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Variation of performance, of self-reported
alertness and effort as a function of low
doses of alcohol and of driving experience
Catherine Berthelon1* and Edith Galy2

Abstract

Purpose: Alcohol is the most frequent detected substance in the automobile fatal crashes but its precise mode of
action on mental state is not always clear, notably when combined with lack of driving experience. The aim of this
work is thus to evaluate performance and self-reported alertness and effort as a function of low doses of Blood
Alcohol Concentration (BAC) and of drivers’ experience.

Methods: A single blind counterbalanced experiment was conducted on a driving simulator. Fifteen young novice
drivers (18 years old, less of 2 months of driving licence) and fifteen young experienced drivers (21 years old, 3
years of driving licence) were tested with 0.0 g/l, 0.2 g/l and 0.5 g/l of alcohol at early afternoon. Driving scenarios
was road tracking during 45 min at a constant speed of 110 km/h while maintaining a steady trajectory.
Participants responded to the Thayer’s scale before and after each driving session, and to an adaptation of the
NASA-TLX after each driving session. Statistical analyses were performed on driving parameters, self-reported
alertness and effort as a function of alcohol level and driving experience.

Results: Alcohol deteriorated lateral and longitudinal stability of the trajectories. Notably with BAC 0.5 g/l, effort
and speed increased but the increase in speed was particularly high for young experienced drivers. When young
novice drivers felt that they were low alert, they also felt that they exerted more effort, their performance
decreased, but they reduced their speed.

Conclusions: Alcohol thus degrades driving performance, and especially when the effort is high and alertness is
low. The decrease of inhibitory process noted in presence of alcohol seems thus higher for young experienced
than for young novice drivers. Results are in line with a drop in the blood alcohol level tolerated while driving.

Keywords: Young drivers, Alcohol, Driving simulator, Subjective alertness, Subjective effort performance

1 Introduction
Young novice drivers have a high risk of crashes, notably
during the first years of driving [34, 35]. Their risk of be-
ing involved in fatal crashes, relative to the number of
travelled kilometers, may be estimated as being three
times greater than for experienced drivers, so road crashes
are the first cause of death in young people between 18
and 25 years of age [62]. They are also overrepresented in

fatigue-related crashes [50] and crashes related to a long
driving period or night driving [64].
The occurrence of drowsiness during driving is subse-

quently a serious problem in transportation systems and
it is well known that the major part of sleep (or fatigue)-
related crashes takes place during the two periods of
physiological decrease of alertness (early morning hours
2:00–6:00 a.m. and afternoon period 1:00–4:00 p.m.) [12,
22, 42]. The alertness decrement can be due to accumu-
lated fatigue (time-on-task effect, for example due to
long driving period) and/or to circadian biological
rhythms (time-of-day effect) [33, 56]. Thus, in general,
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time-on-task, time-on-day and monotonous environ-
ment have been found to contribute to alertness
decrement.
The decrease of alertness is also related to the exi-

gence of the task. Thus, a task requiring a sustained
mental effort can influence the level of alertness and the
first effects of fatigue and drowsiness can rapidly occur
[27], even after 20–25min of driving [13, 23]. For ex-
ample, long periods of driving on the highway [7], not-
ably with smooth traffic requires sustained attention
which is difficult to maintain because the activity be-
comes almost automatic. Similarly, when the driving
situation is complex, the situation requires many atten-
tional resources to process the information of the envir-
onment and vehicle. In these two cases, accumulated
fatigue increases quickly and driver’s alertness decreases.
Meister’s [36] model makes it possible to establish the

