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EXECUTIVE SUMMARY

This is the third and fmal report of a programme of research into driver fatigue in
truck accidents. This report presents an evaluation of three commercially available
fatigue monitors based on laboratory testing. The research programme was
commissioned by the Victorian Road Freight Transport Industry Council and funded
by the then Road Construction Authority in May, 1988.

The first repon, Fatigue in truck accidents (Haworth, Heffeman and Home, 1989),
presented two estimates of the involvement of fatigue in Victorian truck accidents and
a review of in-vehicle fatigue countermeasures. The second report was entitled
Information for development of an educational program to reduce fatigue
related truck accidents (Haworth and Heffernan, 1989).

Based on the recommendations of the first report, the Onguard eye closure monitor, a
head nodding monitor (Dozer's Alarm) and a laboratory simulation of the Roadguard
reaction time monitor were tested.

The criteria applied in this evaluation were reliability, threshold and degree of
intrusiveness. An examination of the driver fatigue literature showed that eye closure
and subsidiary reaction time (the measures used by the eye closure monitor and the
Roadguard reaction time monitor) have been found to be valid measures of driver
fatigue.

Laboratory testing took place at night. Subjects watched a videotape which showed
the driver's eye view of daytime driving around a circular test track. All subjects
performed a tracking task which was superimposed on the road scene.

The performance of subjects using the monitors was compared with that of subjects in
the control condition. The three questions addressed were

• Was the monitor able to detect the onset of fatigue?

• Did use of the monitor allow the subject to drive for longer without falling
asleep?

• Did use of the monitor result in less deterioration in performance?

The answer to the fIrst question was generally "yes" for the Roadguard device and
"sometimes" for the other two devices. The answers to the second and third questions
were "no".

Subjects who used the Onguard, Head nodding or Roadguard devices did not drive for
longer without falling asleep. The results may have differed with a larger group of
subjects but this is unlikely based on the lack of clear trends in the four groups of six
subjects used in this study.

The reaction times before and after simulated driving and the measures recorded
during simulated driving (number of long eye closures, total time eyes closed,
tracking error) showed deterioration in performance with time on task but the amount
of deterioration was not affected by which monitor was used (or whether a monitor
was used).
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The fatigue monitors were also evaluated by examining critical incidents.
Performance just before and just after warning signal was analysed to clarify the
immediate effect of the warning. The analyses looked for evidence of

1. An improvement in alertness and vehicle control behaviour following the
warning signal (evident for at least five minutes).

2. A startle response to the warning signal (a deterioration in perfonnance of less
than one minute in duration).

There was mixed evidence of an improvement in alertness and vehicle control
behaviour following the warning signal. Tracking errors appeared to be somewhat
reduced in the two minutes following presentation of the Head nodding alarm. There
appeared to be fewer long eye closures following the presentation of the Roadguard
alarm. No corresponding reduction in tracking errors was noted, however.

There were few instances of a startle response to the presentation of an auditory
warning signal by Dozer's Alarm or Roadguard. Equipment faults with Onguard,
which had been modified to enable continuous recording, made it impossible to assess
the frequency of startle responses to the alarm.

Subjects rated the head nodding monitor (Dozer's Alarm) as the least annoying of the
three monitors and considered it to be the most effective and said they would be more
willing to use and purchase this device. However, these trends were not significant
when subjected to analysis of variance, possibly because of the small number of
subjects in each group. There were no overall correlations between the number of
warning signals presented and responses to questionnaire items.

The reliability of the Onguard eye monitor and, to a lesser extent, the Dozer's Alarm
is reduced by the tendency to slip from the correct position. Redesign of the devices
or more secure attachment could correct this problem, however.

There may be legal issues involved if a driver fell asleep and crashed while using a
fatigue monitor. This issue, while outside of our brief, needs to be investigated.

In conclusion, the devices showed the ability to detect fatigue in some cases but were
not able to maintain alertness and thus prevent performance deterioration. The need
to develop more reliable detectors of driver fatigue still remains. Fatigue detectors
can only be used as a warning to stop driving and rest, not as an aid to prolonging
driving.
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1 INTRODUCTION

This report presents an evaluation of the effectiveness of three commercially available
fatigue monitors:

• the Onguard eye closure monitor
• a head nodding monitor (Dozer's Alarm)
• the Roadguard reaction time monitor.

A review of in-vehicle fatigue countermeasures in Stage 1of this study (Haworth,
Heffeman and Home, 1989) concluded that these devices showed promise and
recommended that they undergo laboratory testing.

In the first section of this report the fatigue monitors are described and the criteria to
be applied in testing are outlined. These were identified in the earlier report as
reliability, criterion level (or threshold) and degree of intrusiveness. The validity of
the fatigue measures underlying the monitors is also examined.

The second section of the report deals with the laboratory testing of the monitors.
The procedures used and results obtained are presented in detail.

1.1 A description of the fati~e monitors

1.1.1 Eye closure monitor

Onguard is an optical electronic eye monitor developed by Xanadu Ltd, an Israeli
company. It is not currently available in Australia. The device consists of a small
infra-red sensing unit which observes the eye, and an electronic processor whiCh
contains batteries, alarm buzzer, and switch (see Figure 1). The device is designed to
be mounted on any standard eyeglass frame.

The electronic sensing unit directs a beam of infrared light at the eye and measures
the reflected light Eye closures are detected as reductions in the amount of light
reflected when the eyelid covers the surface of the eye. The electronic sensing unit
emits an audible alarm when eye closures of longer than 0.5 seconds are detected.

Figure 1. The Onguard eye closure monitor.
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1.1.2 Head nodding monitor

A number of companies have marketed simple devices to monitor head nodding by drivers.
The devices consist of an ear piece which hooks over the ear and contains a battery, an alann
and an angular rotation detector (see Figure 2). When the driver's head nods forward beyond
a predetermined angle, the device buzzes loudly.

The monitor tested in this study was the Dozer's Alarm which is marketed in Australia.

Figure 2. The Dozer's Alarm head nodding monitor. The on-off switch (A) and
sensitivity adjuster (8) are shown in the left panel. Positioning of the monitor is shown
in the right panel.

1.1.3 Reaction time device

A fatigue monitor based on a visual signal and reaction time clock has been developed by a
Danish company. The device is called Roadguard and consists of an electronic circuit which
is activated when the vehicle is put into top gear. A timer comes on which stops at random
periods after 4 to 14 seconds. When the timer stops, a red lamp lights up on the instrument
panel. The lamp can be switched off using either of two light touch contacts on the steering
wheel or a foot switch. If it is not switched off within three seconds an alann buzzer begins
to sound. If the lamp is switched off the timer begins a new sequence.

The device was the invention of a Danish haulage contractor and the manufacturer claims that
it can be fitted to most trucks in approximately two hours.
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2 CRITERIA APPLIED IN EVALUATING FATIGUE MONITORS

The review of in-vehicle fatigue countermeasures identified three criteria which

should be applied in evaluating fatigue monitors. These were reliability, criterion
level (or threshold) and degree of intrusiveness.

There is a more basic criterion which can be applied to a fatigue monitoring device:
is the measure used a valid one? For the eye closure monitor and the Roadguard
reaction time device, this can be answered, at least partly, by reference to data we
have collected in studies of the fundamental nature of fatigue conducted for the
Federal Office of Road Safety (Haworth, Vulcan, Triggs and Fildes, 1989). The issue
of validity will be addressed in Section 2.4.

2.1 Reliability

The reliability of in-vehicle fatigue countermeasures has been identified as an
important issue by other researchers (e.g., Laurell, personal communication, 1988). If
drivers learn to depend upon the device it needs to always detect the presence of
fatigue and rarely give false alarms.

