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Differential effects of monotony versus fatigue on driving performance and the effectiveness of various detection methods: Implications for road safety in the ACT
Executive summary
Background

Situational driving factors, including fatigue, distraction, inattention and monotony, are recognised killers in Australia, contributing to an estimated 40% of fatal crashes and 34% of all crashes
. More often than not the main contributing factor is identified as fatigue, yet poor driving performance has been found to emerge early in monotonous conditions, independent of fatigue symptoms and time on task. This early emergence suggests an important role for monotony.


 However, much road safety research suggests that monotony is solely a task characteristic that directly causes fatigue and associated symptoms and there remains an absence of consistent evidence explaining the relationship.

Objectives

We report an experimental study designed to disentangle the characteristics and effects of monotony from those associated with fatigue. Specifically, we examined whether poor driving performance associated with hypovigilance emerges as a consequence of monotony, independent of fatigue. We also examined whether monotony is a multidimensional construct, determined by environmental characteristics and/or task demands that independently moderate sustained attention and associated driving performance.

Method

Using a driving simulator, participants completed four, 40 minute driving scenarios. The scenarios varied in the degree of monotony as determined by the degree of variation in road design (e.g., straight roads vs. curves) and/or road side scenery.  Fatigue, as well as a number of other factors known to moderate vigilance and driving performance, was controlled for. To track changes across time, driving performance was assessed in five minute time periods using a range of behavioural, subjective and physiological measures, including steering wheel movements, lane positioning, electroencephalograms, skin conductance, and oculomotor activity.

Results

Results indicate that driving performance is worse in monotonous driving conditions characterised by low variability in road design.  Critically, performance decrements associated with monotony emerge very early, suggesting monotony effects operate independent of fatigue. 

Conclusion

Monotony is a multi-dimensional construct where, in a driving context, roads containing low variability in design are monotonous and those high in variability are non-monotonous.  Importantly, low variability in road side scenery does not appear to exacerbate monotony or associated poor performance.  However, high variability in road side scenery can act as a distraction and impair sustained attention and poor performance when driving on monotonous roads.  Furthermore, high sensation seekers seem to be more susceptible to distraction when driving on monotonous roads.  Implications of our results for the relationship between monotony and fatigue, and the possible construct-specific detection methods in a road safety context, will be discussed.
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1. Background

Situational driving factors including fatigue, distraction, inattention and monotony are recognised killers, contributing to an estimated 40% of fatal crashes and 34% of all crashes
.  These factors represent a higher crash risk than alcohol/drugs or speed, and are likely to be higher on rural and remote roads and for particular driving groups, including truck drivers and young males.  It is also thought that the statistics associated with fatigue and inattention factors are conservative and do not reflect the true extent of the associated crash risk.
While most research, as well as detection methods and countermeasures, have been directed towards reducing the crash risk associated with fatigue, these attempts have been met with limited success, suggesting that associated situational factors - such as monotony - may play a contributing role.

Supporting this proposition, fatigue symptoms have been found to be higher on monotonous roads and often crashes attributed to fatigue occur in monotonous driving conditions without any fatigue symptoms present.
  Also, drowsiness, a key indicator of fatigue, has been found to be an unreliable measure of fatigue in monotonous driving contexts.
  Crashes have also been found to be higher – and equally so - on both rural and urban roads with monotonous characteristics (low variability in road design and/or road side stimuli).

Current fatigue related safety countermeasures focus on encouraging drivers to take rest stops during prolonged driving and educating drivers to recognise the early signs of fatigue such as drowsiness.
  It remains to be determined whether symptoms of impaired driving ability related to monotony are similar to those associated with fatigue and how best to recover from poor driving performance related to monotony.
Thus, the following critical road safety issues remain largely unexplored:

· the crash risk associated with monotonous driving environments;
· the nature of the relationship between monotony and fatigue;
· the temporal (time-on-task) characteristic of poor driving performance associated with monotony;

· factors contributing to a monotonous driving environment;
· symptoms and detection methods of impaired driving ability associated with monotony; and

· the likely effectiveness of countermeasures targeted toward fatigue in reducing crashes that are monotony (and not fatigue) induced.
These issues are addressed empirically by this research project.
2. Research objectives

This project builds on previous research by the investigators (see Michael & Meuter, 2006) which, using a computer based vigilance task similar in characteristics to driving, found that monotony negatively impacted on sustained attention, with associated performance worse in monotonous than in non-monotonous conditions. Critically, monotony effects occurred early and were consistent over time, suggesting they can operate independent of fatigue.
Applying these findings to a driving context, this research project will:
· Examine the effect of driving in monotonous and non-monotonous environments on driver attention and driving performance;

· Identify the independent and combined contribution of variability of road side stimulus and road design to environmental monotony;

· Examine the temporal characteristics of poor driving performance associated with monotony, specifically whether evidence of driving performance decrements can emerge early;

· Examine the relationship between monotony and fatigue, specifically whether monotony effects can operate independent of time-on-task and fatigue;

· Identify reliable and compatible measures of monotony; and
· Inform the development of monotony-specific theory and countermeasures.
While this research is largely exploratory, based on previous research, we hypothesise that:

1. Monotonous environments are multi-dimensional and will be characterised by low variability in road side stimulus or road design; 
2. Driving alertness (as indexed by physiological measures) and performance (as indexed by steering measures) will be worse in monotonous environments;

3. Decrements in driving performance will emerge early in monotonous environments, independent of fatigue and subjective declines in alertness; and
4. Individual differences will emerge under conditions of varying monotony with high sensation seekers and/or extraverts performing worse in monotony driving environments.
3. Method
3.1   Participants

Participants were sampled from Queensland University of Technology.  In line with previous research, to be included in the study, participants had to have had their license for a minimum of two years and drove a minimum of three days per week.  Participants also had to be aged between 17-49.  The reason for this was two fold.  Individuals start to experience circadian and cognitive functioning changes related to ageing from approximately 50 years of age. To mitigate confounds related to these factors and align with the age brackets reported in government crash data (17-24, 25-49) it was decided to only include participants aged up to 49.  Participants were paid $80 for completing all four driving conditions.

Three participants withdrew from the study in the first testing session due to motion sickness.  These participants have not been included in the following final descriptives.  26 participants, 7 males and 19 female participated in the study (mean age = 29.58yrs).

3.2   Materials

Physiological measures

Electroencephalogram (EEG): One of the most robust physiological measures of vigilance is electroencephalogram (EEG) which is able to record changes in brain arousal according to concomitant changes in oscillatory brain activity.  This activity is generated by postsynaptic potentials of cortical nerve cells which summate in the cortex and extend through the skull
.  EEG data was collected using the BioCapture Research System using a wireless 12 channel monitor.  EEG data from this system flowed through RTMaps which is a modular platform with multi-threaded architecture that enables the synchronisation of multiple measures within the same RTMaps application.

Electrocardiogram (ECG): Using two foam, gel filled, adhesive electrodes located on the left hand side of the chest, ECG data was also collected using the BioCapture Research System.

Galvanic Skin Response (GSR): GSR was measured via two Ag-AgCl non-polarisable electrodes strapped onto the index and middle fingers of the left hand using specified conductive gel.  Electrodes were connected to a transducer amplifier system (Biopac Systems model MP30B-CE).  While data did not flow through the RTMaps system, key stroke codes were embedded in each system to synchronise data collection.

Driving Simulator: SCANeR©II application software modules were used to simulate driving conditions and obtain driving performance data.  This simulator software enables 3D database creation, real-time interactive simulation and post-processing.  The system is capable of recording a very wide range of environmental, vehicle and behavioural variables through various parameter permutations such as speed variability, steering wheel movements, acceleration and deceleration response times, and lane deviations.

Four adaptations of a simulated driving task were developed and used.  Each scenario consisted of 40 km of simulated track which equated to approximately 40 minutes driving time at the prescribed speed of 60 km/hr. With driving tasks in fatigue research usually greater than one hour, the relatively short length of the driving tasks should have inhibited the development of driver fatigue.

Monotony was independently manipulated according to variability in road design and road side scenery. Road side variability was modified through changes to signage, vegetative density, topography, dwellings, number of other vehicles and over-road structures such as bridges and over passes.  Road design was varied through changes to road geography i.e. the degree of curvature and altitude.  Where possible, scenarios were modeled on actual roads with a high incidence of fatigue related crashes as reported by the Queensland Department of Main Roads.  For example, an appropriate section of the Cook Highway between Cairns and Port Douglas was used to model scenarios three and four (characterised by high road design variability).  Road based and road side scenery variability and environmental characteristics of each simulated scenario, is outlined in Table 1.

	
	
	Road Side Variability

	
	
	Low
	High

	Road Design Variability
	Low
	Scenario 1

Highly monotonous

· rural highway setting

· flat, straight road, visible horizon

· low variability in roadside stimuli
	Scenario 2

· motorway setting

· flat, straight road, visible horizon

· highly varied roadside stimuli

	
	High
	Scenario 3

· rural road (not highway)

· hills, straight and curved road 

· low variability in road side stimuli
	Scenario 4

Non-Monotonous

· urban setting

· hills, straight and curved road 

· highly varied roadside stimuli


It is important to note that although the driving environments vary in context, task demands did not vary between conditions. Across all conditions, the driving task did not involve lane changes, speed changes (unless dictated by the condition of the road), overtaking of other vehicles, gear changes, any in car functions other than steering (such as indicating), or any road based behaviour modifiers that may increase task demand (such as traffic lights, round-a-bouts, intersections or stop signs).

The driving scenarios simulated by the SCANeR©II software were projected using a Sony VPL-PX31 projector onto a 1340mm (h) X 1800mm (w) screen positioned 760mm above ground.

Questionnaires: A general background questionnaire was administered to ascertain demographic data and driving experience and to control for caffeine, alcohol, illicit drug and drowsy inducing prescription medication use as well as sleep pattern variations.  The EPQ-R and SSS-V were also administered to assess the effect of extraversion and sensation seeking on driving performance in monotonous conditions.