relationship between the level of alertness, the exigency
of the situations and the performance, via the workload.
Thus, driving on a monotonous highway with low traffic
requires that the individual provides a significant and
constant effort [58] to fight against the decline of alert-
ness, resulting in a significant mobilization of resources
and therefore a high workload [53]. Effort thus corre-
sponds to the cost represented by task execution for in-
dividual [19, 20]. Indeed, when mental effort due to the
driving task is too high or conversely is not enough to
ensure adequate driving performance [5], accident can
occur [8, 10]. This suggests that task demand refers to
the intrinsic features of the task while task load describes
the subjective impact on the operator [6] and refers to
the perceived relationship between the amount of men-
tal processing capability or resources and the amount of
resources required by the task. Therefore, measuring
workload requires taking into account factors character-
izing the task and factors describing how the driver en-
gages in and allocates his/her resources for the
processing of the task [47]. In the resource perspective,
the level of the driver skill, e.g. driving experience [43],
and the extent to which cognitive processing is auto-
matic or controlled must thus be taken into account.
Therefore, when driving in a monotonous road environ-
ment during a long time, workload can be high and per-
forming the task can require high effort to stay awake,
and associated to a decrease of driving performance, par-
ticularly for novice drivers [54]. Limited automation of
driving routines could explain this higher risk of novice
drivers [14], which report a higher mental workload
compared to experienced drivers [11, 43]. Thus, if the
drivers have to provide a high effort to overcome the
alertness decrement, this effort is more important for
novices because they have not completely automatized
driving tasks [18]. Otherwise, when alertness is low the
effort of novice drivers can be too high to maintain good

performance. The assessment of mental effort invested
to perform task can therefore be a valuable tool to inves-
tigate potentially dangerous driving situations [1, 45].
Moreover, alcohol represents as one major factor of

driving impairment and a clear relationship exists be-
tween blood alcohol concentration (BAC) and crash risk
notably at BAC larger than from 0.5 g/l. Alcohol alters
the cognitive and motor functions necessary to safe
driving and exacerbates the effect of drowsiness [17,
28, 29, 48, 59]. This implies a probable link with the
fact that alcohol-related accidents are mainly due to a
loss of control of the driver [38]. Studies also permit
to suggest that the 0.5 g/l threshold tolerated by
french law when driving a vehicle be lower for young
drivers [4, 46, 49, 65]. In particular, past studies
showed that alcohol has differential effect as a func-
tion of young drivers’ experience [2, 17].
The main objective of the present study was to evalu-

ate the combined effect of some major factors of acci-
dent, low doses of alcohol and driving experience, on
young drivers’ performance and self-report of effort and
alertness, during a long monotonous driving task. We
used techniques of direct recordings of the driver’s per-
formance in a simulator and questionnaires. The first
hypothesis is that, even in case of low alcohol intoxica-
tion, when alertness is known to be low (early afternoon)
and during long and monotonous driving task, driving
impairment is higher for young novice drivers than for
young experienced drivers. The second hypothesis is that
an increase of effort decreases alertness, notably when
drivers lack of experience and/or in presence of alcohol.

2 Materials and methods
2.1 Participants
Fifteen young novice drivers (YND, 8 males and 7 fe-
males, 18 years, less than 2 months of driving license,)
and fifteen young experienced drivers1 (YED, 8 males
and 7 females, 21 years, 3 years of driving license) partic-
ipated in three simulated driving sessions in which BACs
were randomly manipulated (0.0, 0.2 and 0.5 g/l). Partici-
pants underwent a medical examination in order to con-
firm their good physical condition, the absence of any
sleep disorder and of any medical treatment at the time
of their inclusion in the experiment and during the pre-
vious 15 days. Only social drinkers, defined as individuals
with moderate alcohol consumption (i.e., ≤ 2 standard
drinks/day, often in a socially acceptable situation) were
included in the experiment. They gave written informed

1In France, drivers are considered as novices for 3 years after acquiring
their driving license if they followed a traditional training method, this
period is called probationary license. Several restrictions are associated
with the probationary license, notably it has an initial capital of 6
points instead of 12 points.http://www.securite-routiere.gouv.fr/
permis-de-conduire/le-permis-a-points/le-permis-probatoire
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consent and signed informed commitment prior to in-
clusion. They received a compensation for their
participation.
The study granted ethical approval by the French local

ethics committee and by the French Health Products
Safety Agency (number ID RCB: 2014-A00350–47).

2.2 Design
We conducted the study according to a balanced, single
blind, crossover design. Each participant followed three
experimental sessions balanced for order. Before each
session, they drank a beverage (vodka 40° and/or orange
juice) in order to obtain a BAC of 0.0, 0.2 or 0.5 g/l. To
make the BAC 0.0 g/l condition more convincing, alco-
hol odors (tissue scented with vodka) were rubbed on
the top of the edge of the glass in which the drinks were
given. One of our previously published article [3] de-
scribes the calculation of alcohol dose necessary to ob-
tain the expected BAC. Briefly, it takes into account the
sex, age, weight and height of the participants. Experi-
mental sessions began around at 1 pm and a washout
period of at least 2 days separated them. Participants had
only a breakfast before the experimental sessions.
The duration of drinking was around 15 min (min).