2.2 Threshold

The threshold of a device is the level of driver fatigue that is reached before the
device warns the driver of danger. A warning given too early is equivalent to a false
alarm but failure to warn the driver before he or she falls asleep at the wheel may
render the device ineffective.

The threshold of the Roadguard device may be inappropriate. The length of time
which elapses between the light coming on and the device sounding an alarm is three
seconds. For the device to be useful, fatigue must be detected quickly in order to
enable the driver to avoid a possible accident. Lisper, Laurell and van Loon (1986)
found that drivers who fell asleep at the wheel, in an experiment involving driving
around a closed circuit track, did so for brief periods only, ranging from 0.5 to 1.5
seconds. By setting the threshold reaction time (RT) at three seconds it is possible
that detection of drowsiness may not be sufficiently rapid to prevent accidents. This
was further investigated in the laboratory evaluation of the device.

Concern has also been expressed (Hulbert, 1972) that the head nodding monitor may
have an excessively high threshold. It is possible that severe deteriorations in
performance may develop before head nodding occurs.

2.3 DeJree of intrusiveness

The degree of intrusiveness of each device also needed to be established. By this it is
meant the degree to which the driver is aware of the device and the amount of
interference with the driving task. In this study, level of intrusiveness was assessed
by a questionnaire given to subjects at the completion of the laboratory experiment.

Onguard, the eye closure monitor, may not be reliable if it slips on the nose and might
be considered intrusive by drivers because of the obstruction to vision which it
produces. Roadguard, the driver reaction time device, may also be intrusive. While
the manufacturer insists that switching off the lamp in no way interferes with the
driver, the issue of intrusiveness required further investigation. In conducting the
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laboratory evaluation of this device the degree of intrusiveness was assessed.

It should be noted that failure to conform to the criteria does not necessarily imply
that the concept embodied in a device is a poor one. It may be that adjustment of
parameters or redesign would result in an effective device.

2.4 The validity or measures used in the ratilUe monitors

The fatigue measures on which the monitors are based are length of eye closure
(Onguard), head nodding (Dozer's Alarm) and length of subsidiary reaction time
(Roadguard).

2.4.1 Eye closure

Evidence exists that eye closure is a valid measure of driver fatigue and also that it is
a measure which can be directly related to crash risk.

Erwin (1976, cited in Skipper and Wierwille, 1986) reported a series often studies of
drowsiness. He concluded that eyelid position was the "cleanest and most stable
signal" of the physiological and physical variables which he measured.

Studies of fatigue which have measured the frequency of long duration eye closures
have shown consistent results. Beideman and Stem (1977) found that blink duration
increased over time in a simulated driving task but blink rate did not show the same
effect. Goldstein, Walrath and Stem (1982, cited in Stem, Walrath and Goldstein,
1984) ran subjects in a discrimination paradigm for 128 minutes. From the fIrst to the
final fIve minutes of the task, mean blink duration increased signifIcantly and the
number of long duration closures increased. Similar findings were demonstrated in
two 20-minute simulated driving sessions by Stem, Beideman and Chen (1976, cited
in Stem et al., 1984).

Research conducted by the authors for the Federal OffIce of Road Safety has shown
that the frequency of long eye closures (>500 msec, the criterion used by Onguard)
increases with time on task in night-time driving whether on the test track or in the
laboratory (Haworth, Vulcan, Triggs and Fildes, 1989).

The same research demonstrated a relationship between long eye closures and
deterioration in lateral positioning. In fIeld testing both the number of lane excursions
and the frequency of long eye closures increased with time on task in night driving.
In the laboratory, tracking errors and the frequency of long eye closures both
increased with time on task. There was a significant positive relationship between
frequency of long eye closures (greater than 500 msec) and tracking error for 5 of the
6 daytime subjects and 3 of the 6 night-time subjects.

A number of authors have pointed out the close relationship between eye closure and
crash risk. Skipper and Wierwille (1986, p.529) stated that

Drivers simply cannot perform the driving task with their eyes closed.
The more closure there is, the more hazardous driving becomes. Even
short periods of closure can cause delays in event detection and poorer
lane tracking performance.

NiUitiinenand Summala (1978), in a review of problems associated with operationally
defIning and validating fatigue measures, concluded that falling asleep at the wheel is
the only aspect of fatigue that has been shown to directly cause accidents. Measuring
eye closure is a reasonably straightforward method of determining whether the driver
is about to fall asleep at the wheel, or has already done so.
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2.4.2 Head ooddio&

While head nodding devices have been available for many years (Hulbert, 1972), less
is known about the role of head nodding in driver fatigue.

Underlying the development of these products was the assumption that head nodding
occurs at the onset of fatigue. Hulbert (1972) noted that alertness often decreases

substantially before the head begins to nod. There is therefore some possibility that
head nodding monitors may sound the a1ann signal too late for safety.

2.4.3 Subsidiary reaction time

Subsidiary reaction time is the latency of responding on a task performed
concurrently with driving. It should be distinguished from reaction times of tasks
involved in driving, e.g., brake reaction time. The latter class of reaction times has
not been found to provide satisfactory measures of driver fatigue (Mast, Jones and
Heimstra, 1966; Dureman and Boden, 1972).

A large body of research utilizing subsidiary reaction time as a measure of fatigue has
been conducted by Lisper in Sweden and Brown in the United Kingdom. They
reported a consistent rmding that subsidiary reaction time increases with hours of
continuous driving, indicating that this measure is a reliable index of fatigue (Brown,
1967; Brown, Simmonds and Tickner, 1967; Lisper, Dureman, Ericsson and Karlsson,
1971; Lisper, Eriksson, Fagerstrom and Lindholm, 1979; Lisper, Laurell and Stening,
1971; Lisper, Laurell and van Loon, 1986).

Laurell and Lisper (1976) found that reaction time to an auditory stimulus increased
with time on task for subjects who were driving but not for subjects travelling as
passengers or for subjects in a stationary vehicle. This suggested that reaction time
measurement per se does not promote its own deterioration. Laurell and Lisper
(1978) found a high correlation between reaction time and detection distances to
roadside obstacles, indicating that reaction time is a valid index of fatigue.
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3 METHOD OF TESTING

3.1 Experimental desip

The experiment had four conditions which corresponded to the testing of each of the
three devices and a control condition. A different sample of six subjects served in
each condition.

All subjects were tested between 9.30 pm and 3 am.

3.2 Subjects

Usable data were collected from 24 subjects (17 males, 7 females). Data from one
subject in the Roadguard condition were discarded because of malfunctioning of the
eye closure recording equipment. Another session was terminated by an electrical
failure.

Subjects were recruited from local service and car clubs and Monash University. A
Health and Driving History Questionnaire (see Appendix 1) was administered to
potential subjects.

Persons with a history of epilepsy, seizures or unexplained periods of
unconsciousness were not permitted to participate in the study. It was thought that the
repetitive pattern of visual stimulation might have adverse effects on such persons.

Individuals who were taking prescription drugs which might affect their sensitivity to
driver fatigue were excluded. Subjects were asked to report whether they were taking
antidepressants, antihistamines (including cold preparations), sedatives or
tranquilizers. They were also asked if they were taking any other type of medication.

One subject reported using Ventolin for asthma and four subjects smoked but not
heavily.

Each subject held a current driver's licence and was not required to display P-plates.
Details of subjects' age and driving experience are contained in Table 1. These data
were collected because a Swedish study found that subjects with little driving
experience appeared to be affected differently by an extended period of driving than
were experienced drivers (Lisper, Laurell and Stening, 1973). The data collected
from two older subjects did not appear to differ from those of younger subjects (see
Appendix 4).

