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Abstract
Background: Driver fatigue as a leading cause of death in the transportation industry can impair the driving
performance in long-distance driving task. Studies on the links of driver subjective fatigue and the bus lateral
position are still an exploratory issue that requires further investigation. This study aimed to determine the
correlation between the driver subjective fatigue and the bus lateral position in a driving simulator.
Methods: This descriptive-analytical research was conducted on 30 professional male bus drivers participated in
a two-hour driving session. The driver subjective fatigue was assessed by the Fatigue Visual Analogue Scale (F-
VAS) at 10-min intervals. Simultaneously, the performance measures of lane drifting as the mean and standard
deviation of the bus lateral position (SDLP) were calculated during the simulated driving task. Descriptive
statistics and the Spearman correlation coefficient were used to describe and analyze the data.
Results: Fatigue levels had an increasing trend as the time-on-task of driving increased. Time-on-task of driving
had the greatest effect on the fatigue self-evaluation (r = 0.605, p < 0.0001). The results showed a significant
correlation between fatigue self-evaluation and bus lateral position (r = 0.567, p < 0.0001).
Conclusion: As the time of driving increased, driving performance was affected adversely, as shown by the
increase in the SDLP. Even so, the effect of individual differences on driving performance should not be
overlooked. This work concludes that predicting the state of a driver fatigue based on the group mean data has
some complications for any application.
Keywords: driving performance, driver fatigue, lane position

1. Introduction
1.1. Background
Drivers’ inability to maintain a proper lane position because of inattention, fatigue, or drowsiness is one of the main
causes of accidents. The National Highway Traffic Safety Administration (NHTSA) has estimated that, in the U.S.
in 2005, about 28% of traffic accidents that resulted in death were due to crashes that involved Running-off-
Roadways (ROR) crashes (1). Clearly, fatigue and drowsiness can lead to the deterioration of the driver’s
performance, and this can cause various errors and increase the risk of accidents. Nilsson et al. (1997) posited that
fatigue was a major cause of drivers’ errors (2). Human error is a major contributor in 85% of crashes, and lack of
consciousness has been identified as the single most important factor in accidents caused by human error.
Sleepiness, fatigue, and road monotony may decrease the driver alertness level (3). Driving performance over time
usually requires more cognitive than physical effort (4). Continuous consciousness, selective attention, complicated
decision making, and sometimes automatic motor-perceptual control skills are instances of cognitive functions.
According to Miller and Mackie (1980), long hours of continuous driving and monotonous driving at night and in
the early hours of the morning lead to a decrease in driving performance (5). In addition, Adkins (1964) found that
changes in the arousal level caused by the circadian rhythm can cause performance variations (6). In contrast,
driving while fatigued is associated with the worsening of performance. It is notable that at lower levels of fatigue,
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the decrease in physiological arousal, slow motor and sensory functions, and the impaired processing of information
also can diminish the driver’s ability to respond in emergency or unusual situations (7).

1.2. Statement of the problem
Driver fatigue, as a direct or contributing factor in road accidents, is defined as a feeling of sleepiness caused by
long periods of driving, monotonous roads, bad weather, or personal characteristics. Mental fatigue related to time
on cognitive tasks can somehow influence driving performance because of drowsiness and the duration of
monotonous driving (8-10). In a survey, Venelle et al. (2010) found that 20% of drivers suffer from severe
sleepiness during the day and that 12% experience microsleep at least once a month during driving (11). Seven
percent of the drivers had a drowsiness-related accident and 18% had near misses. Since maintaining the vehicle
properly in the lane is the highest degree of a steady task done by a driver, it can be an important and sensitive
measure of driver fatigue (12, 13). Vehicle-based performance measures can provide useful information about the
driver’s behavior. Some researchers have studied driving performance through steering wheel movements (14), and
lateral position of the vehicle (15). Several authors have correlated drivers’ alertness levels to driving performance.
One study showed that time-on-task can significantly decrease drivers’ alertness and driving performance (10). Long
hours of driving, inadequate sleep, and other cumulative factors let the sleep-deprived drivers cross the white line on
the right side of the road and commit other errors (16, 17). In fact, steady driving offers little visual stimulation,
causing drivers to become sleepy, resulting in their making more mistakes while driving (13). Detecting the driver
fatigue by analyzing biological signals is very challenging (18), because the same changes do not occur in all
biological signals based on drivers’ different fatigue levels. For instance, electroencephalography (EEG) and
electrooculography (EOG) can be used as reference laboratory standards. Many researchers including Akerstedt and
Gilberg (1990), Lal and Craig (2001), Eoh, Chung and Kim (2005), Yang, Lin and Bhattacharya (2010), and Simon
et al. (2011) have used EEG as an effective indicator of driver fatigue (19-23). However, these electrode-based
methods are not suitable for application on actual roadways. The major problems involved in these methods are poor
resistance to various environmental conditions (such as moisture and high temperature), lack of comfort, and the
short lifetime of the electrode sensors that are used. In contrast to the electrode-based methods, performance-based
measures, such as steering wheel angle and lateral position of the car are more suitable for discovering drivers’
states of fatigue. Besides, according to Krajewski et al. (2009), these systems are inexpensive, non-intrusive, robust,
and do not distract the driver (24).

