLAB system developed
by Seeing Machines with funding from Volvo is one example of a promisng head and
eye gaze tracker. FaceLAB is a video-based tracking system that works in red-time,
eliminating the video transcription process. It is not intrusve to the driver and is cagpable
of tracking head and eye movements under different lighting, vibration and head motion
conditions (Seeing Machines, 2002). The validity of the FaceLAB system as a messure
of visud behaviour has been evduated by researchers @ Volvo and the Audrdian
Nationd Univergty (Victor, Blomberg & Zdinky, 2001). They compared the
measurement performance of the FaceLAB system with the traditional method of video
transcription for sx tasks (eg., adjusting climate controls and reading a test message)
caried out by paticipants while driving in a fixed-based driving smulator. The results
reveded high corrdations between the FaceLAB system and the video transcription for
the measures of task length, tota glance time, glance frequency and glance duration.
The authors concluded that the FaceLAB system is a vdid messure of the visud
digraction associated with the performance of severd in-vehicle tasks and is an easy to
use and efficient method for testing the safety of in-vehicle systems.

7.5 The Visual Occlusion Technique

Despite the advantages of new eye tracking equipment, these sysems are often
expensve, time consuming and technicdly difficult to inddl and cdibrate (Farber et
d., 2000). Visud Occluson is an dternative method for measuring the visud behaviour
of drivers. This method is based on the assumption that drivers only need to observe the
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roadway part of the time and the rest of the time is available for other purposes, such as
interacting with in-vehide devices With this technique, the driver's vigon is patidly
or fully occluded through the use of a shidd/visor or another smilar device thet opens
and shuts a various time intervals. The am of the method is to smulate an on-road
dtuation where the driver is interacting with a device while driving. The phase where
the driver's vison is occluded smulates the time they are looking at the road, while the
open phase represents the time that they are looking a the in-vehicle device. Usng this
method it is possble to evauae whether an in-vehicle task (eg., tuning the radio) can
be successfully carried out using only short glances or smdl amounts of visud atention
(typicaly only 1 to 2 seconds) and if it can be easily resumed after interruption. If a task
can be caried out usng only short, periodic, glances it is classed as “chunkable’. The
assumption is that a task that can be chunked is acceptable to be carried out while
driving, while a task that cannot be chunked is not acceptable to perform while driving
(Fagerstrom, Fichtenberg & Karlsson, 2001; Green & Tsmhoni, 2001; NHTSA,
2000b). There are many methods for achieving occluson including the eyes closed
method, full windshiddd LCD, motorcycle hdmet with visor, LCD goggles and LCD
face shidd. However, only the latter three methods are commonly used as they provide
the greatest control and are technicaly feasible (Green & Tsmhoni, 2001).

Numerous studies have evduated the vdidity of the visud occluson technique as a
measure of visud didraction (Baumann, Roder, Jahn & Krems, in press Ecksein,
2001, Feagerstrom et d., 2001, Kenath, Baumann, Gelau, Bengler & Krems, 2001;
Tamhoni & Green, 1999; Wooldridge, Bruer, Green & Fitzpatrick, 1999). With a few
exceptions, these dudies have found that the visuad occluson technique is a vaid and
reliadble research tool for measuring the visud demand associated with various in-
vehicle devices and interfaces.

Krems and colleagues (1SO, 2000) have conducted one of the most comprehensive
series of laboratory and onroad sudies examining the vdidity and rdidbility of the
visud occuson technique as a method to evduae in-vehicle interfaces. In a series of
laboratory studies, Krems and colleagues examined the ability of the visud occluson
technique to diginguish between tasks of differing complexity and between tasks that
are, or are not, eadly resumed after interruption. The results of these studies reveded
that the visud occluson technique is capable of diginguishing between dislays and
tasks of different visud complexity and can vaidly discriminate between those tasks
that can be easly resumed after an interruption and those that cannot. Based on these
results, the authors concluded that the visud occluson technique is a valid measure for
identifying HMI designs that are not suitable for use while driving.