Estimates of yearly kilometres driven varied considerably among individuals, ranging
from 1500 km to 110,000 km. Most estimates were between 10,000 and 30,000 km.
Many subjects experienced difficulty in making an estimate and two subjects in the
Roadguard condition were unable to do so. Because the accuracy of the estimates is
likely to be very low, the results were not analysed as a function of estimated annual
kilometres driven.
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Table 1. Mean and standard deviation of age and driving experience of subjects.

Group

AgeExperience

Mean

SDMeanSD

Onguard

23.51.8 5.51.8

Head nodding

34.117.2 12.715.9

Roadguard

23.03.6 4.83.8

Control

30.318.1 10.014.3

3.3 Equipment

A videotape of travelling around the circular track at General Motors-HoIdens'
Proving Ground at Lang Lang was used as the road scene. The circular track has four
lanes each banked with neutral camber for a given speed. It has a circumference of
4.7 km. The surface is in good condition and is reasonably smooth.

The vehicle was driven in the second lane from the centre at 90 km/hr. The lane
markings are single unbroken white lines on both sides of the lane which are in good
condition.

Filming was from inside a VN Commodore station wagon using a CCD video camera
mounted as near as possible to the driver's eye position. The videotape was VHS
format and sound was recorded at the same time with the car windows closed.

Filming took place between 11.45 am and 12.30 pm on a sunny day with partial cloud
cover. The 15 minutes of videotape which was steadiest and showed least movement
of the vehicle within the lane was dubbed up to four hours.

The videotape was played on a VHS video cassette recorder and displayed on a 60 cm
colour television monitor.

Tracking stimuli were superimposed on the road scene using a Matrox VGO-AT
video superimposition computer board. The computer board was housed in an
expansion box which was connected to the Toshiba T3100E portable computer.

The tracking target consisted of a small white empty square superimposed on the
video screen. The target was continuously present and moved horizontally across the
screen. The displayed motion was the sum of the movement generated by a ramp
function with an amplitude of half of the screen width and input from the driver's
steering actions.

Every second the computer recorded the elapsed time from the start of the experiment
and the distance of the target from the centre of the screen. Subjects were instructed
to centre the square over the white line to the immediate right of the lane in which the
vehicle was travelling.

A number of modifications were made to the monitors to allow for recording of their
output. A sensor was attached to the alarm mechanism of the commercial head
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nodding monitor (Dozer's Alarm) to allow computer logging of the times at which the
alarm sounded. The Onguard eye monitor incorporated a custom microchip which led
to difficulties in transferring information about alarm times to the computer. To allow
this transfer of information the electronic processing module of the Onguard device
was removed and the signal sent to the computer. The computer was programmed to
emit a tone when an eye closure of longer than 500 msec was detected. The
commercially available Roadguard device is designed for installation in trucks and so
not suited to laboratory testing. To counter this, a model of the device was built from
the manufacturer's specifications. The warning light was mounted on top of the
dashboard and one foot switch was provided for responding (the commercial device
has one foot switch and two touch contacts on the steering wheel).

3.4 Procedure

Subjects began by reading the instructions and signing a consent form (see Appendix
2).

All subjects were tested individually in the MUARC fatigue laboratory. Each subject
sat in a "simulator" comprised of part of a Volvo 200 series sedan. The car was cut in
front of the flre wall and behind the front seats. A computer mouse was attached to
the (modified) end of the steering column to allow movements of the steering wheel
to be recorded by the computer. Steering wheel movements resulted in movements of
the tracking stimulus on the video screen immediately in front of the dashboard.
Operation of other vehicle controls did not have any effect.

Each session comprised the 100minute reaction time task, device testing for four
hours, followed by the 100minute reaction time task.

At the end of testing subjects in the three experimental conditions completed a
questionnaire relating to the perceived usefulness and intrusiveness of the monitor
tested. Copies of the questionnaire may be found in Appendix 3.

Subjects were transported to and from the University by taxi for safety reasons.

3.4.1 100minute reaction time task

The 10-minute reaction time task developed by Lisper and his colleagues (Lisper and
Kjellberg, 1972; Lisper, Tornros and van Loon, 1981) was used in this experiment.
The auditory stimulus was presented at random intervals of between 2.5 and 5
seconds, which the subject was required to "turn off" by pressing a foot switch.
Testing was conducted for 11 minutes and reaction times from the fIrst minute of
testing were discarded as practice data. The mean reaction times for each minute
were calculated.

3.4.2 Test of On~ard eye monitor

The subject tracked the stimulus while wearing the eye monitor. However, when an
eye closure of greater than 500 msec was detected the computer emitted a tone. The
computer recorded eye closures and tracking error.

3.4.3 Test of head nodding monitor

The subject tracked the stimulus on the television screen while wearing the head
nodding monitor and eye monitor. The computer recorded the times when the alarm
sounded in addition to eye closures and tracking error. The sensitivity adjustment at
the rear of the head nodding monitor was set at half-way between the minimum and
maximum positions.
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3.4.4 Test of Roadguard device

The subject tracked the stimulus on the television screen and responded to the
Roadguard stimulus while wearing the eye monitor. The computer recorded the
reaction times to each Roadguard stimulus in addition to eye closures and tracking
error. The eye monitor was adjusted such that the subject could look at the
Roadguard light without the downward glance being recorded as an eye closure.

3.4.5 Control condition

The subject tracked the stimulus while wearing the eye monitor. No alarms occurred
to alert the subject unless the computer did not register a tracking response for 2
minutes (the default value). The computer recorded eye closures and tracking error.
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4 RESULTS

There were two ways in which the performance of the fatigue monitors was evaluated
from the laboratory data. The fIrst method was the straightforward traditional
comparison of performance of subjects in the three experimental conditions and one
control condition. These analyses sought to answer the questions:

• Was the monitor able to detect the onset of fatigue?

• Did use of the monitor allow the subject to drive for longer without falling
asleep?

• Did use of the monitor result in less deterioration in performance?

The second method was an analysis of critical incidents, focussing on perfonnance

just before and just after warning signals were presented and investigating the
immediate effect of the warning. The results of both methods of analysis are
presented here.

It should be noted that the performance of the modified Onguard device was less than
optimum. An audible warning was not reliably emitted each time that the duration of
eye closure was greater than 500 msec. Thus, while the system recorded that a
warning had been presented, it was not always heard. For this reason, no firm
conclusions could be drawn about the effectiveness of the commercial device.

4.1 Comparison of experimental and control aroups

4.1.1 Completion rates

Nine of the 24 subjects tested fell asleep during the experiment These subjects were
awakened and asked to perform the 100minute reaction time task before being driven
home.

The numbers of subjects who completed four hours of testing and the mean duration
of testing for each group are presented in Table 2. Neither quantity appeared to have
been affected by the fatigue warning device used. However, the number of subjects
in each group was probably too small for these crude measures to distinguish between
conditions.

Table 2. Number of subjects who completed four hours of testing and mean
duration of testing for all subjects in each group.

Group

Onguard
Head nodding
Roadguard
Control

No. of subjects

3
4
4
4

Mean duration of testing
(hours:minutes)

3:14
3:21
3:28
3:15
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Analyses of results for the four-hour device tests were complicated by subjects being
unable to complete the session. The means across subjects may be misleading

because of early discontinuation by subjects who were likely to be more fatigued than
those who continued. Nevertheless, these means are presented and interpretations are
suggested by reference to the individual subject data.