3.3   Procedure

During the recruitment phase, prospective participants were advised that before each testing session, they were not to partake in alcohol, illicit drugs or drowsy inducing prescription medications in the 12 hours prior to testing.  They were also required to nominate a preferred testing time (either 9am, 11am, 1pm or 3pm) according to when they felt most alert and were tested at this time each week for four weeks, completing one of four randomly allocated driving tasks each time. While much is made of circadian and diurnal effects, research suggests that these are largely variable between individuals and do not necessarily correlate with performance due to the complex interaction between other factors that affect cognitive task performance.  Furthermore, performance on vigilance tasks appears to remain fairly stable during a non-sleep deprived day
.  Accordingly, it was decided to test participants at times that aligned best when they subjectively considered themselves most alert.

Participants were tested individually in a quiet room.  Before their first driving task, participants completed the EPQ-R and SSS-V. Participants also provided information about their previous nights sleep (duration and quality) as well as their caffeine, alcohol, illegal drug and prescription drug consumption.  This information was collected at each subsequent testing session.  Before and after each driving task, participants also rated their subjective alertness on a five point Likert scale.  

 Upon completing the questionnaires, participants were positioned in the simulator.  EEG electrodes were placed according to the 10-20 International Electrode Placement System at locations O1, O2, P3, P4, T5, T6 and F3 using the mastoids as reference and the forehead to ground.  Two ECG adhesive pads were placed on the chest and connected to electrodes attached to the wireless BioCapture EEG system. Finally, GSR electrodes were placed on the index and middle fingers of the left hand.

Participants were instructed on how to operate the simulator and were advised the following in relation to completing the driving task:

· They would drive for approximately 40 minutes;

· They would only be required to steer, accelerate and brake;

· If they run off the road, they were to relinquish all controls and the simulator would reposition them to recommence the driving task;

· The speed limit for the entire task was 60 km/hr and they were to maintain this speed to the best of their ability unless responding to road conditions that required them to slow down such as curves;

· They were not to move out of the lane they were positioned in, and were to maintain the centre of this lane to the best of their ability;

· They were not to overtake any other vehicles, however other vehicle may overtake them;

· They were not to move their head unnecessarily during the driving task (as this can create EEG artifact);

· While the experimenter would be seated behind them, they were to ignore his or her presence and not to converse with them; and

· A sign would appear on the screen to indicate when the driving task was complete.

Participants then completed a five minute practice driving task (not the experimental driving task).  Once comfortable with the simulator, the experimental simulation was loaded and participants were instructed to look at the static screen for 30 second and close their eyes for 30secs to establish an EEG baseline.

After completing the 40 minute simulated driving task, participants were again asked to rate their alertness and all electrodes were removed.

4. Results

4.1   Data processing

Data was processed and analysed separately according to time block and straight section.  To measure participant’s ability to maintain a lateral lane position, straight sections of road were required.  Consequently, each scenario contained 10 designated straight sections of 500m length.  The designated straight sections occurred at exactly the same point in each scenario.  Scenarios may also have contained other straight sections of road depending on their experimental characteristics, but these were not included in the straight section analysis.

Each designated straight section was positioned so that participants drove one straight section every four minutes (if driving at the prescribed 60km/hr speed limit).  To maintain consistency, time blocks were also organised in four minutes intervals.  As it was not known whether straight section and time block data differed, data from the designated straight sections was not included in the time block processing to avoid confounds.

It is important to note that in the time block processing, data was calculated as a mean for each 4 minute time block whereas the straight section processing only included data which was recorded while participants were driving on the designated straight section (approximately 30 sec in duration).  Also, many participants did not adhere to the speed limit.  This resulted in them completing the driving task in less that the expected 40 minutes (in most cases only by 1-2 minutes).  In such cases, the number of completed time blocks available for analysis was nine.  As any analysis of the tenth time block would be problematic due to only a small proportion of participants completing this time period, it was decided to only include the first nine time blocks.  Each designated straight section was located at the start of a four minute interval.  Therefore straight section data processing was not affected by participants finishing the driving task early and there were subsequently 10 straight section periods.

In addition to scenario (4) x time block (9) and scenario (4) x straight section (10), each measure was also analysed comparing overall means for each scenario according to both the time block and straight section data sets.  All psycho-physiological and behavioural measures were analysed using Analysis of Variance (ANOVA).  Scenario order, the number of years participants had held a drivers license, the number of days participants drove each week, hours sleep the night proceeding testing, and coffee consumption were included as covariates in the analysis of overall means.  The impact of covariates will only be discussed where significant.  To identify any differential effects related to individual differences, mixed design ANOVAs were also conducted on each measure with scenario being the within groups factor and high/low sensation seeking and high/low extraversion the between groups factor.

Psycho-physiological Measures:

EEG:

EEG signals were recorded at a sampling rate of 80 Hz.  Raw EEG data was subjected to a pre-processing procedure where signals larger than 75 μv were treated as artefact and rejected.  Data from the eight channels were then sectioned into one second epochs and fast Fourier transformation (FFT) spectral analysis was conducted using MatLab software.  The FFT analysis generated spectra magnitude (μv).  The area under the curve of the spectra magnitude was then computed for frequency bands delta (0.5-4 Hz), theta (4-7Hz), alpha (8-13Hz) and beta (13-30Hz) to derive a single power value.

