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1 OBJECTIVES

One main objective of the DRUID project is to determine the concentration-dependent effects
of psychoactive substances on driving behaviour with main emphasis on establishing
concentration thresholds. For this objective, different methodologies are applied within the
project, for example the epidemiological approach (prevalences, accident studies, risk
functions) and the experimental approach (studies measuring performance). In order to
combine the results from the different studies, a theoretical framework and an integration
methodology are established (Deliverable 1.1.1). Within this framework, alcohol is used as a
reference substance for the most relevant psychoactive substances in traffic. Regarding
alcohol, numerous empirical results exist and the effects of different legal thresholds on
driving safety are well understood. Therefore, in the case of alcohol it is possible to combine
experimental and epidemiologic data and to determine the relation between behavioural

impairment and accident risk.

Since there is so much relevant literature about the effects of those substances (especially of
alcohol) on human performance and driving behaviour, meta-analyses are conducted to
combine the results of the experimental studies for the different substances. The aim is to
establish a quantitative estimation of the effects on driving-related parameters (e.g. attention,
reaction time). The outcomes of the meta-analyses serve as an input for Task 1.3 of DRUID:
to give recommendations of concentration thresholds at which performance is impaired for

psychoactive substances.

Deliverable 1.1.2 consists of three parts each dealing with different substance classes. The
present part (D 1.1.2a) refers to the results of experimental alcohol studies. The report is
based on the publication of Kriiger, Kohnen, Diehl & Hiippe (1990), who reviewed the
literature on the effects of low dosages of alcohol. However, the present focus of interest does
not only lie on small concentrations of alcohol. The intention was to consider all experimental
studies concerning the effects of alcohol on human behaviour and on subjective parameters
like drowsiness, and to look more deeply at the performance tasks and their specifications.
Furthermore, the material gathered for the meta-analysis was used to survey the
methodological state of the art of alcohol research in order to draw conclusions for future

investigations.
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2 LITERATURE SELECTION

To conduct the meta-analysis all available publications that empirically answer the question
of the influence of alcohol on (driving) performance and mood had to be collected. The
enormous quantity of publications on alcohol and its effects demanded the definition of
selection criteria for accepting or rejecting a paper from the literature pool. In this report
“literature pool” means all papers which were collected as relevant or possibly relevant to the

topic.

2.1 Selection criteria

The following presented inclusion and exclusion criteria were not applied just once. The
stages of literature selection, acquisition and processing demanded a repeated checking of

each paper for the postulated criteria.

2.1.1 Exclusion criteria

If a study met one or more of the following criteria, it was excluded from further

consideration:

(1) The study is set up non-experimentally.

This means, only experimental laboratory or field studies remained as material. Analyses of
accident statistics or epidemiological investigations were not considered. The effect of alcohol

in these studies is not controlled for other influencing factors (e.g. fatigue).

(2) The study investigates only variables which are not connected to behavioural abilities

needed to drive a vehicle safely.

This excluded papers which are mainly concerned with physiological effects of alcohol (e.g.

cardiovascular functions or the functions of other organs) or metabolic processes.

(3) Only animals serve as subjects, not humans.

The results of animal tests were not considered, as the transferability to humans is doubtful,

especially regarding behavioural variables, which are the main topic of the analysis.
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(4) Alcohol is administered by intravenous infusion.

Only studies with oral alcohol administration were considered for the meta-analysis for
reasons of comparability (e.g. absorption times are different) and for reasons of common

practice (an oral intake is more usual).

(5) Less than 6 subjects participated in the study.

For methodological issues, a minimum of 6 subjects was required since the power of the

statistical tests is likely to be diminished with smaller samples.

(6) The investigated population is composed solely of alcoholics.

The classification of an investigated group as alcoholics was adopted by the authors of the
publication. Because of unequal alcohol tolerance and different metabolism processes in
alcoholics and non-alcoholics, it must be assumed that study results obtained with an extreme

group are of limited significance for the driving safety of the general population.

2.1.2 Inclusion criteria
The following inclusion criteria were set for a study to be accepted for further processing:

(1) The study must use a control group design.

The effects of alcohol have to be tested by comparing the alcohol group with a placebo or
non-alcohol condition. This ensures that no other influencing factor (e.g. testing time, test

situation) is responsible for the observed result.

(2) At least one alcohol-only treatment must be applied.

This refers especially to studies whose primary interest is the investigation of drugs. To be
included into the literature pool, not only the effect-modifying capacity of alcohol (i.e.

alcohol-drug interaction) should be investigated, but also the pure effect of alcohol.

(3) Own experimental data have to be reported.