4.1.2 lO-minute reaction time test

Figure 3 shows the mean reaction times measured each minute before and after
simulated driving. The only effects to be found significant in the analysis of variance
were the main effect of minutes of testing (F(9, 180)=2.74, p<.O1) and the interaction
of before/after and minutes of testing (F(9,180)=3.07, p<.OI). There was no
significant main effect of condition (F<I) or of before/after testing (F<I). Neither
was the interaction of these factors significant (F<I). The interaction of minutes of
testing and condition (F<I) and the triple interaction of before/after, minutes of
testing and condition (F<1) were both not significant

The complex nature of the effect of minutes of testing was revealed by the trend
analysis. It showed significant quartic and quintic effects of minutes of testng
(F(1,20)=8.97, p<.Ol and F(1,20)=5.58, p<.05). None of the lower level components
were significant.

The effect of before/after on the linear component of the minutes of testing main
effect was significant (F(1,20)=15.30, p<.01).

450.00

400.00

350.00
Mean reaction time

(msec)
300.00

250.00

200.00

- Before

- - After

1 2 3 4 5 6 7 8 9 10

Minutes

Figure 3. Mean reaction times in the to-minute test administered at the
beginning and end of the experimental session.
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4.1.3 Eye closures

The mean number of long (greater than 500 msec) eye closures in each 30 minute
period is presented for each of the conditions in Figure 4. The graph suggests a
general increase in the frequency of long eye closures with time on task. The increase
appeared to be smaller for the Roadguard condition than for the other conditions.

140 1 /'\
-

,..-
- '\ ../-----/ .\.120

.
/

.\
./ ,100 + /

/
80 1

/Number of long
/

- -- .•. --

closures

60/~ ..40 .1
/ ..'

20

···Onguard

-- Head nod

.- Roadguard

- Control

o

0-30 30-60 60-90 90- 120- 150- 180- 210-
120 150 180 210 240

Time period

Figure 4. Mean number of long (>500 ~) eye closures in each ~O·minute
period for subjects in each condition •.

The graphs of individual subjects' eye closures in Appendix 4 provide a check as to
whether the means were distorted by subjects dropping out. The data from individual
subjects in the Roadguard group confIrm that there were relatively few long closures
in the first two hours compared with other groups. The high mean frequency of long
eye closures for the head nodding group may reflect the data of one subject who had a
very large number of long eye closures and completed the session. The other subjects
in the head nodding group showed an increase in the numbers of long closures in the
first hour but no clear pattern after that.

Because of subject attrition, the analysis of variance of frequencies of eye closures
was restricted to the ftrst three hours of testing. This limitation of the data is likely to
have reduced the likelihood of demonstrating a difference due to the fatigue monitor
used. One would expect such differences to be less apparent in the early part of the
session than later in the session.

Analysis over three hours (after removing the data of those subjects who did not
complete the ftrst three hours) showed an effect of time on task, F(5,65)=6.42,
p<.OOl. Neither the effect of condition (F<1) nor the interaction with time on task
(F<1) were signiftcant.
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Total time closed was the second measure of eye closure which was analysed. It is a
measure which should be related to the risk of having a crash - the more time the
driver's eyes are closed, the greater is the probability of missing a crucial event.

The total time closed in each 30-minute period is shown in Figure 5. The graph
suggests that the greatest increase in total time closed was shown by subjects in the
Head nodding group. In the last hour, particularly, subjects in the Onguard and Head
nodding groups seemed to have their eyes closed for more of the time than subjects in
the Roadguard and Control groups.

Inspection of the data for individual subjects (Appendix 4) shows that the large
increase with time on task for subject 6 in the Head nodding group may have
contributed to the large increase apparent in the mean for the group. The increase
with time on task was more consistently evident in the Onguard group.

Unfortunately, analysis of variance had to be limited to data from the ftrst three hours.
Analysis of variance of data from the ftrst three hours of testing failed to ftnd any
effect of condition, P<l, or any interaction of time on task and condition,
F(15,65)=1.03, p>.05. A significant effect of time on task was demonstrated,
F(5,65)=5.83, p<.OOl.

In summary, none of the devices used resulted in fewer or shorter periods of eye
closure than when no device was used.
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Figure 5. The total time closed in each 30-minute period.
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4.1.4 Tracking errors

!he me~ trac~g errors m:ep~sented in Figure 6. '!'here ap~ared to be a general
Increase ill tracking error WIth tlme on task. A large mcrease IS evident in the

Roadguard condition between 90 and 120 minutes. The individual subject data in
Appendix 4 show that this resulted from the data of one subject only (R6) who had
fallen asleep and so had an extremely large error.

Tracking errors on an individual basis seemed to show less fluctuation than, for

example, number of long eye closures. The tracking errors per 30 seconds in Table 4

show much greater variability, however, suggesting that the stability in the graphs in
Appendix 5 may not result from stable performance, but rather that each point
represents 900 observations.

An analysis of variance of tracking errors in the frrst six 3D-minute periods of the
sessions showed no significant effect of condition, F<1. A significant effect of time
on task was observed (F(5,70)=9.78, p<.OOl) but there was no interaction of time on
task and condition (F<1).

In summary, wbile tracking errors increased witb time on task, none of tbe
devices used resulted in fewer tracking errors tban wben no device was used.
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Figure 6. Mean tracking errors in millimetres.

4.2 Roadl:llard reaction times

The mean reaction times to signals emitted by the Roadguard device are shown in
Figure 7. Subject RI appeared often to fail to attend to the red light and to later
respond to the bell. For the rest of the group reaction times appeared to increase
somewhat during the session.
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Analysis of variance was conducted on the data of five subjects during the first three
hours of testing (data of subject RI was excluded). The effect of time on task was
significant, F(5,20)=3.85, p<.05.
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Figure 7. Mean reaction times for each 3O-minute period.

4.3 Analysis of critical incidents

The presentation of warning signals by fatigue monitors should occur in response to
detection of instances of poor performance. We have termed these occurrences,
critical incidents.

It was hypothesised that the presentation of a warning signal could have two kinds of
effects on driver performance

1. An improvement in alertness and vehicle control behaviour following the
warning signal. The improvement should be evident for an extended time
period (at least five minutes).

2. A startle response to the warning signal. This would be likely to result in a
very short-term deterioration in vehicle control behaviour (of less than one
minute in duration).

Intuitively, a startle response might be followed by an improvement in alertness and
vehicle control behaviour. Our concern with startle responses was that they may be
the basis of steering overcorrections upon natural wakening which have been
implicated in some single-vehicle run-off-road crashes.
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4.3.1 Numbers of warning signals presented

As Table 3 shows, the number of times a warning signal was presented varied
considerably between subjects as well as between monitor types. Generally the head
nodding monitor (Dozer's Alarm) presented fewest signals. There is some evidence
that the Roadguard device gave more warning signals later in the session (when
subjects were more fatigued) than earlier in the session.

Table 3. Number of times monitor emitted a warning signal.

1;·I·!111111~llllj!I·IIII:1:i

Mffi~imfi~it}iilrIIJIIfliJ@Jt}t:@iii{rml:::::JI@{f:ffi!#ial:$.Qjijs.f:IIIif)rtff)iffIfff@f;ftftfil:t::::::t::~:~:~:::t:ttttt:~t::tt

::::f~III{.;:..:·:·~:~·::~::~':·'Uwtf.IfIIItI@~i~IffiM~:::::::ttir:ti:ir:::::i:f~~ijti:f::::f::::::::iritl}iff:f;:i;ItHtlIJj~al@:::}}:It;:tt::::r::::Subject No.

