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EXECUTIVE SUMMARY

MUARC were commissoned to conduct a longitudina study to assess two driver-related
cognitive perceptud skills, hazard perception and Stuation awareness over three separate
asessment sessions. The mgor focus was to investigate how these two skills develop as
novices accumulated driving experience in the first 18 to 24 months of driving.

There were 35 novices and 16 experienced drivers that completed dal three assessment
sessons. Novices were assessed before they gained ther learner permit, during their
learner permit period, and once they entered the probationary licence period.

For the non-digraction condition participants were ingructed to click on up to three
hazards or potentia hazards in the scene and to click on the worst hazard first (the primary
hazard). For the didraction condition participants were ingtructed to count and recal the
number of red, blue and green, cirdes in addition to the task of identifying any hazards or
potential hazards in the photographs.

Whilst novices were accurate at detecting hazards in the joining lane their performance on
hazards in ther own lanes was quite poor. Experienced drivers were dgnificantly faster
than novices to detect the primary hazard, and they were aso ggnificantly more accurate
than novicesin detecting hazards overal.

Andyses of the dtuation awareness data included participants that had completed the firgt
asessment session only.  There were 86 novices and 20 experienced drivers. Two Stuation
awareness tasks were devised. For the Stuation awareness location task, participants were
ingtructed that after the photograph disappeared they would need to provide information
about the road layout, including the number of lanes on the driver's sde of the road, the
postion of the lane in which the driver’s vehicle was located, and the locations of up to
three closest vehicles. This task was then repeated, adding the same digtraction task as used
for the hazard perception task. For the Stuation awareness prediction task, participants
were informed that, after a 10-second interva, the video would be blank for five seconds.
They were ingdructed to predict the road layout and the location of the closest three cars
relaive to their own car five seconds after the video had ended. This task was then
repested with the distraction task.

The man findings of the dtuation awareness tasks were tha there were differences in
peformance depending on the type of task (photographs versus videos), because
participants were watching scenes for different purposes (to remember versus predict the
location of cars). Despite these differences in te nature of the visud information presented
(i.e. digitd photographs versus videos), the results reported above indicate genuine
differences between the cognitive requirements of remembering where vehicles were and
predicting where they might be within the reatively near future.

LEARNER DRIVER EXPERIENCE PROJECT Xi
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1. INTRODUCTION

1.1 THENATURE OF THE PROBLEM

It is well documented that young and/or inexperienced drivers represent a sgnificant risk
of crash involvement, both internationdly (eg. Mayhew & Simpson, 1995) and in Victoria
(Cavalo & Triggs, 1995). The cause of novices increased crash risk is generdly
atributed to a lack of driving experience. A further, and related, cause of novices
increased crash risk is that their driving skills are less wel developed than those of an
experienced driver. Both driving experience and driving skills are rdated in that driving
experience is a key factor in the devdopment of driving skills (Gregersen & Bjurulf,
1996). Researchers have identified severd driving skills that are related to crash
involvement amongs novice drivers  These incdude information-processng skills (eg.
Gregersen & Bjurulf, 1996), sdf-cdibration (eg. Deloy, 1992), hazard and risk perception
(eg. Quimby, Maycock, Carter, Dixon & Wall, 1984), and Stuation awareness (Treat et
al., 1979, cited in Gugerty, 1997).

As driving experience is ganed driving skills develop. This includes rdativey smple
vehide control skills to more complex kills induding driver-related cognitive-perceptual
ills (eg. Benda & Hoyos, 1983; Brown and Groeger, 1988; Forsyth, 1992). In terms of
reducing crash involvement, driver-rdated cognitive perceptud skills, such as hazard
perception and Stuation awareness, are among the most important driving skills (Brown &
Groeger, 1988; Treat et d., 1979, cited in Gugerty, 1997). According to Hal & Weg,
(1996) smple driving skills such as learning the road rules are edtimated to teke only 15
hours. In comparison, Evans (1991) has estimated driver-related cognitive-perceptua
skillsto take in the order of decades to develop.

Despite the exisence of an estimated time frame to develop a particular driving skill, there
is little empiricd research that shows how drivers cognitive-perceptual skills develop,
and, how the deveopment of these skills progresses with an accumulation of driving
experience. It is clear that driving experience is essentid to reduce crash risk and to
develop a range of driving skills. It is necessary to understand how important driving skills
such as hazard perception and Stuation awareness develop if driver training and licensng
programs are to be improved and a subsequent reduction in novice drivers leve of crash
involvement achieved.

1.2 OUTLINE OF THE PROJECT

MUARC were commissoned to conduct a longitudind study to assess two driver-related
cognitive perceptud skills, hazard perception and Stuation awareness over three separate
asessment sessons. These skills were tested in a group of novice and experienced drivers.
The mgor focus was to investigate how these two skills develop as novices accumulate
driving experience in the first 18 to 24 months of driving. A secondary am was to assess
performance on hazard perception and Stuation awareness with varying levels of menta
load. The project follows a smdler sample of young drivers than origindly proposed,
however, usng more detailed measures.

LEARNER DRIVER EXPERIENCE PROJECT 1



1.2 STRUCTURE OF THE REPORT

The report focuses on the results from two cognitive-rdated driving tasks, hazard
perception and Stuation awareness. The report is divided into two sections, one for each

task. The hazard perception task isthe first focus, then Situation awareness.

2 MONASH UNIVERSITY ACCIDENT RESEARCH CENTRE



2. HAZARD PERCEPTION LITERATURE

21 HAZARD PERCEPTION INTRODUCTION AND DEFINITION

The important role that driving experience plays in perceiving hazards cannot be
ovardated. In an andyss of police reports, faling to search the roadway was the single
most common factor in crashes, epecidly amongst the young novice driver group (Lestina
& Miller 1994, cited in Underwood, Crunddl, & Chapman, 2002). It is not surprisng then
that the importance of hazard perception has led to its introduction into many driver-
licenang sysems worldwide. In Audrdia, hazard perception teds are a pat of the
licenang process in Victoria, New South Waes, and Western Audraia (Senserrick &
Whelan, 2003).

According to Brown and Groeger (1988, pg 589), “the internal processes by which traffic
hazards are identified thus appear to change in complex ways, as drivers acquire
experience on he road’. The way in which this learning process develops is not yet clear,
though they propose conducting research that focuses on how drivers scan the road during
the acquisition of specific driving skills.

The identification of hazards is termed hazard perception, which can be defined as the
process of identifying hazards and quantifying their potentid for danger (Brown &
Groeger 1988). This includes the ahility to perceive and identify specific hazards in the
driving environment. It is a complex task that involves scanning the road, evauating other
drivers location, and predicting objects and other drivers behaviour. Hazard perception is
estimated to take decades to develop fully (Evans, 1991).

22 HAZARD PERCEPTION RESEARCH METHODS

There have been a variety of methodologies used to test hazard perception (see Farrand &
McKenna, 2001). These indude the identification of hazards encountered on a test drive
(Soliday, 1974), the ranking of photographed traffic scenes on a scale of hazardousness
(Armsby, Boyle, & Wright, 1989), the presentation of video scenes requiring various
ratings induding the danger and difficulty involved in the scene (Groeger & Chapman,
1996), rating of risk presented in video or photographed traffic scenes (Finn & Bragg,
1986), and the measurement of visud search patterns whilst driving a test route (Mourant
& Rockwel, 1972; Underwood, Crunddl, & Chapman, 2002) or when watching video
traffic scenes (Chgpman & Underwood, 1998).

Research into hazard perception can be generdly categorised as messuring two aspects of
this ill. Firdly, there is a peformance-based aspect, which involves testing drivers
reaction times to detect hazards, and their accuracy in detecting hazards as identified by
experts. This is dmilar to Brown and Groeger's (1988) view that hazard perception is the
ability to percave and identify specific hazards in the driving environment. The second
maor aspect is concerned with what method drivers use when searching for hazards and
what type of hazards they report. That is, whether drivers have a tendency to primarily
scan draght ahead of their vehicle, or further into the distance, or whether they scan from
left to right. Also, whether there are hazards that drivers immediately identify as being
more hazardous than others, eg. the presence of a motorcyclists or vehicles indicating.
Higoricaly, as indicated in the literature reviewed below, hazard perception research has
tended to focus on these aspects separately.

