
ings BsnicaPht Wiloa arsSp ntrwit

      

  

  

     

  

  

» : o R aJ - 40 as 28 a vA + 4
R ks Aw # v

a s 7 . 2. i Pr -

a - r r I t

&, - 4 > G he de-
e

*, ew a a i ; > ~

a pect
F ¥< ~ f

f 3 : s a . . a L a-
e s as > I

fie 5 Ass - A P R hive
% e d a: "e f %.

4 + S A P : & 7

f ; et ik & ix:
a w»

9 p

; 3 3 i :
a it ct " f F F

s f < ves w

® t t 3 $ 2 » ix

ws c Ay, 59 4 % % R 3: >
R <& * e s

* a mat $ 5 A o :
. % & 3

® ' g Fa a $ #

R A A ER U

- v e Be

a % s I

a s ® y if a f

; *
a f . P

% P 3

m o e im a
% , I # A %

Gr sul « C
; are

w whew < ; e

a 4 bu < F » v A % j

bi + , 7 a $ A

st wey e s t a A a a g

Per 9 A a v¥ 7 Ng

% t ' > %

U haud k bo i I . -

tor T -

vagh > 0 B wald aF t : 3

f i f * , -

- a 4 i
- a a 2, i

R +
3

7 m aes - «
3 %

® f e ais * *

Fal i
m s o

G 8, - F
. < a é

. < : .es y

4 s vip ® x f

s xv Suggs a

es zs o ¥ x &" + k»
& * .

sad

= he o m

i C a : Ad 3 k % T
- a ® R

j Aag Fe §
R y aar o 81%, ; 3 :

ws i a cs % a » *
ye & t A

f 4 R ,Milk "s) - avis a a I inal a
a % ve s £ a xi L . -

I i 4 E r P v
ae ' : %
i a a . wig

fp
} C

*- y
o é To <p ® a

mo - ' eca

i % «200
e

g t eles "e+ *a R a

s - * L% iz 5

m a c i Fl b : A

% i H { % '

4 a 4 w& p to 5

ve +

s a

u

wan

% *,

¥

y

f ,

L

 

i A
\ f % ri

ie >

ie

£9 0% ¥
® a

vig r

¥o
e 7

-

2

be

£3

< 3a

_

C :

¥

+

~ - F

4 g

$ s

P

s

As

 

 

 

wong

3. w

i

~

is

e

F as

so goatee,

<

: Thy

£

t+ <
$

25% f

A

 





 

57:?

No. 222 A - 1982 Statens véig- och trafikinstitut (Vl'l) - 581 01 linkoping
ISSN 0347 6030 National Road &Traffic Research Institute - S-581 01 linkoping - Sweden

 

Hang-over effects of alcohol
on driver performance

22 A by Hans Laurell and Jan Tornros



Klintland Grafiska, Linképing 1982



FOREWORD

The reported study was sponsored by the Nordic Traffic

Safety Council and the Swedish Traffic Safety Office.

The planning of the investigation was carried out in

cooperation with the sponsors.

We are greatly indebted to professor L Goldberg and Dr

H-O Lisper for most helpful discussions about the design

and results of this investigation and to professor D P

Hunt for reviewing the manuscript.

VTI REPORT 222A





CONTENTS

Page

ABSTRACT I

SUMMARY II

1 INTRODUCTION 1

METHODS 4

Subjects 4

Driving task 4

Vehicle and presentation of stimulus signal 6

2.4 Motivation 7

2.5 Procedure 7

2.6 Entertainment 9

2.7 BAC Measurements 9

RESULTS 10

Performance measurements 10

Reaction times 16

BAC 17

3.4 Hang over 19

4 DISCUSSION 23

REFERENCES 29





Hang-over effects of alcohol on driver performance
by Hans Laurell and Jan Tornros
National Swedish Road and Traffic Research Institute
8-581 01 LINKoPING Sweden

ABSTRACT

The aim was to study hang over effects of alcohol on

driver performance when all alcohol has been metabolized.

The driving task was an avoidance maneuvre putting

high demands on attention, reaction time, precision

and coordination. Each of the 22 subjects participated

in an arranged drinking party. The day after when their

BAC was down to zero the first hang-over driving tests

were carried out. Three hours later the same tests

were repeated. It was found that driving performance

was impaired in both hang over conditions when compared

to the subjects' normal performance. The subjects acted

as their own controls in rotated order of conditions.

