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Introduction

For at least half a century, long haul heavy vehicle transport is associated with accidents, notably of the fatal kind. The public image of long distance truck and bus operating is rather poor, mainly because of the severity of accident outcomes, in terms of both social and economical costs. Looking at the nature of these accidents, the association with driver fatigue is obvious. Therefore, specifically in countries where thousands of kilometres long haul transport is common business, considerable time and resources are devoted to the issue of driver fatigue. Mabbott (1999, 2000) lists the topics that have been endowed with plenty of research money in countries like Australia, the USA, etc.: fatigue detection, sleep disorders, sleep quality, physiological and bio-behavioural monitoring, truck crash studies and subjective evaluations. A lot of studies have been carried out that tried to answer the question whether fatigue, reduced arousal or drowsiness are related to errors and impairment in driving performance. Fatigue is found to be related to such factors as time on task, type of performance, circadian rhythm and inadequate or insufficient sleep. There is evidence that drowsiness is associated with decrements in performance, as measured in reaction time, perception, psychomotor co-ordination, decision-making and information processing (Rosekind, Gander, Gregory, Smith, Miller, Oyung, Webbon & Johnson, 1996). Since fatigue and / or drowsiness may eventually lead to either decreased attention, which can diminish driver reactions to a dangerous level, or even sleep, which could lead directly to serious accidents, i.e. injury or death, it is clear why these topics are, at least on some research agendas.

Fatigue

Fatigue is a word that can have different meanings in daily usage, and is used in different ways. The dictionary, the Webster “defines” fatigue as (1.) weariness from labour or exertion (2.) the temporary loss of power to respond to a stimulus ( as a result of continuous stimulation (3.)(.etc. In the literature, whether or not technically correct, the terms sleepiness and drowsiness are also used for fatigue and vice versa.

Meijman (1991) proposes therefore that at least two problems are to be dealt with, a deteriorating action capability (“loss of power to respond”), and a failing action readiness (“tolerance or pleasure exhausted”). Meijman himself in his thesis (1991), takes fatigue to be the individuals’ evaluative motivational judgement about their own state in relation to the demands of the task at hand. There are other views as well, that define fatigue exclusively in terms of changes in the state of the organism, as a consequence of  persistent activities c.q. workload. In all cases, however, decay in performance is central, coming out as either a change in judgement or as measurable change in the organism.

Ivan Brown (1994), reviewing the literature about fatigue behind the wheel, observed that “fatigue is insufficiently recognised and reported as a cause of road accidents”. Horne (2000) reported that drivers are very good judges of their own drowsiness / fatigue, which is for a matter of fact rather unexpected (Dalziel & Job, 2000). Accepting Brown’s implied assertion that fatigue is an important factor in accident causation (see also below), the implication of Horne’s finding is that drivers ignore the signs of fatigue that must be there. In fact, research has shown that a majority of (professional) drivers admitted (in hindsight of course) that they (almost) fell asleep at occasions and carried on driving anyway (Ouwerkerk, 1987, see below). So, for one or the other, yet unknown reason, drivers do not draw the right conclusion from obvious signs, i.e. stop driving.

Accidents and accident causation

Safety is primarily a ‘human factors’ case. Driver impairment is the first cause of accidents on (European) motorways. Based on a literature survey, Smiley and Brookhuis (1987) stated that about 90% of all traffic accidents are to be attributed to human failure, for instance, through fatigue, inattention or drowsiness at the wheel. According to Vallet (1991) it is generally a loss of alertness, which is the principal cause of fatal accidents (34%), while fatigue as “single factor” is estimated to be responsible for 7-10% of all accidents (Tunbridge et al., 2000). The costs of road traffic accidents for society are enormous in terms of both human suffering and economical loss. In Europe alone around 50.000 people are killed in traffic accidents each year, while more than 1.500.000 are injured. Traffic congestion, i.e. the regular ones and following traffic accidents, is a daily nuisance, predominantly present in the economically most sensitive places. At least 70 Billion Euro’s are spent each year on medical treatment of injured people, the cost of congestion is many times that amount, and many thousands of person-years of work are lost.

