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The frequency of some behaviour (such as self-centred gestures) increases during a task that leads to the 
occurrence of low-vigilance episodes. These gestures can be useful in stimulating oneself. A study carried 
out in 20 adults has enabled us to state that motor activity (recorded with an actimeter) increases with the 
duration of a monotonous driving task and sleep deprivation. The analysis of the scores recorded using the 
Karolinska Sleepiness Scale has shown that drivers can assess the deterioration of their state of vigilance 
according to the actual sleep preceding the driving test. Finally, the joint analysis of the subjective and 
objective data revealed a co-variation of these two types of indices. We discuss the stimulatory function of 
the motor activity in a task leading to the occurrence of low-vigilance episodes by investigating, among other 
things, the use, conscious or not, of this type of activity.
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1. INTRODUCTION

A decrease, even transitional, in the level of 

vigilance affects intellectual and physical abilities 

and therefore also people’s performance [1]. 

The relative lack of knowledge about their state 

contributes to the occurrence of errors (in terms 

of signals missed, mistakes made or falling 

asleep) that are among the most frequent causes 

of accidents [2]. Some individuals, unconscious 

of the limits of their abilities, endanger not only 

themselves but also others.

In the scientific literature, there is a wealth of 

studies aimed at demonstrating the effectiveness 

of diverse techniques used to improve and 

maintain the level of vigilance of these individuals 
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throughout the (whole) performance of their task 
(working, driving a car). By and large, two main 
types of methods emerge, each one relying on 
a specific principle.

The first principle proposes to increase 
individuals’ opportunity to sleep in the form of 
short periods of sleep, more commonly called 
naps. This technique, which has numerous 
advantages [3, 4, 5, 6], has been shown to be 
beneficial in fighting drowsiness, especially at 
the wheel [7, 8].

The second principle consists of stimulating 
the person. Many techniques are associated 
with it. The first one is exposure to stimulating 
environmental conditions (light, smells, noise, 
music or environmental temperature) [9, 10, 11, 12, 
13]. At the wheel, opening the window or listening 
to the radio are certainly methods used by most 
drivers to fight drowsiness [14, 15]. The second 
stimulatory technique involves the use of natural 
or pharmacological substances such as caffeine, 
amphetamines or eugregorics [16, 17, 18]. The 
positive effects of caffeine on the state of alertness 
and performance have been notably studied in 
car drivers [16]. The third technique consists 
of carrying out a secondary task that breaks the 
monotony of the main task [19]. This technique 
is directly inspired by the actual experience of car 
drivers who resort to a whole series of activities 
to keep themselves awake [20]. Finally, the last 
stimulatory technique consists in varying one’s 
activity during breaks that are inserted in the main 
monotonous activity. Activities can be social or 
physical such as the execution of simple movements 
[21, 22]. Simple using one’s muscles from time to 
time is a good way to stimulate one’s body and 
thus to reduce drowsiness and fatigue [23]. In that 
spirit, car and lorry drivers with a long journey 
ahead are highly advised, e.g., to stop regularly 
for a few minutes and to take a walk around their 
vehicle. If the physical exercise carried out during 
the breaks enables the individual’s stimulation, 
one can wonder if there is a relationship between 
people’s motor activity during a monotonous task 
and their state of vigilance. Several studies of the 
analysis of behaviour in work situations or during 
a monotonous driving task tend to establish this 
relationship.

There exist two types of behavioural activities: 
those necessary to the performance of the task 
and those that are not directly imposed by the 
task. The latter are called non-specific activities 
[24], subsidiary activities [24] or collateral 
activities [25].

The number and the type of behavioural 
activities that appear during a monotonous 
and prolonged activity vary in relation to the 
nycthemeron (day–night alternation). Overall, the 
frequency of behavioural activities progressively 
increases throughout the whole day, while at the 
same time, operators’ performance drops [26]. 
Moreover the frequency of behavioural activities 
can fluctuate during daytime. Thus, hours during 
which these behavioural activities were more 
numerous were identified in operators [24]. The 
number of activities increases also between the 
morning and the afternoon as does the subjective 
feeling of fatigue [27]. This number is overall 
higher at night than in daytime [28]. Even the 
increase in behaviour with the duration of the task 
is more pronounced at night than during the day.