134567123456123456

o to 30

12111629 142 5094 1621 2
30 to 60

1510164 119 42 36 83 177 603151
60 to 90

4311 591 30 56 74 87 14 27 439
90 to 120

803 3 18164 86 61 53 11 70 3324
120 to 150

5948 13 101 2729 8774 27
150 to 180

64118 74 8946 194279
180 to 210

59185 3 14837 154 23 105
210 to 240

7438 3 9769 196 11
,

Total
4068 18 34 147 11135373 534 273 232 73976 12 16 20 676

It should be recalled that the modified Onguard monitor did not reliably present
signals each time an eye closure of longer than 500 milliseconds was' detected. The
number of signals recorded in the Table greatly overestimates the number heard by
the subject and so should be treated with caution. There are two reasons for this

1. If the modified device functioned correctly, the number of signals may have
been lower because of an alerting effect.

2. In addition, the commercial monitor does not respond to long closures which
occur within one or two minutes after the presentation of a warning signal. If
this feature had been available in the experiment, the total number of signals
which were presented would have been reduced.

4.3.2 Performance before and after a warning signal

In order to analyse the effects of a warning signal a time window was created for each
signal. This window (or block of data) extended from 2.5 minutes prior to the
presentation of signal to 2.5 minutes after the signal. The aim was to compare
measurements before the presentation of the signal with those after the signal.
Unfortunately the occurrence of signals close together in time meant that windows
overlapped: the after period of a signal sometimes included part of the before period
of the next signal. For this reason straightforward statistical analyses of the data were
not possible. Instead, conclusions were drawn from inspection of the data for a
sample of windows.
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Data from a large number of windows were plotted, portraying the relationship of
occurrences of eye closure and tracking error before and after the presentation of the
signal. In addition, graphs for Roadguard subjects included reaction times. Examples
of graphs for Subject 1 in the Onguard condition, Subject 2 in the head nodding group
and Subject 3 in the Roadguard condition are presented in Appendix 6.

In general, performance after the warning signal was not markedly different to before.
After a warning signal tracking improved a little in the head nodding group and
reaction times appeared to be shorter in the Roadguard group. It is of interest that the
head nodding monitor sometimes gave a signal when no long eye closure had been
detected in the previous 30 seconds. This is surprising because head nodding is
commonly considered to occur while the eyes are closed.

4.3.3 Startle res.ponses

To investigate whether the audible alarm gave rise to startle responses, tracking errors
for the 30 seconds after the alarm (30 seconds after the presentation of the light in
Roadguard condition) were examined. It was considered that startle responses should
occur during that time period and would possibly be of very short duration.

The mean tracking error for the entire 30 second period might hide a fast startle
response and so the mean errors per second were examined. (This is the most raw
level of the tracking data available.) The number of errors which were greater than 80
mm during the 30 seconds following presentation of the alann was counted. Eighty
mm was chosen as the threshold value because it was larger than any of the mean
errors for the 15 minute periods and it was equivalent to the stimulus appearing half
way across the lane on the video presentation. Zero error was represented as the
stimulus superimposed on the lane line.

The number of large tracking errors in the 30 seconds after presentation gives an
indication of the likelihood of a startle response occurring but a comparison with the
number of such errors which occurred outside of this time window is necessary.
Table 4 shows the mean number of large errors per warning signal. It should be noted
that double counting of large tracking errors occurred when time windows for
adjacent warning signals overlapped.

Numbers of large errors were generally lower for the head nodding group. The
number of large tracking errors was greater in the 30 seconds following a signal than
in the preceding 30 seconds for 7/18 subjects. This is likely to have occurred by
chance.

In summary, there was no evidence of a startle response to the presentation of an
auditory warning signal by Onguard, Dozer's Alarm or Roadguard.

4.4 Ouestionnaire results

At the conclusion of the experiment, subjects in the three experimental conditions
were asked to indicate their answers to the following questions by placing a mark on a
line with ends labelled "Not at all" and "Very":

1. How effective do you consider the monitor would be in preventing
crashes from drivers falling asleep?

2. How annoying (or uncomfortable) do you consider the monitor to be?

3. How willing would you be to use such a device on long trips?
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4. How willing would you be to pay $20 to purchase such a device?

The distances from the left end of the line ("Not at all") were measured and means
and standard deviations for each condition were calculated. These data are presented
in Table 5.

Table 4. Mean number of tracking errors greater than 80 millimetres in time
period surrounding the presentation of a warning signal. The time (relative to
the warning signal) at the start of the 3O-secondperiod is cited.

Time Period(mins)

-2.5 -2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0

Onguard
1

3.713.333.593.413.784.983.433.393.203.21
2

2.803.172.903.753.583.863.773.803.883.78
3

3.663.383.363.453.834.663.593.613.293.41
4

2.963.123.653.062.122.773.584.444.214.05
5

0.330.530.420.590.610.580.550.660.500.63
6

1.231.261.271.221.381.251.251.131.321.40
MEAN 2.45

2.472.532.582.553.022.702.842.732.75

Head nodding
1

0.000.000.000.000.000.000.000.000.000.00
2

0.000.581.250.080.670.002.250.000.920.75
3

0.590.000.000.120.290.061.761.000.060.24
4

1.150.401.500.050.550.451.500.450.500.35
5

2.001.991.371.811.371.181.132.012.281.70
6

0.000.000.000.000.000.330.000.000.000.00
MEAN 0.62

0.500.690.340.480.341.110.580.630.51

Roadguard
1

9.349.6910.029.8510.3910.4010.009.789.8810.18
3

0.000.000.500.130.000.000.000.000.000.00
4

0.060.110.283.508.507.113.220.830.000.33
5

2.944.714.444.175.214.853.504.413.623.26
6

7.117.938.068.538.569.6910.278.879.418.98
7

0.000.000.000.000.000.000.000.000.000.00
MEAN 3.24

3.473.884.365.445.344.503.983.823.79

The head nodding monitor (Dozer's Alarm) was rated as the least annoying device
and subjects considered it to be the most effective. Subjects were more willing to use
and purchase the head nodding monitor than the other two devices. One way analyses
of variance were conducted to test whether any of the ratings differed between the
experimental groups. There were no significant effects (Effectiveness: F(2,14)=1.31,
p>.05, Annoyancefmterference: F(2,14)=1.78, p>.05, Willingness to use:
F(2,14)=1.29, p>.05, Willingness to purchase: F(2,14)<1). The clear pattern of
results in Table 5 suggests that the lack of significant effects may have been due to
the small number of subjects in each group.
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The popularity of the head nodding monitor is at odds with the objective measures:
the eye closure measures suggested that subjects in the head noddding group were
more fatigued towards the end of the session than those using other monitors.

Table 5. Subjects' responses to questionnaire about monitor. The mean scale
value is presented with the standard deviation in brackets.

Effective Annoying Willing to use Willing to
purchase

Condition

Onguard

48.7 (46.2)52.8 (31.4)49.7 (38.3)54.0 (38.9)

Head nodding

84.0 (28.1)25.2 (17.6)86.0 (35.1)71.2 (45.4)

Roadguard

59.0 (31.9)54.3 (31.8)66.3 (38.1)51.2 (35.6)

Correlational analyses were carried out on all subjects who used a monitor and then
separately for each group. The matrices of correlation coefficients are presented in
detail in Appendix 5.

The overall analysis showed that subjects' ratings of the effectiveness of a monitor
were significantly positively correlated with their rated willingness to use the monitor
(r=.65, p<.OI) and their rated willingness to purchase the monitor (r=.58, p<.05). Not
surprisingly, there was a significant positive correlation between subjects' willingness
to buy and willingness to use (r=.76, p<.OI). There was a significant negative
relationship between ratings of annoyancefmterference and willingness to purchase
(r=-.60, p<.05).

The correlation between ratings of effectiveness and willingness to use the monitor
was significant only in the Roadguard group (r=.84, p<.05) and in no group was the
overall relationship between ratings of effectiveness and willingness to purchase
statistically significant. The negative relationship between ratings of
annoyancefmterference was significant only for subjects who used the head nodding
monitor (r=-.97, p<.OI). The relationship between willingness to use and willingness
to purchase was not found for subjects in the head nodding group (r=.53, p>.05).