Tunbridge et al. (2000) argue that examination of accidents’ most prevailing factors shows, perhaps not surprisingly, the two most common “What happened?” factors being loss of control and failing to avoid a vehicle in the carriageway (i.e. a collision). The distribution of contributory factors is also interesting. These factors can be categorised as representing Driver (error & impairment), Environment, and Vehicle factors contributing to accidents (Shinar, 1998). The incidence of these factors is revealing. The incidence of alcohol was established at 3.8%, which is very close to that for all accidents in England where a driver is known to be over the drink drive limit (4.2%). For the other impairment related factors the situation is not so straightforward.  Impairment due to fatigue is recorded as a factor in only 0.8% of accidents, whereas in-depth studies and a large volume of anecdotal evidence shows that this factor is more like 7-10%. This under-representation of fatigue related accidents is now well recognised and results largely from the absence of direct evidence of sleepiness or tiredness being a factor. There is no quantitative measure of this effect on drivers. If drivers survive an accident caused by sleepiness they are unlikely to admit it; if they do not survive there is often very little direct physical evidence. Other factors e.g. vehicle defects, which are often erroneously cited as causes, usually need to be eliminated before fatigue becomes apparent.

Maycock (1995) assessed the contribution of sleepiness to car accidents and found that car drivers reported tiredness to be a contributory factor in 7% of accident involvement. In a survey of 4621 UK male drivers Maycock (1996) found that 29% of the population surveyed were close to falling asleep whilst driving at some time during the previous year. Horne and Reyner (1995, 1995a) also reported that 20 - 25% of road accidents on motorways in the UK were sleep related vehicle accidents. Croke (2000), analysing Australian heavy vehicle accidents, concluded that specifically of the high-cost accidents (>50.000 Australian Dollars) more than 50% (sic !) could be attributed directly to driver fatigue as a major causal factor. Ouwerkerk (1987) reported that in a survey among 650 truck drivers, the experience of falling asleep is not uncommon in this professional group. Of the total sample, 60% of the drivers stated that they had almost fallen asleep at least once, and 16.6% answered they had actually fallen asleep. Almost half of the latter group had an accident as a consequence in that case. Several groups have been identified as being high-risk for sleep related driving incidents, including, individuals who suffer from sleep abnormalities (e.g. apnoea, Howard et al., 2000), shift workers who often experience poor sleep quality on rotations and commercial drivers who work long and/or irregular hours.

Driving and working hours, time of day and circadian rhythms

The task of driving places high demands on the individual in the sense that the driver has to constantly maintain a high level of accuracy, attention and vigilance in order stay on the safe side. Notably, the length of driving c.q. working is associated with motor vehicle accidents (Dawson, 2000). Prolonged driving under monotonous conditions has been shown to be related to the vigilance of the driver (Lemke, 1982, Brookhuis, Louwerens & O’Hanlon, 1986, De Waard & Brookhuis, 1991). The independent evidence for this relationship stems from spectral analysis of electro-cortical activation (EEG), as inferred from the EEG power density spectrum (see also Lal, 2000). Both Lemke (1982) and Brookhuis et al. (1986) found that in drivers an elevation of the amplitude in either the alpha range, or both alpha and theta activity coincided with driving performance impairment. Four hours of continuous and monotonous highway driving has been shown to induce considerable drowsiness (De Waard, Van der Hulst and Brookhuis, 1996), as indicated by a number of driving performance parameters. Driving over really prolonged periods of time, as experienced on highways in long distance travel, has been found to induce lapses of attention and tiredness, even to the point of falling asleep at the wheel (Finkleman, 1994).

Task performance at different moments of the day (24 hours) is not constant, on the contrary. Circadian rhythms (endogenous rhythms) as well as external influences (meals, temperature, lighting conditions) are known to have influence on performance (Smith, 1992). Driver alertness is not constant either over the day. There is evidence that for most people (subjective) alertness is optimal around 11:00 AM, is sub-optimal early in the afternoon and late in the evening, and really low level in the night between 0:00 and 06:00 AM. Fatigue builds up during a working day, interacting with the previous mentioned rhythms. A separate but interacting factor is the idiosyncratic trait for morning- or evening-type disposition.

