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Akute und Katerwirkung des Alkohols auf die
Leistung im simulierten Fahrversuch

1 Introduction

Hang-over effects from alcohol on actual car-driving performance were shown in a study

by LAURELL & TÖRNROS (1983). The driving task was a demanding evasive manoeuvre,

where fast and precise reactions were required for good performance. Performance was

impaired at a time when all alcohol had been metabolised, and three hours after that.

The aim of the present study was to study hang-over effects on driving performance, using

an advanced driving simulator. The question regarding possible recovery as time passes was

to be studied more in detail.

Legislation at the time of the 1983 study made it impossible to measure effects on actual

car driving performance from measurable BAC s (blood alcohol concentrations). No such

legislative restrictions affected the present study, where a car driving simulator was used.

A factor which was not under strict control in the 1983 study was the treatment of the

subjects during the night preceding the test drives. In the hang-over condition they attended

a pre-arranged party for alcohol consumption and stayed overnight at the research institute,

where the testing was carried out. In the control condition, on the other hand, they stayed at

home and slept in their own beds the night before testing. It cannot be ruled out that this

difference between conditions might have had the effect of somewhat overestimating the

hang over effect. The importance of this factor was to be studied as well.

For comparative reasons, performance measurements were also to be carried out while

under the acute in uence from alcohol.

2 Methods

2.1 Driving simulator

The driving compartment of the simulator consisted of a real truncated car body, complete

with all controls, which were parts of a feed back system of which a digital analog computer

was the brain. The simulator was, at the time of the study, equipped with a moving base

system with three main degrees of freedom, a wide angle visual system, a vibration

generating system, and a sound system. These four sub systems were controlled to co

operate in a way so as to give the driver an impression of real car-driving. For further details

on technical matters, see TORNRos et al (1988).

2.2 Driving task

The task was to negotiate a distance of 20 km in as short time as possible. The road was

rather bent, horinzontally as well as vertically. The normally good tyre-road friction was at

irregular intervals interrupted by sections with ice friction. These parts could be detected in

advance because of their light grey colour, clearly discriminated from the otherwise dark

grey road surface.
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Losing control of the car and thereby leaving the road, resulted in a crash , which, as a

penalty, stopped the simulator for 20 seconds.

The driving task was demanding and required at least 3 hours of practice for each subject

to reach a reasonably stable and high level of performance. During the practice trials, they

were thus encouraged to abandon their normal safe way of driving and try their hardest to

reach their maximum speed while still staying on the road. For motivational reasons the

subjects were paid in relation th their average speed during the test drive.

2.3 Subjects

Twenty-four volunteers (23 men, one woman), aged 22 46, participated as paid subjects.

They were all healthy, using no drugs or medications. They were interviewed regarding their

alcohol habits, and were rated according to the classification scheme proposed by GOLDBERG,

BJERVER & NERI (KELLY et al, 1970), as having moderate habits. They all had valid Swedish

driving licences.

2.4 Design and procedure

The alcohol was consumed at drinking parties, where food and drinks were served.

In order to create a relaxing party atmosphere and thus facilitate for the subjects to consume

substantial amounts of alcohol, the subjects were chosen in such a way that the participants

of each of the arranged parties already knew each other well.

Half of the subjects attended the party and stayed overnight at the research institute in both

conditions. The other half did so only in the hang-over condition. In the control condition

they stayed at home and slept in their own beds. The order ofconditions, with respect to hang-

over, was counterbalanced across subjects in both subject groups.

At each party four subjects had alcoholic drinks, and the other two non-alcoholic drinks.

Those having alcohol chose one out of four alternative drinks, export beer, red table wine,

white table wine, vodka diluted in orange juice, or whisky. The amount of alcohol ingested

was left to the discretion of the subjects. The parties lasted from 7 pm until midnight.

Those who went to both parties, made a test drive in both conditions during the

evening.