There is a consensus in the literature about the 
interpretation of these behavioural variations. 
These activities would be indications of 
individuals’ level of arousal [27, 29, 30, 32]. The 
occurrence of these activities would be a defence 
mechanism which enables the maintenance of 
performance or of a stable level of output. But 
they would not always be efficient. There would 
exist a threshold (or an optimal level of vigilance) 
beyond which the performance would decrease 
while behaviour continues to increase [26]. 
Even if the duration of the task has an effect on 
behaviour and on performance in monotonous 
tasks, this does not prove that the individual 
makes use of this behaviour to try and maintain 
a steady level of activation.

A recent study was carried out with subjects 
performing a 2-hr car drive on a simulator. An 
analysis of the drivers’ behaviour (which was 
recorded with cameras) and of their state of 
vigilance (recorded with a physiological data 
logger) allowed us to confirm the existence of 
a relationship between the occurrence of this 
behaviour and the variations in the level of 
arousal [32]. One of the behavioural category 
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groups are self-centred gestures, which can 
be defined as movements of hands towards 
the body. The subjects carried out more self-
centred gestures when they had presented more 
pronounced signs of low vigilance (alpha and/or 
theta waves) in the previous minute. Thus, these 
authors put forward the idea that self-centred 
gestures constitute behaviour which enables the 
driver to reactivate himself.

The self-centred gestures can be recorded 
by filming the driver, as was the case in the 
study quoted earlier. They can also be localised 
whilst driving by having the subject wear an 
actimeter on each wrist, since this device enables 
the recording of hand movements throughout 
the task. If the motor activity recorded in both 
wrists indeed reflects the quantity of self-centred 
gestures, then this activity should be more 
important when the proposed task combines 
some characteristics that lead to the occurrence of 
episodes of drowsiness. Hence, we put forward 
the hypothesis that the motor activity recorded on 
the wrist whilst driving increases when driving 
is monotonous and prolonged, more so when the 
task is carried out with a sleep debt.

The deterioration of the state of vigilance 
can be shown using objective measures 
such as the alpha and theta indices found 
on an electroencephalographic record or the 
performance obtained in a vigilance test. This 
deterioration can also be perceived by the 
subjects themselves as it was demonstrated in the 
studies carried out with the Karolinska Sleepiness 
Scale (KSS) [33, 34]. Furthermore, the scores 
obtained with the KSS significantly correlate 
with the performance obtained in a vigilance test 
involving visual modality, these two measures 
also being carried out over a whole night without 
sleep [34]. All these results show the usefulness 
of the KSS for subjective assessment of the state 
of vigilance. Like Akerstedt and Gillberg [33], 
we put forward the hypothesis that drivers with 
a sleep debt are able to assess the deterioration of 
their own state of vigilance. We believe that the 
score at this scale will be higher when subjects 
have driven with a sleep debt than when they 
have slept normally before the driving test.

As far as we know, no study has shown 
a relationship between the presence of self-
centred gestures and the subjective perception of 
the state of vigilance. If self-centred gestures are 
indeed used to reactivate oneself, we believe that 
they will be more numerous as drivers estimate 
they are in a very low state of vigilance. Thus, the 
more subjects perceive a decrease in their level 
of vigilance (estimated with the score obtained 
on the KSS) between the conditions with and 
without sleep deprivation, the more their motor 
activity (recorded with the actimeter) should 
increase between these two conditions.

2. METHOD

2.1. Subjects

Twenty men, whose age varied between 18 and 
45 years (M = 35.5, σ = 11.3), took part in this 
experiment. The subjects were healthy and the 
protocol of the study had been examined and 
applied according to the procedure of the law on 
biomedical experiments in the healthy voluntary 
subject.