The minimal demands of a scientific report must be met, in particular referring to the data of
the application of alcohol. Therefore, this meta-analysis relies only on studies which
generated their own experimental data. If the same study was published more than once by an
author or group of authors, it was included in the literature pool only once, namely in its most

comprehensive version.
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(4) BAC must be reported or be calculable from reported data.

If the empirical BAC was not measured or reported, its calculation with the Widmark formula
must be possible. This needs information of the consumed quantity of alcohol and of the time
between the end of alcohol intake and the beginning of measurement of the investigated
variables. It was required that the alcohol dosage in grams of pure alcohol per kilogram of
body weight was computable from the data given in the publication. Alcohol quantity was
frequently already reported in g/kg in published work. The information of the volume of
liquid sufficed if the alcohol concentration of the drink was also reported. In addition, the time
after drinking, when measurement began, had to be reported or be calculable from other time

information given in the description of the experiment.

(5) The study must be published in or after 1990.

The review of literature on alcohol effects of Kriiger et al. (1990) includes studies up to 1989

and these were integrated in the present analysis.

2.2 Literature search

2.2.1 Overview

The literature search was initiated to find as many studies as possible in the scientific
literature, which reported experimentally determined results concerning the effects of
different blood- or breath-alcohol concentrations (hereinafter summarised as BAC, because
empirical breath concentrations were transformed into blood alcohol equivalents by the

authors).

It soon became apparent that the effects of alcohol have been investigated in an enormous
number of papers which are scattered widely over different research fields. Therefore, to fulfil
the objective of the project without exceeding time and cost constraints, specialised search

strategies were used (see next chapter). They were applied on different levels:
(1) Computer searches in relevant databases (Medline, PsychInfo).

(2) Tables of content and abstracts of relevant scientific journals.

(3) The publications of authors, of whom more than one study was included into the

literature pool.
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(4) Reference lists of the processed literature, reviews and non-experimental

publications.

Even if the complete pool of publications on the subject of “effects of alcohol on (driving)
performance, social behaviour and mood” could presumably not be acquired, one may assume
that the present literature material comprises a representative and comprehensive overview of
the available empirical work on the subject. The deadline to be included into this meta-

analysis was November 2007.

2.2.2 Sources of literature

2.2.2.1 Bibliographical databases

The computer search was restricted to two databases, which were best suited to the object of
investigation. To perform search runs, the databases Medline and Psychlnfo were chosen.
These bibliographic systems comprise a multitude of medical and psychological periodicals,

in which the majority of the studies analysing the effects of alcohol is contained.

For both databases, the search took place in June 2005 and once again in November 2007, and

it was run with the limitation that the publication year is > 1990.

(1) Medline: The search for studies with “alcohol” in the so-called MESH field (major
and minor descriptors) offered more than 33,000 publications since 1990. Therefore,
the search was carried out with the combination ‘“alcohol and performance” in
MESH with respect to the main focus of the meta-analysis. With this strategy, a

narrowed number of 290 publications appeared.

(2) PsychInfo: In this database, the search for studies with “alcohol” in the so-called DE
field (major and minor descriptors) resulted in more than 15,000 publications. To
reduce the number, the search was then performed with the combination “alcohol” in
DE and “23” as classification code (CC) for “human experimental psychology”.

Thereby, 114 publications remained for analysing.

This rather strict search strategy was completed by three further levels of searching.
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2.2.2.2 Relevant scientific journals

The tables of content and abstracts of 20 relevant periodicals (whose titles contain e.g. the
words “alcohol”, “substance” or “addiction”) were analysed. The journals were all available
via the databases Medline, PsychInfo or Psyndex. Search runs were performed with the name
of the journal in SO (source) combined with “alcohol” in TI (title). All in all, 6,644
publications were found, of which 131 met the inclusion criteria and were not already

included in the literature pool.

2.2.2.3 Papers of relevant authors

The search was supplemented by analysing the publications of experimental alcohol experts,
this means of authors with more than one paper in the literature pool. This was the case for
106 authors. Each search was run with the author’s name in AU (author) linked with
“alcohol” in TI (title) in Medline and PsychInfo together. A total of 1,542 papers were
provided for reviewing. After applying the in- and exclusion criteria, 89 papers which were

not already included in the literature pool remained for the meta-analysis.

2.2.2.4 Reviews and bibliographical references

Another 172 studies were identified as presumably relevant for the topic by checking the
bibliographical references of the collected papers (including 14 reviews). After looking at
approximately 4,000 references of more recent papers, it became obvious that almost every
suitable publication had already entered the literature pool. This can be seen as an indicator

for an exhaustive search strategy.