1.3. Objective
Since methods for dealing with fatigued drivers are still in the exploratory phase, the aim of this study was to
determine the correlation between driver mental fatigue and bus lateral position in a simulated task.

2. Material and Methods
2.1. Research design and study setting
This descriptive-analytical study was conducted on healthy, professional, male, urban bus drivers selected from
Beihaghi and the eastern, southern, and western intercity bus terminals in Tehran, Iran. The subjects were invited
formally to take part in a driving simulated task at Khaje Nasir Toosi University of Technology during the summer
of 2014. The experiments were performed from 9:00 A.M. to 12:00 P.M. or from 2:00 P.M. to 5:00 P.M. to control
the possible influence of circadian rhythm since these time periods have similar circadian rhythms (25).

2.2. Sampling and participant selection
Thirty professional, male, urban bus drivers voluntarily participated in this study. All drivers held valid driving
licenses (with at least two years’ driving experience). They had no history of mental illness or brain injury, and they
did not have any sleep disorders. The subjects were asked to refrain from caffeinated drinks or any other drugs and
to avoid smoking 12 hours before the study. In the study, food and sleep diary logs were prepared for a week before
the test began.

2.3. Instrument and data collection
In this study, a bus driving simulator was used to evaluate mental fatigue in a calm controlled room with a fixed
temperature and illumination conditions. The virtual-reality technique enables the drivers to interact directly with the
virtual environment instead of responding passively to audiovisual stimulants (26). A bus driving simulator, i.e.,
Akia BI 303, was designed and developed in the Mechatronic Department of Khaje Nasir Toosi University of
Technology. The driving simulator had a mobile platform with three degrees of freedom (pitch, roll, and surge), the
driver’s cabin, which included a speedometer, engine speed in RPM, real accelerator and brake pedals, a steering
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wheel, automatic gear buttons, and virtual rear-view and side mirrors. In this study, a 70-km virtual road was
designed and simulated as a loop. The virtual road was an approximately straight highway with the least fatigue-
inducing side components and curvatures. The sampling rate of the simulator’s data ranged from 90 to 350 Hz. The
linear interpolation was used to convert the sampling rate to 100 Hz. Then, the distance between the center of the
bus and the sideline at any moment during the drive was calculated and saved as the simulator output. The Epworth
Sleepiness Scale (ESS) was used to assess the sleep prepotency of drivers before the experiments were initiated. The
drivers evaluated their own fatigue levels subjectively (fatigue self-evaluation) at 10-min intervals using a 10-point
Fatigue Visual Analogue Scale (F-VAS) (1 for completely alert and 10 for extremely fatigued). The subjects had to
drive on a highway for two hours at a constant speed of 110 km/hr while keeping the bus in the proper lane on the
driving simulator.  The driving task continued until the subject deviated from the lane or went off the road.

2.4. Research ethics
This research was approved by the Ethics Committee approval at the Tehran University of Medical Sciences and
Health Services. All participants provided signed informed consent forms.