In line with previous research, six different EEG indices were computed post FFT processing to examine the effects of monotony on brain wave activity.  The first index was absolute alpha power.  The second index was relative alpha power which is calculated using the algorithm alpha/(theta+beta).  This ratio reflects the amount of alpha activity relative to other brain waves present during wakefulness.  Energy ratio, the third index, was calculated as (alpha+theta)/beta and provides a ratio between slow wave and fast wave activity.  Variations in alpha activity related to reduced alertness may appear the form of bursts which would not be detected over a period of time using the afore mentioned indices.  Consequently, three additional indices were calculated that identified the mean number of alpha bursts 150%, 200% and 300% above the mean alpha power.

Comparing overall means for each scenario did not yield significant results for any EEG index (p>.05) on either the time block or straight section data sets, suggesting that participant alertness did not vary according to changes in monotony levels.  Alternatively, it is possible that monotony may not have been varied sufficiently between conditions or that all the conditions were so monotonous that alertness was reduced across all conditions.  To address these alternate explanations, additional T-tests were conducted between mean baseline alpha and the overall mean alpha for each scenario.  With no significant difference between alpha values at baseline and any of the overall scenario means, it can be concluded that any variations to monotony did not affect alpha activity.

While overall means for all alpha related indices did not differ between conditions of varying monotony, it is the contention of research project that the use of coarse grained analysis (such as the sole use of overall means over a prolonged period of time to index vigilance changes) may not capture significant changes to alpha activity during time on task.  To address this methodological issue, analysis of variance was conducted for timeblock (9) x scenario (4) and straight section (10) x scenario (4).  Using this refined form of analysis, the time block variable yielded a significant result for alpha bursts 150%, F(8,15) = 3.643, p<.05, with multiple significant (p<.05) pairwise comparisons suggesting a linear increase in alpha bursts 150%, indicative of hypovigilance  across all four driving tasks, commencing early in each driving task (see Figure 1.).  This linear increase in alpha bursts was replicated when analysed according to straight section, F(9,13) = 4.189, p<.05. Although the number of alpha bursts 150% above the alpha mean did not statistically vary between scenarios, this result suggests that reductions in alertness can commence very early in a driving task.
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Figure 1. Number of alpha burst 150% above overall mean alpha for each four minute time block

A visual examination of EEG data suggested that the energy ratio index evidenced a different pattern to alpha across time blocks.  As alpha activity forms one of three bands in the energy ratio algorithm, it is possible that one or both of the other bands (theta and beta) may be varying according to monotony.  As both have been linked to alertness, ANOVAs were conducted on the overall means for these bands as well as delta.  For all tests, p>.05, suggesting that, like alpha activity, the other bands did not respond to changes to monotony in any systematic manner.

GSR:

Overall means relating to electrodermal arousal (EDA) measured via GSR did not differ according to scenario on any test (p>.05).  That said, significant results were returned for timeblock, F(8,13), p<.01, as well as straight section, F(9,13), p<.05.  Significant pairwise comparisons were evident however the difference between time blocks as well as straight sections varied in direction suggesting the absence of any systematic pattern.

ECG:

ECG signals were filtered using the Autonomic Nervous System Laboratory Peripheral Biosignal Analysis (ANSLAB) toolbox located in MatLab.  Three ECG measures were used to index autonomic activity – Heart rate in beats per minute, inter-beat interval and T-wave amplitude.  While decreases in the two former measures indicated reduced arousal, decreased T-wave amplitude (repolarization or recovery of the ventricles) is associated with increased sympathetic activity.

Heart rate did not vary between conditions according to overall means, timeblock or straight section, however the covariate, order, significantly predicted heart rate F(1,13) = 5.696, p<.05 when analysed according to time block.  While this result was not replicated in the straight section analysis, the covariate pertaining to how long participants had held their license (Years Held License) also predicted heart rate F(1,16) = 5.041, p=.039. 

The inter-beat interval measure also didn’t vary between conditions according to overall means, time block or straight section analysis.  Like the heart rate measure, Years Held License predicted inter-beat interval in the straight section analysis, F(1,16) = 9.168, p<.01.

Years Held License also interacted with scenario to predict T-Wave amplitude according to both time block F(3,11) = 7.905, p<.01 and straight section F(3,14) = 3.879, p<.05.  There was a significant main effect for straight section F(9,14) = 3.320, p<.05, however no significant pairwise comparisons were evident.  Potentially, the association between Years Held License and cardiac measures may be attributable to less experienced drivers experiencing higher anxiety, manifesting as increased cardiac activity, associated with conducting a driving task.

Behavioural Measures

Mean Lateral Position:

Steering performance, indexed as mean lateral position, was measured as lateral deviation from the lane centre.  Lateral deviation was computed as the root-mean-squared error between the simulated vehicle’s lateral position and the centre of the lane.  Lateral deviation can only be measured on straight sections of road.  Thus, only straight section analysis was conducted for steering wheel measures.

There was a highly significant main effect for scenario, F(3,20) = 8.051E3, p<.0001 with steering performance worse in Scenario 2 (mean = 5.943) than any other condition (p<.0001).  The magnitude of this effect was very large with scenario accounting for 99.9% (partial eta²) of variance in mean lateral position.  Other significant pairwise comparisons for scenario are 1 and 4 (p<.01) and 3 and 4 (p<.01). Although there was also a main effect for straight section, the direction of the difference does not vary in a systematic way, with all condition displaying a similar, non-linear pattern from the very first straight section (see Figure 2).
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Figure 2. Mean lateral position for each scenario according to straight section

Standard Deviation of Lateral Position (SDLP):

There was a significant main effect for scenario, F(3,20) = 15.112, p<.0001, with the lowest to highest mean SDLP recorded for scenario 1 to scenario 4 respectively (SC1 mean = .207, SC2 = .218, SC3 = .238, SC4 = .264).  Pairwise comparisons found significant difference between scenario 1 and four, 2 & 4 and 3 & 4.  No interaction or main effect was found for straight section. 