The morning after, at 7.30, the subjects were awakened and served breakfast. Then the

testing started. During the day each subject made four test drives. The time interval between

each drive was approximately 2.5 hours. Lunch was served at noon. A majority of the

subjects returned the next morning for an additional test drive. Those not staying overnight

at the institute in the control condition had breakfast at home and arrived at the institute for

testing at times as identical as possible to the rest of the subjects. On no occasion did the time

difference exceed one hour.

Before and after each test drive during the parties and the day after, BAC measurements

were made, using a Siemens Alcomat, a breath testing instrument. The average of the

values before and after were taken as the BAC value of that test drive. Before the first test

drive in the morning, the subjects gave subjective ratings on a ten point scale as to the

severity of their hang-over and on each of seven variables related to recognized hang over

effects (see table 1).
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3 Results

3 .] Acute e ects on performance

Eleven (out of 12) subjects finished the test drive in the acute intoxicated state. Table 1

shows that the average speed was much lower when the subjects were under the influence

compared to when they were sober. The difference between the two conditions (15.6 km/h)

was significant; with the effect of practice controlled (see below): F (1,8) = 12.86; p<.01.

Average BAC in the hang over condition was 150 mg% (individual BAC s ranging from

122 mg% to 190 mg%).

Table 1 Average speed (arithmetic mean) in the acute intoxicated state and when sober
Acute intoxication 63.3 km/h
Sober 78.9 km/h

During the parties, BAC measurements were carried out for all subjects. The maximal

values varied across subjects from 115 mg% to 247 mg% with a mean of 176 mg%, which

is an underestimation of the true value, since it must be assumed that the peak of the BAC

curve was missed in most cases.

3.2 Hang-over e ects on performance

The hang over effect was compared for those who participated in the party and stayed

overnight at the research institute in both conditions with those who did so only in the

experimental condition. The mean effect over the four test drives on the day after the party

was 2.0 km/h for the first group and 0.8 km/h for the other group (average self-rated hang-

over was 5.4 for the first group and 6.4 for the second group); that is a higher figure, not lower,

was obtained for the first group. However, since the difference between the two groups was

thus small and non significant (F [1,20] = 1.21; p>.20) (effect of practice controlled; see

below), this factor was omitted in the following analyses.

Figure 1 shows the results for the whole subject group in the hang-over and control con-

ditions at the different test drives during the day after the party.
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Figure 1 Average speed (arithmetic mean) in the hang over and control conditions, and mean BAC
(in parentheses)
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It appeared that every subject performed better on the second day of testing than on the

first, irrespective of hang-over or control condition. When controlling for the effect of

practice (KEPPEL; 1982), it was found that the performance in the four hang-over sessions,

when added together, was inferior to that of the control sessions, 80.4 km/h compared to 81 .8

km/h, a difference that was significant (F [1,20] = 6.59; p<.05).

Separate analyses were performed for the different sessions. When controlling for the

effect of practice, it was found that the difference between the hang-over and control

conditions (2.3 km/h) was significant only for the first session of the day (F [1,22] = 5.28;

p<.05). For the remaining sessions, the following results were obtained: session 2: differ-

ence O.2 km/h ((F [1,22] <1; p>.20), session 3: difference 2.0 km/h (F [1,22] : 3.72; p>.05),

and session 4: difference 1.4 km/h, (F [1,22] : 1.05; p>.20).

Figure 1 further shows that BAC at the first session in the hang over condition was almost

40 mg%. Not until the fourth session of the day had all subjects become completely sober.

The driving performance was further analysed for the first sober test drive in the hang

over condition. The average speed was only a little bit slower than the corresponding test

drive in the control condition (81.2 km/h compared to 81.6 km/h), a non-significant differ

ence (F [1,22] <1; p>.20).

The performance measures for those who made an additional test drive after another night,

are presented in figure 2.
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Figure 2 Average speed (arithmetic mean) in the hang over and control conditions for the 14 subjects who
were tested after two nights
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From figure 2 it is evident that after two nights, not even a tendency for hang-over effects

on performance could be demonstrated.