2.5. Statistical analyses
In this research, the Spearman correlation coefficient was used to study the correspondence between subjective
fatigue (F-VAS) and driving performance (as measured by the mean and standard deviation of the bus lateral
position).

3. Results
3.1. Participants’ demographic characteristics
The mean age of the drivers was 45.33 (± 9.3). Ninety percent of the drivers were married and 26.7% were smokers.
Half of smokers smoked fewer than 10 cigarettes per day. Sixty percent of the drivers reported that they had driven
while they were sleepy. More than half of drivers (53.3%) engaged in weekly exercise. About 3.3% of the drivers
had a primary school educational level, 50% had finished primary school, 43.3% had high school diploma, and 3.3%
had graduated from college. The participants’ other characteristics are presented in Table 1.

Table 1. Participants’ demographic characteristics
Participants Mean Standard deviation
Age (year) 45.33 9.34
Driving experience (year) 25.23 2.07
Intercity bus driving experience (year) 14.73 1.79
Driving (days/week) 5.70 0.26
Driving (hour/day) 8.18 0.29
Maximum driving time without rest (hour) 2.94 0.28
Resting time between travels (hour) 22.92 0.28

3.2. Findings from the fatigue self-evaluation with the F-VAS scale
The drivers reported their fatigue levels subjectively from 1 to 10 at 10-min intervals based on the F-VAS scale. The
F-VAS score of less than 4 in the first 10 minutes of driving progressed by a steep upward trend to 7 at the 50 th

minute of the session. The F-VAS score continued to increase but at a lower rate to 7.5 at the 80 th minute of driving.
The fatigue self-evaluation had a slight descending trend (F-VAS=7.3) during the 9th 10-min interval, but it resumed
its upward trend at the 100th minute of driving, reaching 7.7. In the last two 10-min sections of driving, we observed
a descending trend in the drivers’ subjective fatigue, which ended at 6.9 at the 120 th minute.

3.3. Findings of driving performance
The mean of the lateral position (MLP) and the standard deviation of the lateral position (SDLP) of the bus at the
10-min intervals are presented in Figures 1 and 2, respectively. Figure 1 shows that, as the time-on-task of driving
increases, the mean of changes in the lateral position (MLP) of the bus increases. The changes had an increasing
trend until 60 minutes of driving. During the section 7 of driving, MLP had a descending trend, but it increased
again during the next 10-min period. The mean lateral position of the bus had a downward trend during the time
period from 80 to 100 minutes, but it increased again during the next time period. This measure decreased in the
final 10 minutes. Figure 2 indicates that the SDLP increased until the 70 th minute of driving. Then, SDLP decreased
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from 70 to 90 minutes and increased again during the 10th section (100 min) of driving. SDLP had a descending
trend during the two final sections of the driving session (110 and 120 min).

Figure 1. Mean change in lateral position (MLP) while the bus drivers were driving using the simulator

Figure 2. Mean change in SDLP while the bus drivers were driving using the simulator

3.4. Correlation between subjective fatigue and the bus driver’s performance
The study showed the time-on-task of driving as the most influential factor on subjective fatigue (r = 0.605, p <
0.0001). However, we found a weak, but significant, correlation between the fatigue self-evaluation and the bus’s
MLP (r = 0.162, p = 0.009), while there was a strong, significant correlation between the F-VAS and the SDLP in
the intercity bus drivers (r = 0.567, p < 0.0001). A closer look at the raw data indicated that there were some
individual differences between the drivers concerning subjective fatigue and driving performance. For example,
driver No. 11 stated his fatigue level was 3 (mild fatigue) during the entire 120 minutes of driving. As it appears in
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Table 2, by removing driver No. 11 from the analysis, a stronger correlation was observed between the time-on-task
of driving and fatigue self-evaluation in the intercity bus drivers ( r = 0.683, p < 0.0001). Another worthwhile point
was the opposing results obtained from driver No.19 concerning the reverse correlation between time-on-task of
driving and MLP (r = -0.769, p = 0.003). More detailed results about driver No. 19 were illustrated in Table 2 and
Figure 3 showing the correlations between the time-on-task, fatigue self-evaluation, MLP, and SDLP of the bus.