No relationship was found between impairment and

subjective well-being in the hang-over condition. When

the subjects were awakened they were asked to estimate

their BAC and time needed to become completely sober.

Some gross under- as well as overestimations were

made.
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Hang-over effects of alcohol on driver performance
by Hans Laurell and Jan Tornros
National Swedish Road and Traffic Research Institute
8 581 01 LINKoPING Sweden

SUMMARY

The purpose of the investigation was to study possible

hang-over effects of alcohol on driver performance

when all alcohol had been metabolized.

The car was driven on a closed-course in a cone setting.

Upon a signal, the driver had to carry out an avoidance

maneuvre in the cone setting. The initial speed was 50

km/h.

The driving task puts heavy demands on attention, reac-

tion time, precision and coordination. The number of

cones, run down, was used as a measure of driving per

formance.

The subjects acted as their own controls in rotated

order of conditions.

Motivation was kept high in normal as well as in

hang-over conditions by making the subjects' payment

dependent upon driving performance in each trial.

Five subjects participated in each drinking party,

during which free and ample supply of food and alco-

holic beverages was provided. After eight hours in

bed, the subjects were awakened and as soon as their

blood alcohol concentration (BAC) was down to zero,

the first hang-over measurements were carried out.

Three hours later the same driving tests were repeated.

The results showed that all 22 subjects hit more cones

in the hang over conditions as compared to their own
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results in the normal condition. The average

performance decrement was approximately 20%.

A split-up of the results on the two driving tests, on

the one hand at zero BAC (H1) and on the other hand

three hours later (H2), showed performance decrement

on both occasions 20% and 17% respectively.

Prior to each driving test, the subjects gave ratings

of subjective well being. These ratings showed that

most of the drivers despite the alcohol consumption,

felt rather good.

No differences, as to performance decrement, could be

found between those who felt good and those who had

hang over symptoms.

When the subjects were awakened they were asked to

estimate their own blood alcohol concentration as well

as the number of hours to become completely sober.

Gross under- as well as overestimations were made.

The results can be summarized in four points:

- impairment of driving performance is evident well

into the next day even though all alcohol is meta-

bolized

The impairment persists for at least 3 hours after

all alcohol has disappeared

the impairment shows little correlation with

subjective hang-over

it is difficult to estimate your own BAC the next

day and to calculate the time needed to become com-

pletely sober.
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INTRODUCTION

Studies of laboratory tasks as well as of car driving

have shown that alcohol can impair performance even

after doses, resulting in blood alcohol concentrations

(BAC) of less than 50 mg%. Thus, in an investigation

of alcohol related performance decrement in critical

driving situations, significant impairment was recorded

at BACs averaging 42 mg% (Laurell, 1977).

It is also a matter of everyday experience that after-

effects of drinking may remain long after all alcohol

has been metabolized.

The after or post toxic or hang over effects have not

been subjected to wide ranging study. This holds true

even more when it comes to hang-over effects on driver

performance.

Laboratory studies have demonstrated decreased perform-

ance in certain intellectual functions. This is also

true of perceptual abilities, hand steadiness, coordi

nation, etc. (Takala et al. 1958; Goldberg, 1966; Kelly

et al. 1970; Myrsten et al. 1970; Gold et al. 1973;

Seppala et al. 1976; Myrsten et a1. 1980; Tichauer

et al.)

Driving simulator studies have also indicated that the

after effects of alcohol exert a certain detrimental

influence on driving performance (Stening and Dureman,

1974).

However, we have been unable to find any investigations

into possible effects of hang over on driver performance

in traffic or in closed course driving.

The demonstrations of detrimental effects of alcohol

hang-over, mentioned above, justify the assumption
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that hang-over might be involved in the causation of

traffic accidents and suggest that it would be possible

to demonstrate that it leads to impaired driving perform-

ance. The actual importance and prevalence of hang-

over in the causation of traffic accidents is virtually

impossible to quantify. There are no statements referring

to hang over in accident statistics and hence it is

extremely difficult to make any estimations. Even if

hang-over was accounted for, the difficulties would be

tremendous and the figures would probably underestimate

the real importance of hang over effects, since the

driver at fault would hardly mention such a fact and

at present there is no objective method to establish

it, at least for field purposes.