3.3 Self rated hang-over

Experienced hang over effects before the first test drive in the morning after the party are

presented in table 1, in comparison to the corresponding measures in the control condition.
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The difference between the two conditions is significant for all eight factors (WILCOXON

signed ranks test [SIEGEL & CASTELLAN; 1988]: p<.005 for all factors).

Table 1 Median ratings of severity Of hang over

Hang over Control

Hang-over (0 10) 6.5 0

Drowsy (0 3) 2 0

Dizzy (0 3) 1 0

Shaky (0 3) 1 0

Nauseatic (0 3) 1 0

Headache (0 3) 2 0

Thirsty (0 3) 1 0

Reduced working capacity (0 3) 1.5 0.5

4 Discussion

In the present experiment it was found that performance on the simulated driving task was

impaired during the day after a drinking party on the night before, where food and drinks

were served, resulting in a peak BAC above 175 mg% on the average. When analysing the

performance at the different sessions during the day, it was, however, discovered that a hang-

over effect could be demonstrated only for the first test session, where average BAC was

slightly below 40 mg%.

Later during the day, there was still a tendency at two sessions for an impairment from

hang-over. After another night, however, the tendency for impaired performance in the

hang-over condition was gone.

The performance results are rather different from what was found by LAURELL & TORNROS

(1983), where in actual car-driving, employing a difficult avoidance manoeuvre task on a

closed course, driving performance was found to be impaired when all alcohol had been

metabolised and three hours after that. Performance degrading effects in the post toxic phase

have also been reported by others, for various laboratory tasks (TAKALA et al, 1958;

GOLDBERG, 1966; KELLY et al, 1970; GOLD et al, 1973; BONTE & VOLCK, 1978; MYRSTEN et

al, 1980; TICHAUER et al ), and for unsophisticated driving simulators (STENING & DUREMAN,

1974). Even though there are also reports where no effects have been found (COLLINS &

CHILES, 1980), it appears that a severe hang-over does have deleterious effects on various

aspects of performance.

One possible contributing cause to the failure to show the expected hang-over effects on

performance (with the exception for the first test drive in the morning), might be that the

subjects did not get a sufficiently severe hang over. This, however, appears unlikely, partly

because the subjects in the present study most probably reached as high BAC as those in the

1983 VTI study. Their subjective hang-over, moreover, seems to have been just as severe

as compared to what the subjects in the previous study had to endure.

Another contributing factor might be the fact that the subjects had not, in spite of all the

practice they had had, learned the task sufficiently well, evidenced by the fact that all subjects

drove better during the second than during the first day of testing. This was taken into

consideration when analysing the results. However, since the practice effect can be assumed

to have been of different size for different subjects, this might have had a con-founding

in uence on the final results.
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The insufficient amount of practice may have had some other consequences as well. In

order to perform well on the driving task, one has to drive with much smaller safety margins

than one is used to in the real world of driving. Since many subjects in the present

experiments evidently did not learn this way of driving to a sufficient extent, there is a

possibility that a low BAC may have made at least some of them a little bit more prone for

such risky driving compared to when they were unaffected (WALLS & BROWNLIE, 1985).

A third factor might be that the driving task is in itself not sufficiently sensitive

to measure the presumably rather small effects from hang-over, when BAC is approaching

low levels. It is certainly very different from the actual car driving task used in the previous

study, and the skills necessary for good performance are probably quite different in the two

tasks. The actual car-driving task thus requires fast reaction time, and careful and precise

manoeuvering at a physically rather demanding task, that of swerving rather violently into

an adjacent lane, whereas in the present task it is rather a matter of correctly judging what

speed can be chosen at different road stretches without losing control of the car, finding the

right track and to drive in a relaxed way, avoiding sudden or harsh manoeuvres. Since the

two tasks are so different, there is unfortunately no way to evaluate the importance of the fact

that one task was a simulated task and the other an actual car driving task.