Time between the end of alcohol intake and driving was
around 30 min and preceded by a verification of the
BAC measured with a breath analyzer (SD-400 DJP/
LION). The blood alcohol levels obtained just before
driving were as expected (Table 1).

2.3 Apparatus
We carried out the driving experiment on the fixed
base-driving simulator of Ifsttar/TS2/LMA in Salon de
Provence (Fig. 1). The driving station is a complete ve-
hicle (Renault Megane) equipped with two lateral (left
and right) and one central rear-view mirrors. Drivers
manage the vehicle by moving a steering wheel and ma-
nipulating the accelerator, gear lever and brake pedals.
Force feedback is provided on the steering wheel and
auditory feedback of the motor was provided. The im-
ages are generated at a frequency of 60 Hz. The road
scenario was projected onto five large screens, providing
a 200-degree horizontally and 40-degree vertically field
of view, showing a very realistic scene. The simulator al-
lows the continuous recording of parameters that de-
scribe the vehicle travelling conditions, including speed
and lane position.

2.4 Procedure
We used the same driving scenario for the three BAC
sessions. It consisted of a two-lane mostly straight rural
highway, with a few curves, no traffic density in a rela-
tively flat environment. Before each session, participants
were trained to the command of the simulator. The task
consisted of drive during 45 min and to maintain a
steady speed (110 km/h) and a stable position on the
lane. This kind of monotonous driving task is very sensi-
tive to study attentional processes, arousal and alertness
decreasing, and to study the effect of psychoactive sub-
stances like alcohol. A duration of 45 min is largely
enough to obtain the first effect of drowsiness [13, 56],
even with low doses of alcohol [28, 29, 59].

2.5 Measures
2.5.1 Objective measures of performance
Behavioral variables considered were the Standard
Deviation of Lateral Position (SDLP), i.e., the “weaving”
of the car, the speed (speed) and standard deviation of
speed (SDspeed). Under the influence of alcohol, drivers
experience an increase in the variability of lateral and
longitudinal performance of their vehicle (for a review
see [30]).

2.5.2 Subjective measures
Participants reported their subjective alertness with
Thayer checklist [55] before and after each driving ses-
sion, and their workload with NASA-TLX questionnaire
after each session [25]. Thayer checklist comprises 20
adjectives corresponding to 4 dimensions (general
activation, hyper-activation, general deactivation, deacti-
vation sleep). The ratio of general activation on deactiva-
tion sleep allows calculating an alertness index, and the
ratio of hyper-activation on general deactivation allows
calculating a tension index. Six sub-scales composes
NASA-TLX questionnaire: mental demand, physical de-
mand, temporal demand, effort, frustration and own per-
formance. Given the objectives of this paper only the
alertness index of Thayer’s questionnaire before and
after driving was treated. Concerning the NASA-TLX,
we considered the only effort sub-dimension of NASA-
TLX. Indeed, Galy, Paxion and Berthelon [21] recom-
mends the distinction of each dimension of NASA-TLX
rather than the use of global score. In that study, effort
dimension was determined by physical and mental de-
mands and by alertness and, was the only dimension

Table 1 Mean BACs measured prior and following the drive as a function of experience (SD between brackets)

0.2 g/l 0.5 g/l

prior the drive after the drive prior the drive after the drive

Young novice (YND) 0.227 (0.011) 0.129 (0.007) 0.503 (0.011) 0.335 (0.013)

Young experienced (YED) 0.217 (0.015) 0.094 (0.014) 0.504 (0.023) 0.323 (0.019)
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having a direct effect on driving performance. Thus, in
present study, we made the choice to use only effort in
results treatment.