Alertness:

Differences between before and after alertness ratings for each scenario were compared in an ANOVA.  While a significant main effect was found, F(3,21) = 4.087, p<.05, pairwise comparisons revealed that the only significant difference in alertness ratings were between scenario 1 (mean = 1.4167) and scenario 4 (mean = 0.75) and scenario 1 and scenario 3 (mean = .8750).  Importantly, the difference between before and after task alertness rating for scenario 2 (mean = 1.125), which had the worst driving performance, was not statistically different from any other condition suggesting that decrements in driving performance associated with hypovigilance are not necessarily accompanied by subjective reductions in alertness.

Individual Differences

Participants who scored greater than one standard deviation above the median on the SSS-V or EPQ-R were classified as high sensation seekers and high extraverts and those who scored more than one standard deviation below the median were coded as low sensation seekers and low extraverts.  To identify whether psycho-physiological or behavioural data were different for participants classified as either high or low sensation seekers and high or low extraverts, mixed design ANOVAs were conducted separately for each measure.

Sensation Seeking:

Five participants were classified as high sensation seekers and three were coded as low sensation seekers.  For all measures analysed according to time block, no main effects for scenario or sensation seeking or interactions were found.  When analysed according to straight section, there was a significant interaction between sensation seeking and scenario for mean lateral position, F(3,4) = 12.365, p<.05 in addition to the main effect for scenario reported earlier.  Despite the small number of participants included in this analysis, the effect size was very large (partial eta² = .903).  While not obvious from Figure 3 (due to the disproportionate results of scenario 2 relative to the other scenarios affecting the scale), driving performance of high sensation seekers was worse for scenarios 1 (1.010) and 2 (6.0466) than low sensation seekers (scenario 1 = .9217, scenario 2 = 5.7883).  Interestingly, accordingly to mean lateral position, poor driving performance associated with high sensation seeking was worse in scenario 2 relative to the overall mean (5.943).
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Figure 3. Mean lateral position according to scenario for high and low sensation seekers.

Extraversion:

Four participants were classified as high extraverts and five were classified as low extraverts.  Analysis according to time block revealed that high extraverts had significantly higher alpha levels (mean = 8.058) than low extraverts (mean = 7.005) during all four driving tasks, F(1,7) = 17.394, p<.01.  Again, the effect size was quite large (partial eta² = .713) considering the small number of participants included in the analysis.  When analysed according to straight section, analysis on alpha activity found an interaction between extraversion and scenario, F(3,5) = 8.403, p<.05 as well as a main effect for extraversion, F( 1,7) = 23.176, p<.01.  Much like the time block analysis, high extravert participants had significantly higher alpha levels (mean = 8.080) than those coded as low extraverts (mean = 6.974) across all four conditions (see Figure 5).  Unlike the time block analysis, the straight section analysis of alpha burst 200% also yielded a main effect for scenario, F(3,5) = 5.827, p<.05, as well as an interaction between scenario and extraversion, F(3,5) = 5.413, p=.05.  Again, both effect sizes were quite large at .778 and .765 respectively.
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Figure 4. Mean alpha according to scenario for high and low extraverts

5. Discussion

In this research, we intended to examine the effect of monotony on driver vigilance and associated performance and whether any such effects occurred independent of fatigue.  Fatigue research suggests that monotony is largely a task characteristic that facilitates fatigue by reducing wakefulness or alertness.  Contrary to this assumption, and our own expectation that monotony relating to multiple sources would result in a decrease in physiological indices of alertness, we found no evidence of decreased arousal in conditions of varying monotony.  Indeed alpha, beta and theta EEG indices did not vary statistically between monotonous (typical remote rural road low in variability of road design and road side scenery) or non-monotonous (urban road characterised by high variability in road design and road side scenery) contexts suggesting that driver alertness and drowsiness remained unchanged.

While EEG indices of alertness and drowsiness did not varying according to monotony, there is evidence that alertness, as indexed by alpha bursts, can decline from very early in a driving task (in this case, from eight minutes).  This finding supports propositions that:

· When driving, decreases in alertness can occur early and are not dependant on prolonged time on task or drowsiness.  While decreases in alertness were not directly associated with variations in monotony, the inherently subdued nature of the driving simulator environment (quiet, dark room, no human interaction, no environmental noise other than the car engine) may have acted as a confound.  While these characteristics were consistent across all driving tasks, they may have negated the stimulating elements of the non-monotonous driving scenarios.  Although this potential confound was identified prior to testing, it was decided that all testing to conditions (other than monotony level) remain consistent so that any effects could be attributed to variations to monotony.