Krems and colleagues have dso evaluated the use of the visud occluson technique in
an onroad dudy. Paticipants were required to enter dedtination information into a
navigation sysem under one of three conditions: in a parking lot without occluson, in a
parking lot with occluson and on the road. Results showed that the occluson method
produces a comparable cognitive load to red traffic Stuations and is suitable for the
smulation of red-world conditions (Keinath et ., 2001).

Recently, Bauman and colleegues (in press) examined the vdidity of the visud
occluson and PDT as measures of visud digtraction. This study was carried out as part
of the ADAM (Advanced Driver Attention Metrics) project, a joint initiative between
DamlerChryder and BMW to gan a better understanding of attentiond demands
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placed on drivers by in-vehicle technologies and activities. Briefly, the main ams of the
ADAM project are to assess the influence of performing secondary tasks, such as
operating in-vehicle devices, on driving performance and to identify and evduae the
vdidity of severd measurement techniques that can be used during the desgn and
development phase of new systems to assess their potentid to digtract drivers (Breuer,
Bengler, Heinrich & Reichdt, in press). A st of 12 in-vehicle secondary tasks were
developed and used in dl the experiments caried out during the ADAM project,
dlowing for the results obtained across studies to be compared. These tasks included
radio tuning, sound adjustment, cassette changing, dedtination entry, pointing to certain
points on a navigaion map, entering information into a mohile phone, unwrapping a
swedt, taking on the phone, unfolding a tissue, looking up an address in an address
book, examining a paper map and retrieving coins from a purse.

Baumann and colleagues had 24 drivers complete the set of 12 in-car tasks under a
basdine condition, under a visud occluson condition and under a PDT condition.
Under the occluson condition, participants vison was occluded for 2800 to 3200
milliseconds while peforming each task. Under the PDT condition, participants were
required to detect and respond to a visua stimulus presented on a wal directly in front
of them while completing the in-car tasks. As a vdidation criterion, the results obtained
with these two measures were compared with eye-movement data obtained from a
smulator study that used the same in-vehicle tasks (Bengler, Huesmann & Praxenthder,
in press). Reaults reveded tha the participants completed the in-car tasks in the shortest
amount of time under the basdine condition and had the longest completion times under
the occluson condition. There was dso a ggnificant corrdaion found between the
visud occluson and PDT conditions in the order in which the tasks were ranked as
more or less visudly demanding. Moderately high corrdaions were dso found between
the results of the occluson (r = 0.70) and PDT tasks (r = 0.71) and the eye-movement
data collected from the smulator study. The authors concluded, on the basis of these
results, that both the visud occluson and PDT ae vdid methods for measuring the
visud demand associated with the operation of in-vehice devices and activities
(Baumann et d., in press).

Visud occluson is deemed by many researchers to be a potentidly promising technique
for evduating the visud didraction associated with the use of in-vehicle devices, as it is
relatively inexpensve and easy to use. The technique aso dlows for various aspects of
a sysem to be evduated including: chunkability, completion time, ease of resumption
after interruption and visua complexity. However, to date, only limited research has
evduaed the vadidity of the visud occuson technique as a measure of driver
distraction and what research has been conducted appears to be largely un-coordinated.
Indeed, there seems to be little consensus in the literature regarding the best means of
achieving occluson, the length of the interval periods, whether the occluson and
ingpection intervals should be computer or sdf-paced and if they should be fixed or
vaiable, the levd of traning given to participants and whether a distracter task is
necessary during the occluson interva to prevent paticipants from rehearsng ther
next move or opeaion during this period. Clearly, further vdidaion and
dandardisation of the visua occluson technique and its parameters both indde and
outsde the laboratory are required. A more comprehensve review of the visud
occluson technique as a measure of driver distraction is currently being prepared by the
UK Transport Research Laboratory (TRL; Stevens, A, persond communication,
October 21, 2003).
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7.6 The 15-second Rule