2.6 Statistical analysis
First, ANOVA compared self-reported effort, alertness
(before and after driving), speed, SDspeed and SDLP as a
function of alcohol level and group. We then applied
generalized linear models (GLM is a generalization of
linear regression) to deepen the links between BAC, ex-
perience, objective and subjective variables. GLM make
it possible to study the relationship between one
dependent variable and a set of explicative variables
(dependent and independent) that can be categorical

and continuous. The indicator associated with each ex-
plicative variable and used to complete the weight of this
variable in the explanatory model is the Khi square of
Wald. In case of significant results, we completed these
last analyses with correlation for continuous variables
and post-hoc bonferroni tests for categorical variables.
GLM were applied on each subjective and objective vari-
able. The level of significance for analyses was set at .05.

3 Results
3.1 ANOVA results: subjective and objective variables
Results of ANOVA showed a significant and systematic
decrease of self-report alertness after driving sessions (F
[1,28] = 102.03, p < .001, η2p = .78; Fig. 2). There were no

Fig. 1 The simulator used for the experiment

Fig. 2 Mean self-reported alertness level before and after driving session for each group and each BAC
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other significant main effects or interaction effects. From
these first results, only self-reported alertness after the
driving task will be considered in the GLM subsequent
analyzes (part 3.2.).
ANOVA did not show any effect of experience on

dependent variables (Table 2).
SDLP significantly varied with alcohol level and was

lower with BAC 0.0 g/l than with BAC 0.2 g/l (p < .04)
and BAC 0.5 g/l (p < .001). BAC 0.2 g/l did not differ
from BAC 0.5 g/l (p < .11).
SDspeed also significantly varied as a function of alco-

hol and was lower with BAC 0.0 g/l than with BAC 0.5
g/l (p < .002); BAC 0.2 g/l did not differ significantly
from BAC 0.0 g/l (p < .25) and from BAC 0.5 g/l
(p < .25).
Finally, effort is lower with BAC 0.0 g/l than with BAC

0.5 g/l (p < .03). BAC 0.2 g/l did not differ significantly
from BAC 0.0 g/l (p < .60) and from BAC 0.5 g/l (p < .54)
(Table 3). No interaction effects were noted between al-
cohol and driving experience.

3.2 GLM results: subjective and objective variables
We found a significant interaction effect between driving
experience and self-reported alertness after driving on
perceived effort (χ2(1) = 22.43, p < .001), SDspeed
(χ2(1) = 22.45, p < .001), speed (χ2(1) = 15.195, p < .001)
and SDLP (χ2(1) = 40.194, p < .001). Thus, when esti-
mated alertness decreased:

– the effort increased more for YNDs (r = − 423) than
for YEDs (r = − 217),

– YNDs SDspeed and SDLP increased (respectively
r = − 293 and r = −.296) and their speed decreased
(r = .220) (Fig. 3a and b),

– YEDs’ SDspeed decreased (r = 138; Fig. 3a).

Results also showed significant interactions between
alcohol and alertness on speed (χ2(2) = 13.182, p < .001),
between alcohol and effort on speed (χ2(2) = 43.65,
p < .001) and on SDspeed (χ2(2) = 18.08, p < .001). Thus
with BAC 0.0 g/l (r = .292) and BAC 0.2 g/l (r = .352) a
low self-reported alertness was associated to an decrease
of speed, and an increase of effort produced a decrease
of speed (BAC 0.0 g/l, r = −.169 and BAC 0.2 g/l, r =

−.258). Conversely, with BAC 0.5 g/l an increase of effort
was associated to an increase of speed (r = .300). Finally,
with BAC 0.0 g/l (r = .173) and BAC 0.5 g/l (r = .210) an
increase of effort was also associated to an increase of
SDspeed, but with BAC 0.2 g/l (r = −.169) an increase of
effort produced a decrease of SDspeed.
Analyses revealed a significant interaction effect be-

tween driving experience and alcohol on SDspeed
(χ2(2) = 6.89, p < .032), on perceived effort (χ2(2) = 21.17,
p < .001) and another interaction tended to be significant
(χ2(2) = 5.07, p < .061).
YEDs’ estimated higher effort with BAC 0.2 g/l and

BAC 0.5 g/l (p < .001) than with BAC 0.0 g/l and their
SDspeed was thus higher with BAC 0.2 g/l and BAC 0.5
g/l than with BAC 0.0 g/l (respectively, p < .002 and
p < .001, Fig. 4a). Their speed was higher with BAC 0.5
g/l than with BAC 0.2 g/l (p < .006) and BAC 0.0 g/l
(p < .001, Fig. 4b).
YNDs’ SDspeed was significantly lower with BAC 0.0

g/l and BAC 0.2 g/l than with BAC 0.5 g/l (respectively
p < .001 and p < .005, Fig. 4a) and they reported lower ef-
fort with BAC 0.2 g/l than with BAC 0.5 g/l (p < .008).