LEARNER DRIVER EXPERIENCE PROJECT 3



23 HAZARD PERCEPTION RESEARCH FINDINGS

In a wdl-controlled study Quimby, Maycock, Carter, Dixon, & Wall, (1984) recruited 366
accident-involved drivers with varying age leves, driving experience, driving exposure,
and accident involvement rates. A Smulator was used to test drivers hazard perception,
which required the participants to view a film from the driver's viewpoint and make a
continuous assessment of the leve of risk. The reaction time to detect each hazard and the
number of hazards (from a total of 16) were assessed. The results showed that experienced
drivers perceived hazards faster than less experienced drivers, and drivers with less
accident involvement were faster to detect hazards than drivers with recent accident
involvement (the past five years). Findly, the results showed that when a range of driver-
related visud sills were used to predict accident involvement, hazard perception was the
most successful predictor than smple visua capabilities (eg. the perception of movement,
glare sengtivity).

The Quimby et d., (1984) study demonstrates how important hazard perception is, in terms
of crash reduction when compared to smple visud skills. However, the accuracy of
participants hazard perception was not measured, only reaction time to detect hazards.
McKenna & Crick, (1994) have conducted a sudy that comprehensvely investigated
varying levels of driving experience in relation to driverS perception of hazards. Reaction
time and accuracy to detect hazards was assessed across dl groups. A driving smulator
was used to show a 30-minute video from the driver's viewpoint of everyday treffic
Stuations, which aso provided sound and car-body vibrations. Twenty novices (mean
driving experience 2 years), 13 experts, recruited from a Police driving school (mean
driving experience 22 years), and 25 experienced drivers (mean driving experience 23
years) were ingructed to look for hazardous Stuations and to press a response button as
soon as they saw a hazardous situation.  Participants were provided with a definition of a
hazardous dtuation, defined as “a risk of an accident or near accident; one in which you
might consder it necessary to take some kind of evasive action, by braking or steering etc”
(McKenna & Crick, 1994, pp 28).

Reaults reveded a dgnificant difference between al groups for reaction time to detect a
hazardous gdtuation (McKenna & Crick, 1994). That is, novices had dgnificantly dower
reection times than experienced and expet drivers, and experienced drivers had
sgnificantly dower reection times than expert drivers. Mean reection times ranged from
1.2 seconds for the experts to 1.8 seconds for the novice drivers. Novices were dso less
accurate in detecting hazardous Stuations than the experts and experienced drivers.  This
sudy in particular shows that there are clear differences in drivers perceptions of treffic
scenes, which are mediated by driving experience.  McKenna and Crick argued that the
finding that experts were faster to detect hazards than the experienced driver group was
likely to be due to the intensve training thet the experts have undergone throughout their
profession as Police officers.

Both the Quimby et a (1984) and McKenna and Crick (1994) studies have assessed
performance based aspects of hazard perception, focussing on how accurate and quickly
drivers respond to hazards. The following three studies were interested in the method by
which drivers search for hazards, including where they look and what objects they regard
as traffic hazards (Soliday, 1974; Mourant & Rockwel, 1972; Chapman & Underwood,
1998).

Soliday, (1974) recorded participants roadway comments during a 12.1-mile test drive,
which induded mainly urban streets and some suburban roads. The 18 drivers were aged

4 MONASH UNIVERSITY ACCIDENT RESEARCH CENTRE



from 16 to 70 years. Ther driving experience ranged from haf to 36 years, with a mean of
13 years. Paticipants were asked to identify any potentidly dangerous Stuations to the
driving ingtructor who accompanied them on the test drive. Responses were recoded and
peformance was corrdated with demographic factors of age and driving experience.
Results from the Spearman corrdations indicated that older and more experienced drivers
perceived moving objects as more dangerous than fixed objects. Soliday concluded that
danger encountered when driving is percaived differently between drivers dependent on
their driving experience. He proposed that if experience in responding to traffic hazards
develops with exposure to driving Stuations, then increasng novice drivers experience via
education may help to reduce crash risk.

In a dmilar experiment, Mourant & Rockwell, (1972) invedigated the visud search
patterns of novice and experienced drivers using a 2.1-mile suburban and 4.3-mile freeway
route. The eye movements (i.e. blinks and glances into the vehicde€s mirrors and
Speedometer) of six novices and four experienced drivers were videotaped. The novices
hed little (less than 15 minutes) or no driving experience and were tested three times, once
every fortnignt. The fird assessment was prior to the commencement of an on-road
commercid education course. The second assessment was hdfway through the course,
and the finad assessment was conducted at the end of the training course.  The experienced
drivers had driven a least 8, 000 miles a year for the past five years. The experienced
drivers were tested twice, a the first and second assessments with the novices. The results
showed that the novices concentrated their eye fixations in a smaler area, boked closer to
the front and more to the right of the vehicle compared to experienced drivers. They dso
glanced a their mirrors less frequently and made pursuit eye movements (rdatively long
fixations of more than 440 msec) on the freeway route whereas the experienced drivers
made none. Mourant and Rockwell (1972) concluded that the novices eye movements
were unskilled and overloaded and they were not as safe as the experienced driver group.

Whilg Mourant and Rockwel’s findings are widely cited in the literature as demondrating
differences between novice and experienced drivers visud search, some of ther
conclusions have been questioned in a more recent study by Chagpman and Underwood
(1998). Paticularly, Mourant and Rockwel have argued that ther meen fixaion location
results indicate that novices search in a smaler area and closer to the front of the vehicle

Chapman and Underwood (1998) have questioned the notion that mean fixation locations
correspond to a preference for one region of the scene than another. They argued that
differences in mean fixations are related to objects and not regions of the visud scene.
Mourant and Rockwel tested a smdl sample overdl, and a the fird testing sesson
novices had less than 15 min driving experience. As a result, Chapman and Underwood
regard Mourant and Rockwdl’s findings as plausble, but ther applicability to red world
driving Stuations tentetive.

Chapman and Underwood's study is one of very few to focus on both the performance-
based aspects of hazard perception (including reaction time) and visud search patterns in
detecting hazards. They recruited fifty-one novice drivers (dl within three months of
ganing a full licence) and 26 experienced drivers (dl had held a driving licence for
between five to ten years) who viewed 13 videos, which were sdected randomly from a
pool of 39, depicting everyday traffic scenes from the driver's viewpoint.  Participants
were indructed to press a button as soon as they saw a hazardous event. Eye movements
were monitored as well as reection time to detect hazards. Results indicated that novices
fixations were ggnificantly longer than experienced drivers, and novices showed grester
vaiance in verticd fixation locaion. Two results emerged which ae in contrast to
previous research.  Firdly, they found no difference between novice and experienced

LEARNER DRIVER EXPERIENCE PROJECT 5



drivers resction time to detect hazards. This is interesting because differences in resction
time genedly exigs when comparing performance of novices and experienced drivers on
a hazard perception test, whereby experienced drivers are faster to detect hazards
(McKenna & Crick, 1994).

Secondly, Chagpman and Underwood (1998) found that novices tended to fixate further
ahead of the vehicle In comparison, Mourant and Rockwdl’s study (1972) indicated that
novices fixated more towards the front of the vehide. Chapman and Underwood (1998)
argued that their novice participants might have fixated further ahead because they had just
undergone driver training in order to gain ther full drivers licence, which emphasises
looking as far ahead of the vehicle as possble to detect hazards. However, they argued
that the magnitude of these differences was reativey smdl in precticd terms. In terms of
novice experience differences in mean duration of fixations, Chgpman and Underwood
argued tha their results are conggtent with the tentative findings of Mourant and Rockwell
(1972).

24 SUMMARY AND STUDY AIMS

Studies invedtigating peformance on a hazard perception task between drivers with
vaying leves of driving experience have shown tha less wdl deveoped hazard
perception has been found to corrdate to accident involvement, that hazard perception is a
good predictor of accident involvement compared to smple visud skills, and that novice
and experienced drivers differ in their accuracy and reection time to detect hazards.
However, little research to date has investigated how this important driving skill develops.

Few studies have tested learner drivers cognitive skills. Rather, research of novice drivers
has tended only to include probationary-licensed drivers, or drivers who have recently
obtained their full licence. Brown and Groeger (1988) have proposed that understanding
the changes in how drivers perceve hazards will require basdine knowledge of how
drivers perceive traffic scenes when firg learning to drive.  The current study tracks a
group of drivers dating from when they have minimd, if any, driving experience (pre-
learners), and assesses how their perception of hazards changes over the course of learning
to drive, by assessing their skills a the learner driver phase and probationary licence phase.
An experienced driver group is included for comparative purposes, and tasks to increase
mental load whilst detecting hazards. There are severd aspects of interest, including the
nature of hazard perception development, differences between novice and experienced
drivers in detecting hazards, and the effect of varying menta load on hazard perception
performance.
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3. PROJECT SAMPLE

3.1 PARTICIPANT RECRUITMENT

3.1.1 Learner (novice) drivers

Novices were recruited from secondary schools within a 10-kilometre radius of Monash
Universty, Clayton. This was lagdy due to the expectation that participants who
remaned in the dudy after finishing thar seconday schooling would continue ther
asessments a the Accident Research Centre.  Limiting the distance to the school was
conddered likely to limit the trave distance required and, therefore, the inconvenience of
traved to MUARC. This in turn, was conddered likely to hdp maximise the participant
retention rate.