The duration of the alcoholic hang-over effects, has

only been studied in connection with laboratory tasks.

Decreased performance has been noted by Gold et al.

(1973) up to 18 hours beyond the alcoholic peak. They

.also observed that the higher the peak, the more pro

nounced the impairment in the post-toxic state. Seppala

'et al. (1976) suggest that the most detrimental effects

could occur as late as 24 hours after drinking.

Thus it seems essential to elucidate also how the magni-

tude of the impairment in actual car driving varies

with time. The employment of a sensitive technique,

similar to the one, described by Laurell (1975) would

reveal possible impairing effects.

Common experience from studies involving alcohol and

performance indicate the need for test situations, in

Awhich the task difficulties are comparable to those

encountered in critical situations in traffic. Normally,

the demands on the capacity of the driver, require

only a small part of the total capacity.
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Therefore, there is a reserve capacity available for

the driver to call upon so that no impairment of driving

performance is observed in normal driving. In critical

situations, on the other hand, it is more probable

that the situation is so demanding that the reserve

capacity is exceeded.

This is also why critical situations should be used to

reveal impairment, where otherwise it would be very

hard to demonstrate.

In the study of small doses of alcohol on driver behaviour

(Laurell, 1977) the drivers were faced with a driving

task that required fast reactions, attention, quick

decision making, and precise and coordinated action.

This situation was based on maneuvers practiced in

driver improvement courses and it proved to be very

sensitive to alcohol effects.

In the morning-after, the presumptive driver also has

to decide whether or not to drive, depending on his

own judgement as to whether or not he is sober, or

when he expects to have metabolized all alcohol.

Studies have demonstrated that the curve of subjective

intoxication falls off more rapidly than the objective

one, after having passed the peak (Ekman et al. 1964,

Goldberg & Myrsten 1974). This implies difficulties

when it comes to the above mentioned judgements.

The purpose of the present study thus was to:

1. Study the effects of alcoholic hang-over on driver

performance when all alcohol had been metabolized

and at a later stage.

2. Elucidate the problems of subjective BAC and back

calculation in the morning-after.
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METHODS

Subjects

Subjects: 6 women and 16 men, aged 19 - 38 acted as

paid volunteer subjects.

The alcohol habits were ascertained in an interview

and verified by crosschecking, and were classified as

moderate, in accordance with scales presented by Gold-

berg et al. (Kelly et a1 1970). Two subjects declared

a consumption slightly in excess of "moderate". Origi-

nally 25 subjects entered the investigation. Due to

equipment failure 3 subjects had to be excluded since

no hang-over performance testing could be carried out.

Not until our subjects had actually volunteered for "a

car driving experiment" were they informed about the

fact that the investigation also included alcohol and

were again asked if they wanted to participate. All

subjects acted as their own controls. They were all

healthy, using no medication or drugs.

A number of studies have reported difficulties in induc-

ing hang over under the usual laboratory circumstances

(e.g. Bonte, Volck, 1978). Therefore in this study,

special emphasis was placed on the attempt to reproduce

the circumstances under which hang-over in non-alco-

holics appears in our culture. To enhance that aim the

subjects were chosen so that the five of them, taking

part each Friday, already knew each other.

Driving task

 

The driving task was largely the same as was used in

earlier studies of effects of alcohol on driving per

formance (Laurell 1977). However, the part-tasks "stopp
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ing distance" and "angle of car" were omitted since

the driver could choose to concentrate on one and hence

obtain worse scores on the other. In order to create a

more standardized behaviour with less weighing, the

driving situation thus was made simpler.

Upon a signal, the driver had to carry out an avoidance

maneuvre and, in doing this, try to avoid knocking

over pylon cones which were placed along the avoidance

path. The tolerance on either side of the car was approxi

mately 15 centimeters. The number of cones, knocked

over, was employed as a measure of driver performance.