4 Discussion
The main objective of this experiment was to study the
effects of low doses of alcohol and lack of experience on
driving performance, and their links with self-reported
effort and alertness. We assumed that taking a low dose
of alcohol in the early afternoon, at the time of the low
physiological alertness, and before a monotonous and
long drive, leads to alertness decrease, effort increase
and reduced performance, especially for young novice
drivers. Two levels of driving experience (15 participants
each) and three levels of BACs (0.0, 0.2 and 0.5 g/l) were
manipulated during a simulator study reproducing a
monotonous circuit. We analyzed objective driving pa-
rameters and subjective alertness and effort parameters.
Data were first treated by ANOVAs, which are classical
statistic methods used in this kind of experiment. A
generalization of linear regression were then carried out
to test different models of the relationships between the
dependent and independent variables and their mutual
influence, some of them having a mediating role of the
others.

Table 2 Mean driving performance, estimated effort and estimated alertness after driving as a function of experience (SD between
brackets)

Young novice drivers Young experienced drivers F[1, 28] P< η2p
SDLP (cm) 49.72 (20.31) 47.65 (13.34) .24 .62 .01

Speed (m/s) 30.22 (1.08) 30.28 (.68) .1 .75 .00

SDspeed (m/s) .99 (.77) .87 (.44) .67 .42 .02

Estimated effort (Nasa-TLX) 12.42 (4.33) 12.16 (2.89) .04 .83 .00

Estimated alertness (Thayer) 0.83 (.55) 1.04 (.73) 1.18 .27 .04
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As expected, results indicated a lower level of alertness
after the drive than before the drive. Globally, young
novice and young experienced drivers’ performance,
alertness and effort did not differ significantly. We thus
assume that obtaining a driving license at 18 years could
be sufficient to acquire basic abilities necessary to drive
in a monotonous environment. However, a more in-
depth analysis of the results modulates this first state-
ment. Thus, when YNDs estimated to be very alert, their
speed was higher and the longitudinal and lateral stabil-
ity of their vehicle is better. Conversely, when their esti-
mation of alertness was low, their effort to maintain
good performance was very high and the lateral (SDLP)
and longitudinal (SDspeed) stability of their trajectory
were affected though they adjust their speed accordingly
by reducing it. The driving task seems them difficult due
to their limited driving experience but they are aware of
their lack of skills and adopt a lower speed than more
experienced drivers. YNDs’ thus decrease task demands
to fit their (deficient) level of automated driving by redu-
cing speed which give them more time to react to road
event and can be consider as a regulatory mechanism to

maintain performance [9, 18]. Conversely to YNDs’, in
case of low alertness, YEDs’ increase of effort is linked
to an improvement of the longitudinal trajectory. This
suggested that YEDs’ decrease of alertness is compen-
sated by the effort and permits to maintain good per-
formance as postulated by Meister model [36]. Thus,
for individuals with higher cognitive resources at their
disposal, e.g. YED, the task can felt to be easier, the
workload is lower and requires less effort to be well
realized [15, 44, 45].
The behavioral parameters varied as a function of al-

cohol level, confirming their sensibility to deleterious ef-
fect of alcohol in simulated driving [26, 30, 39, 41]. They
clearly established the capacity of alcohol to impair sev-
eral basic driving skills [3, 24, 31, 40, 52, 57, 61] and
converged to an increase of risky driving whatever the
level of driving experience [32, 37]. Thus, the stability of
the trajectories both on the lateral and on the longitu-
dinal parameters deteriorated with alcohol, notably with
BAC 0.5 g/l. Looking more deeply on results confirm
that effort and alertness have separated effects on driving
parameters concerning alcohol. All the participants

Table 3 Mean driving performance, estimated effort and estimated alertness after driving as a function of BAC (SD between
brackets)

BAC 0.0 g/l BAC 0.2 g/l BAC 0.5 g/l F[2,56] P< η2p
SDLP (cm) 42.14 (12.66) 48.74 (14.63) 55.27 (20.76) 10.89 .001 .28