Did the perceived effectiveness or the perceived annoyance depend on the number of
times the device gave a warning? It is interesting to note that the monitor which
received the most positive ratings from subjects was the one which presented fewest
warning signals.

None of the responses to questionnaire items correlated significantly with number of
warning signals when analyses were conducted on the entire sample of subjects.
Subjects in the head nodding group who received more warning signals rated the
monitor as less effective (r=-.89, p<.05). The same group of subjects showed a
significant negative correlation between the number of warning signals and rated
willingness to use the monitor (r=-.89, p<.05). Surprisingly, there was a negative
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relationship between the number of warning signals presented by the Roadguard
device and subjects' judgements of the annoyancefmterference of that device.

It is interesting that the perceived annoyance of Roadguard and Onguard is similar.
This suggests that the necessity to press footpedal did not cause as much irritation as
expected. In addition, the modified Onguard monitor rarely gave an audible warning
signal and so the Roadguard alarm cannot have been considered very annoying by
subjects.

4.5 Informal observations

4.5.1 Onguard

The Onguard monitor tended to become out of alignment because of spectacles

slipping on the nose. We secured spectacles with surgical tape in order to avoid this
problem. Commercially available elastic straps to secure spectacles were tried but
found inadequate to prevent slippage.

The Onguard monitor requires that spectacles be worn but it cannot be attached to
very thick frames or lenses. The manufacturer states that the device will not work
with lenses with reflective coatings but performance did not seem to be affected by
tinted glasses. Onguard appeared to work with drivers who were wearing contact
lenses in addition to the clear glass spectacles to which the device was attached.

Onguard gave some false warning signals with sudden changes in illumination when
driving. This occurred when driving in patches of intennittent shade along tree-lined
roads.

When a modified form of Onguard was used in experimentation on a test track for
another project (Haworth, Vulcan, Triggs and Fildes, 1989) it was observed that
performance of the device was sometimes impaired at sunrise and sunset. This
resulted from subjects squinting when driving into the sun.

4.5.2 Head nodding monitor

One subject could not be tested in this condition because the device slipped off his
ears. Thus Dozer's Alarm may not be suitable for persons with small ears,
particularly those who wear glasses (all of our subjects were required to do so to
enable measurement of eye closures).

4.5.3 Roadguard

The optimum position on the dashboard of the Roadguard lamp depended on the
driver's eye height The lamp needed to be repositioned to avoid being eclipsed by
the steering wheeL
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5 DISCUSSION AND CONCLUSIONS

This report presents an evaluation of the effectiveness of three commercially available
fatigue monitors:

• the Onguard eye closure monitor
• a head nodding monitor (Dozer's Alarm)
• the Roadguard reaction time monitor.

The laboratory experiment sought to determine how well the monitors perfonned by
comparing the performance of subjects with and without monitors and by examining
the short-term effects of presenting warning signals to drivers. The experiment also
allowed collection of more qualitative infonnation about the reliability, criterion level
(or threshold) and degree of intrusiveness of the monitors.

5.1 Summary of experimental findinp

The fatigue monitors were evaluated first by comparing the performance of subjects
using the monitors with those in the control condition. The three questions addressed
were:

Was the monitor able to detect the onset of fatigue?

This question was addressed by analysing the performance of subjects immediately
preceding presentation of warning signals. In other words, an assessment was made
of whether warning signals were presented at appropriate times.

The number of times a warning signal was presented varied considerably between
subjects as well as between monitor types. Generally the head nodding monitor
(Dozer's Alarm) presented very few signals, even when performance was quite poor.
There was some evidence that the Roadguard device gave more warning signals later
in the session (when subjects were more fatigued) than earlier in the session.
However, Roadguard could not be said to be a totally reliable detector of driver
fatigue because long eye closures occurred without a warning being given by
Roadguard (see Appendix 6 Figure 3, Graphs 2, 4, 5 and 6). But it should be noted
that large tracking errors did not accompany these long eye closures. For this reason
it is somewhat difficult to extrapolate the results of this study to on-road performance.

Did use of the monitor allow the subject to drive for longer without falling asleep?

Subjects who used the Onguard, Head nodding or Roadguard devices did not drive for
longer without falling asleep. The lack of clear trends in the four groups of six
subjects used in this study suggests that the results would not have differed if a larger
group of subjects was tested.

Did use of the monitor result in less deterioration in performance?

There was little evidence that use of any of the monitors led to less deterioration in
performance. While reaction times before and after testing and eye closure and
tracking measures showed that performance deteriorated during simulated driving,
there were no significant differences in the amount of deterioration occurring when
the eye closure monitor, head nodding monitor, Roadguard reaction time monitor or
no monitor was used.

There were some patterns in the data which failed to reach statistical significance,
however. The number of long eye closures showed some evidence that subjects using
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the Roadguard reaction time monitor were less fatigued than subjects using the other
two monitors. However, the Roadguard subjects were not less fatigued than the
Control subjects. Similar results were found when the total time closed was

examined. After three hours of driving performance seemed to be poorest for subjects
using the Head nodding monitor but this was not supported by the statistical analyses.

In summary, the answer to the first question was generally "yes" for the Roadguard
device and "sometimes" for the other two devices. The answers to the second and

third questions were "no".

The fatigue monitors were also evaluated by examining critical incidents.
Performance just before and just after warning signals were presented was analysed to

clarify the immediate effect of the warning. The analyses looked for evidence of

1. An improvement in alertness and vehicle control behaviour following the
warning signal (evident for at least five minutes).

2. A startle response to the warning signal (of less than one minute in duration).

There was mixed evidence of an improvement in alertness and vehicle control
behaviour following the warning signal. Tracking errors appeared to be somewhat
reduced in the two minutes following presentation of the Head nodding alarm. There
appeared to be fewer long eye closures following the presentation of the Roadguard
alarm. No corresponding reduction in tracking errors was noted, however.

There were few instances of a startle response to the presentation of an auditory
warning signal by Dozer's Alarm or Roadguard. Equipment faults with the modified
version of Onguard made it impossible to assess the frequency of startle responses to
the alarm.

5.2 Reliability. criterion level (threshold) and intrusiveness

For a fatigue monitor to perform satisfactorily it must be reliable, have an appropriate
threshold and not be unduly intrusive. The laboratory test allowed some qualitative
observations of the performance of the three monitors tested.

The reliability of Onguard and, to a lesser extent, Dozer's Alarm is reduced by the
tendency to slip from the correct position. This shortcoming is not at a conceptual
level, however, and could be corrected by redesign or by use of adhesives. Adhesives
might increase the intrusiveness of the device, however.

Roadguard should be sensitive to long eye closures because subjects need to see that
red light to know to press the button. There was some suggestion that this did not
always follow, however. Subjects may get into an automatic pressing mode, pressing
about every four seconds without attending to the lamp. This is discouraged by
variability in the timing of light presentation (between 4 and 14 seconds) but remains
a possibility. This problem could be remedied by redesigning the circuitry to give a
warning signal when the button is pressed in the absence of the light. This would act
to discourage automatic pressing.

In Chapter 2 the issue of whether the threshold of the Roadguard device is too high
was raised. The large number of warning signals emitted by the device during testing
suggests that this is not so. In contrast, the threshold may have been too high for head
nodding monitor. There were only a small number of warning signals presented by
Dozer's Alarm. Whether increasing the sensitivity of the device by making it sound a
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warning signal when the angle of the head is less would remove this problem cannot
be said from this study.

