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Effect of a 30-minute drive in a driving simulator
on fatigue, visual attention and driving performance
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Abstract. Fatigue impairs driver’s attention and performance and can com-
promise road safety. This study examines the effect of fatigue on a visual
attention test. 21 participants drove 30 minutes on a driving simulator in or-
der to get tired and performed the attention test before and after the drive.
During the drive, subjective sleepiness, mental workload, and driving perfor-
mance were recorded. Participants were divided into two groups with differ-
ent test sequences to assess the effect of time elapsed between the drive
and the second attention test. The results revealed that although the 30-
minute drive induced fatigue, effects of fatigue on visual attention are am-
biguous. Moreover, the test sequences had no effect. However, this study
provides information on the sensitivity of the attention test and how the test
might be adapted to detect fatigue and thus, improve road safety.
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1. Introduction

Fatigue is severely affecting driving skills and belongs to the major causes of traffic
accidents (ERSO, 2018). Driving while fatigue limits the ability to drive, such as main-
taining the following distance, speed or lane position (Akerstedt et al., 2005; Ting et
al., 2008), and impairs visual attention, a function, which is important in order to per-
ceive what is happening in the environment (Jackson et al., 2013). Therefore, drivers
should refrain from driving in case of excessive fatigue. However, the high estimated
rate of fatigue-related accidents underlines the severity of the lack of road safety in
relation to fatigued driving. One way to improve road safety would be if the police were
able to identify overtired drivers during road traffic controls. In contrast to assessing
driving under influence of drugs (abusive or medical) and alcohol, there is a lack of
objective, rapid measurement techniques, which can be used considering the organi-
zational and legal situation in police traffic controls.

Our previously developed test for recording attentional performance (Menozzi et al.,
2012) could fit requirements of police traffic controls, as it is performed in a short du-
ration (4 min) and it is not invasive. The test is about detecting a signal, which appears
either in the left, central, or right visual field. Considering previous studies, we have
good reasons to believe that data recorded in people with fatigue, are affected in a
particular manner. Faber et al. (2012) showed that attention was affected by fatigue,
in the form of a decreased ability to suppress irrelevant information, which resulted in
decreased response accuracies. Moreover, a dominance of right hemisphere for
visuospatial attention has been demonstrated (Heilman et al., 2000; Heilman & Van
Den Abell, 1980). In addition, functional magnetic resonance imaging studies revealed
that there is a substantial overlap between alertness network and visuospatial orienting
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network within the right brain hemisphere, leading to the strong believe that adverse
factors, which impair the alertness, may also affect the visuospatial attention
(Fernandez-Duque & Posner, 2001; Shulman et al., 2010). Therefore, fatigue, leading
to areduced level of alertness, is assumed to cause a rightward shift in attention, which
is characterized by, for instance, slower reaction times and omission of stimuli appear-
ing in the left visual field (Benwell et al., 2013).

In this study, we investigate how the attention performance change after a 30-minute
drive, which aims to induce fatigue in participants. Based on the dominant theoretical
framework postulating rightward shift in attention with declining alertness, we expect
that the detectability of the signal and the reaction time to the signal is better in the
right visual field compared to the left visual field when the participants are tired.

2. Method

A total of 21 participants (13 m, 7 f) possessing valid driving license were recruited.
Age ranged from 19 y to 43 y with a mean of 27.75 y (standard deviation [SD] 4.96 y).

Participants drove 30 minutes in our driving simulator on an oval shaped track with
little traffic and a monotone environment. They were instructed to follow the car ahead
at a constant distance. The fatigue level over the 30-minute drive was measured by
the subjective Karolinska Sleepiness Scale (Akerstedt et al., 2005). Since mental work-
load has been shown to lower attentional performance, the mental workload during the
driving task was recorded by using the Instantaneous Self Assessment (ISA) scale
(Hering & Coatleven, 1996). During the drive, all 5 minutes the KSS and ISA were
administered on the screen of the driving simulator and the participant responded ver-
bally to the questionnaires. While the scales were presented, the autopilot was enabled
and as soon as the participant have pressed a button on the steering wheel, the scales
disappeared, and the autopilot was disabled again. Furthermore, driving in a driving
simulator could be perceived as unnatural and could also cause cybersickness both of
which possibly affecting attention. Therefore, it was necessary to control for effects of
the presence, meaning the feeling of being there, and cybersickness. The question-
naire of Witmer et al. (1998) was used to record the presence, and the Cyber Sickness
Questionnaire (SSQ) (Kennedy et al., 1993) was used for recording cybersickness.