The project was presented to students during school or class assemblies a Sx suburban
secondary  schools, including, boys only, girls only, and co-educationa schools. An
incentive was offered (a movie voucher for each assessment sesson).  Sign-up sheets were
circulated after the presentation for students to register their interest.  Students were given
a letter providing detalls of the project and were encouraged to discuss the project with
their parents.

Recruitment continued until 123 students enrolled for the study. It was hoped tha this
would result in a find sample of 80 sudents &fter attrition. Each student was phoned to
cover any questions and confirm ther interest before an introductory package was sent.
This included a preiminay questionnare on demographic detalls and other basdine
measures, in addition to a consent form and postage-paid envelopes. If recaved, the
sudent was registered as a participant and followed up for assessments. In tota, 102
participants returned details agreeing to paticipate in the <udy, however, only 86
continued with the dudy a this sage. Severd factors contributed to these reduced
numbers:

Severd dudents enrolled for the study even though they had dready had severa hours
of driving experience and, therefore, needed to be excluded;

A smdl number of students left the school before assessments commenced,

Some students smply chose not to continue;

Novices were contacted between assessment sessons, on average two phone calls between
each assessment.  The purpose was to remind them of the study, check how their driving
was going, and to encourage them to continue completing their logbooks.  Whilst the
intention was to contact participants more regularly this was sometimes difficult as often
participants were not available when cals were being made. Table 3.1 shows the number
of participants assessed at each sesson. There were equa numbers of maes and females
in each group.

Table3.1 Final Sample Sizefor Each Assessment Session

Assessment Session
All
Driver Group First Second Third Assessments*
Novice 86 62 35 35
Experienced 20 18 16 16

*Note: All assessments denotes participants who completed al three assessment sessons.
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3.1.2 Experienced drivers

In addition to the novice driver paticipants, 20 experienced drivers (10 mae, 10 femde)
were recruited to complete the computer package. Ages ranged from 29-35 years and
driving experience from 8-10 years.  This sample was drawvn from friends and
acquaintances of the researchers who had varied experience with the use of a laptop and/or
mousg, as did the novice sample. This sample was chosen for severd reasons.

There is likdy to be more variance in the responses of drivers with fewer years
experience.

Drivers somewhat older than this age range (with more years driving experience) have
been found to display decreases in skill levels associated with automatic processng of
driving informetion.

Older drivers driving-rdlated cognitive skills may deteriorate as pat of the aging
process.

As the man criteion for sdecting this sample was the sdected range of driving
experience, it was not considered essentid to use random selection methods,

Budget and time condraints determined the need for a convenient sample known to
mest the criteria

There were four participants that did not complete al three-assessment sessons. These
participants had either moved away from Melbourne, or were no longer contactable, and in
one case had not driven much recently.

3.1.3 Timing of assessments
The three assessment sessions were conducted over a three-year period. Novices were

assessed:

Before they gained their learner permit — First assessment session
During learner permit period — Second assessment session.
Once they entered the probationary licence period — Third assessment session.

Experienced drivers were tested during the same period as the novices for each of the three
assessment sessons.

3.14 Expertraters

Experts were used to develop the tests administered to novice and experienced drivers.  All
five expert raers, three maes and two femaes, were gaff & Monash Universty Accident
Research Centre, with expertisein the field of novice drivers and/or driver licensng.
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4. HAZARD PERCEPTION METHODOLOGY

4.1 DEVELOPMENT OF HAZARD PERCEPTION TASK
41.1 Construction of task

The photographs used in the hazard perception task were taken using a digitd camera
mounted on a tripod on the dashboard of a passenger vehicle. The scenes were taken from
the driver's perspective (the view through the front windscreen) on main roads and at
mgjor intersections in outer Medbourne suburbs.  The photographs were predominantly
taken on two and three-lane roads separated by a median strip.  Scenes included the driver
goproaching traffic lights, roundabouts, and driving adong two-way roads with turning
lanes and entry points. Vehicles included cars, trucks, buses, and motorcycles. Additiona
objects in the scene included roadwork signs, and school crossing supervisors.  All scenes
were taken in dry weather conditions during the day with sufficient light. The photographs
were displayed using alaptop-based mouse driven program.

4.1.2 Expert ratings

In order to ascertain correct responses to the hazard perception task, experts were used to
identify al the hazards inherent in each traffic scene.  Severd computer programs were
written to assst with andlyses. Fird, a program was developed to superimpose a grid over
each digitd photogreph. Experts were asked to click on every square in the grid that
contained a potentiad hazard, and to identify which object was the most hazardous. The
operationa definition of a hazard given to the expertswas.

"An object (car, person, etc) that you would be watching out for if driving in that situation.
That is, it does not have to be at the point of a possible collision or the like to be rated as a
hazard, just what you would be monitoring as you drive'.

Each expert dudied the traffic scenes separately.  Responses from the five experts were
collated and the primary hazard in each photograph was determined from the sum of the
most hazardous object in each photograph across the raters. This most hazardous object
was termed the primary hazard. Secondary hazards were then identified from the sum of
the raters responses to the remaining hazards in each photograph. Each photograph had at
least one hazard.

A second program was then developed in order to display the results so that quditative
inferences could be drawn about the types of hazards thet were sdected. Findly, a program
was written to match learner and experienced drivers responses with expert responses and
compile them in a file suitable for datidicd andyss. A program to dislay the results of
matches and mismaiches was developed so that the types of hazards the learner and
experienced drivers were identifying and failing to identify could be determined.
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4.2 PROCEDURE

4.2.1 General assessment procedure

All participants completed the assessment sessons individudly. For the novices, firg
assessment sessons were conducted a school during regular class hours.  The mgority of
the second assessment sessons were aso conducted a school, with a smal proportion
being conducted & MUARC due to sudents having finished their secondary schooling.
The third assessment sessions were either conducted a& MUARC or public libraries. For
al assessment tedting conditions, the setting was usudly a smdl quiet room with a table
and chars. For the experienced drivers the assessments were completed at the driver’'s
home a a convenient time (usudly early evening on a weekday or during a weekend
afternoon).

For dl participants and assessment sessons, the researcher provided ingructions and
demonstrated practice tasks. After ensuring that the participant was proceeding correctly,
the researcher sat away from the view of the laptop screen so as not to unduly influence
responses. (For example, often the researcher read a book between computer tasks) On
average, participants required aout 60 minutes to complete al tasks. All participants
received a movie voucher after each assessment session for their participation.

4.2.2 Hazard perception task procedure

All participants completed the hazard perception task under two conditions, non-distraction
and digtraction, respectively.

4.2.2.1 Non-distraction

Twenty-five photographs were presented in random order. Participants were informed that
they would see a series of photographs and that each photograph would appear for five
seconds only. They were ingructed to click on up to three hazards or potentid hazards in
the scene and to click on the worst hazard first. This potentidly dlowed one primary and
two secondary hazards to be identified. The co-ordinates of the click and response times
were recorded. No training was given on a specific definition of a hazard; it was smply
explained that the hazards did not have to be mgor such that it looked like a crash was
about to occur but that they should click on “what you would be looking out for” in the
scene.  Participants were told that the photographs may not include any hazards or may
include many, but that they could only click on the image up to three times. If the
participant clicked three times on the scene in less than five seconds, the program would
move immediately to the next photograph. Thiswas aso explained to the participants.

4.2.2.2 Distraction condition

After the non-digtraction condition participants completed the hazard perception task as for
the non-didraction, but this time viewing a different set of photographs and concurrently
completing a digraction task. Circles coloured red, blue or green (approximately 15mm in
diameter) were presented randomly in a centrd postion below the photograph. Participants
were ingructed to count and recall the number of circles by colour in addition to the task of
identifying any hazards or potentiad hazards in the photographs, with each task of equd
importance. After each photograph was displayed, participants were prompted to enter the
number of red, blue and green circles.
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5. HAZARD PERCEPTION ANALYSES

51 DATA ANALYSES

Two types of analyses were conducted on the hazard perception task, quditative and
quantitative. The quditative andyses amed to investigate what types of objects novice
drivers regard as hazards, compared with experts and experienced drivers.  The
quantitative andyses investigated differences in hazard perception skill, that is, accuracy
and reection time. The andyses generdly reflect the two aspects of hazard perception
measured; the method of identification and performance-based, respectively.