2.2. Device

Seated at the wheel in the driving simulator 
(PAVCAS; Poste d’Analyse de la Vigilance 
en Conduite Automobile Simulée [vigilance 
analysis driving simulator]; Figures 1a and 1b), 
the subject was assigned the task of following 
another vehicle whilst keeping a constant 36-m 
inter-vehicle distance (i.e., a distance that 
corresponded to one and a half lines on the right 
hand-side of the road). This vehicle was the only 
other automobile present on the motorway and 
it moved at a speed of 96 km/hr (σ = 5.15). The 
driving simulator consisted of a car cabin placed 
on a mobile base that allowed longitudinal, 
vertical, and rolling and pitching movements of 
the cabin. It was associated with an interactive 
visualisation unit. The road image was placed 
3.5 m away from the driver and covered 108o 
of the horizontal and 27o of the vertical visual 
field. To increase the monotonous aspect of the 
driving task, it was carried out in the presence of 
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Figure 1a, Figure 1b. The experimental device: the driving simulator (PAVCAS: Poste d’Analyse de la 
Vigilance en Conduite Automobile Simulée [vigilance analysis driving simulator]).

(a)

(b)



225LEVEL OF VIGILANCE: ACTIMETRIC AND KSS INDICES

JOSE 2006, Vol. 12, No. 3

fog (located 150 m away). The temperature in the 
cabin was regulated at 21 oC (±1).

During the whole car-following task, the subject 
wore an actimeter on each wrist (Actiwatch AW4, 
Cambridge Neurotechnology, version 3.24, UK). 
This small box, the size of a watch, is made of an 
accelerometer captor. The actimeter transforms 
any physical movements with an acceleration 
above a threshold of 0.1 g into a numeric display 
and records them every 15 s. Trials before the 
experiment showed that those actimeters were 
not sensitive to the driver’s movements when 
he manipulated the wheel during the assigned 
driving task. Indeed, increases in the value 
recorded with the actimeters did not coincide 
with increases in the number of movements of 
the wheel recorded at the same time. For all 
the following analyses, the first 2 min and the 
last 2 min of recording were excluded from the 
analyses because they were periods during which 
the driver had to manipulate the speed lever either 
to reach the speed of the vehicle he had to follow 
or to stop his vehicle at the end of the experiment. 
These movements were necessary for driving and 
did not constitute collateral activities.

2.3. Variables

Following the vehicle lasted for 60 min. It was 
divided into two equal parts: first half-hour and 
second half-hour. Each subject took part in two 
different experimental sessions. The order of these 
two sessions was counterbalanced between the 
subjects. For the session with sleep deprivation 
the subject arrived at the lab at 10 p.m. and 
stayed awake until 8 a.m the next morning. He 
had the possibility to carry out quiet activities 
such as reading or writing in the company of an 
experimenter. At 8 a.m., after a light breakfast, he 
underwent a training session on the simulator to 
get familiar with both simulated driving and the 
assigned car-following task. At 9 a.m. he carried 
out the following task for 1 hr. During the session 
without sleep deprivation, the subject arrived at 
the laboratory at 8 a.m. after a complete night of 
sleep at home. An actimetric recording enabled us 
to verify the length of his nocturnal sleep. Then 
he carried out a training session at 8 a.m. and the 
monotonous driving task at 9 a.m. as in the first 

session with sleep deprivation. For each session, 
the subject filled in the KSS after the driving test 
[34].

The record of the actimetric data enabled us to 
calculate the movement index that corresponds 
to the percentage of 15-s periods with an activity 
strictly above 0 [35]. The KSS enabled us to 
evaluate the driver’s state of vigilance. The 
score on this scale can vary from 1 (very alert) 
to 9 (very sleepy, fighting sleep, an effort to 

keep awake), the intermediary level referring to 
a neutral state (neither awake nor sleepy).