Ouwerkerk (1987) reports accident occurrence to be related the time of day. Fatigue-classified accidents were proportionally higher between 0:00 and 8:00 AM than all other accident classifications. Accident ratios for non-daylight conditions were consistently higher than in daylight. Significant relationships with diurnal arousal patterns were observed in field studies. Between 3:00 and 6:00 AM the majority of all available data showed the absolute dip. He concludes that (before 1985 !) the likelihood of involvement in an accident due to falling asleep at the wheel between 3:00 and 6:00 is (data slightly adapted):

· 3.5 times higher than between 6:00 and 9:00

· 59.5 times higher than between 9:00 and 12:00

· 37.5 times higher than between 12:00 and 14:00

· 11.5 times higher than between 14:00 and 16:00

· 68.5 times higher than between 16:00 and 21:00

· 11.5 times higher than between 21:00 and 24:00

· 3.5 times higher than between 0:00 and 3:00

Measures against driver fatigue

Combating driver fatigue is of three sorts, by the drivers themselves, by their companies or by the authorities. A number of approaches have been suggested, such as education (Horne, 2000), tricks and regimes, devices, etc. Support in these areas can be sought and notably found in specific electronic driver decision support systems, capable of detecting fatigue (see Reyner et al., 2000) and consequently either advising in decisions concerning stopping or proceeding to drive or prohibiting further driving. Alternatively, electronic alertness maintenance devices in the form of active involvement in “games” and secondary tasks, are gaining interest as well (De Waard et al., 1996, Haworth et al., 2000).

To avoid fatigue, the obvious advice to the individual drivers is that they should take care that sleep length and quality is sufficient, number of driving hours are suitable, and times of driving, working and resting are adequate. The driver will surely fight fatigue, once encountered and recognised as such, for which a number of “tools” are available. Well-known countermeasures are physical “(self)-stimulation” (moving, opening windows, radio-tuning, Reyner & Horne, 1998), physiological stimulation (caffeine, drugs, Mabbot, 1999, Mabbott & Hartley, 1999) and taking a rest. Finally, buying and installing modern technology in the car could assist to detect and perhaps also temporarily counter fatigue (Haworth et al., 2000).

Transport companies usually aim at installing fatigue management programs, implementing changes in work conditions. Initiatives to change the workplace (quarters, cabs, etc.), manage the impact of rostering practices and implement fatigue awareness training sessions, specifically belong to these programs (see McDonell, 2000).

The authorities face the problems belonging to violation detection and law enforcement. Contrary to most road safety hazards, driving while fatigued (or tired, or drowsy) is in most countries not a criminal act. However, like criminal acts such as drink driving and speeding, it can be just as fatal, and, driving when tired is also a matter of choice.

Driver measures

Horne and Reyner (1995, 2000) discussed several countermeasures to driver sleepiness and outline two main methods to do so. The first is to stop driving and if possible take a nap. This is the safest countermeasure against sleepiness. Naitoh (1992) advocated that the minimum time for a nap for minimalist recuperation was four minutes, but he also asserted that longer than 20 minutes may lead to unwanted grogginess and sleep inertia. Contrary to common belief, Reyner and Horne (1998) found that cold air via an open window and loud music does not improve deteriorating driving performance.  Secondly, it was suggested that the next most potent method for alleviating sleepiness is to take pharmacological stimulants such as caffeine. Alternatives to the commonly accepted use of caffeine are modafinil, dextro-amphetamine (Caldwell, 2000) and recently introduced “energy drinks” (Reyner & Horne, 2000). However, prescription is not without problems and not all these alternatives are equally potent.

Caffeine consumption has been found to resist performance impairment by fatigue (Lorist, Snel & Kok, 1994), night work (Schweitzer, Muehlbach & Walsh, 1992), post-lunch dip in alertness (Smith et al., 1991), minor illnesses such as the common cold (Smith et al., 1997), or sedative drugs (Riedel et al., 1995).  The implications of these effects are widespread extending to safety at work and the maintenance of operational efficiency in low alertness situations such as driving (Brice & Smith, 2000). Caffeine consumption was found to improve accuracy, mood, sustained attention and alertness.

According Mabbott & Hartley (1999) 27% of Australian truck drivers, being aware of fatigue as a problem, reported using stimulant drugs to combat driver fatigue. Both over-the-counter stimulants and illicit drugs are used for this purpose. Over-the-counter stimulants are not perceived as drugs because they are legally and easily obtainable.

Oron & Shinar (2000) hypothesised with convincing arguments that both length and quality of sleep are important for coping with the fatigue problem by drivers. They showed, for instance, that the time of day and the place to sleep are of major importance for the quality of sleep. Regimes in army transport sections that are based on counteracting specifically these nuisance factors have demonstrated to potentially counteract driver fatigue during service hours. Until now, however, they were not able to find supporting evidence for their hypothesis (Oron, 2000). In the railway transport industry, however, programs with respect to management and practice of fatigue countermeasures for train-crew have demonstrated positive effects (McDonell, 2000).