52 DATA SAMPLE

The quditative andyss was conducted when only the firsd assessment data was complete
(see Appendix A for summary table). The quantitative analyses assessed only those
participants that had completed al three-assessment sessions, due to the repeated measures
design.

LEARNER DRIVER EXPERIENCE PROJECT 11



12 MONASH UNIVERSITY ACCIDENT RESEARCH CENTRE



6. HAZARD PERCEPTION RESULTS

6.1 QUALITATIVE ANALYSES

The am of the quaitaive andyses was twofold; firdst, to gain a better understanding of the
patterns of hazards identified by novice and experienced drivers based on the expert
ratings, second, to investigate agpects of the images participants identified as hazards that
were not consdered as such by the expert raters, hereafter referred to as non-hazards. The
following seven categories and varying subcategories were devised to code the location
and type of object that participants clicked on (Table 6.1.). It should be noted that these
categories are independent of the expert ratings gained for each photograph.

Table6.1 Definition of Categoriesand Subcategories used to Classify Hazards

and Non-Hazards

Category Subcategory Definition
Road Location Left objects off the road from the left of the diver's own
lane
Joining objects appearing in a lane intersecting with the driver’'s
lane
Side Road any object in a dip lane, or road separated by a median
drip that is not the oncoming lane
Median includes any object on the median drip (i€
grass/concrete)
Own Lane objects in the driver’s own lane or other lanes in the
same direction of multi lane road
Oncoming objects appearing in the driver’s oncoming lanes
Lane
Right objects appearing off the road past the oncoming lanes
Generd On Road objects gppearing in any lane (median, own, sSide, €tc)
Location
Off Road objects appearing to the ‘left’ or ‘right’ of the road
layout
Distance Near objects in the bottom haf of photograph (defined as the
length of the driver's own car to the end of vsble
roadway)
Far as above, but objects in the top haf of the photograph
Sze Smdl any object that could be moved/picked up
Large objects not able to be picked up or moved
Movement Fixed all objects that are not vehicles
Moving vehicles located on the road and not parked, and
pedestrians
Semi-fixed parked vehicles (vehicles with the potentia to move)
Vehicle Type Car al carsincluding 4WDs
Truck/Bus all trucks and buses
Motorcycle al motorcycles
Miscellaneous 1 clicks on the driver's own car (gpproximately 17 in
total, al Novice drivers)
2 clicks in the sky (6 Novice drivers, 1 Experienced
driver)

Each click was coded into one or more of the above categories. For example, if a
participant clicked on a traffic light on a median drip which was located far away from the
driver's pogdtion, it would be categorised as. median, on road, far, large fixed.
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Alternativdly, if participants clicked on a car immediatdly in front of them in the same
lane, it would be categorised as. own lane, on road, moving, near, car.

The totad numbers of clicks in each of these categories were then caculated and compared
between novices and experienced drivers. Clicks on hazardous fesatures (as identified by
the experts) were andlysed separately to clicks on non-hazardous festures. The sum of the
novice and experienced drivers clicks in each category was obtained, separated for the
non-distraction and distraction conditions, in addition to proportions of clicks within esch
mgor category (location, moving, Sze, and disance). This dlowed for comparisons of
moving/fixed objects, near/far objects and so on to be made across groups, and secondary
task conditions.

Usng the categories in Table 1, binomid digtribution tests were used to compare the
proportion of clicks on primary and secondary hazards for novice and experienced drivers,
and to assess the proportion of clicks in the various categories on objects that were nor+
hazards.

6.1.1 Drivers clickson hazardsidentified by experts

In the nontdistraction condition, the proportion of correct responses to moving objects for
noviceswas 57%. The equivaent figure for experienced drivers was 78%, which was
religbly different, (p<0.01, binomid test). For the distraction condition novice drivers
identified 60% of moving hazards. The equivaent figure for experienced drivers was 83%,
which again was rdlidbly different (p<0.01, binomid test).

For on-road hazards in the non-distraction condition, the proportion of correct responses
for novices was 55%. The equivalent figure for experienced drivers was 75% (p<0.01,
binomid test), which was sgnificantly different. In the ditraction condition, the

proportion of correct responses to on road hazards from the novice driver group was 59%.
For the experienced driversthis figure was 81% (p<0.01, binomid test), again sgnificantly
different. Table 6.2 presents the proportion of clicks in each category for the different road
lanes.

Table6.2 Proportion of Clicksfor Location Category for Novices and
Experienced Drivers

Novices Experienced
Category ND D ND D
Own lane 46% 56% 72% 83%
Oncoming lane 67% 61% 82% 85%
Joining lane 80% 2% 84% 78%
Median 12% 8% 5% 8%

Note: ND = Non-distraction condition; D = Digtraction condition. There were no side road

hazards.

It can be seen that when hazards were present in the joining lane novice drivers were
highly accurate. However, their accuracy for hazards in the joining lane was not matched
in the other categories, particularly in their own and median lanes. It isinteresting to
compare experienced drivers performance in identifying hazards in their own lane versus

thejoining lane. Of dl the hazards that the expertsidentified 67% were in the driver'sown

14 MONASH UNIVERSITY ACCIDENT RESEARCH CENTRE




lane. Only 19% werein thejoining lane. Experienced drivers were accurate across dl
categories except for hazards in the median lane. These latter types of hazards only made
up 3% of dl the hazards that the experts identified. Differencesin the proportion of
joining and own lane hazards identified by novice and experienced drivers across both
conditions were sgnificantly different (p<0.00, binomid test). In addition, Sgnificant
differences between novices and experienced drivers on the proportion of hazards
identified in their own and oncoming lanes were dso found (p<0.00, binomiad test).

6.1.2 Noviceand experienced drivers clickson non-hazards

Results now turn to afocus on non-hazards. Regardless of driving experience and task
condition over 80% of clicks on non-hazards were located on the road. Thus, when
participants were not clicking on primary or secondary hazards as identified by experts,
they were predominantly identifying objects on the road as hazards. Table 6.3 presentsthe
proportion of clicksin each category for the different road lanes.

Table 6.3 Proportion of Clicksfor Location Category for Novices and
Experienced Drivers For Non-Hazards

Novices Experienced
Category ND D ND D
Own lane 36% 48% 53% 58%
Oncoming lane 20% 22% 24% 21%
Joining lane 17% 8% 8% 13%
Median 16% 15% 5% 6%

Note: ND = Non-distraction condition; D = Distraction condition. There were no sde road
hazards.

Clicks in the driver’s own lane and oncoming lanes were combined to assess the proportion
of non-hazards identified in this area of the road. Comparison reveded that for the nor-
digraction condition, 56% of non-hazards identified by novices were on the driver’s own
or oncoming lane. The equivdent figure for experienced drivers, 77% (p<.00, binomia
tes), was reiably different. For the didraction condition, some 70% of non-hazards
identified by novices were in the driver’'s own or oncoming lane, reiably different to the
equivadent figure for experienced drivers. 79% (p<0.00, binomid test).

Differences were dso found between the proportion of clicks on the joining and drivers
own lane 17% of non-hazards identified by novices, while only 8% for experienced
drivers, a rdiably different result (p<.00, binomia test). For the didraction condition this
trend was reversed whereby 8% of non-hazards identified by novices were on the drivers
joining lane, while the equivaent figure for experienced drivers was rdiably different a
13% ([E<0.00, binomid test). Thus whilst novices tended to click on hazards in the joining
lane, (as identified by experts) in comparison to experienced drivers, the pattern for non
hazards was not as clear. In the non-didtraction condition novices clicked on more non
hazards in this lane than experienced drivers, but in the distraction condition experienced
drivers clicked on more nor+hazards in the joining lane.

6.1.3 Summary of qualitative analyses

Novices were less accurate than experienced drivers overdl. Whilst novices were accurate
a detecting hazards in the joining lane their performance on hazards in their own lanes was
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quite poor. Importantly, expert raters identified subgtantially more hazards in the driver's
own lane compared to the joining lanes, which increases the impact of the finding that
novices were poor a detecting hazards in their own lane. Novices consgtently clicked on
non-hazards in the joining lane in comparison to experienced drivers. Novices dso fared
conggently worse on identifying moving hazards compared to experienced drivers,
however this pattern was not significant in the andysis of norn+hazards.