The signal could be presented at either one of four

positions in the cone setting (see figure 1) and if

presented above the left headlight position, simulated

and obstacle in front of and to the left of the car,

and thus required an avoidance maneuvre to the right

and vice versa. The order of presentation of positions

was randomized for each subject and each treatment

condition. In each session, the course was negotiated

10 times by each subject one per signal alternative

plus two randomized. In addition, two "blind" trials,

in which no avoidance stimulus was presented, were

inserted at random among the rest. Two warm up trials

preceded each session. Each warm up trial was identical

to a test trial. The total of 14 trials took 25 minutes.

Also, a couple of days prior to the testing each subject

had practiced the driving task for approximately 2.5

hours.

Since the measurements were carried out during the

month of October, and since the road surface conditions

are liable to considerable variations at this time of

the year, the test area was sprinkled with water and

salted at regular intervals in order to maintain constant

driving conditions.
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Figure 1 Specifications of pylon arrangement

Vehicle and presentation of stimulus signal

The experimental vehicle was a 1967 Volvo Station Wagon.

For presentation of the avoidance signal, the car had

been equipped with a photocell-system, the light of

which was reflected via a reflector placed incon-

spicuously among the cones. The photocell triggered a
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relay, cutting the power of one of two electro magnets

and thus releasing a spring loaded arm which served as

the stimulus. This way, the experimenter could not

influence the timing of the signal. The photocell relay

also triggered a counter which was stopped by the contact

for the brake lights, thus providing a measure of the

driver's brake reaction time. Vehicle speed was controlled

via a hand throttle device by the experimenter.

Motivation

 

In order to keep motivation at a high level throughout

the investigation, the amount of payment was made depend-

ent upon performance. For each trial the driver had at

his disposal a sum of 25 SEK. This sum of money was

reduced for each cone, knocked over. A cone in one of

the outer rows rendered a 2 SEK reduction and in the

inner rows a 3 SEK reduction. Cones hit prior to the

stimulus signal cost 1 SEK. Reductions were maximized

to 20 SEK. This sum also represented the punishment

for having swerved into the wrong lane or performing

no evasive maneuvre at all when an avoidance maneuvre

was called for.

Procedure

 

A couple of days prior to the experimental sessions,

all subjects practised the driving task until they

reached a stable level of performance. Reaching this

level required some 2.5 hours of driving.

Half of the subjects returned for two experimental

sessions in the normal condition (N) a couple of days

prior to the "night of the party". The other half took

their corresponding tests a couple of days after the

hang-over. In the normal condition, the first measure-

ments (N1) were carried out at around nine o'clock and

the second ones (N2) three hours later.
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Five subjects participated in each drinking party,

during which, free and ample supply of food and alcoholic

beverages (beer, wine and distilled) was provided. The

parties lasted between 6 p.m. and midnight. There were

neither any restrictions nor any requirements as to

eating and drinking - all subjects ate and drank at

their own discretion.

In order to lessen the laboratory atmosphere and create

as natural a setting as possible e.g. the number of

breath tests was kept to a minimum. All subjects stayed

overnight at the research institute supervised by the

experimenters.

Eight hours after going to sleep, the subjects were

awakened and breath alcohol tests were taken. At this

point, they were also asked to estimate their own BAC

and the time needed until all alcohol had been meta

bolized. The subjects, because of the rigorous Swedish

laws concerning drunk driving were fairly well aware

of BAC terminology and criteria.

The BACs were then monitored by frequent measurements,

with the frequency of measurements increasing to every

5 - 10 minutes as zero BAC was neared. At the point

when no alcohol could be detected by breath analysis,

the first performance measurements in the hang-over

state (H1) were carried out.

Immediately prior to all driving tests, the subjects

gave subjective ratings on a five point scale as to

the severity of their hang over and on each of twelve

variables related to recognized hang over effects (see

table 3).

Three hours later, the second hang over measurements

(H2) were obtained.
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2.6 Entertainment

The parties started at 1800 with drinks. Later, herring

and potatoes were served with schnapps and/or beer and

then a main course with wine or beer, followed by coffee

and punch. Thereafter, the participants had a free

choice of beverages.

BAC measurements

Blood alcohol concentrations were measured during the

six hours of alcohol consumption as well as in the

following morning. The intention was to obtain BAC

measures on each subject at one hour intervals. However,

due to difficulties in preventing subjects from drinking

during the 15 minute period necessary for reliable BAC

measurement, this schedule could not be maintained.