The Society of Automotive Engineers (SAE) has developed a standard for assessing the
maximum dlowable levd of didraction aforded by the use of in-vehide navigation
sysems (Farber et d., 2000). This standard establishes a design limit for the total time
required to input information into navigation sysems while the vehide is in mation. In
essence, it dates “All navigation functions that are accessible by the driver while the
vehide is in motion, shadl have a datidicaly measured total task time of less than 15
seconds’ (Farber et d., 2000, pg.7). That is, if an in-vehicle task can be completed
within 15 seconds or less in a stationary vehicle, then that function can be available to
drivers while the vehicle is moving. While this standard was developed to assess route
navigation systems, it can dso be gpplied to evauate the didraction afforded by any in-
vehidle technology ad has an advantage over many other measurement techniques of
being smple to use.

The 15-second rule was evauated by Tijerina and colleagues to determine how well the
results from datic vehicles correspond to the results collected from a moving vehicle
(Tijerina et d., 2000). Ten paticipants, five femdes and five maes, aged 55 to 69,
drove around a 7.5-mile tex track in an indrumented vehide While driving,
participants were required to enter degtination details into four different route guidance
gysems, three requiring visud-manud input and one requiring voice input. As
comparison tasks, paticipants were required to tune the radio, did familiar and
unfamiliar phone numbers on a mobile phone and adjust the Heeting, Ventilation and
Air Conditioning (HVAC) controls. Results reveded that the corrdations between task
completion time in a daic vehicle and task completion time in a moving vehicle were
low. Surprisngly, some tasks took less time to complete while the vehicle was moving
than when it was datic. Completion of the comparison tasks dso often took longer than
15 seconds to complete while the vehicle was moving. The authors concluded that the
15-second rule was effective in identifying the mogt didracting tasks, but did this no
better than would a 30-second rule. They aso raised the concern that the dtatic test was
not sufficient to identify tasks with ggnificant didraction potentid. Severd other
limitations of the rule were dso noted including its falure to address issues of speed
maintenance or object detection, a falure to address whether and how a task may be
chunked (e.g., whether an in-vehicle task can be carried out usng only short glances or
gmdl amounts of visud attention), and there are no basdines againg which to measure
driving performance while completing a task (Tijerina et d., 2000). Nonetheless, some
researchers do believe that the 15-second rule does achieve its fundamental purpose of
reducing the performance of tasks with long completion times while the vehide is
moving and, with revison, may provide a guide for desgners as to what in-vehicle
systems should and should not be available to drivers while driving (Farber et a., 2000;
NHTSA, 2000Db).

7.7 What is the Most Promising Measure of Driver Distraction?

When examining driver digtraction researchers are faced with a range of measurement
techniques and methods that they could potentidly use. There is, however, no sngle
best measure of driver digraction, athough researchers have agreed that objective
measures are typicaly better than subjective measures (Kantowitz, 1992). The mogt
appropriate method to use depends to a great extent on what aspect, or aspects, of driver
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digraction are being examined. If measuring the visud didraction afforded by an in
vehicle sysem, methods such as the PDT or the visud occluson technique are likdy to
be the most appropriate. However, researchers have aso suggested that these two
measurement techniques are gppropriate for different types of assessment: the PDT is
likely to be more gppropriate if the levedl of visud demand or workload required by a
particular device is the focus of the research, and the visua occluson technique is likely
to be more appropriate if the focus of the research is to assess whether a task, such as a
degtination entry task, can be completed in a series of glances or whether it requires
sudaned visud atention for a period of time (Geau, 2002). Furthermore, while being
inexpensve and smple to use, these measures only measure specific aspects of driver
digraction — visud digtraction.