Table 2. Correlation coefficients and significant levels of time-on-task of driving, F-VAS, the bus’s MLP and SDLP
for the intercity bus drivers and driver No. 19

Spearman correlation MLP (p value) SDLP (p value) F-VAS (p value)
Time-on-task 0.035 (0.581) 0.283** (0.0001) 0.683** (0.0001)

Time-on-task (for driver No. 19) -0.769** (0.003) 0.867** (0.0001) 0.944** (0.0001)

MLP 1.000 (-) 0.087 (0.174) 0.154* (0.015)
MLP (for driver No. 19) 1.000 (-) -0.566 (0.055) -0.681* (0.015)

SDLP 0.087 (0.174) 1.000 (-) 0.532** (0.0001)

SDLP (for driver No. 19) -0.566 (0.055) 1.000 (-) 0.866** (0.0001)
*Correlation is significant at 0.05; **Correlation is significant at 0.01

Figure 3. Distribution of fatigue self-evaluation and time-on-task (left), SDLP (middle) and MLP (right) in intercity
bus driver No. 19

4. Discussion
This paper presented the correlation between drivers’ subjective fatigue measured by F-VAS and the bus lateral
position calculated as MLP and SDLP in a simulated driving task.

4.1. Fatigue self-evaluation
The findings suggested the F-VAS score of less than 4 in the first 10 minutes of driving progressed to 7.5 at the 80 th

minute of driving. The fatigue self-evaluation had some fluctuations during the rest of the driving and showed a
downward trend in the last two 10-min intervals of driving. One reason for this variation may be the falls in the
number of drivers driven up to two hours. This means that most of the drivers had driven the simulator 80 minutes
or less. In other words, because of fatigue or hitting to the guardrail, the drivers had to stop the assigned driving task.
Second, the mental alertness of the drivers was changing with time, and the drivers experienced different periods of
fatigue, alertness, and microsleep for various reasons. However, the average fatigue self-evaluation had an
increasing trend, and, by increasing the time-on-task of driving, the fatigue level also was increasing. Other
researchers also have confirmed the effect of increasing time-on-task on driver fatigue (14, 17). Drivers must be
vigilant constantly, and their ability to do so is sensitive to the effects of fatigue-related time-on-task.
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4.2. Driving performance
In general, our findings showed that as the time-on-task of driving increased, the mean of changes in the lateral
position (MLP) of the bus increased. The reason for the observed variations in the MLP between 70 minutes until
the end of the driving task may be due to the stopping of the experiment by most of the drivers after 70 to 80
minutes, because they reached their highest levels of fatigue and experienced the worst driving performance at these
times. Research on the effects of time-on-task on driving performance has produced contradictory results, which
may have been related to imperfections in the methods that were used (27). Some studies have determined the effect
of time-on-task on rested drivers after just 40 minutes in a driving simulator (14). However, most studies have used
SDLP as a better performance measure (12, 28, and 29). The findings of the survey also showed that, as the time-on-
task of driving increased and the fatigue level increased, SDLP of the bus also increased. Similarly, in a study by
Anund et al. (2011), SDLP and Karolinska Sleepiness Scale (KSS) increased with time-on-task (30). Recent
evidence suggests that, in rested drivers, the number of line crossings, the changes in the lateral position, and the
small movements of the steering wheel gradually increased during simulated driving tasks (16). This implies that the
time-on-task of driving might merely impair the driving performance. Jackson et al. (2011) reported that fatigue can
affect driving skills by increasing the frequency, amplitude, and variability of errors (27). For example, in lane
drifting, fatigue can increase the number of drifts from the centerline, the distance of the drifts from the centerline,
and the variability in the ability of the driver to keep the vehicle properly located in the lane. In the study of Wylie et
al., driver sleepiness was detected by the off-line review of recorded video images (31). They inferred that the SDLP
is a valid indicator of driving performance and that sleepiness causes an increase in lane tracking variations. The
researchers also concluded that, since the drivers change their behavior in response to the road environmental
conditions, it is necessary to consider individual differences while using the lateral position of the vehicle for
detecting driver sleepiness. Prior research has reported inconsistencies in the study of fatigue-related time-on-task on
the driving performance. Traffic studies conducted by Philip et al. (2005) showed that rested subjects had no
significant impairment in driving performance during a 10-hour period, which was divided into 105 minutes of
driving with 15-30 minute breaks (32). In this study, SDLP continued to increase up to 70 minutes of driving. After
that, it decreased until the driving time reached 90 minutes, and, in the next 10 minutes (100 minutes of driving), it
increased with a large standard deviation. This measure decreased during 100 to 110 minutes and showed no
changes at 120 minutes of driving. As mentioned earlier in this paper, the reason that changes appeared during 70 to
120 minutes of driving probably occurred because of the drivers who stopped the test after 70 to 80 minutes of
driving. However, differences in driving skills also may cause these variations.