A 2 × 2 analysis of variance (ANOVA) with 
repeated measures (the duration of driving 
with 2 modalities and sleep deprivation with 
2 modalities) was carried out on the movement 
index to study the effect of sleep deprivation 
and driving duration. A Wilcoxon test was used 
to study the effect of sleep deprivation on the 
score obtained on the KSS. Finally, a Pearson 
correlation was calculated to measure the 
relationship between the variation of the level of 
vigilance between the sessions with and without 
sleep deprivation (the difference between the 
score obtained on the KSS in the sleep debt 
condition and the condition without a sleep debt) 
and the increase in actimetric data between the 
sessions with and without sleep deprivation (the 
difference between the movement index recorded 
in the sleep debt condition and the condition 
without a sleep debt).

3. RESULTS

3.1. Analysis of Actimetric Data

Sleep deprivation had a significant effect on the 
movement index (F(1, 19) = 4.3; p < .05). The 
movement index was higher when the driver had 
not slept the night before the driving test (55.38, 
σ = 17.67) than when he had had a complete 
night’s sleep (44.31, σ = 20.37).

The duration of driving had a significant 
effect on the movement index (F(1, 19) = 35.91; 
p < .01). Indeed, it increased from the first half-
hour (45.93, σ = 18.67) to the second one (53.76, 
σ = 20.45).
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Sleep deprivation interacted with driving 
duration (F(1, 19) = 4.95; p < .05) on the 
movement index. The mean values are reported 
in Figure 2.

The movement index was more important 
when the driving task was prolonged, the more so 
as the subject drove with a sleep debt. The means 
obtained were compared with the Newman-Keuls 
test and the differences between these means 
were all significant with a probability of error 
of less than 5%. Our first hypothesis was thus 
confirmed.

3.2. Analysis of Subjective Data

The score obtained on the KSS varied 
significantly as a function of sleep deprivation 
(Wilcoxon test T = 0; p < .01). The driver 
demonstrated a more important state of 
drowsiness when he performed the driving 
test with a sleep debt (score = 8.15, σ = 1.69) 
than when he carried out the same task after 
a complete night’s sleep (score = 5.00, σ = 2.25). 
This result corroborated our second hypothesis.

3.3. Joint Analysis of Actimetric and 
Subjective Data

A joint analysis of the actimetric and subjective 
data was carried out. Each subject yielded two 

data points (the difference between the movement 
index for the sessions with and without sleep 
deprivation and the difference between the KSS 
scores for the sessions with and without sleep 
deprivation). 

The score’s variation obtained on the KSS 
between the two sessions correlated significantly 
with the variation of the movement index: 
+.49, p < .05. The increase in the score on this 
scale between the two sessions was associated 
with an increase in the activity recorded with 
the actimeters between the same two sessions 
(Figure 3). The more the subjects felt the 
degradation of their level of vigilance with the 
sleep debt (in comparison with the evaluation 
assessed without sleep deprivation), the more 
the actimetric activity increased. This result 
corroborated our third hypothesis.

4. DISCUSSION

The interaction between driving duration 
and sleep deprivation leads to the conclusion 
that motor activity increases in situations that 
combine several characteristics (e.g., a prolonged 
monotonous task, sleep deprivation) that lead 
to the occurrence of low-vigilance episodes. 
This result suggests that the driver increases his 
motor activity at the level of his hands, perhaps 

Figure 2. Index movement as a function of sleep deprivation (with sleep deprivation versus without 
sleep deprivation) and driving duration (first half-hour versus second half-hour).
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in order to reactivate himself. This impact of the 
behavioural activity on the level of alertness has 
already been investigated by several researchers 
in the field of industry and car driving [27, 29, 
30, 31, 32]. It should be borne in mind that in 
Rogé and Muzet’s [32] study the researchers 
noted that the increase in the driver’s number of 
self-centred gestures systematically led to the 
disappearance of the signs of low vigilance on 
the electroencephalographic lines. The authors 
interpreted their results in terms of behavioural 
signs, precursory of low vigilance, indicative 
of low vigilance, or reactivating the driver. The 
results obtained here do not contradict that 
interpretation. 