In terms of safety, vdidity and the ability to measure many driving performance
measures and in-vehicle tasks smultaneoudy, the driving smulator appears to be a very
promisng tool for measuring driver didraction. The introduction of high fiddity
gmulators which offer redisic visud scenes and kinaesthetic and motion cues has
increesed the redism of driving smulators so tha they more cosdy resemble red
driving environments. As wel as offering a redidic driving environment, smulators
dso offer a safe environment to test the didracting effects of in-vehicle devices, as the
safety consequences of veering out of the correct lane or failing to brake are diminated.
A number of in-vehide devices (eg., navigaion sysem, CD player, mobile phone) can
be equipped to the driving smulator and a number of driving performance measures are
adso capable of being measured smultaneoudy, potentidly reducing the number and
length of testing sessors needed to evauate a range of in-vehide sysems. Findly,
smulators can be used in combination with other measures of digraction, such as eye
tracking equipment, the visud occluson method and the PDT, and are therefore capable
of measuring many more aspects of distraction than other distraction measures aone.

Another important, but often underrated, aspect to consder when measuring driver
digtraction is the sdlection of an appropriate basdine measure againgt which to compare
driving performance when interacting with various devices. There is no dngle “best”
basdine measure and researchers have questioned some of the basdine measures that
have been used in previous research. For example, sudies that have examined the
digracting effects of mobile phones have often used radio tuning as a basdine
comparison, daming that if usng a mobile phone is no more didracting than tuning the
radio then it is an acceptable task to perform while driving. However, this concluson is
based on the assumption that tuning the radio is actudly an acceptable task to perform
while driving. The research reviewed earlier in this report suggests that radio tuning can
indeed didtract the driver and degrade driving performance (Briem & Hedman, 1995;
Wikman et ., 1998).

Moreover, many mobile phone studies have examined the effects of the radio task using
a continuous tuning did, not the pre-set buttons found on many modern radio systems.
Use of this type of interface is likely to require a greater amount of time to tune a gtation
than smply pressing a pre-tuned button. This may have increased the didracting effects
of the radio-tuning task and, thus, may have led to erroneous conclusons regarding the
acogptability of usng mobile phones while driving. Other studies have compared the
digracting effects of in-vehide technologies with unrdated forms of driver imparment
such as having a blood acohol concentration above the legd limit (Burns et d., 2002).
The use of such forms of driver imparment as a basdine measure in driver distraction
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research has been questioned by researchers on the bass that they are two different,
unrdated forms of driver imparment (Stevens, 2002). Findly, many research sudies
have amply compared driving while interacting with an in-vehide sysem with driving
while not interacting with any sysem. It is likey that the most gppropriate basdine
measure is likdy to differ depending on the type of in-vehicle sysem and the specific
aspects of digtraction being evaluated. However it appears that an appropriate basdine
measure is one that does not interfere with the primary task of driving, as this would
ensure that any conclusons based on comparisons with the basdine task about the
digtracting effects of an in-vehicle sysem are valid.

In summary, there is no one best measurement tool for messuring driver digraction.
Rather, the particular technique, or sub-set of techniques, that are most appropriate will
depend on the particular aspect of the HMI to be assessed, and in particuar on the form
of digraction (e.g., visud, physica, etc) that is imposed on the driver by that aspect of
the interface. With the exception of onroad and test track studies, and the 15-second
rule, dl of the methods discussed above are consdered suitable for use in distraction
research. On-road sudies are more dangerous to conduct and are less experimentally
controlled than smulator studies, and there is some doubt in the literature about the
vdidity of the 15-second rule.

8. Conclusion

In this report we reviewed the accumulating body of literature on driver distraction,
focussng specificdly on in-vehicle digraction. The overdl ams of the review were to:
review what is known about the effects of in-vehicle digtraction on driver performance
and safety; review the range of techniques that have been used to measure and quantify
the effects of didraction on driver performance; identify future research needs in the
area; and recommend countermeasures for minimising driver distraction.