The measurements were carried out by breath sampling

with two Alcolmeters (Lion Laboratories LTD). These

instruments were calibrated against calibration air

ampoules containing 50 mg% alcohol. Calibrations were

made prior to each sampling.
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RESULTS

Performance measurements

The main results, related to driver performance are

listed in table 1 and illustrated in figure 2. The

table presents the earnings of each subject in each

condition, i.e. the intital sum of money minus

deduction for the cones, knocked over.

Performance

    

Figure 2 Comparisons of performance in normal and
hang over conditions. Percentiles P25, P50,

P75
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Table 1

11

Order of
subjects

presentation and earnings all 22

 

Order of

presenta-

tion

N0. N1 N2 H1 H2

 

137

92

158

111

188

149

130

137

140

138

133

133

123

74

147

139

151

108

161

134

150

137

135

97

168

155

148

160

117

171

112

129

126

112

139

63

154

160

184

77

144

123

165

141

148

92

157

80

129

120

69

147

93

130

115

101

93

72

98

112

144

70

128

105

121

94

111

90

98

118

130

136

111

137

81

107

108

106

82

56

77

123

120

97

82

112

160

102

1 N H

29 N-H

3 H-N

4 H-N

5 N-H

69 H-N

79 H-N

N-H

N-H

H-N

N-H

10

11

12

13

149

159

16

17

189

19

20

21

22

H-N

H-N

N-H

N-H

H-N

H-N

H-N

N H

N-H

  

N
I

PB

Pu

134 135

140

117

160

30

107

108

123 90

149

24 23

 

 

  

 

 

  

Table 1 shows that the performance scores in the two

(H1 + H2) were

lower than the performance in the normal sessions for

hang over sessions, when combined,

all 22 subjects. This is presented graphically in

figure 3, where a comparison is made between hang over

of the subjects reaches

100%.

the over all mean as well

and normal performance. None

the normal performance level i.e. In comparison

with the normal performance,

as the median indicate a 19% impairment.

The difference in performance between normal and hang-

over conditions is statistically significant (p<0.005,

Wilcoxon).
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Figure 3 Driving performance during hang over (at zero
BAC + at three hrs later). Performance

expressed as percent of normal performance

The two normal sessions are not significantly

different (p>0.05, Wilcoxon), implying that learning

effects are unlikely to have influenced the results. A

comparison between the first sessions in normal- and

hang-over conditions (N1, Hl) reveals that 19 out of

22 drivers scored worse in the first hang over than in

the first of the normal conditions. The average

performance decrement was 20% and the median 19% (see

figures 4 and 5). The difference between conditions is

significant (p<0.005, Wilcoxon).
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Performance

I50

I 00 J-

       

   

   

 

PI-II N2 E12

Figure 4 Comparisons of performance in normal and
hang-over conditions on two occasions, with 3
hours between N1 and N2 (normal) and H1 and

H2 (hang-over) respectively. Percentiles P25,
P50 and P75
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Figure 5 Driving performance during hang-over (at zero
BAC). Performance expressed as percent of
normal performance

The comparison between N2 and H2, three hours later,

produces almost the same picture (see figure 6). At

this later stage, 19 out of 22 drivers scored worse

after the alcohol consumption of the preceeding evening.

The difference between conditions is significant (p<0.005,

Wilcoxon). There is a weak tendency towards a smaller

performance decrement at H2 than at Hl. However, there

is no significant difference between N1 and N2, or

between H1 and H2 (p>0.05, Wilcoxon).

50ieth

based on individual percen-

The differences between conditions at the 25th,

and 75th percentile level,

tiles, are significant for N1 versus Hl (p<0.005 for

P25, P50 and P75) as well as for N2 versus H2 (p<0.01

for P25 and p<0.005 for P50 and P75 Wilcoxon). This

implies that the results are unlikely to have been

caused by extreme scores.
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In order to test for possible influence from order of

presentation of conditions, comparisons were made bet-

ween the results from those subjects who drove N H

and the ones H N. The following means were calculated.

N-H H-N

N1 139 131

N2 138 133

H1 111 102

H2 114 106

There were no significant differences between the two

orders of presentation in any of the four sessions

(p>0.lO, Mann-Whitney).

96 of each subject's Y =83

normal performance . ,5 Md =86
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Figure 6 Driving performance during hang over (at

three hrs after reaching zero BAC).