If the increase in the motor activity recorded 
by the wrist reflects the necessity for the driver 
to actively fight the deterioration of his state of 
vigilance, this could mean that the driver properly 
perceives the deterioration of his state. The effect 
of sleep deprivation on the score obtained on 
the KSS fully supports this explanation. The 
driver, even after sleep deprivation, is perfectly 
able to perceive and assess his state of vigilance. 
This finding is consistent with Akerstedt and 
Gillberg’s [33] and Gillberg, Kecklund and 
Akerstedt’s [34] conclusions. People can properly 
assess their state of vigilance over a whole night 

without sleeping. It should be added that they are 
still able to assess it in the morning following this 
sleep debt.

Finally, if indeed the motor activity recorded 
on the wrist reflects a stimulatory technique, it is 
logical to think that the increase in this activity 
is proportional to the deterioration of the state of 
vigilance perceived by the driver. The correlation 
between the index obtained on the KSS and the 
movement index confirms this reasoning. The 
more important the deterioration of the state of 
vigilance perceived by the driver (the difference 
between the self-estimation of vigilance in 
the sleep debt condition in comparison to the 
condition without sleep deprivation), the more his 
motor activity is important.

If the increase in motor activity is considered 
as a reactivation technique, the co-variation of 
subjective and objective data leads us to wonder 
about its conscious use. Indeed, one can wonder 
if the increase in the driver’s motor activity is an 
automatic process (or even a reflex) or, on the 
contrary, if it is a result of a conscious process 
that can be compared with the increase in the 
volume of the car radio, the opening of a window 
[14] or the performance of ludic activities [19]. 
Questioning the subjects about the conscious 
or unconscious aspect of the variation of their 

Figure 3. Variation of the movement index (MI; difference between sessions with and without sleep 
deprivation) as a function of the variation of the score obtained with the Karolinska Sleepiness Scale 
(KSS) between these 2 sessions. 



228 A. BONNEFOND, J. ROGÉ & ALAIN MUZET

JOSE 2006, Vol. 12, No. 3

motor activity seems essential for answering this 
question.

Moreover, the record and the analysis of the 
driving performance lead to the conclusion that 
this technique is effective. If increasing one’s 
motor activity whilst driving is effective in 
delaying the occurrence of low-vigilance, with 
the prolongation of the monotonous driving task, 
the drivers who resort to it must also be those 
who present, e.g., the less important deterioration 
of the control of the trajectory.

It remains to be found if the effectiveness of 
this strategy persists with time.

Finally, drawing from these results, we believe 
that it would also be very interesting to compare 
motor activities performed by different groups of 
drivers in situations that lead to the occurrence 
of episodes of low vigilance. For example, 
the activity developed by healthy drivers may 
differ from that of drivers suffering from sleep 
disorders (such as people suffering from, e.g., the 
apnoea syndrome). Similarly, one can wonder 
if the motor activity of healthy drivers differs 
from that of drivers who have absorbed alcohol, 
pharmacological substances or drugs known to 
decrease the level of vigilance. 

5. CONCLUSION

Beyond these teachings in terms of results, it 
should also be noted that this study demonstrates 
the advantages of recording motor activity 
with actimeters for this type of study. Not only 
is actimetry a non-cumbersome method well 
tolerated by the subject but, compared with video 
recording, it is also an economical method that 
enables a rapid and automated data processing.

Finally, if the technique that consists of 
increasing one’s motor activity proves to 
be effective in fighting the problems of low 
vigilance, its use could possibly go beyond the 
scope of car driving and be applicable in the field 
of work. Indeed, in some control processes that 
require a high level of vigilance and sustained 
attention, resorting to this technique could also, 
in some ways, limit the decrease in workers’ 
level of vigilance. If this activity is conscious, 
it would be a matter of making workers aware 

of this strategy in order for them to make use 
of it. Prior to this, a large number of questions 
will have to be solved, not only the conscious or 
automatic character of this technique, but also its 
effectiveness and necessary conditions.
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