Perceived intrusiveness was assessed from responses to the questionnaire item "How
annoying (or uncomfortable) do you consider the monitor to be?". The head nodding
monitor, Dozer's Alarm, received the lowest ratings on the scale from "Not at all
annoying" to "Very annoying". This infonnation is important despite the indications
from perfonnance data that the head nodding monitor may not have detected fatigue
as well as other monitors. The level of perceived intrusiveness is likely to influence
whether subjects will use a fatigue monitor.

The laboratory test allowed a limited evaluation of another aspect of the intrusiveness
of the devices, the degree to which the devices interfered with simulated driving.
While there was no difference in tracking errors between subjects using any of the
monitors and the control group, we have some concern about the need to respond to
the Roadguard device interfering with driving. In another study (not yet reported) we
found that tracking errors of subjects performing a subsidiary reaction time task were
greater than those of subjects not required to perform the reaction time task. Whether
this difference would be evident as less accurate steering in real-life driving remains
to be investigated.

The methodology used did not allow an assessment of another aspect of intrusiveness
of the Onguanl eye monitor, the degree to which obscuration of the visual field by the
sensor unit interfered with detection of hazards. This issue would need to be
investigated before widespread use of the monitor was encouraged

5.3 General condusions and recommendations

In conclusion, none of the devices tested enabled the subject to drive for longer
without falling asleep or resulted in less deterioration in performance during
prolonged driving. While none of the devices claims that it will keep the driver
awake or improve long-term performance, it is possible that drivers may attempt to
use fatigue monitors for this purpose. For this reason, drivers using these or other
devices should be advised not to rely on them to be able to drive longer distances and
to cease driving once fatigue is detected, rather than take the risk of continuing to
drive.

The Roadguanl reaction time monitor appeared to be the most reliable detector of
driver fatigue, being able to detect fatigue in most, but not all, cases. Earlier research
suggested that the Onguard eye closure monitor should be effective but equipment
malfunction made it impossible to effectively test Onguard in this study.

To reduce the intrusiveness of Roadguard it could be adapted so that it is only
necessary to use it during night-time or when the driver elects to do so. The use of a
nonintrusive monitor which may be oversensitive to evidence of fatigue as a filter to
determine when Roadguard or a similar device should be activated may be a better
method for monitoring driver fatigue.

This research has not addressed the type of vehicle or driver which would benefit
most from fatigue monitoring. Because of the greater number of kilometres driven,
the more severe consequences of a crash and the greater capital cost of the vehicles,
benefit-cost ratios are likely to be much better in heavy vehicles than in cars.

An additional issue is that of the legal situation if a driver falls asleep and crashes
while using one of the devices. This issue, while outside of our brief, needs to be
investigated.
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APPENDIX 1: HEALTH AND DRIVING HISTORY QUESTIONNAIRE

There are a number of factors (long and short term) which could affect your
performance in the experiment. The purpose of this questionnaire is to identify
whether you are eligible to participate in the experiment.

Health

1. Whatis your date of birth?

2. Are you an epileptic or have you ever had any seizures or unexplained periods
of unconsciousness? YES/NO

3. Are you currently taking medication of any of the following kinds;
antidepressants
antihistamines (including cough preparations)
sedatives or tranquilizers? YES/NO

4. Please state any other form of medication you are taking.

5. Do you smoke? YES/NO

Driving history

1. When did you obtain your driver's licence?

2. Do you currently have a probationary licence? YES/NO

3. Approximately how many kilometres have you driven in the last year?
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APPENDIX 2: INSTRUCTIONS TO SUBJECTS

A2.1 Instructions to subjects in Headnoddin2 condition

INFORMATION FOR SUBJECTS PARTICIPATING IN LABORATORY
DRIVING STUDY

Our aim is to create a laboratory driving task which will give similar results to those
found in road tests but has the advantages of being safer, cheaper and more
convenient.

We are interested in the visual aspect of driving, particularly in how drivers
manoueuvre their vehicles in response to changes in what they see while driving.

Reaction time tests will be administered before and after the main experiment

In the main experiment, on the screen you will be shown a fIlm of the road. It gives a
driver's eye view of the road. You will also see a moving target superimposed on the
road scene. Your task is to move the steering wheel to keep the target accurately
positioned over the lane line near the centre of the screen.

You will be asked to wear special glasses or have a device attached to your glasses to
record eyeblinks while you are performing the task. In addition we would like you to
wear a small monitor which will sound an alarm if your head nods forward.

At the end of the experiment refreshments and transport home will be provided.
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A2.2 Instructions to subjects in Road&Uard condition

INFORMATION FOR SUBJECTS PARTICIPATING IN LABORATORY
DRIVING STUDY

Our aim is to create a laboratory driving task which will give similar results to those
found in road tests but has the advantages of being safer, cheaper and more
convenient

We are interested in the visual aspect of driving, particularly in how drivers

manoueuvre their vehicles in response to changes in what they see while driving.

Reaction time tests will be administered before and after the main experiment.

In the main experiment, on the screen you will be shown a film of the road. It gives a
driver's eye view of the road. You will also see a moving target superimposed on the
road scene. Your task is to move the steering wheel to keep the target accurately
positioned over the lane line near the centre of the screen.

A red light on the dash will come on regularly. When it does, your task is to press the
footswitch as quickly as possible. If you take a long time to respond, the computer
will emit a beeping sound to remind you to respond. The light and the beep only stop
when a response has been made.

You will be asked to wear special glasses or have a device attached to your glasses to
record eyeblinks while you are performing the task.

At the end of the experiment refreshments and transport home will be provided.
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A2J Instructions to subjecq in Onpard condition

INFORMATION FOR SUBJECTS PARTICIPATING IN LABORATORY
DRIVING STUDY

Our aim is to create a laboratory driving task which will give similar results to those

found in road tests but has the advantages of being safer, cheaper and more
convenient.

We are interested in the visual aspect of driving, particularly in how drivers
manoueuvre their vehicles in response to changes in what they see while driving.

Reaction time tests will be administered before and after the main experiment.

In the main experiment, on the screen you will be shown a f1lm of the road. It gives a
driver's eye view of the road. You will also see a moving target superimposed on the
road scene. Your task is to move the steering wheel to keep the target accurately
positioned over the lane line near the centre of the screen.

You will be asked to wear special glasses or have a device attached to your glasses to
record eyeblinks while you are performing the task. The computer will emit a beep to
alert you if it judges your eyes have been closed for an extended period of time.

At the end of the experiment refreshments and transport home will be provided.

A2.4 Instructions to subjects in Control condition

INFORMATION FOR SUBJECTS PARTICIPATING IN LABORATORY
DRIVING STUDY

Our aim is to create a laboratory driving task which will give similar results to those
found in road tests but has the advantages of being safer, cheaper and more
convenient

We are interested in the visual aspect of driving, particularly in how drivers
manoueuvre their vehicles in response to changes in what they see while driving.

Reaction time tests will be administered before and after the main experiment

In the main experiment, on the screen you will be shown a f1lm of the road. It gives a
driver's eye view of the road. You will also see a moving target superimposed on the
road scene. Your task is to move the steering wheel to keep the target accurately
positioned over the lane line near the centre of the screen.

You will be asked to wear special glasses or have a device attached to your glasses to
record eyeblinks while you are performing the task.

At the end of the experiment refreshments and transport home will be provided.
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APPENDIX 3: FATIGUE MONITOR QUESTIONNAIRES

HEAD-NODDING MONITOR QUESTIONNAIRE

Place a mark on each line below to indicate your response to each question.

1. How effective do you consider the head-nodding monitor would be in preventing
crashes from drivers falling asleep?

Not at all effective Very effective

2. How annoying (or uncomfortable) do you consider the monitor to be?

Not at all annoying

3. How willing would you be to use such a device on long trips?

Not at all willing

Very annoying

Very willing

4. How willing would you be to pay $20 to purchase such a device?

Not at all willing Very willing
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REACTION TIME MONITOR QUESTIONNAIRE

Place a mark on each line below to indicate your response to each question.