Regulatory measures
Authorities of most countries have recognised the necessity of regulating driving– and working hours in the transport sector, be it that economic principles (competition) are at the basis of the law and enforcement in this respect.

To take one country as an example, in the Netherlands minimum hours of rest and maximum hours of driving time are regulated by law and collective agreement. When they are regulated by collective agreement, the law prescribes the minimum requirements. These minimum requirements are almost the same as the standard regulation (where no collective agreement is in force). The law applies to all truck drivers, bus drivers and taxi drivers whether they are employee or have their own car. The minimum requirements are:

minimum rest hours

· 228 hours of rest in any period of 2 weeks

· 45 consecutive hours of rest in one week

· 11 consecutive hours of rest in one day

· 4 Sundays of duty in 13 weeks 

maximum driving hours

· 90 hours behind the wheel in any period of 2 weeks

· 56 hours behind the wheel in one week

· 9 hours behind the wheel in one day

The maximum consecutive driving time is 4.5 hours after which a break of at least 15 minutes is required. If a driver has to work during the night (between 0.00 and 06.00 hours), this can only be 26 times in any period of 13 weeks or 12 hours in 2 weeks.

The driving time is registered by a tachograph, and the hours of rest are registered by the employer. The tachograph discs and the registered hours of rest are checked by the police and other governmental organisations. The schedule for the hours of rest must be known to the employee 14 days in advance. 

Electronic driver decision support

The prevention or reduction of traffic accidents requires countermeasures that have to be specifically devised and introduced to prevent those behaviours contributing to accidents, such as fatigue at the wheel. In Europe, the USA and Japan, combined ergonomic and engineering approaches to both hazard assessment and the indication of drivers’ performance limits have developed into research and development of new and relevant (primary) safety measures. Brookhuis & Brown (1992) argue that an ergonomic approach to behavioural change via engineering measures, in the form of electronic driving aids, needs to be adopted in order to improve road safety in this respect.

The National Highway Traffic Safety Administration in the USA and the Commission of the European Union launched ambitious programs in the field of road transport informatics and telecommunications (ITS) to improve the conditions with respect to road safety, transport efficiency and environmental quality. The programs seek to create favourable conditions for the development of an integrated road transport environment through collaborative efforts in information technology and telecommunications applied to road transport. It seems likely that this comprehensive concept reduces political objections to the introduction of many safety measures which include constraints on individual drivers’ freedom. Any measure that marginally constrains individual road user behaviour in order to improve safety is even more acceptable if it can be shown incidentally also to reduce traffic congestion and air pollution. Certain projects within this programme aim to detect inadequate vehicle control under conditions where the driver's cognitive, perceptual and motor abilities may become impaired (i.e., accident risk is increased), such as driver fatigue (Brookhuis, 1995b). The SAVE project (System for effective Assessment of the driver state and Vehicle control in Emergency situations) was such a project (Bekiaris et al., 1997, Brookhuis et al., 1997, 1998).

The SAVE project developed a demonstration prototype of an actual product (in-vehicle SAVE unit) that will in real time detect impaired driver state as a consequence of driver fatigue and undertake emergency handling, prior and during the emergency situation occurrence. This is realised by instant detection of driver impairment, whereupon firstly the driver is warned, then if necessary drivers in the immediate environment and ultimately an emergency centre, hence shifting the car operation to an automatic driving mode, in order to ensure safe control of the vehicle (see De Waard et al., 1998).

Detection of fatigue

There are a number of theoretical problems surrounding the diagnosis of driver impairment, in particular the case of driver fatigue. The diagnosis of driver impairment following serious alcoholic intoxication is relatively straightforward and a measure of Blood Alcohol Concentration (BAC) is used to provide a quantifiable and legal criterion to define impairment due to alcohol (Brookhuis et al., 1997). However, it is impossible to apply the same logic to driver fatigue because there is no singular, quantifiable index of sleepiness that is analogous to BAC (Brookhuis et al., 2000). 

Epidemiological research has demonstrated that there is an exponential relationship between the amount of alcohol in the blood, and the likelihood of being involved in an accident (Borkenstein et al., 1974). A much more modest experimental study has confirmed that this quadratic type of function also holds for the relationship of blood alcohol level and at least one performance measure, the amount of weaving (Louwerens et al., 1987). Brookhuis (1998) showed that more parameters than just this single measure of driving capability to control lateral position are potential candidates to indicate driver impairment as a consequence of alcohol consumption and time-on-task c.q. drowsiness. Steering wheel handling, distance to vehicles in front (longitudinal control) and reaction time for other vehicles manoeuvres have indisputably been proven to be sensitive for drowsiness and even low amounts of alcohol (Brookhuis, 1998, De Waard et al., 1998). Behaviour in the sense of deterioration of performance on these measures was sufficiently impaired to discriminate driving while intoxicated with blood alcohol levels just below .05 (the legal limit in many European countries these days) from sober control rides.