It should be mentioned, however, that apart from the effects in the present study from BAC

below 40 mg% on the average, after heavy alcohol consumption the night before, some hang

over effects from benzodiazepines were demonstrated in another study, using the same

driving task (LAURELL & ToRNRos, 1987).

The fact that driving performance was severely impaired at the acute intoxicated state is

of course less remarkable, considering the very high average BAC, 150 mg% (COLLINS &

CHILES, 1980; WALLS & BROWNLIE, 1985).

The present study also investigated the importance of treating the subjects exactly alike

in the control condition as in the hang-over condition, with the exception for the alcohol

consumption in the second case. It was found that those who attended a party and stayed

overnight at the research institute only in the experimental condition, did not obtain

performance data indicating a greater hang-over effect than those who were subjected to

perfect experimental control of this extraneous factor. This result would certainly indicate

that the hang-over effect in the previous study (LAURELL & TÖRNRos; 1983) was in no way

an over-estimation of the true effect.

S u m m a r y

The aim was to study hang over effects from alcohol in simulated drivingThe driving task was to negotiate
20 km in as short time as possible. The road had many curves, horizontal and vertical, with ice friction at irregular '
intervals. 24 healthy volunteers, aged 22 46, with valid driving licenses, all screened as moderate drinkers, par-
ticipated as subjects in a repeated measurements design. In the acute intoxicated state (average BAC 150 mg%),
driving performance was severely impaired. Performance was also impaired, but to a much lesser degree, in the

morning after the alcohol consumption when average BAC was just below 40 mg%. Later during the day no
significant differences were demonstrated. After another night s Sleep, all effects were gone. An issue raised in a
previous study on hang over effects, whether the subjects were treated exactly alike in the hang-over and the
control conditions the night before testing (with the exception for the alcohol consumption in the first case), that
is attended a party and stayed overnight at the research institute in both conditions, or whether they did so only in
the hang over condition, did not seem to matter for the estimated hang-over effect.

K e y w o r d s
Driving performance, alcohol hang-over simulation of driving
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Zusammenfassung
Zweck der vorliegenden Studie war es, die Wirkung des ,,Alkoholkaters im simulierten Fahrversuch zu testen.

Hierbei sollte eine Strecke von 20 km in möglichst kurzer Zeit bewältigt werden. Der simulierte StraBenverlauf
zeichnete sich durch zahlreiche Kurven, horizontal wie vertikal verlaufend, sowie durch vereiste Fahrbahnstellen

in unregelmäBigen Abständen aus. Am Versuch nahmen 24 Personen (22 46 Jahre alt), Fiihrerschein Inhaber mit

moderaten Trinkgewohnheiten, teil. Bei akuter Alkoholisierung, die durchschnittliche Blutalkoholkonzentration
lag bei 1,5 %0, war die Fahrleistung erheblich eingeschränkt. Dies war, wenn auch in geringerem Umfang, auch am
folgenden Morgen nach der Alkoholaufnahme zu beobachten, wenn der BAK-Wert im Schnitt unter 0,4 %0 ab
gesunken war. Den Tag iiber zeigten sich keine signifikanten Unterschiede in der Fahrleistung. Nach 48 Stunden
war der EinfluB des ,,Katers" auf die Fahrleistung jedoch verschwunden. Das in einer friiheren Studie aufgeworfene
Argument, es mache bei der ,,Katerwirkung" des Alkohols einen Unterschied, ob die Versuchspersonen alle unter
gleichen Bedingungen sowohl in der akuten Alkoholisierungsphase als auch in der ,,Kater -Phase an den Versuchen
teilnahmen, oder ob sie etwa nach einer Party anschlieBend im Institut verblieben (wie im Kontrollversuch die

Nacht zuvor), oder ob sie nur in der ,,Kater"-Phase gleichen Bedingungen unterworfen waren, erwies sich als

unerheblich, will man die Alkoholwirkung in eben dieser letzten Phase untersuchen.

Schlusselwörter
Alkohol, Fahrleistung Alkoholkater Fahrsimulation
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