1. How effective do you consider the reaction time monitor would be in preventing
crashes from drivers falling asleep?

Not at all effective Very effective

2. How annoying (or uncomfortable) do you consider the monitor to be?

Not at all annoying

3. How willing would you be to use such a device on long trips?

Not at all willing

Very annoying

Very willing

4. How willing would you be to pay $20 to purchase such a device?

Not at all willing Very willing
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EYE CLOSURE MONITOR QUESTIONNAIRE

Place a mark on each line below to indicate your response to each question.

1. How effective do you consider the eye closure monitor would be in preventing
crashes from drivers falling asleep?

Not at all effective Very effective

2. How annoying (or uncomfortable) do you consider the monitor to be?

Not at all annoying

3. How willing would you be to use such a device on long trips?

Not at all willing

Very annoying

Very willing

4. How willing would you be to pay $20 to purchase such a device?

Not at all willing Very willing
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APPENDIX 4: DATA OF INDMDUAL SUBJECTS

Mean number of long eye closures
Note: scales differ between conditions.
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LONG CLOSURES (ROADGUARD)
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Total time closed
Note: scales differ between conditions.

TOTAL TIME CLOSED (ONGUARD)
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TOTAl TIME CLOSED (ROADGUARD)
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Tracking errors
Note: scales differ between conditions
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TRACKING (ROADGUARD)
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APPENDIX 5: CORRELATION MATRICES

Overall Simple StatisticsVariable

NMeanStd Dev SumMinimumMaximum

Q1

1762.705937.47791066.07.0000118.0
Q2

1745.235329.6448769.04.000096.0

03

1766.235338.00421126.07.0000113.0

04

1758.058838.2450987.010.0000113.0

NUMWARN

17178.7219.83038.06.0000739.0

Pearson Correlation Coefficients / Prob > IRI under Ho: Rho-a / N - 17

01

020304NUMWARN

Q1

1.00000-0.205990.653350.58065-0.41882

0.0

0.42770.00450.01450.0943

02

-0.205991.00000-0.41234-0.59670-0.06050

0.4277

0.00.10000.01150.8176

03

0.65335-0.412341.000000.75921-0.30851

0.0045

0.10000.00.00040.2283

04

0.58065-0.596700.759211.00000-0.10203

0.0145

0.01150.00040.00.6968

NUMWARN

-0.41882-0.06050-0.30851-0.102031.00000

0.0943

0.81760.22830.69680.0

Qmmard
Simple Statistics

Variable

NMeanStd DevSumMinimumMaximum

01

648.666746.2025292.07.0000118.0

02

652.833331.3651317.015.000088.0000

03

649.666738.2971298.012.0000108.0

04

654.000038.9204324.010.0000106.0

NUMWARN

6381.2222.02287.0135.0739.0

Pears on Correlation Coefficients / Prob > IRI under Ho: Rho=O / N = 6

01

Q203Q4NUMWARN

01

1.000000.146390.336310.57268-0.53638

0.0

0.78200.51460.23490.2726

02

0.146391.00000-0.25996-0.29277-0.20262

0.7820

0.00.61880.57340.7002

03

0.33631-0.259961.000000.92436-0.34579

0.5146

0.61880.00.00840.5020

04

0.57268-0.292770.924361.00000-0.37809

0.2349

0.57340.00840.00.4599

NUMWARN

-0.53638-0.20262-0.34579-0.378091.00000

0.2726

0.70020.50200.45990.0
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Beadnoddinq

Simple Statistics

Variable

NMeanStd Dev SumMinimumMaximum

01

584.000028.1336420.036.0000106.0

02

525.200017. 621i7126.04.000045.0000

03

586.000035.0714430.027.0000113.0

04

571.200045.3674356.019.0000113.0

NUMWARN

524.400024.3988122.06.000067.0000

Pearson Correlation Coefficients I Prob > IRI under Ho: Rho=O I N = 5

Q1

0203Q4NUMWARN

01

1.00000-0.644280.844500.55353-0.89267

0.0

0.24060.07190.33310.0415

02

-0.644281.00000-0.62036-0.972330.60839

0.2406

0.00.26420.00550.2762

03

0.84450-0.620361.000000.53344-0.89196

0.0719

0.26420.00.35460.0419

04

0.55353-0.972330.533441.00000-0.60041

0.3331

0.00550.35460.00.2843

NUMWARN

-0.892670.60839-0.89196-0.600411.00000

0.0415

0.27620.04190.28430.0

Road!;Juard

Simple Statistics

Variable

NMeanStd DevSumMinimumMaximum

01

659.000031. 9437354.09.0000103.0

02

654.333331. 7784326.012.000096.0

03

666.333338.0929398.07.0000105.0

04

651.166735.6338307.018.000095.0

NUMWARN

6104.8158.9629.08.0000411. 0

Pearson Correlation Coefficients / prob > IRI under Ho: Rho=O / N = 6

01

020304NUMWARN

01

1.00000-0.092400.835450.605650.26016

0.0

0.86180.03840.20260.6186

02

-0.092401.00000-0.26561-0.71519-0.82993

0.8618

0.00.61090.11010.0409

03

0.83545-0.265611.000000.835970.39461

0.0384

0.61090.00.03820.4388

Q4

0.60565-0.715190.835971.000000.61045

0.2026

0.11010.03820.00.1981

NUMWARN

0.26016-0.829930.394610.610451.00000

0.6186

0.04090.43880.19810.0
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APPENDIX 6: PERFORMANCE BEFORE AND AFfER WARNING
SIGNALS

Onguard. Graphs showing the effects of warning signals on the perfonnance of
Subject 1 in the Onguard condition are presented in Figure 1. The diamonds represent
eye closures and the line graph shows the mean tracking errors in each 30-second
interval. Most graphs show more than one warning signal, in some instances within

the same 30-second time period. It is possible that this pattern may not have been
found if the signal was reliably heard by subjects.

Tracking errors were highly variable. The contiguity of warning signals means it is
difficult to assess the effect of the signal on tracking performance.

Head nodding. Some examples of graphs for Subject 2 in the head nodding group are
presented in Figure 2. In each graph there was at least one long eye closure in the 2.5
minutes prior to the warning signal. However, only in graphs 2 and 5 were there long
eye closures in the 30 seconds prior to presentation of the warning signal. This is
surprising because head nodding is commonly considered to occur while the eyes are
closed.

Mean tracking errors varied greatly in most graphs. In all six graphs the error was
less in the 30 seconds after the signal than in the same period before the signal but the
magnitude of this effect was not large.

Roadguard. The graphs for Subject 3 in the Roadguard condition are presented in
Figure 3. Eye closures are represented as short horizontal lines on these graphs. The
tracking errors are multiplied by 10 to allow them to be more easily seen.

In several instances there were a number of long reaction times which preceded the
response which initiated the warning signal (Graphs 1 and 3). There was rarely a long
reaction time in the two minutes following the warning signal. This is evidence of the
effectiveness of the Roadguard device in alerting the subject.

In two of the six windows portrayed in Figure 3, warning signals were presented just
after long eye closures. Unfortunately there was little evidence that the warning
signalled to a reduction in the length of eye closures.

There was little evidence of any improvement in tracking performance associated
with presentation of warning signals.
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Graph 5
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Figure 1. Number of long eye closures and tracking error before and after
presentation of warning signal by Onguard eye monitor - Subject 1.
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Figure 2. Length of eye closures and tracking error before and after warning
from Dozer's Alarm - Subject 2.
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Figure 3. Length of reaction times, number of long eye closures and tracking
error before and after presentation of warning signal by Roadguard device 
Subject 3.