The fird section of the report discussed the impact of technology-based distractions
(eg., mobile phones, route navigation and email/internet) and non-technology-based
digractions (eg., conversang with passengers, eding/drinking and smoking) on driving
performance. The rdative influence of the various technology and non-technology
based didractions on driving peformance was dso examined and the driving
performance variables (e.g., speed maintenance and reaction time) that seem to be most
sengtive to spedific disracters were identified. In the second haf of the report, the
various methods that have been used to messure didraction were described and the
measurement techniques that appear most promising in being able to accurately measure
in-vehicle digtraction were identified.

As noted previoudy, this report was concerned about sources of digtraction deriving
from within the vehicle. We did not review the body of research relating to sources of
digraction deriving from outsde the vehicle, such as hillboards. It was beyond the
scope of the review to do so. Obvioudy, however, the degree to which a driver is
digracted from the primary driving task is a function of the tota digtraction deriving
from both within and outside the vehicle.
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In this, find, section of the report we summarise the key findings that emerge from the
literature review and maeke recommendations for future research and countermeasure
development for minimising distraction.

8.1

Summary of Key Findings

The following are the key findings thet emerged from this literature review:

8.11

8.1.2

Mobile Phones

Many sudies have found that using a hands-free phone while driving is no safer
than uang a hand-held phone (Haigney, Taylor & Westerman, 2000; Matthews
et a. 2003, Reddmeer & Tibshirani, 1997). Usng a mobile phone while
driving can increase the risk of being involved in a collison by up to four times
(Redemeier & Tibshirani, 1997).

Research suggests that both the physicd and cognitive distraction caused by
usng mobile phones while driving can ggnificantly impar a driver's visud
search patterns, reaction times, decison-making processes and their ability to
maintain speed, throttle control and lateral postion on the road (Green & 4.,
1993; Reed & Green, 1999).

Mobile phone use dso often involves associated tasks that may further distract
the driver. These activities can incdude accessng written information such as a
phone number on a piece of paper or writing dates or notesin diaries.

Sending a text message is far more didracting than amply taking on a mobile
phone (Direct Line, 2002).

Research has found that taking on a mobile phone is more digtracting than
holding an inteligent conversation with a passenger, but no more distracting
than eating a cheeseburger (Jenness et d., 2002; RoSPA, 1997).

Route Guidance Systems

Entering dedtination information is believed to be the mogt didracting task
associated with the use of a route guidance system, however use of voice input
technology can reduce the distraction associated with this task.

Route guidance systems that present navigation ingructions using voice output
ae less digracting and more usable than those systems that present the
information on avisud dislay.

Route guidance sysems with voice recognition technology are a more
ergonomic and safer option than sysems that require visud-manua entry
(Tijerina et d., 1998).

Route guidance systems that provide turnby turn indructions, raher than
presenting complex holigic route information, are less didracting to the driver
and present the most useable means of navigation (Dingus et a., 1995).
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8.1.3

8.14

8.1.5

Email and I nternet Facilities

Some researchers believe that speech-based emall systems have the potentid to
distract drivers and undermine road safety (Burns & Lansdown, 2002; Technicdl
Insghts, 2001). As a result, a growing number of sysem desgners are
recognisng that speechrbased systems are not a panacea for driver distraction
and are focusng on developing dternative interfaces such as those tha rely on
tactile feedback.

Entertainment Systems

Tuning a radio while driving appears to have a detrimentd effect on driving
performance, particularly for inexperienced drivers.

Research dso suggests that smply ligening to radio broadcasts while driving
can impair driving performance (Jancke et a., 1994).

Research suggests that operating a CD player while driving is more distracting
than didling a mobile phone and edting, however the use of voice-activation
may minimise this disraction.

Non-Technology Based Distraction

A recent dudy by the American Automobile Associaion’'s Foundation for
Traffic Sefety reveded tha a grester proportion of drivers involved in traffic
accidents are digtracted by eating or drinking (1.7%) than by talking on a mobile
phone (1.5%) (Stutts et d., 2001). Reaults of an experimentd study by Jenness
et d. (2002) dso corroborate the results of Stutts et a. They found that egting a
cheescburger was as didracting as usng a voice-activated didling system, but
less digtracting than continuoudy operating a CD player.