This leads us to the notion that we should be able to discriminate drowsy driving form alert driving and driving while intoxicated from sober driving, and teach an intelligent monitoring device to detect both drink-driving and driver fatigue. In the future maybe even for other sources of impaired driving as well, for instance, illness, ill being, inattention in general and what have you. However, the categorisation of driving behaviour into “normal” versus “impaired” grouping in general is still a contentious procedure. There are several possible approaches that may not yield compatible data. The four resulting techniques elaborated below are plausible and feasible for the use as categorisation, but none are without their limitations.

Driving under adverse circumstances
One technique is to manipulate the driving situation in such a way as to artificially induce impaired driving. The resulting data are then judged to be representative of impaired driving by definition and may be suitable as a “benchmark” measure for comparison. The most straightforward method for inducing impairment is to have the driver consume a considerable, surely illegal amount of alcohol (because aiming at passing the legal limit) and completing a journey in traffic. The detrimental effects of blood alcohol over the legal limit on driving performance and traffic accidents are well-documented (Brookhuis, 1998, Brookhuis et al., 2000). The data collected during this test ride are the benchmark, as compared to normal, i.e. sober driving under similar conditions, for this particular driver (!). Thus, impairment is inferred directly based on primary task measures.  However, the nefarious effects of alcohol on driving performance may not provide the generic case of driver impairment.  Impairment due to fatigue, inattention or health breakdown may affect different aspects of behaviour or and the effects of impairment may have a different time-course.  The advantage lies in its propaganda strength as a categorisation system based on legal criteria.

The use of critical incidents, or accident precursors, as markers to define impairment
The goal of this technique is to expose the driver to a sufficiently high level of a “stressor” that the driver is unable to sustain safe performance and drifts off-road or collides with another vehicle. Extreme forms of the imposed visual impairments as introduced by Godthelp et al. (1984) and De Waard et al. (1998) are feasible ways to induce stress in this sense. High levels of fatigue could also serve as such according to Brown (1994, 1995) who proposes to define fatigue in terms of the consequences. There is some logic in the reasoning that assumes that drivers are impaired if they are unable to keep the vehicle neatly on the road. The critical incident could under circumstances easily turn into an accident. Therefore, one may use the critical incident as a marker and analyse the period of activity prior to the incident. These data may be submitted to sophisticated forms of regression analysis (introduced in the SAVE project, see Bekiaris et al., 1997, Brookhuis et al., 1997) to ascertain which variable(s) (that may be either behavioural or representative of vehicle input) are the strongest predictors of the critical incident. This technique provides a direct link between either behavioural or vehicle input measures and examples of impaired driving, but must for ethical considerations always be performed in the simulator. This may raise the usual questions regarding the perception of risk and drivers motivation to avoid accidents (see Farber, 1999, but also De Waard et al., 1999a, b).  A second problem is the absence of any rational when one chooses what size of time window is appropriate to define the period prior to a critical incident, i.e. a small window of 1 minute or a larger window of 10 minutes.  The use of a regression-type analysis may also be questionable as time-on-task may increase two concurrent measures of driver impairment  (e.g. EEG and lane-keeping) and therefore create the impression that the two are related to one another (Brookhuis et al., 2000).

The use of psycho-physiological criteria to define impaired driving
Impaired driving by definition implies that the driver is not fit to drive. This is necessarily reflected in driver’s psychophysiology that thereupon may be used as a classification index to define levels of alertness. For example, EEG data may be used to index impending sleepiness while carrying out tasks like driving, independently from behavioural measures (Brookhuis et al., 1986, Akerstedt et al., 1991, Lal, 2000). It is possible to collect concurrent data from driving behaviour and some well-defined psychophysiological measures, and use the latter in order to categorise the former (Brookhuis 1995b). Among those are heart rate and heart rate variability for effort and (mental) workload (Mulder, 1986, Mulder, 1992), facial muscles’ activity for effort and emotional load (Van Boxtel & Jessurun, 1993), and eyelid position and activity for sleepiness (Brookhuis et al., 1998). This technique takes the emphasis from primary task measures to “indirect” measures not directly reflecting driver behaviour.  The advantage of these measures is an assumption of increased sensitivity.  In addition, psycho-physiological measures are traditionally used as one of the measures to detect fatigue and to classify human sleepiness, and therefore, the same approach may be applied to those stages of reduced alertness that occur prior to full-blown fatigue.