Besides recording KSS, objective measures of sleepiness were recorded by meas-
uring the standard deviation of the lateral position of the car, of the headway to the
front car, and of the car speed during the 30-minute drive. To measure the attention
performance, the visual attention test of Menozzi et al. (2012) was used. It is a com-
puterized test, in that participants report whether a flashed 6-digit number appearing
on a background movie, showing a car drive, includes the digit “3”. The number ap-
peared either on the left, central, or right visual field. Using the theory of signal detec-
tion (Gescheider GA, 1997), fractions of hits and false alarms are combined to the so
called detectability d’. d’ and the reaction time were recorded for each trial.

Assuming the traffic police will use this visual attention test in traffic controls, it is
important to know whether the test should be performed immediately after a driver has
been stopped or at the end of the usual traffic control. For this purpose, participants
were randomly divided into two groups that differed in the test sequence (see Figure
1). To imitate the time passed during a police control, 10 participants conducted the
second visual attention test after having answered the PQ and the SSQ, whereas the
other group included 11 participants performed the PQ and SSQ after the second vis-
ual attention test.
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Figure 1.  Overview of the study procedure.

3. Results
3.1 Changes in subjective sleepiness and mental workload

The subjective sleepiness level increased over the 30-minute drive [Friedman test:
x?(5) = 60.786, p < 0.01, n=21)] (Figure 2). At the end of the drive the KSS scores
significantly higher than at the beginning of the drive (difference =2.53, z=-3.476, pac-
justed<0.01, r=0.76) and the participants significantly felt more sleepy before the second
attention test (M=6.5) than before the first test (M=5) (Sign test: p<0.01, n=21). The
ISA score did not change over time [Friedman test: x2(5) = 7.846, p=0.165, n=21)].
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Figure 2. Mean of KSS as a function of driving time (period 1-6). The horizontal bars indicate the
periods between which the KSS level increased significantly. Significance of difference
(Friedman test, post hoc test: Dunn-Bonferroni test): *: p<0.05, **: p<0.001.

3.2 Progressive Variation of driving performance

Data of two subjects were excluded due to technical problems during the driving
task. One-way repeated ANOVA with the time-on-task separated into six 5-min pe-
riods revealed that the standard deviation of lateral position varied significantly with
driving time [F(5,90)=3.696, p<0.01, n?=0.170]. The post-hoc analyses, for which
Bonferroni-corrected pairwise comparisons were performed, showed that the vari-
ation of the lateral position (p=0.05) increased significantly after 20 minutes
(M=0.632, SD= 0.051) compared to the first 5-minute period of the experiment
(M=0.535, SD= 0.05). The variation of the lateral position correlated with the
subjective sleepiness level [rs=0.200, p=0.038, n?>=108], but according to Cohen
(1992), the effect is considered as weak.

The standard deviation of headway (p=0.824) and the standard deviation of car
speed (p=0.828) did not significantly vary with driving time.
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Analysing the driving performance on the curved and straight roads separately,
a significant change in lateral position over time could be observed only on the
straight road sections [F(5,90)=3.810, p< 0.01, n?=0.175].