6.2 QUANTITATIVE ANALYSES

The quantitative anayses investigaied the differences between novice and experienced
drivers in ther ability to detect hazards. Three aspects of hazard perception were
consgdered for novice and experienced drivers. (i) participants reaction time to detect a
primary hazard, (ii) participants accuracy for detecting hazards, and (iii) participants
ability to detect hazards under non-distraction and distraction conditions. A forth aspect of
the sudy investigated the changes in drivers hazard perception that occur over time by
testing participants at three separate sessions.

6.2.1 Reaction timeto detect hazards

The amount of time (in seconds) taken for each participant to detect the primary hazard in
eech traffic scenario was recorded by the computer program. Mean reaction times for
novice and experienced drivers were compared for each of the three testing sessons for
both non-didraction and didraction conditions usng a mixed desgn andyss of variance
(ANOVA). The ANOVA condgted of two repested measures. Viewing Condition (2
Levels. Non-Didraction vs. Didraction) and Assessment Sesson (3 Levels Assessment
Sesson 1, Assessment Sesson 2, Assessment Sesson 3), and one dependent messure:
Driving Experience (2 Levels: Novice vs. Experienced).

The ANOVA reveded a sgnificant man effect of Driving Experience [f(1,49) = 12.169, p
<.0l), and a ggnificant Viewing Condition by Driving Experience interaction (f(1,49) =
4,91, p<.05). As can be seen in Figure 6.1, experienced drivers had sgnificantly lower
reaction times than novice drivers to detect primary hazards in both non-distraction and
digraction Viewing Conditions. Post-hoc comparisons found that mean reaction times
were dgnificantly less in the didraction condition compared to the nondidraction
condition for novice drivers (p<.001), and experienced drivers (p<.05). Figure 6.1 aso
shows that the difference in reaction times between novice and experienced drivers was
gregter in the nondidraction Viewing Condition than in the didraction Viewing
Condition.
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Figure 6.1 Mean reaction times (in seconds) to detect the primary hazard by Viewing
Condition.

The ANOVA d<0 reveded a dgnificant main effect for Viewing Condition (f(1, 49) =
45.86, p<.001), and a dggnificant Viewing Condition by Teding Sesson interaction
(f(2,98) = 3.75, p<.05). As can be seen in Figure 6.2, mean reaction times were
gonificantly faser in the didraction condition than in the nondistraction Viewing
Condition. Furthermore, mean reaction times in the didraction and non-distraction
Viewing Conditions varied as a function of Assessment Sesson. Post-hoc comparisons
reveded that, in the non-didraction condition, paticipants mean reection times a
Asessment Sesson 3 were dgnificantly less than Assessment Sesson 1 and
Assessment Sesson 2 (p<.05). In the digraction condition, mean reaction times were
sgnificantly faster a8 Assessment Sesson 2 compared with Assessment Sesson 1 and
Assessment Session 3. (p<.05).
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Figure 6.2 Mean reaction times (in seconds) to detect primary hazard by Assessment
Session and Viewing Condition.

6.2.2 Accuracy to detect hazards

For each participant, the computer program recorded the number of correct mouse clicks
(i.e, hits) on the primary and secondary hazards in each traffic scenario (based on the
expert ratings). Mean hit-proportions for each participant were then caculated from the
ratio of correctly identified primary and secondary hazards for each traffic scenario to the
total number of possble hits in each traffic scenario. Hence, a higher hit proportion
indicates more accurate performance at identifying primary and secondary hazards. Mean
hit proportions for novice and experienced drivers were compared usng a mixed design
ANOVA with the same factors as in the reaction time andysis.

The reallts of the ANOVA show that there was a dgnificant main effect of Driving
Experience (f(1,50) = 11.35, p<.0l). Figure 6.3 shows that experienced drivers were
sgnificantly higher hit proportions for detecting primay and secondary hazards than
novice drivers.
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Figure 6.3 Mean hit proportions as a function of Driving Experience

The ANOVA dso found a dgnificant man effect for Viewing Condition (f(1,50) = 7.71,
p<.01) and Testing Session (2,100) = 5.29, p<.01). There were no sgnificant interactions.
The reaults of the ANOVA show that, irrespective of driving experience, mean hit
proportions were dgnificantly higher in didraction conditions that in non-digtraction
conditions (see Figure 6.4). Furthermore, post-hoc comparisons reveded that participants
hit proportions were dgnificantly greeter in the find teding sesson than in the firg or
second testing session (p<.01) (see Figure 6.5).
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Figure 6.4 Mean hit proportions as a function of Viewing Condition
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Figure 6.5 Mean hit proportions as a function of Testing Session.

6.2.3 Summary of quantitative results

The mgor finding of the quantitative analyss has shown that experienced drivers are faster
and more accurate a detecting hazards than novice drivers. Additiond findings were that
the presence of digdracters in the traffic scenarios influenced both reection times and hit
proportions. Irrespective of driving experience, fadter reaction times and higher hit
proportions were observed for detecting hazards when distracters were present in the traffic
scenarios. Both groups of drivers aso demondrated improved performance over time.
Paticipants reection times to detect the primary hazard improved over time in both
digraction and nondigtraction conditions, and hit proportions recorded in the fina testing
sesson were sgnificantly higher than in the previous testing sessons.
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7. HAZARD PERCEPTION DISCUSSION

The am of the quditative andyds was to gan a better underganding of what type of
objects novice and experienced drivers consdered hazards. This included an assessment
of the dze, location, vehicle type, whether the object was dationary or moving, and
whether the object was near or far. A consgtent finding was that novices focus attention
on hazards in the joining lane and subsequently are significantly poorer than experienced
drivers a detecting hazards in ther own lane.  This may partly contribute to the finding
that novices have a tendency to be involved in rear-end collisons (Evans, 1991). That is, it
is posshle that they expect hazards to arise from joining lanes and therefore pay more
atention to these lanes, and less atention to their own lane, resulting in collisons with the
vehicle immediately in front. It is possble that they have a generd preference for aress
other than the driver's own lane. Indeed Mourant and Rockwell (1972) found that novices
hed a tendency to fixate to their right when searching for hazards. Whilgt the joining lane
in the current study was generdly on the driver's left hand sde, Mourant and Rockwell’s
(1972) findings lend support to the notion that novices have a tendency to fixate away from
the driver'sown lane.

Novices peformed worse a detecting moving hazards in comparison with experienced
drivers. This finding is condstent with Soliday (1974), who found that novices tended to
report fixed objects as more dangerous but experienced drivers identified more danger
from moving objects.  This indicates that novices may have difficulty in understanding the
hazardousness of a moving object (eg. a vehide in the traffic flow), particularly because
the medium used here was photographs.

The results of the quantitative andyses show consgtent differences between novices and
experienced drivers in ther hazard perception skills in that experienced drivers were faster
in detecting the primary hazard than novices and were dso more accurate in detecting
hazards overdl. That is, on both performance-based aspects of hazard perception a
consgent difference was found between drivers as a function of the amount of driving
experience. This is congstent with the research of Quimby et d., (1984) and McKenna
and Crick (1994).

The finding that dl participants were conddently faster to detect the primary hazard in the
digraction condition and adso more accurate in detecting hazards is less clear.  When
participants were asked to detect hazards and concurrently monitor and recdl the number
of red, blue and green circles, they detected the primary hazard faster than when they were
not required to recal the number and colour of circles and they also detected hazards more
accurately overdl. There are two interpretations of thisfinding.

The firg interpretation is that participants perform better in the digtraction condition
because of the order that they completed the tasks, nontdistraction and distraction
conditions respectively.  Such a practice effect cannot be ruled out without further
investigation. A sample of drivers would need to be assessed with the order of tasks (non
digraction and distraction) counterbalanced. The second interpretation is that under the
increased pressure, participants were more motivated to detect the hazards quickly and
were dso able to detect hazards more accurately. Neither interpretation is conclusive but
both are equally plausible.