Performance expressed as percent of normal

performance
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If the concept of "negative score" is omitted, leaving

any changes in performance to be expressed as number

of cones knocked over, all comparisons still show

significant differences (N - H, p<0.005; Nl - Hl,

p<0.005; N2 -H2, p<0.005; Wilcoxon).

There were a total of five false actions; one occurred

in H1 and four in H2. There was no false action in the

normal conditions.

Reaction times

 

The reaction time measurements present largely the

same pattern, with impairment in the hang-over

condition. Table 2 shows longer reaction times from

normal- to hang over conditions. The differences

between conditions are significant for N - H (t =

3.37, df = 14, p<0.005) and for N1 - Hl, (t = 3.09, df

= 14, p<0.005), while N2 - H2 is not significant (t =

1.35, df = 14, p>0.05).

No significant correlations could be found between

reaction time change and change of performance, r =

-.24 (Z = 0.85, p>0.lO).
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Table 2 Reaction times (ms) for the four different
test conditions

   

Order of
S No. presenta- N1 N2 H1 H2

tion

*

6 }+ N 367 369 385 399

H b] 389 419 401 427

10 H N 419 395 470 404

11 N }1 368 400 447 424

12 N-fi 441 462 501 522

13 H DJ 358 378 402 411

14 H DJ 445 428 455 446

15 N-fi 414 436 419 407

16 N441 432 426 402 423

17 H DJ 385 389 395 393

18 jH-N 336 339 348 309

19 H-DJ 402 408 463 417

20 H N 451 469 440 482

21 N }1 395 383 409 374

22 N-fI 423 427 434 414

Md 402 408 419 414

i 402 408 425 417

    

 

  

 

  

 

* Data missing for subjects l-5, 8 and 9 due to
equipment malfunction

BAC

The average for all subjects' highest recorded BAC

readings between 6 p.m. and midnight, was 147 mg% and

at 8 a.m. the next day, 46 mg%.

The relations between the subjectively estimated BACs

at wake up time and actual readings, are illustrated

in figure 7. The correlation was 0.62 (Z = 3.16,

p<0.005).
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Subjective BAC
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Figure 7 First measurements the next morning

The relations between subjectively estimated time to

reach zero BAC and the actual time needed, were studied

in the same way (see figure 8). The correlation was

.51 (z = 2.45, p<0.0l).

Figures 7 and 8 also show wide variations in both cases

- ranging from a 40 mg% underestimation to a 70 mg%

overestimation of the actual recorded BACs. As for

time for complete metabolization of alcohol, estima-

tions ranged from 6.5 hours too long, to 3 hours too

early.
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Estimated

no. of hrs.

i

 

2 4 6 8 I 0 Actual no. of hrs.

Figure 8 Time to reach zero BAC (number of hours from

the first measurement on the morning after
the party)

The correlation between recorded BAC at wake-up and

changes in performance from N to H, was not significant

(r = 0.24; z = 1.07; p<0.l).

Hang-over 

The overall ratings by the 22 subjects of the severity

of their hang-over at Hl (when their BAC first reaches

zero) and at H2 (three hours after zero BAC) are presen-

ted in figure 9. Table 3 lists the median values of

the subjective ratings on twelve criteria of well-

being.
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No. of subjects
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C] At 0 BAC

E] 3 hrs later
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Figure 9 The number of subjects who self estimated
their hang over at each of five levels of
severity (N = 22)

Table 3 The median ratings (0, none to 4 severe) of

the severity of hang over on 12 different

 

 

criteria

Na N2 H1 H2

Drowsy O O 1 1

Tired O O 1.5 1

Headache O O 1 1

Dizzy O O 1 O

Shaky O O 1 0.5

Nauseatic O O O O

Thirsty O O 1 1

Cold-sweat O O O O

Tense O O 1 O

Depressed O O O O

Agonized O O O 0

Reduced working capacity 0 O 2 1
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The table shows that there are small or no differences

between conditions.

Possible correlations between ratings on each of the

criteria and the extent of performance impairment due

to hang over were analyzed. The comparisons were made

between those who at Hl stated 0 or 1 and those who

stated 2, 3 or 4 on the rating scale for that criterion.