3.3 Attention performance

Data of two participants were excluded due to many missed responses in the visual
attention test (n=19). A three-way ANOVA considering the factors location of presen-
tation of the six-digit number in the visual field (two levels, centre/periphery) and time
(two levels, before/after the drive) as within subject factors, and group as a two level
(Group 1/Group 2) between subject factor was run in order to compare effects on d’
and RT. The results showed no significant effect of time on d’ (p=0.552) and RT
(p=0.263). The independent variable group had no significant effect on d’ (p=0.744)
and RT (p=0.824). But there was a significant main effect of the location of presentation
of the six-digit number on the detectability d’ [F(1,16)=8.081, p=0.012, n?=0.336]. The
detectability was significant higher in the central visual field (M=3.046, SD=0.075) than
in the periphery (M=2.787, SD=0.132). The same applies to the reaction time
[F(1,16)=88.956, p<0.01, n?=0.848]. The reaction time was significant faster in the cen-
tral visual field (M=693.258, SD=13.095) than in the periphery (M=812.775,
SD=16.302). The post-hoc test of a further three-way ANOVA (3x2x2), in that the effect
of the left, central and right visual field was investigated, revealed that there was no
difference of the attention performance in the left and right visual field (d’: p= 0.073;
RT: p= 1.000). There was a tendency that the detectability in the right visual field
(M=2.481, SD=0.121) was lower than in the left visual field (M=2.772, SD=0.113),
p=0.073 (Figure 2).
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Figure 3. Average and one standard deviation of d' for the task carried out in the left, central and
right visual field before (dashed line) and after (solid line) the 30-minute drive. For more
clarity, the scale starts at d’=2.

In addition, the first and last third of the attention test were analysed separately.
Even if there were no significant findings, it is worth noting that regarding the left visual
field in the last third, 13 of the 19 participants showed a lower d’ in the second attention
test compared to the first attention test. In average, d’ decreased by 0.5.

4. Discussion

The results indicate that a 30-minute drive on a low-traffic road and in a monotonous
environment on a driving simulator is a fatigue factor, manifested through increased
KSS values and increased lateral movements of the car over time. The effect of fatigue

on the driving behaviour is most noticeable on straight road sections, which is con-
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sistent with Desmond’s (1998) findings. Regarding the headway and velocity, no sig-
nificant variations were observed, which may be due to the study design. As the driving
behaviour of the autopilot most likely did not match that of the participant, they had to
adjust the driving behaviour back by their own after the autopilot has deactivated. This
might have biased the data.

Furthermore, the ISA values did not increase over time probably since the work
demands during the performance of the task remain the same over time.

As expected from many previous literature (e.g., Crundall et al., 2002), the detecta-
bility and reaction time is better for central signals than for peripheral signals. However,
the hypotheses that with increased fatigue, the detectability and reaction time generally
deteriorate and are better in the right visual field than in the left could not be verified.
There is even a tendency that the detectability is better in the left than in the right visual
field, which indicates the so-called pseudo-neglect. This is a phenomenon that refers
to the tendency to direct attention more to the left than to the right (Manly et al., 2005).
However, the results indicate that the effect of fatigue might be seen in the last third of
the attention test. An explanation could be that attention decreases with time or the
background of the test is most complex in the last third, and thus more attention is
required.

One reason for the lack of significant effect of fatigue on visual attention might be
that the attention test is not sensitive enough to detect a small change in fatigue, which
was on average 1.5 in the KSS scale. To improve the sensitivity, the difficulty level of
the test could be increased by a shorter target presentation duration which would lower
test performance scores (Huang et al., 2019). Another reason could be that the partic-
ipants are between 19 and 43 years old, and that the effect of fatigue does not affect
attention as much as it would in an older population. Menozzi et al. (2012) showed that
the performance in the central visual field did not depend on age, whereas the detect-
ability in the periphery was shown to be an inverted U-shape function of age peaking
in the fourth decade of lifespan. The visual attention performance might decrease in
people older than 50 years compared to people between 20 and 50 since the psycho-
motor and cognitive performance decreases (Davies et al., 1992). In addition, it was
shown that inhibitory performance is an inverted U-shape function of age (Menozzi et
al., 2012). Based on those facts and the assumption that fatigue reduces the ability to
suppress irrelevant information (Faber et al., 2012), we hypothesize that the effect of
fatigue on visual attention may have a more significant effect in people over 50 years
of age than the effect in a younger population.

Furthermore, the results revealed that it does not matter whether the attention test
is performed immediately after a drive or a few minutes later. Regarding road traffic
controls, this would mean that the police can apply the test directly after a driver has
stopped or after the traffic control procedure.

Conclusively, this study verified the 30-minute drive on the driving simulator as a
fatigue-inducing method. This study showed that the visual attention test is not sensi-
tive enough to detect small changes in subjective sleepiness levels. However, by mak-
ing the test more difficult, the sensitivity for fatigue might be increased.
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