Speed (m/s) 30.17 (0.81) 30.18 (0.74) 30.40 (1.06) 1.56 .23 .05

SDspeed (m/s) 0.76 (0.56) 0.93 (0.55) 1.10 (0.72) 6.25 .003 .18

Estimated effort (Nasa-TLX) 11.31 (4.76) 12.27 (3.66) 13.28 (3.81) 3.51 .04 .11

Estimated alertness (Thayer) 1.07 (0.69) 0.88 (0.54) 0.86 (0.69) 1.66 .20 .06

Fig. 3 a Mean SDspeed as a function of experience and estimated alertness. b Mean Speed as a function of experience and estimated alertness
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reported to make higher effort with BAC 0.5 g/l than
with no alcohol consumption, this higher effort results
in a higher speed and a lower stability of the longitudinal
trajectory. Alcohol thus produces a decline of inhibitory
processes [16, 63] on drivers’ speed and promotes the
tendency of young people to drive at high speeds. Con-
versely, with BAC 0.0 g/l and BAC 0.2 g/l, when the par-
ticipants estimated to be less alert or to make a great
effort their speed decreased, although the stability of
their longitudinal trajectory is not always improved (high
SDspeed without alcohol). This decrease of speed can be
considered as a compensatory mechanism as postulated
by Meister [36].
Otherwise, at first, the lack of interaction between the

level of experience and alcohol looked contradictory
with the blood alcohol level of 0.2 g/l tolerated by law
only for French novice drivers and during 3 years. How-
ever, YEDs estimate higher effort with BAC 0.5 and 0.2
g/l than without alcohol and they practice higher speed
with BAC 0.5 g/l while the longitudinal stability of their
trajectory is deteriorating from BAC 0.2 g/l. On contrary,
YNDs only estimated higher effort with BAC 0.5 g/l than
with BAC 0.2 g/l but their speed did not grow. They just
had more difficulty to stabilize it (high SDspeed). It thus
seems that the decrease of inhibitory process noted in
presence of alcohol is higher for YEDs than for YNDs.
As a result, the levels of BAC tolerated by French legisla-
tion could be lowered for all young drivers.
Current analyses underline the interest to study the

combined effect of different factors influencing driving
performance. They also highlight that learning to drive
is complex and is not limited to a few hours in driving
school before obtaining the license but builds itself over
time and is constantly changing. It must also be

underlined that this work does not make it possible to
differentiate between changes due to capacity and those
due to age, either in terms of driving behavior or in
terms of awareness of one’s internal state. At this stage,
we are no longer able to say if the modifications of per-
formance noted in this study can be translate into real
crash and to the entire driver population. Note finally
that here alcohol was ingested in the early afternoon
(time of a low physiological alertness related to circadian
rhythms) which can have amplified the alertness
decrement.
It could also be argued that a part of our data are sub-

jective but subjects’ self-reported level of alertness are
coherent with the effect of alcohol as measured by
physiological measures (EEG) which shows an objective
decrease of alertness with alcohol [28, 59]. Finally, this
study considers driving after alcohol consumption, in
the descending limb of the BAC curve, coherent with
the fact that decisions to drive often occur as BAC is de-
clining. However, it could be that the stimulating effect
of alcohol could be higher during the ascending limb of
the BAC curve [51, 60]. Our next step will therefore be
to test a group of older drivers in the ascending and de-
scending phases following the consumption of low doses
of alcohol.

5 Conclusions
These results are in line with past results showing that
low doses of alcohol (BAC 0.5 g/l) decrease objective
performance such as the longitudinal and lateral param-
eters of the trajectory, as it is the case for our two
groups of young drivers. However, the internal state, es-
timated by alertness and effort, have balanced effects on
the driving performance and alcohol as a function of

Fig. 4 a Mean SDspeed as a function of alcohol and experience. b Mean speeds as a function of alcohol and experience
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driving experience. In particular, with BAC 0.5 g/l a
greater effort is required to maintain performance and
leads to a decrease of inhibitory process, e.g. a higher
speed, especially for YEDs. This last finding could be in-
cluded in the list of factors explaining excessive speed in
a part of the young drivers’ population.
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