The use of expert observation ratings
In some countries in Europe, individuals that reach a certain age are required to subject themselves to examination by trained driving instructors, the case of the elderly drivers licensing. These professionals make an assessment of the individual’s capability to drive safely based on this expert examination.  Formalisation of expert observation may be used in order to develop a categorisation for “safe” versus “impaired” driving. A related example is the use of observation of drivers’ facial activity in order to index. In this example, a system of scoring facial symptoms of fatigue is designed and observers are “trained” to score directly from videotape.

The definition of impaired driving is connected with the assessment of criteria for determining actual impairment. These criteria are formulated to define the division, or “red line” between the normative and impaired examples of the primary task, which is driving safely. These criteria may be formulated in either absolute or relative terms. The former relates to absolute values of behavioural measures, valid for everybody under all circumstances, the latter relates to circumstantial differences, suitable for individual use. For an elaboration on criteria for impaired driving, see Brookhuis, De Waard & Fairclough (2000).

Conclusions

Research has identified that one of the primary causes of road traffic accidents is fatigue (e.g. Maycock, 1995, 1996; Horne & Reyner, 1995, 1995a, Dawson, 2000, Connor et al., 2000). Maycock (1995) emphasized the need to publicise effective methods of combating fatigue during driving and real life applications of countermeasures. Examples of the latter are caffeine use, feasible and practicable regulation of driving & working hours, adequate sleep regimes, and electronic driver support applications for maintaining alertness and fatigue detection.

Given the findings that caffeine does indeed increase levels of alertness and improve performance on aspects driving, namely attention, it is possible that the use of caffeine could help increase alertness and improve driving performance at times of low arousal. This in turn has implications for improving road safety particularly in monotonous motorway driving situations that demand sustained attention.

Regulating driving & working hours provide an adequate means to prevent excesses, although cheating by tampering with registration seems to be common practise and hard to eliminate.

Adequate sleep regimes seem to create positive terms for optimal conditions to drive safely. The transport industry should advocate this view and motivate their drivers to adopt adequate regimes consistently. However, there are numerous conditions where exceptions to “normal regimes” are inherent. Thus, adequate sleep regimes are not sufficient by themselves.

Electronic driver support applications for maintaining alertness are promising, according to some recent research reports. However, the full extent to their effects on driving performance is not yet clear, which necessitates temporary reservations and further research.

Electronic applications to detect driver fatigue (and take some kinds of measures if necessary) are developed and tested in prototypes. The next step is further development and tests in field experiments in order to verify adequacy and study feasibility of widespread use.

Finally, research has to be done on the missing link between realising signs of fatigue by the driver and taking the right consequence, i.e. enhancing alertness if possible but certainly stop driving within short notice. Otherwise, even warnings by electronic applications would probably be ignored.

Policy issues

arguments why driver fatigue should be put on the research agenda of small countries

· in some countries in the world, fatigue is certainly recognised as a considerable problem for traffic safety, for instance countries like Australia and some states in the USA, where long distances are common
· fatigue, contrary to accident causation factors like alcohol and (medicinal) drugs, is not explicitly included in the applicable laws about adequate driving performance (in the Netherlands)

· to confess at interrogation that you were tired during the period just before an accident is not “popular”, let alone confess spontaneously, so, fatigue as a factor is likely to be underreported in statistics

· at least two problems are to be dealt with, a deteriorating action capability (“loss of power to respond”), and a failing action readiness (“tolerance or pleasure exhausted”)
· relatively spoken, there are not many single-vehicle accidents, traditionally associated with fatigue (eg. highway hypnosis), so the relationship between fatigue and traffic safety seems to be weak

· the relationship between fatigue and deteriorating performance is indisputable, however, which must have consequences for driving performance as well

· also, a clear (statistical) relationship has been established between time of day, driving and working hours, fatigue and accident incidence

· depending on the source of information, data with respect to accident involvement of drivers’ fatigue range from 0.3 to 13 %

· proposed solutions, (counter)measures and remedies are not commonly known and need to be publicised, prioritised and tested to practicality and usibility
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