· With decreases in alertness evident within eight minutes of driving, it would seem that pre/post, coarse grained type analysis are not sensitive to detect changes to driver vigilance.  For alpha bursts 150% above the overall mean, analysis according to time block (p=.015) yielded an effect size of .66 (partial eta²) and observed power of .88 which is quite robust considering the sample size (n=23) and number of variable levels (4 (scenario) x 9 (timeblock)).

· While no linear increase in alpha was evident, there was a significant increase of alpha bursts 150% above the overall alpha mean suggesting that alpha activity may index declining alertness in short bursts of activity as opposed to increased overall alpha density.  Consequently, alpha bursts may provide a better index of alertness than absolute alpha or other alpha related algorithms.  The practice of combining alpha waves with other slow waves in various algorithms to study driver vigilance in monotonous conditions is based on the assumptions that:

1. Monotonous driving conditions facilitate fatigue and, therefore;

2. Increasing alpha activity indexes decreased alertness as it relates to a physiological shift towards sleepiness elicited by monotony facilitated fatigue.

Importantly, while we found a progressive decline in alertness (indexed by alpha burst activity) theta and delta activity did not statistically vary suggesting that there was no concomitant increase in sleepiness.  Therefore, it can be argued that alertness can decline early in a driving task unrelated to, and asymptomatic of, fatigue or drowsiness.

No decline in arousal was evident from analysis on GSR and heart rate measures according to monotony level, time block or straight section.  In conjunction with EEG results, it can be supposed that declines in alertness are not necessarily related to declines in arousal.  Before we consider the theoretical implications of this suggestion, it is important to first consider driver behaviour related to monotony.

Driving is a highly demanding task requiring vigilance to maintain performance.  Regardless of physiological indices of alertness, in the study of how monotony affects driver vigilance, it is driver behaviour that provides the best index of how monotony may increase crash risk resulting from hypovigilance.  Vigilance is defined as an individuals’ ability to remain alert for the detection of, and to respond to, infrequent critical events or changes to stimulus.  Applying this definition to driving, a driver is considered vigilant when they are able to sustain attention towards the task of safe driving.  Unlike other applied vigilance tasks such as radar surveillance where operators may perform no task processes unless they are responding to a critical signal, vigilance while driving requires continuous sustained attention towards maintaining safe driving processes (such as lane keeping) as well as how these processes may need to be modified in response to changes in stimulus (such as braked to safely negotiate a curve in the road) or critical events (such as a kangaroo unexpectedly jumping out on the road).  In this way, there are essentially two elements to driver vigilance – sustaining attention to the task of safe driving and sustaining attention to changes in stimulus that will require modification to driving processes for the purpose of maintaining safe driving.  While both could be used to measure driver vigilance, in this study we were only able to examine ability to sustain attention to the task of safe driving to index vigilance.  As we sought to examine the effect of monotonous contexts characterised by low variability in stimulus and road design while controlling for task monotony, the introduction of critical events may have ruptured task and/or environmental monotony, confounding the results.

As expected, variations to environmental monotony did affect driving performance but not in the manner we expected.  We hypothesised that driving performance, as indexed by SDLP, would be worse in the Scenario 1.  Characterised by low variability in both road design and road side scenery (similar to roads found in remote rural Australia), Scenario 1 was arguably the most monotonous condition.  To examine the independent and combined contribution of variability of road side and road design to environmental monotony, we varied these according to high and low in the other driving conditions.

Contrary to our expectation, we found driving performance to be between 550% and 645% worse in Scenario 2, characterised by low road design variability and high road side scenery variability, (mean = 5.943) than any other driving task.  Although Scenario 4 (mean = 1.076) was statistically different to Scenario 1 (mean = .943) and Scenario 3 (mean = .920), the magnitude of the difference was greatly reduced. This research provides evidence of multiple sources of monotony pertaining to variability in road side scenery and road design that can independently moderate levels of monotony to affect vigilance and associated driving performance.
Hypothesis testing

Therefore, we found support for hypothesis one and two, albeit in an unexpected way.  There is strong evidence that monotony is a multidimensional construct related to characteristics of the driving environment.  While we found that vigilance and associated driving performance was worse when driving on roads characterised by low variability in road design, counter-intuitively, driving performance was significantly better when driving on the same road with low variability in road side scenery (Scenario 1).  While this would suggest that road side scenery was the moderating factor for poor performance, performance markedly improved in conditions of high variability of road side scenery.  Clearly, there is complex interplay between how sources of monotony relate to each other and this will be explored further later.

Contrary to our prediction in hypothesis number one, we found no evidence of concomitant declines in arousal or alertness in conditions of varying monotony however we did find that alertness, as index by alpha bursts 150% above overall alpha mean, did decline early within all driving tasks.

With regards to hypothesis three, we found support that decrements in driving performance (mean lateral position measure) emerge very early in conditions of monotony and were not accompanied by subjective declines in alertness.  Poor driving performance manifested in Scenario 2 within four minutes of commencing the driving task.  However participants did not rate themselves as being any less alert after Scenario 2 than any of the other driving tasks.  While there is a robust body of research demonstrating the monotony contributes to fatigue during prolonged driving, this finding suggests that monotony can also moderate driving performance independent of time on task, fatigue and subjective declines in alertness.