Assessments of paticipants hazard perception &bility usng both a quantitative and
quditative agpproach provides richer support for the notion that novices misperceive
paticular hazards, are less accurate and are dower in identifying hazards compared to

LEARNER DRIVER EXPERIENCE PROJECT 21



experienced drivers.  Use of a hazard perception photograph task with a concurrent
digraction task has been successful in measuring differences in novice and experienced
drivers hazard perception, however, firm conclusons as to the way this skill develops
requires further research, and from more dynamic tasks (videos, smulator usng eye-
movement technology). The am of the video hazard perception task, which will be
andysed in a subsequent stage of the project, is to add to our understanding of how hazard

perception develops.
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8. SITUATION AWARENESS LITERATURE

Drivars  immediate memory of thar environment, and ther &bility to predict the
immediate future actions of other road users is a critica kill for red-time tasks, such as
driving, flying or air traffic control. Immediate memory and prediction are two keystones
of the concept of gStuation awareness (Enddey, 1995). According to Enddey, Stuation
awareness can generally be understood as the performer’s knowledge of “what is going
on’. Enddey (1995) defines Stuation awareness as “the perception of dements in the
environment within a volume of time and space, the comprehenson of their meaning, and
the projection of their satus in the near future’ (p. 36). Thus there are three levels within
dtuation awareness, perception, comprenenson and prediction. Therefore, dtuaion
awareness requires perceiving the datus, attributes and dynamics of relevant festures in the
environment. It dso requires underganding of the importance of these features in the
environment with respect to the percelver's goals, and the projecting of future actions of
the dements in the context based on previoudy sored knowledge and/or information
gained from perception and comprehension (Enddey, 1995).

According to Enddey, the three levels depend upon pre-attentive processing, atention and
working memory.  Smilaly, Adams, Tenney, & Pew, (1995) argue tha atention and
memory modulate the comprehension of the flow of events in Stuation awareness. For this
reason, many studies of dtuation awareness have employed a dud task paradigm, in order
to assess the extent of the atentional demands of particular tasks. Initidly research effort
on dgtuation awareness has been largely confined to the assessment and improvement of
pilot performance. However, dtuation awareness has been invoked more recently to
account for differences in prediction between novice and expert tennis players (Rowe &
McKenna, 2001) and, more relevantly, by Gugerty, (1997) in an invedigation of how
people monitor changing spatid information in asmulated driving task.

Gugerty, (1997) invedigated drivers knowledge of the location of traffic cars with direct
recal measures and indirect measures of peformance in a driving smulator through a
persond computer.  Participants viewed animated driving scenes from the driver's
viewpoint and were able to view the rear, left and right sde mirrors to track the location of
cars behind them. The scenes lasted from 18-35 seconds and participants were instructed
to imagine that their car was on automeatic pilot so that their attention was not directed
toward seering. At the end of each scene knowledge of other vehicles in the traffic scene
was assessed on  three different  conditions: recal, peformance and combined
performance-recall.

For the recdl condition the participants used a mouse to indicate the location of the cars
present at the end of the scene using a bird' s-eye view layout of the road, afterwhich they
received feedback by viewing the correct locations of the cars. In the performance
condition participants were able to make driving responses (i.e. acceerating, decelerating)
whilst the moving scenes were being viewed. For some of the trids, a driving response
would be required due to a hazardous incident. If participants responded whilst watching
the scenes the scene stopped and they received feedback as to their accuracy. Both
methods were combined whereby participants gave driving responses whilst viewing the
scenes and then recdled the location of cars a the end of each scene  In these
performance-recall conditions, feedback was postponed until the participant had recdled
the location of cars.

Reaults indicated that participants ability to recal location of cars accuraely was effected
by the level of traffic. That is, with incresse in memory load there was a decrease in the

LEARNER DRIVER EXPERIENCE PROJECT 23



percentage of cars recdled and accuracy in edimating their location. Moreover, this
increese in number of cars affected memory load more dgnificantly in the performance-
recdl condition than the recal only condition. That is, when participants were required to
both remember and recall the location of cars and concurrently avoid hazards they were
more affected by an increase in the number of cars than when they were required to recdl
the number of cars done.  When treffic levels were high, participants focussed their
dtention on a sndl number of the cas.  This dtention focusing was adso more
pronounced in the performance-recall condition.

Gugerty (1997) ds0 invedigated how participants recal ability changed when they were
not actively controlling the traffic scene (recal condition) compared to when they had
active control over the traffic scene (performance-recadl condition). According to Gugerty
(1997), previous research suggested that participants were more dtentive and generdly
more accurate when actively controlling a driving Stuation (Triggs & Drummond, 1993;
Laish & Anderson, 1991, cited in Gugerty, 1997). When recal from the recal-
performance condition was compared with the recdl only condition, the recdl-
performance condition reveded poorer overdl recdl performance and greater decrease in
the number of cars recdled (as memory loads increased), suggesting that active control
over the driving Stuations did not increase participant’'s atention and accuracy. However,
participants ability to recadl the locatiion of cars was better when participants were
recdling nearby cars for those dtuations where there was a hazard. As a reault, Gugerty
concluded that when active control was given for a driving Stuation, participants focussed
atention on the specific rdevant information required for safe driving (the location of the
nearest cars in hazardous scenes) more so than when they have less control.

This sudy by Gugerty (1997) is particularly important because there are very few studies
that have comprehengvey invesigated Stuation awareness in driving tasks. The research
provides ingght into how drivers dtuation awareness is affected by memory load and how
ther ability to view traffic scenes changes depending on whether they have active control
of the driving dtuation. It did not, however, control for driving experience, and therefore
does not provide indght into differences between novices and experienced drivers, or how
this complex driving skill may develop. The literature on novice-expert differences in non
driving related tasks has found that novices and experts differ vagtly on ther ability to
perform tasks in dynamic decison-making environments (Bransford, Brown, & Cocking,
1999). Importantly, it is suggested that these differences may be due to the differences in
perceving meaningful information patterns and to associate a required action with such
patterns.  Furthermore, the ability to perceive and associate actions with these patterns is
developed through experience and practice (Bransford et d., 1999). This is a fundamentd
assumption for the study into novice and experienced drivers Stuation awareness.

The current Sudy is reated to Gugerty (1997) in that the am is to investigate how drivers
dtuation awareness is affected by memory load, usng a secondary task. In addition, the
current study assesses how Stuation awareness affects memory load for novice versus
experienced drivers. The participants are taken from the same sample from the hazard
perception tasks (see Chapter 3). The current study tracks a group of drivers starting from
when they have minimd, if any, driving experience (pre-learners), and assesses how their
Stuation awareness changes over the course of learning to drive, by assessing therr sills at
the learner driver phase and probationary licence phase. An experienced driver group is
included for comparative purposes, and tasks to increase menta load. There are severd
aspects of interedt, including differences in novice and experienced drivers ability to
understand the traffic environment around them, and the effect of varying menta load on
performance of the situation awareness task.
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9. SITUATION AWARENESS METHOD

9.1 PARTICIPANTS

All paticipants were from the same sample that had completed the hazard perception tasks
(when participants were assessed on the hazard perception task, they adso completed the
Stuation awareness tasks). For specific detalls of the sample see chapter 3. Andyses of the
dtuation awareness data included participants that had completed the first assessment
session only. There were 86 novices and 20 experienced drivers.

9.2 DEVELOPMENT OF STUATION AWARENESSTASKS

Two dtuation awareness tasks were devised. The Situaion awareness location task aimed
to test drivers ability to remember the location of vehicles after a brief digplay of a traffic
scene ugng digitad photographs.  The dtuation awareness prediction task amed to test
drivers ability to predict the location of vehicles after brief display of atraffic scene.

9.2.1 Situation awarenesslocation

The photographs used in the dtuation awareness location task were taken usng a digita
camera mounted on a tripod in the front of a passenger vehicle, smilar to the scenes used
in the hazard perception task. The scenes were taken from the driver’s perspective (the
view through the front windscreen) on main roads and a mgor intersections in outer
Melbourne suburbs.  The photographs were predominantly taken on two and three-lane
roads separated by a median drip.  Scenes included the driver gpproaching traffic lights,
roundabouts, and driving dong two-way roads with turning lanes and entry points.
Vehicles included cars, trucks, buses, and motorcycles. Additiona objects in the scene
included roadwork dgns, and school crossng supervisors.  All scenes were taken in dry
wesether conditions during the day with sufficient light.

9.2.2 Situation awareness prediction

The videos used in the Stuation awareness prediction task were taken using a video camera
mounted on a tripod in the front of a passenger vehicle. The characteristics of the traffic
scenes were generdly the same as the digitd photographs (i.e. characteridtics including
road types, vehicles included, weather conditions).