Sevad dudies have found that smoking while driving increases the risk of
being involved in a crash (Brison, 1990; Chrigie, 1990; Violanti & Marshdl,
1996).

A summary of current research on teenage passengers reveded that the presence
of passengers increases crash risk, particularly for younger drivers, and this is
believed to result largely from distraction and peer-pressure (Williams, 2001).

Ovedl, there is evidence that both technology-based and non-technology-based
digractions can have a detrimentd effect on driving performance. The extent, however,
to which digraction compromises safety is dependent on the frequency with which the
driver is exposed to the source of didraction in question. Very little, if anything, is
currently known in Audrdia, or in other countries about the rdative frequency with
which technology and non-technology- based tasks are performed.

8.2

Recommended Distraction Measurement Techniques

In addition to reviewing what is known about both technology and non-technology-
based didractions deriving from within the vehicle, the authors reviewed the various
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scientific  techniques which have been used to measure driver digraction and the
measures of driving performance (eg., lane keeping) which gppear to be sendtive to the
different types of digraction. The following sdentific techniques for measuring
digraction were identified:

on-road and test track studies;
driving Smulator Sudies;
dud-task studies;

eye glance monitoring studies;
the visud occlusion method;

the peripherd detection task; and
the 15 Second Rule.

The findings of this review suggest that usng a range of didraction measurement
techniques, rather than a single technique, would be appropriate in evauaing HMI
desgn concepts and prototypes in vehicles. The paticular technique, or sub-set of
techniques, employed, however, will depend on the particular aspect of the HMI to be
assesed, and in paticular on the form of digraction (eg., visud, physicd etc) that is
imposed on the driver by that aspect of the interface. With the exception of onroad and
test track studies and the 15-second rule, dl of the above methods are considered
auiteble for use in HMI evduation dudies. Onroad dudies are obvioudy more
dangerous to conduct and are less experimentaly controlled than smulator studies and
there is some doubt in the literature about the validity of the 15-second rule.

8.3 Countermeasures for Minimising Distraction

There is converging evidence that driver distraction contributes to road trauma and that
the prevdence of didraction as a risk factor will increase as new technologies
proliferate the market. It is important, therefore, that policies and programs are
devdoped and implemented in Audrdia to manage exiding and emerging risks
associated with driver distraction. The following countermeasures are recommended.

83.1 Research

A caefully designed study of the prevdence of driver involvement in digracting
activities within the vehide should be undertaken. This information, combined
with the epidemiologicd daa from the previoudy mentioned sudy beng
conducted by the Universty of Western Audradia Department of Public hedth
Injury Research Centre, will endble an initid assessment of the magnitude of the
problem in Audrdia to be made. If driver distraction is shown to be a sgnificant
problem, then better recording by Police of the role of digtraction in crashes will
be needed.

An inventory of exising and emerging technologies and sarvices which can be
accessed onboard the vehicle or through portable devices carried into the
vehicle should be compiled. From this, research is needed to develop a
taxonomy of driver digractions that defines the different sources of digtraction
deriving from within the vehicle and categorises them according to how
digtracting they are in absolute and relative terms.
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8.3.2

Research is required to better understand drivers willingness to engage in
potentidly didracting tasks while driving, the factors tha influence this
willingness and under what conditions drivers engage in distracting tasks.

There is currently little knowledge regarding how drivers use in-vehide
technologies. whether they use them in the manner intended by the designer; and
a wha point (or threshold) and under what conditions they become a
digtraction.

Research needs to be conducted into whether and how individua difference
factors such as age, gender, driving skill and experience influences the ease with
which drivers are distracted.