4.3. Association between the driver’s subjective fatigue and the bus’s lateral position
In this study, we found a strong, significant correlation between the fatigue self-evaluation of the drivers and the
SDLP of the bus. Recently, a few researchers have reported good agreement between sleepiness and driving
impairment (33-35). Wylie et al. also found a correspondence between the driver sleepiness and lane tracking
variability (31). A simulator study by Peters and Kloeppel showed that, as the driver’s sleepiness increases, the
variance of the lateral position of the car increases (36). It is important to note that the lateral position of a car
changes according to the traffic conditions on the adjacent lanes as well as in response to road conditions. Therefore,
these issues should be considered when using this measure. The findings of this study indicated that there were
significant differences among the drivers with respect to the association between mental fatigue and SDLP; as an
illustration, driver No. 11 reported that his fatigue level was constant (3, mild fatigue) throughout the entire 120-min
period. However, other evidence provided clues about the driver’s tiredness. Other studies have also reported the
inadequacy of the existing fatigue self-assessment techniques. Some researchers have posited that drivers are not
good evaluators of their own momentary levels of fatigue and that they overestimate their alertness levels (4, 14).
Ingre et al. (2006) showed that, while the KSS score increases, the SDLP measure (in meters) increases and blink
duration takes longer (12). This correspondence was observed for all of the subjects in their study. However, many
individual differences also were observed. While predicting outcomes based on any individual, these differences
should be considered. The authors noted that the individual differences are complicated and the mechanisms that
result in these differences are still unknown. The individual differences may be the result of careful driving or
driving skills in general. The SDLP was calculated based on the average of 20 participants. However, in some
drivers, SDLP did not exceed 0.25 m, even for a KSS score of 9. In their experiments, significant differences were
found with the correlation test that was based on a person-to-person analysis. They assumed that there may be a
curvilinear relationship between KSS and SDLP, with a further increase in SDLP at the higher levels of KSS. This
conclusion agrees well with previous research concerning subjective and objective sleepiness, and it shows that
serious behavioral and physiological changes do not occur until drivers reach a relatively high level of sleepiness
(KSS > 7) (19).
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4.4. Limitations of the study
This research had some limitations that should be noted. One limitation was that SDLP depends on external factors,
such as lighting, weather, and road markings. Another limitation is the microsleep that occurs when a driver is
driving on a straight road and goes to sleep for a few seconds without changing the vehicle’s lateral position. Such
events are undetectable by a device based on the lateral position of a car (37). A significant problem still exists in
the real-time detection of the lateral position of a car. In summary, some studies have reported that vehicle-based
measures are poor predictors of sleepiness-related performance errors. In addition, the use of alcohol or drugs can
affect the SDLP. In other words, the vehicle-based performance measures are not specific to sleepiness (29).

5. Conclusions
The findings of this study indicated that the time-on-task of driving can be a critical factor in developing mental
fatigue. However, driving over time affects the driving performance and increases SDLP, but one should not ignore
the effects of individual differences on driving performance. This shows the importance of using reliable methods in
preventing the onset of fatigue in drivers. The use of lane-tracking devices for preventing fatigue and drowsiness
still has some significant limitations and requires further research. Finally, using a performance measure, such as
SDLP, as a fatigue countermeasure device should be validated and tested experimentally in future research.
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