While many individual differences have been implicated in moderating vigilance, this study focused on whether participants who were more than 1SD above and below the mean for sensation seeking and extraversion exhibited different levels of vigilance in conditions of varying monotony.  Previous research into sensation seeking and driving has focused on whether high sensation seekers display more risky driving behaviour.  There is very little driving research examining sensation seekers driving behaviour in conditions of varying monotony.  In one of the only studies to do so, Thiffault and Bergeron (2003) found that sensation seeking predicted driving performance on monotonous roads.  Supporting this research, we found high sensation seekers exhibited poorer driving performance (as indexed mean lateral position) in Scenario 1 and 2 than low sensation seekers.  Although they varied accordingly to road side variability, they both contained low variability in road design.  Interestingly, high sensation seekers performed better when driving on roads highly variable in design (Scenario 3 and 4).  There is one important point of difference in between this research and that of Thiffault and Bergeron with respect to how the relationship between monotony and sensation seeking is summarised.   Where as Thiffault and Bergeron conclude that sensation seeking is related to driver fatigue, we have demonstrated that monotony can affect vigilance and driving performance, independent of fatigue.  Therefore, supporting hypothesis four, this research concludes that sensation seeking is related to driving performance in conditions of varying monotony with high sensation seekers performing worse in monotonous conditions.

Further to the discussion of the role of individual differences in moderating performance in conditions of varying monotony, we found that extraversion was related to alpha levels across all driving tasks with high extraverts having higher levels of alpha.  This suggests that those participants who scored high in extraversion had lower levels of alertness across all driving tasks than those who scored low in extraversion.  This pattern was replicated on analysis of alpha bursts 200% above the overall alpha mean.  Importantly, three participants were included in both the sensation seeking and extraversion analyses – two were classified as low in both and one was high in sensation seeking and low in extraversion.

Theoretical explanations of monotony effects

To mitigate monotony effects, it is important to understand the processes underlying how monotony negatively impacts on sustained attention and associated driving performance.  While not specific to driving in monotonous contexts, perceptual load theory provides a framework for understanding how monotony affected performance in this research.  Developed by Lavie (1995), perceptual load theory proposes that focusing attention to a task, when there is a high level of perceptual load associated with processing task relevant stimuli, can prevent perception of task-irrelevant stimuli.  Conversely, if the perceptual load of task relevant stimuli is low, any spare attentional capacity from task relevant processing spills over involuntarily, resulting in the processing of task irrelevant stimuli.  Paradoxically, this model suggests that the only way to prevent processing task irrelevant stimuli is to increase the load of task relevant stimuli.  Put simply, if the level of stimuli functionally related to performing a visual task is low, then the task operator will be more susceptible to distraction.  
While driver distraction itself has been much studied, the research mostly focuses on the effects secondary task interference, such as talking on a mobile phone.  With this type of distraction, attention is deliberately allocated to the secondary task. Research into this form of distraction cannot inform identification of factors relevant to distraction from stimuli irrelevant to the task of driving that should be ignored, such as road side advertising billboard and other road side scenery not functionally related to the task of driving.

Applying perceptual load theory to the study of driver monotony is intuitive but largely speculative.  All driving environments contain task relevant (such as road design, other cars and goal related signage) and task irrelevant stimuli (such as advertising billboards).  Perceptual load theory posits that the low variability in the road design would contribute to a low level of perceptual load.  In the absence of other stimuli relevant to the driving task, any spare attention capacity would be directed towards task irrelevant stimuli.  In other words, monotonous road design should make drivers more susceptible to distraction, only when there is task irrelevant stimuli.  Conversely, the increase in perceptual load associated with road design characterised by high variability would restrict the available attention resources, inhibiting distraction by task irrelevant stimuli.

The results of the current study support this perceptual load theory’s explanation of the relationship between monotony and hypovigilance.  When driving in Scenario 2, it is highly plausible that drivers were distracted by the high level of task irrelevant stimuli, due to the low in perceptual load elicited by the low variability in road design.  Consequently, sustained attention to the driving task was impaired and performance suffered.  While Scenario 1 also would have had low perceptual load related to the low variability in road design, performance was not impaired as there was no task irrelevant stimuli to distract drivers.  Following on, driving performance did not degrade in Scenario 4 (characterised by high variability in road side scenery and road design) as the perceptual load associated with the task of driving on the complex road was sufficient to occupy attentional capacity sufficiently to distraction.  Similarly, Scenario 3 contained high variability in road design and low variability in road side scenery so the threat of distraction was further reduced.

Importantly, considering the results of the current study within the framework of perceptual load theory, it would seem that the moderating characteristic of monotony when driving is variability in road design.  Roads containing low variability in design are monotonous and those high in variability are non-monotonous.  Importantly, low variability in road side scenery does not appear to exacerbate monotony or associated poor performance (as in Scenario1).  However, high variability in road side scenery can act as a distraction and impair sustained attention and poor performance when driving on monotonous roads.  Furthermore, high sensation seekers seem to be more susceptible to distraction when driving on monotonous roads.
At this point it is important to clarify the relationship between distraction and vigilance.  Driving is a vigilance task requiring sustained attention to maintain safe driving behaviour.  When distracted by task irrelevant stimuli, the sustained nature of that attention is impaired resulting in poor driving performance.  Therefore, monotony may not directly affect vigilance but mediate susceptibility to distraction which impairs vigilance and associated driving performance.  How then does monotony, as it is conceptualised here, relate to fatigue.  It has been clearly demonstrated that monotony can affect vigilance, independent of time on task and fatigue.  However, the effort associated with sustaining attention and avoiding distraction from prolonged driving in monotonous conditions would most likely, at some point, facilitate fatigue.  It remains to be determined whether, after prolonged driving, monotony interacts with distraction in the same manner when the driver is fatigued.