To complement the above activities, research is needed to develop a taxonomy
of distracting events and objects occurring outsde the vehicle. As for sources of
digraction deriving from within the vehicle, research is needed to quantify how
digracting they are in absolute and relative terms, done and in combination with
internal  digtracters. Some research on this issue is being undertaken by the
Monash Univergty Accident Research Centre and this should be closdy
monitored.

There is a need to develop objective, standardised, measures of didraction in
order to enable more accurate comparisons of results across studies (NHTSA,
2002a).

Further research is needed on dternative modes of input and output, such as
tactile feedback and voice activation, to determine whether these interaction
methods are a safe and viable dternative to manud entry systems.

The operation of certain on-board and portable technologies, such as mobile
phones, often involves associated tasks such as writing down phone numbers
and address details on pieces of paper. There is a need for research to design the
HMI so that it diminates as far as possible the need for these secondary tasks.

No research, to the knowledge of the authors, has examined the potentidly
digracting effects of portable devices used by pedestrians and other road users
(eg, mobile telephones, pedestrian navigators) to access information and
sarvices when negotiating their way by means other than driving through the
road system.

The overdl costs and benefits afforded by various technologies must be assessed
before redricting or prohibiting drivers from engaging in didracting tasks while
driving. Ligening to a radio broadcast, for example, might be digracting: y,
for atruck driver, this activity might be beneficid in maintaining vigilance.

Education and Training

A good ded is dready known about the risks associated with engaging whilst
driving in various didracting activities. It is important that these are brought to
the attention of drivers and passengers. As a matter of priority, it is important to
make the motoring public aware that hands-free mobile phones can be just as
digtracting as hand-held phones.

As with the use of mobile phones, drivers must be educated and trained in the
optimd manner in which to interact with exising and emerging on-board
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8.3.3

8.3.4

8.3.5

technologies and services accessed through portable devices in order to
minimise digtraction.

Where there is flexibility in the manner in which these devices can be operated
(there are, for example, many ways to tune and sdect a radio dation), user
manuas and tutorids provided by vehicle manufacturers and service providers
should point out the most ergonomic and least distracting methods for doing so.

Legislation and Enforcement

Exiging legidation should be reviewed and, where necessary, new legidation
cregted to limit driver exposure to, and deter drivers from engaging in, activities
which have the potentid to digract them. There is sufficient evidence, for
example, to judify a ban on the use of hands-free phones whilgt driving if this
can be practicaly enforced by the Police.

Vehicle Design

The mog effective way to minimise technology-based didtraction is to design
the Human Machine Interface (HMI) ergonomicaly. In Europe, North America
and Jgpan, draft Standards have dready been developed which contain
performance based goals which must be reached by the HMI <o that the in-car
technologies do not digtract or visudly entertain the driver while driving (eg.,
the European Statement of Principles for Driver Interactions with Advanced In+
vehide Information and Communication systems). It is important that the
development of these standards be closdly monitored by relevant authorities in
Audrdia and that loca vehide manufacturers and system developers are
encouraged to refer to these tandards in designing their systems.

The operation of certain devices including mobile phones and route guidance
sysems often involves associated tasks such as accessng written informeation,
which can further distract the driver. There is a need for research to develop the
HMI so that it eliminates the need for these associated tasks.

Licensing
Handbooks for learner and probationary drivers should draw attention to the
potentia risks associsted with engaging in didracting activities within  the
vehide.

Knowledge tests should include items pertaining to the reative risks associated
with engaging in these activities

Where appropriate, the graduated licensng system should be used to redtrict
driver exposure to didracting activities that are known to compromise safety.
The findings presented here, for example, suggest that there is a case for
redricting Probationary drivers from using (but not carrying) mobile phones
while driving during some or dl of the P-period.

There is converging evidence that driver didraction is contributing to road trauma, in
Audrdia and overseas. If not taken serioudy by the road safety community, driver
digraction has the potential to escdae into a mgor road safety problem in Audrdia
Fortunatdy, however, we ae a an ealy enough dage in the evolution of driver
digtraction to prevent it from doing 0.
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