The relationship was statistically evaluated employing

a Mann Witney U test and only"dizziness" showed a signifi-

cant correlation with performance (p<0.025). A similar

analysis of the overall rating of hang-over severity

showed it not to be significantly related to driving

performance.

There was a non-significant correlation between

subjective hang-over and BAC at wake-up

(rspearman rank = 0.16; t = 0.72; df = 20; p>0.lO).

As for background variables, there were neither gender

(p>0.05, Mann Whitney U-test) nor age related

differences in performance decrement (rspearman rank =

.33; t = 1.56; df= 20; p>0.05). The lack of

statistical significance also holds true for the

correlation between the subjects' normal alcohol

consumption and performance decrement (rspearman rank

= 0.17; t = 0.77; df = 20; p>0.lO).
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Figure 10 Comparisons of performance in normal- and
hang-over conditions for two groups
differing in degree of subjective hang-over
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DISCUSSION

The results give clear evidence of the performance

degrading effects of alcoholic hang over although all

alcohol has been metabolized, following alcohol consump-

tion to the approximate level of 150 mg%. Further, it

can be concluded that the degrading effects prevail

for at least three hours after all alcohol has been

metabolized.

Earlier results, primarily derived from psychomotor

testing, support the existing data from actual car

driving. When these results are compared with the ear

1ier ones, they are strikingly clear and unambiguous.

The fact that behavioural effects were observed three

hours after all alcohol had been metabolized (corre-

sponding to 15 hours after peak BAC) does not mean

that three hours constitutes a farther limit for perfor-

mance degradations. Other studies have found effects

even after more than 15 hours (Tichauer et a1, 1971;

Gold et al, 1973; Seppala et a1, 1976).

Seppala et a1, (1976) carried out psycho motor testing

from 12 to 16 hours after drinking the point at which

they considered hang-over to be at its worst, and found

performance impairment.

Tichauer et a1 (1971) found effects at even greater

time distances. When BACs had exceeded 120 mg%, after-

effects could be observed at 18 to 20 hours after peak

BAC. Thus, there are reasons for further studies of

after effect duration.

The present results do not demonstrate any significant

correlations between performance degradation and subjec-

tive hang over symptoms. Thus, there were no significant

VTI REPORT 222A



24

differences in driving performance between subjects

stating O or 1 and those stating 2, 3 or 4 when rating

their subjective hang-over. However, there was a tendency

towards greater impairment of performance with higher

degrees of hang over. The results are in accordance

with Seppala et a1 (1976) who also found that perfor

mance did not correlate with subjective hang-over.

No hang-over symptoms at all or just slight were reported

by 12 subjects at the point when all alcohol was meta-

bolized (H1). The fact that so many subjects experienced

so little of hang over symptoms could possibly explain

the low correlations. Another possible explanation

could be that the driving skills that were affected

are less vulnerable to such physiological changes as

are manifested in subjective discomfort than to changes

among other underlying factors, not producing discomfort.

It is also pointed out by Seppala et al that the

basic mechanisms involved in the actions of alcohol on

the central nervous system are largely unknown. They

also indicate that the changes in psycho motor perfor

mance are not necessarily related to the abnormal

physiological conditions prevailing during hang over.

In spite of the fact that so few hang-over symptoms

were reported, everyone of the 22 drivers scored worse

in the driving task the day after alcohol consumption

than they did in their normal performance. This indicates

that, irrespective of subjective well-being, it is

difficult to assess whether a person is fit to drive

or not. This conclusion is based on the presumption of

an alcohol consumption corresponding to peak BACs of

115 180 mg%. However, it is not improbable that lower

BACs could also cause performance degradations the

next day although there are no subjective symptoms of

hang-over.
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As for peak BACs, it can be assumed that in some cases

these could have been underestimated due to the fact

that relatively few measurements were made and thus

the peak of the alcohol curve might have been missed.

The number of breath tests had to be kept at a minimum

to avoid disturbing the "natural party atmosphere".

Another reason for the small number was that subjects

sometimes failed to obey instructions to abstain from

drinking long enough, for breath sampling, which requires

no drinking for 15 minutes before accurate measurements

can be made. Peak BACs may also have occurred after

bedtime (midnight).

Brake reaction times, recorded in the driving task,

were affected in the expected direction but not to the

extent that this prolongation could explain the average

20% degradation of performance in the evasive maneuvre.