Research Limitations

A possible limitation of this research is the use of a simulator to study driving behaviour in conditions of varying monotony.  Indeed, some argue that the passive  role in laboratory based studies is largely unrepresentative of an operational setting such as driving
.  Accordingly, questions arise regarding whether the results from driver simulator based research are of any practical relevance.  For example, it is possible that were participants driving in a real context, the catastrophic consequences arising from a lapse in vigilance (i.e. crashing) may have led them to employ compensatory strategies to offset the effects of monotony.  While this is a valid concern, it should be noted that driver vigilance has been found to be affected by many variables such as fatigue, circadian rhythms, sleep patterns and caffeine/alcohol/drug consumption.  The use of the driving simulator in this study permitted greater control for these extraneous factors, increasing the likelihood that differences in driver vigilance and driving behaviour between conditions of varying monotony were attributable to the manipulation of monotony itself.  Indeed, with the paucity of other studies considering the independent effects of monotony on driving behaviour, it would seem prudent to conduct preliminary research in a simulated setting, and then test the findings in an applied context.

6. Implications for road safety
A clearer understanding of the relationship between fatigue and monotony will inform current ACT and national government policies and actions related to fatigue and inattention management. Currently in Australia, there is little or no research into the relationship between monotony, fatigue and driving performance to inform the development of public policy in this area. The present program of research seeks to address this gap, specifically identifying the effect of road design and road side scenery on driver performance. This line of research has direct import for the ACT Road Safety Strategy 2007-2010 which seeks to improve the safety of road environments, particularly black spots with a high number of crashes related to fatigue or distraction.  More broadly, the project also maps directly onto priorities identified in the Queensland Road Safety Strategy 2004-2011 seeking to understand the relationship between inattention, fatigue and driving and addresses actions planned in the National Road Safety Action Plan 2007-2008 aimed at the development of road-based countermeasures to combat fatigue-related crashes, and extends these to crashes resulting from monotony related distraction/inattention.
The main implications of this research for road safety in the ACT and broader Australia are:

· Monotony can negatively affect driving performance, independent of fatigue – Monotony effects differ from fatigue according to causes, symptoms and temporal trends.  The potential for monotony effects to emerge early in a drive, without a concomitant decline in subjective alertness suggests that fatigue countermeasures (aimed at resting when drowsy or after a prolonged period) would be ineffective in reducing the crash risk associated with monotony.  Actions should be undertaken to incorporate monotony awareness in fatigue education outlined in the ACT Road Safety Strategy 2007-2010.  
· The main contributor to a monotonous driving context is low variability in road design which moderates drivers’ susceptibility to road side distraction – Straight, flat roads (such as freeways and many rural roads) determine a monotonous context.  The negative effect of this type of road design is activated when there are road side distractions (such as non-task related signage).  While the ACT Road Safety Strategy 2007-2010 focuses on distraction related to undertaking a secondary task (such as answering a mobile phone), this focus should be extended to include distraction related to non-task related stimuli.
· Behavioural measures best index monotony effects – Drowsiness, decreased arousal and subjective declines in alertness do not appear to index hypovigilance associated with monotony.  Steering wheel measures have been demonstrated to be a reliable index of poor driving performance associated with monotony.  While the ACT Road Safety Strategy 2007-2010 commits to actions related to safer vehicles, it should extend this to support and track research into the use of in-car technology to monitor driver performance.  Secondary indices of monotony effects that may be incorporated into distraction awareness campaigns are day dreaming and task unrelated thoughts.
· Monotony specific countermeasures should focus on a) increasing the perceptual load of the road environment b) limiting irrelevant road side scenery – Aligning with ACT Road Safety Strategy 2007-2010 commitment to pursue low cost treatments for road based issues, attention should be given to guidelines for road side signage and research suggesting parameters for signage that would inhibit the potential for distraction.
In conclusion, this research suggests that in conditions of monotonous road design (straight and flat), drivers are susceptible to distraction by road side scenery and subsequent poor driving performance.  This finding is counter-intuitive to current thinking which suggests increasing signage and billboards to reduce or impair driver monotony.  Importantly, monotony effects can emerge very early in a driving task, independent of fatigue and fatigue symptoms.  This research should motivate a reassessment of current fatigue-focused road safety countermeasures and inform the development of road-based and behavioural interventions and strategies for reducing crashes associated with monotony.
7. Research dissemination
As outlined in the research grant application, these results will be included in the project manager’s PhD thesis which will be disseminated to both domestic and international road safety researchers and research institutions.  The key findings were also presented at the International Conference on Fatigue Management in Transportation Operations: A Framework for Progress held in Boston on the 25th March, 2009 (the contribution of the NRMA-ACT Road Safety Trust was noted).  It is expected that further results will also be presented at the annual Road Safety Conference which is attended by a broad range of both government and non-government road safety professionals.
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