9.3 PROCEDURE

9.3.1 Situation awarenesslocation

For the Stuation awareness locaion task, participants viewed 25 photogrephs for five
seconds each.  Similarly to the hazard perception task, there were two conditions, non
digraction and didraction (completed second).  Each individua viewed the same
photographs, which were presented in random order. They were indructed that after the
photograph disappeared they would need to provide information about the road layout,
including the number of lanes on the driver's Sde of the road, the podtion of the lane in
which the driver's vehicle was located, and the locations of up to three closest vehicles. A
number of road layouts then agppeared on the screen, representing a choice of number of
road lanes and the position of the driver’ s vehicle within the lanes (see Figure 9.1).
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Figure 9.1 Road layout options for the situation awareness location task

After the participant sdected a layout, a grid appeared which corresponded to the road
layout selected, with the driver’s vehicle in the bottom row. Participants were asked to
click on the grid squares corresponding to the location of up to three other vehicles in the
scene (see Figure 9.2).

Figure 9.2 Grid to input location of closest three cars

This task was then repeated using a second set of 25 photographs and adding the same
digtraction task as used for the hazard perception task. Participants were instructed to count
and recdl the number of circles by colour whils memorisng the road layout and vehicle
pogitions, with each task equaly important. For the distraction condition, circles coloured
red, blue or green (gpproximatedy 15 mm in diameter) appeared randomly in a centrd
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postion below the photographs. For this condition, after sdlecting a layout and completing
the grid locations, participants were prompted to enter the number of red, blue and green
circles. Check the flow of points here

9.3.2 Situation awareness prediction

Paticipants next viewed eight videos clips that ran for 10 seconds each. They were
informed that, after a 10-second interval, the screen would be blank for five seconds. They
were ingructed to predict the road layout and the location of the closest tree cars relative
to their own car five seconds after the video had ended. That is, they needed to predict
how the scenario progressed during the five-second period while the screen was blank.
Response options were the same as those for the Stuation awareness location task. The
same eight video clips, presented randomly, were shown to dl participants. The prediction
task was then repeated with a second set of eight video clips (presented randomly) with the
addition of the digtraction task (as for the dill photographs). Participants were ingtructed to
treat the Situation awareness and distraction tasks as equally important.

LEARNER DRIVER EXPERIENCE PROJECT 27



28 MONASH UNIVERSITY ACCIDENT RESEARCH CENTRE



10. SITUATION AWARENESS DATA ANALYSES

As previoudy indicated, the results only include the fird assessment sesson. In order to
asess the accuracy of driver's responses to either the actua (Stuation awareness location)
or the predicted location (Stuation awareness prediction) of the vehicle, the mean
Euclidean distance between the remembered postions of the closest three vehicles to the
actual pogtion of each vehicle was caculated and averaged for each picture. These were
subsequently aggregated into the three different categories of road layout; single, two or
three lanes. Novice and experienced drivers are compared, for both Stuation awareness
location and Stuation awareness prediction, on performance on the digraction task, the
effects of the didtraction task on memory for own postion, road layout, memory for actua
location of other traffic or prediction of location
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11. SITUATION AWARENESS RESULTS

111 SITUATION AWARENESSLOCATION TASK

11.1.1 Distraction task

There was no difference between novice and experienced drivers performance on the
digtraction task (t103= 0.377, ns).

11.1.2 Own postion

Drivers remembered their own lane pogdtion very wel in the non-distraction conditions
(5% error), but rdiably less well under digtraction (10% error; Fjp103= 12.153, p<0.001).
Novice and experienced drivers performed this task equaly well (F<0.3).

Novice and experienced drivers are compared, for both Stuation awareness location and
dtuation awareness prediction, on the effects of the digtraction task on memory for own
position, road layout, and memory for actud location of other traffic or prediction of
location.

11.1.3 Road layout

By sdecting only those cases where drivers remembered their own postion accurately, the
ability for drivers to remember the road layout can be assessed. A mixed three-way
ANOVA (layout, digtraction, experience) reveded that experienced and novice drivers
remembered road-layouts equaly wdl (F1103= 1.256, n.s), but that more complex layouts
were less well remembered than smple layouts (F2 206= 3.738, p<0.05), and that memory
for layout was worse in the didtraction conditions (F1103= 20.945, p<0.001). Only one
datigticaly relidble interaction was observed. This showed that the effects of digtraction on
road-layout memory were to make dl dtuation layouts equaly difficult (F2206= 6.633,
p<0.005, see Figure 11.1).

25%

20% A
5 15% A Non-Distraction
LE 10% B Distraction
N oml owl
% == .
Single lane Two lanes Three lanes
Road Layout

Figure 11.1  Effect of distraction on memory for road layout

11.1.4 Occupation of lanes

By virtue of specifying where the closest three vehicles were located, participants indicated
which lanes were occupied with vehicles. Before considering errors in actua locetion, it is
worth conddering memory for podtion of vehices a& a more coarse leve, i.e. whether
paticipants correctly identified empty lanes and those with traffic.  Didraction
subgtantialy reduced memory for whether the lanes seen were occupied (F19s= 128.289,
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p<0.001) and performance was better on single-lane roads than multi-lane roads (F2 196=
39.275, p<0.001). These two main effects interacted rdiably (F2,106= 29.297, p<0.001, see
Figure 11.2). Although reliably reduced for each road type, memory for whether lanes
were occupied was effected the most for sngle lane roads. Experienced drivers (83%) were
more accurate than novices (80%) at remembering whether or not lanes were occupied
(F1,08= 4.227, p<0.05). No other results were Satistically reliable.

100%
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40%
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Road Layout

Figure 11.2  Effect of distraction on memory for lane occupation

11.1.5 Memory for location

The mean Euclidean distance between the remembered postions of the closest three
vehicles to the actua pogtion of each vehicle was cdculated and averaged for each
picture. These were subsequently aggregeted into the three different categories of road
layout. Mean remembered location error was affected by road layout (F2206= 56.720,
p<0.001 ) and distraction (1 103= 69.439, p<0.001). These main effects interacted reliably
(F2,206= 95.382, p<0.001, see Figure 11.3).
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Figure 11.3  Effect of distraction on memory for vehicle location

Although there was no main effect of driving experience on remembered location error
(F<1), there was an important interaction between the effect of didtraction and driving
experience (F11030= 5.395, p<0.05, see Figure 11.4), which reveded a much larger effect
of digraction on novice drivers than on experienced drivers. The effect of didtraction is,
somewhat surprisingly to make remembered locations more accurate. This arises because
both novice and experienced drivers tend to remember vehicles as being closer to them
than they actudly were, with novices having a grester tendency to do this than experienced
drivers. This bias is reduced when drivers are distracted, such that their underestimation of
remembered distance is reduced.
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Figure 11.4  Effect of experience and distraction on memory for vehicle location

11.1.6 Summary of stuation awar eness location task

In summary, drive's memory for ther own locetion, ther road environment and
particularly the location of other traffic is disrupted by concurrent digtraction, and is dso
influenced by complexity of the road layout. Experienced drivers were more accurate than
novices a remembering whether or not lanes were occupied. An interaction was found
between digtraction and driving experience in tha didraction effected novice drivers more
than experienced drivers ability to remember the location of the closest three cars.

11.2 PREDICTION OF FUTURE LOCATION

11.2.1 Distraction task

In contragt to the effect of watching and attempting to remember the location of cars from
viewing digitd photographs, peformance of the didraction task was Subdantidly
disrupted when drivers watched videos in order to be able to predict the future locations of
the vehicles they saw. More importantly, the concurrent demand of the prediction task
lead to worse performance by novice drivers more than it did for experienced drivers (103=
2.619, p<0.01).

11.2.2 Own postion

There are dso noteworthy differences between the results reported above for the memory
tasks and performance on the prediction task. Drivers memory for thelr own postion was
disrupted by digraction (F1101= 11.054, p<0.001), with drivers remembering their postion
a being further to the right than it actudly was, but was uninfluenced by driving
experience (F<0.01).

11.2.3 Road layout

Drive's memory for number of lanes was unaffected by digtraction (Fi101= 2.400,
p>0.12). There was a margina effect of driving experience F1,101= 3.256, p<0.074), such
that experienced drivers were marginaly more accurate (85%) than novices (79%). This
was unaffected by concurrent distraction.
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11.2.4 Prediction of location

Drivers predictions of the podtions of the three closest vehicles were compared with the
actud podtion those vehicles would have occupied had the video continued. These were
averaged across vehicles and videos and submitted to a two-way ANOVA to assess the
effects of digraction and driving experience on prediction accuracy. Predicted postions
were less accurate when the videos were watched under the distraction condition 1 103=
12.237, p<0.001), but were unaffected by driver experience (F<0.1).