The average prolongation from N1 to H1 was 0.023 sconds.

This corresponds to 0.3 m longer reaction distance,

which could hardly account for the observed increase

in the number of cones knocked over. This interpretation

of the results is supported by the fact that the corre-

lations between increase in reaction times and perfor-

mance decrement, from N to H, were low.

The variations in subjective BAC in the morning, demon

strate that it is difficult to judge correctly your

own BAC.

As can be seen in figure 7, a few subjects rated them

selves as being sober although they were not. This is

in accordance with Kelly's et al, (1970) results who

recorded BACs of 70 80 mg% when subjects thought

they were sober.

Our subjects could fairly well recall the kinds and

amounts of alcoholic beverages consumed and hence it
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is possible that some kind of a calculator or formula

for the determination of BAC and time to sober up might

have been useful. On the other hand, it can be assumed

that the subjects in this experiment were extra observant

as to their alcohol consumption because of the nature

of the experiment, and thus may have reconstructed

their alcohol consumption too easily. Furthermore, the

results indicate that it is by no means sufficient to

have metabolized all alcohol before being considered

as fit to drive.

"Normally", it is likely that drinking would have con-

tinued well into the small hours and thus to have post

poned the hang over effects as well as the recovery

from these. The subjects slept (presumably) a minimum

of 8 hours -it can be assumed that "normally", the

number of sleeping hours is often less.

The majority of the subjects were students, aged 20

30, and fairly experienced drinkers. Whether this cate-

gory is somehow different from the general population

with regard to susceptibility to the effects of alcohol,

is hard to tell since the problem has not been systema-

tically studied. It can be expected however, that the

hang over effects for inexperienced drinkers could be

more pronounced and appear after consumption of less

alcohol.

The sole background variable to show a significant

correlation with driving performance was "driving

experience". The direction of this correlation indicated

that performance degradation increased with increased

driving experience. This fact might be explained by

the fact that the experienced drivers scored better in

the normal condition and thus gave room for greater

deterioration. There was also a significant correlation

between performance in the normal condition and number
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of km's driven during the last 12 months (rrank = 0.52;

p<0.01).

When it comes to the question of pathogenesis of the

observed, hang over related, deterioration of perfor

mance, we can only speculate. A certain attention has

been directed towards changes in blood glucose levels.

Thus, Forsander et al (1958) and Vartia et al (1960)

found significantly lower blood glucose levels in persons

reporting hang over symptoms. The likelihood of low

blood glucose levels is, however, questionable in this

experiment since all subjects had a meal before the

driving tests.

According to their own assertions, all subjects had

slept their normal hours before the N measurements. In

the hang over conditionthey were awakened after 8 - 9

hours in bed. A few of those who were still above 30

mg% chose to go on sleeping for an hour. Thus, the

observed degradation of performance could hardly be

ascribed to lack of sleep.

The quality of sleep rather than the amount of sleep

might have contributed to the observed changes in perfor-

mance. Reduced proportions of REM sleep have been found

after alcohol consumption (Knowles et al 1968) and

this would indicate a change in quality of sleep. How

ever, at this point it is not possible to draw the

conclusion that the degradation of performance was

caused by this change.

Swedish traffic laws do not permit any driving even

for testing purposes if the driver is under influence

of alcohol to the degree that his performance is affected.

Therefore, it was not possible to carry out direct

comparisons between acute and hang-over effects of
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alcohol. Comparisons with earlier results, e.g., the

study of small doses of alcohol on driving performance

in emergency situations (Laurell, 1977), are not readily

made because the driving conditions, driving task, and

performance measurements were different in the different

studies. The 1977 study involved three part-tasks,

which were compensatory to a certain extent and no

composite measure was presented.

In order to be able to make correct judgements as to

the seriousness of the observed impairment of driving

performance which accompanies hang-over it is also

very important to try to compare these results with

possible adverse effects of other factors, such as

various amountsof sleep deprivation, physical strain,

menstruation, cold or fever.

Among the factors which it has not been possible to

evaluate in this study are drinking experience and

drinking patterns during the drinking bout, i.e. the

pace at which the alcohol is consumed, the dilutions

etc.

All of these are examples of problems which are brought

to the fore by the present results.
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