A further andysis was caried out in order to assess whether drivers  predictions of
position were closer to the predicted vaue, or to the position those vehicles occupied when
the film ended. Assuming that drivers were attempting to predict podtions after five
seconds had dapsed, rather than merdy remembering where the vehicles had been when
the film ended, the error between drivers edtimates and actud future postions should be
less than that between drivers edtimates and remembered find pogtion. A highly rdiable
main effect demondrates that this was the case (F1103= 23.456, p<0.001). The remaning
results are dmilar to those reported earlier, with one exception: that distraction increased
the difference between predicted and actud future pogtion (Fi103= 4.607, p<0.05, see
Figure 11.5). That is, accuracy of predicted postion deteriorates in the digtraction
conditions, and the predictions made tend to be closer to what drivers would have most
recently seen. This result was unaffected by driving experience (F<0.01).
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Figure 11.5 Effect of distraction on memory for prediction

11.2.5 Summary of stuation awar eness prediction task

The dtuation awareness prediction task has shown that dl drivers remembered their
pogition as being further to the right than it actudly was.  Experienced drivers were more
accurate than novices in predicting the road layout. No other effects of experience were
found. The &bility to predict the location of the closest three cars was less accurate when
the videos were watched under the distraction condition. Participants predicted postions
of the closest three vehicles were compared with the vehicles actua postions when the
video ended. This indicated that for the distraction condition predictions tended to be
closer to what drivers would have most recently seen.

34 MONASH UNIVERSITY ACCIDENT RESEARCH CENTRE



12. SITUATION AWARENESS DISCUSSION

In terms of differences between novice and experienced drivers dtuation awareness, the
results reveded that experienced drivers were more accurate than novices in remembering
whether or not lanes were occupied and predicting the road layout. Distraction effected
novice drivers more than experienced drivers ability to remember the location of the
closest three cars. The reader is reminded that the novice driver sample had none or very
little driving experience, compared to the experienced drivers with a lesst ten years
driving experience.

The concurrent demand of the distraction task led to poorer accuracy in remembering the
location of their car, road layout, and particularly remembering and predicting the location
of the closest three cars.  In addition, when required to predict the location of the closest
three cars in five seconds time, these tended to be closer to what drivers would fave most
recently seen in when concurrently completing the distraction condition.

An interesting finding from the Stuation awareness location task reveded that the effect of
the digtraction condition was to make dl road layouts equdly difficult. This is interesting
in tha a typica patern of dud task interference is to amplify tasks that are dready
difficult, whereas what the results showed was that memory deteriorated reliably for each
layout type, but subgantidly the grestest deterioration was in the smplest condition. This
may have arisen because of the forced choice nature of the task.

Novices were sgnificantly more accurate in remembering the location of the closest three
vehicles when under digraction. This occurred because both novice and experienced
drivers tend to remember vehicles as being closer to them than they actudly were, with
novices having a greater tendency to do this than experienced drivers. This bias is reduced
when drivers are didtracted, such that thelr underestimation of remembered distance is
reduced. Gugerty (1997) dso found such a bias whereby participants underestimated the
location of far cars and marginally overestimated the location of cars that were near.

The results reveded that accuracy in remembering location of cars decreased with traffic
levd. Thus performance on the Stuation awareness task was affected by memory load.
This finding is dso conagent with the research findings of Gugerty (1997). However,
Gugety found that under high memory load dtudions, where participants had to
concurrently detect hazards and recdl the location of cars (performance-recdl condition),
participants focussed their attention on a subset of cars (near cars) for hazardous Stuations
and recdled more accuratdy their location then if they were passvey recdling them.
That is, with more attentiona demands the participants were more accurate in
remembering the location of cars if they were near. Thus, for far cars this pattern was not
maintained.

Gugerty (1997) atributed this pettern to the notion that in the performance-recal
condition, participants had active control over the driving Stuation, which is wha he
hypothesised based on previous research (eg. Triggs & Drummond, 1993). The results
from the current study suggest that when participants are required to concurrently count the
number of red, blue and green circles as well as remember or predict the location of the
closest three cars, they perform worse than without concurrent distraction. The distraction
condition is not consdered to be an active control component of the task. Despite these
differences between the Gugerty study and the current study, the increase in accuracy in
the didraction condition reflects a red world driving environment. That is with driver
digraction the &bility to drive safely, including monitoring a cars location, deteriorates.
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A further finding of the results was that there were differences in performance depending
on the type of task (photographs versus videos), because participants were watching scenes
for different purposes (to remember versus predict the location of cars). Under digtraction,
participants performance was more affected by watching videos in preparation for making
predictions than it was affected by waiching digitd photogrgphs with a view to
remembering their contents. There are two plausble accounts of this result. Firdly,
watching moving images is more demanding of cognitive resource than watching ddic
scenes. Secondly, memory and prediction requires different amounts of cognitive resource.
There is little doubt that processng moving and gill images exerts different types or
amounts of cognitive demand. Venturino (1997), for example, has conducted research that
suggests that memory capecity for datic information may be different for dynamicaly
changing information and argued that humans cannot remember many changing vaues
without externd ad. However, snce memory for own podgtion was subject to greater
interference by the same didraction task when meking predictions rather than “merdy”
remembering, it seems reasonable to conclude that the cognitive demand of the tasks being
caried out, as well as the demand imposed by particular formats (photographs versus
videos), both influence performance.

Dexpite these differences in the nature of the visud information presented (i.e digitd
photographs versus videos), the results reported above indicate genuine differences
between the cognitive requirements of remembering where vehicles were and predicting
where they might be within the rdaively near future. This is of condderable theoretica
importance, since it would seem tha the different components of Stuation awareness, firgt
identified by Enddey, do indeed have different resource requirements and are thus
properly regarded as separate from each other. This separation aso has important practica
implications, for areas as different as the education and training of learner drivers and the
dedgn of inrcar sygems. In pat, the sgnificance of these differences depends on whether
the results are showing differences in rdlevant abilities on the pat of the novice and
experienced drivers who paticipated in this study, or a skill that has undergone minima or
ubgantid deveopment. By andysng the results of the second and third assessment
sessonswill provide indght into thisissue.
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13. GENERAL DISCUSSION AND CONCLUSIONS

Accumulation of driving experience is essntid to devdop safe driving habits and
important driving <kills shown to corrdate with crash involvement, such as hazard
perception and gStuation awareness.  This longitudina study has provided indght into the
role of driving experience in the development of hazard perception and Stuation awareness
skills 1t is the fird study to track the development of these skills starting before the novice
hes their learners. Such research is essentid for the development of driver training and
licenang.

The results show clear differences between novice and experienced drivers performance
on a hazard perception and gtuation awareness task which are consgent with past
research. This study has built on the knowledge from previous research in two mgor
ways. It has provided clues as to the location of hazards novices may have a preference
for detecting (i.e. the joining lane). If this pattern of results can be vaidated in subsequent
dudies, it will provide direction for developments in education and training programs for
novices before licensure. Training by ingructors codd include clearer specification and
identification of different types of hazards and areas of the road environment to search
when driving.

Secondly, this is one of very few dudies to investigate Stuation awareness in drivers with
vaying levels of driving experience. In terms of novice experience differences, the results
reveded that novices are less accurate in remembering the number of lanes and whether a
lane was occupied by a car. Furthermore, novices ability to remember the location of
vehides is more affected by distraction than experienced drivers.

Whilst this study has improved our understanding of how novices driver-related
cognitive-perceptud  skills develop, there are severd generd recommendations for future
research. It would be interesting, and worthwhile for training purposes, to pursue the issue
of how specific components of hazard perception develop (eg. speed in identification and
accurecy in identification). The finding that participants were more accurate in the
digtraction condition should be invesigated by pursuing issues of practice effect or
motivationd factors. It is important to understand how novices understanding of hazards
change over time. The hazard perception quditative results included data from the first
asessment sesson only. It is criticadl to conduct an andyss on the third assessment
sesson data in comparison to the first assessment sesson to gain further indght into the
what type of objects novices perceive as hazards, and most importantly, how ther
perception of these objects changes over time.

Our undergtanding of dtuation awareness in drivers could be improved by adopting a
gmilar methodology to previous research that includes a concurrent recal and hazard
perception component to assess the effects of active control on attention.  The existence of
a bias in remembering the location of vehicles should dso be investigated. This may assst
in training novice drivers to be aware of vehicles in a particular area of the traffic scene. In
the long run, findings and further research as mentioned above may assist in reducing the
crash involvement of novice drivers.
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TableA. DataUsed For Analyses

APPENDIX A

All
T1 T2 T3 Assessments
Hazard Perception Quantitetive 4 v v v
Hazard Perception Qudlitative 4 - - -
Situation Awareness v v - -

*Note: All assessments denotes participants who completed al three assessment sessions.
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