2.2.2.5 Unspecific search

Moreover, 12 papers were added to the literature pool without any specific search, this means

they were already at hand.
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2.3 Results of the literature search

The described search strategies led to an individual examination with respect to the above
defined criteria of more than 12,000 bibliographical references. A first checking of the titles
resulted in 808 publications possibly relevant to the topic. After reapplying the in- and
exclusion criteria when reading the abstracts, 438 studies qualified for remaining in the
literature pool. Of these, 24 papers were not available, this means they could not be found at
university libraries in Germany or it would have been too expensive to obtain them. The
copies of the remaining 400 papers were assembled as well as the copies of the 14 reviews.
While processing the literature by reading the whole texts, the selection criteria were applied
again and 79 publications were sorted out. Thus, 321 papers are left as database. These papers
report on 329 experiments with a total of 4,078 findings of alcohol effects on (driving)

performance, social behaviour or mood. Figure 1 summarises the output of the literature

search.
SELECTION
@ individually sighted
n=12,000
checking title
possibly relevant
n=808
checking abstract / \
literature pool reviews excluded
n=424 n=14 n=370
available not available
n=400 n=24
checking whole text \
database excluded
n=321 n=79
(4,078 findings)

Figure 1: Results of the literature search and evaluation of the relevant papers.
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Moreover, the references of the former meta-analysis of Kriiger et al. (1990) were reviewed.
Of these 202 studies, which investigated the effects of alcohol before 1990, 8 were not
available and 11 were excluded because of methodological issues. Apart from this, 54 studies
were not reviewed, because the findings only concerned subjective or physiological effects
and no performance effects, which were primarily of interest to broaden the literature
material. Thus, 129 studies from the years 1950 to 1990 were added, in which 142

experiments with 1,222 findings were described.

SELECTION
PROCESS NUMBER OF PAPERS (1950-2007)
@ literature pool reviews
n=626 n=14
availability
available not available
n=594 n=32
checking whole text V
database excluded not reviewed
n=450 n=90 n=54
(5,300 findings)

Figure 2: Overall result of the literature search and the evaluation of the relevant papers, after adding studies
from the former meta-analysis.

As Figure 2 shows, the total number of papers which seem to be suitable for the meta-analysis
is 626. Of the 594 available studies, 90 were excluded for different reasons after checking the
whole text and 54 of the former meta-analysis were not reviewed for reasons mentioned
above. Finally, 450 papers remained to form the literature material for the meta-analysis. In
them, 471 experiments are described with a total of 5,300 findings of alcohol effects on

(driving) performance, social behaviour or mood.
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3 PROCESSING OF THE RELEVANT LITERATURE - THE
DATABASE

3.1 Basic structure of the database

For the data input Microsoft™ Access was used. The basic structure of the database consists
of two levels. The higher level (“publication level”) contains all information about the
publication and the basic methodology of the study which in most cases corresponds to one
experiment (including one study design, one sample, etc.). If a publication contains more than
one experiment, every experiment is inserted in the database as a separate publication. Each
publication consists of one or more research findings. In this lower level (“finding level”) all
relevant information about the single findings is stored, which is for example the BAC level
and the outcome for every examined parameter (significant increase or decrease or no

significant change). The exact contents of the extracted information are described below'.

3.1.1 The publications

The principle information describing a publication consists of the following topics which

correspond to different entry forms in the database:

e the reference including information about the source (author, publication year, title,
journal, volume, number of volume, pages, document type, etc., see Figure 3),

e the abstract,

e a comment on any unusual aspects of the study as well as a classification of the main
question (e.g. “alcohol and drugs”),

¢ information about the sample (e.g. number and gender of the subjects),

e information about the methodology (e.g. the study design, single or double blind
studies),

e statistical information of the study (e.g. kind of control group),

¢ information about the processing (e.g. date of processing, reasons for disqualification of

the study).

' In the text only the basic structure of the database is explained. For a detailed description of all fields,
categorisations and rules for the classifications see Chapter 8.1 in the appendix.
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Interactions between alcohol and caffeine in relation to psychomotor speed and accuracy

reference |abstract| comment| sample' methadology' statistic' processing'

REFERENCE
[BUtHEFT [Mockay, M. Tiplady. B. & Schaley. A B. Publication'vear 2002

- |Interal:tians hetween alcohol and caffeine in relafion to psychomotor speed and accuracy

- Hum Psychopharmacol - 7 - 3 - IW
Humval edifon
PlacoPub | Secauh | DSETVREM [1oore e B

Figure 3: Screenshot of the input fields on the publication level.

3.1.2 The findings

The information describing a finding consists of the following topics corresponding to

different entry masks in the database:

¢ information about the BAC (dose, BAC level, drinking time, etc., see Figure 4),

¢ information about the task, with which the parameter was measured,

¢ information about the parameter itself and the result,

¢ information about other factors and their interaction with the effect of alcohol (e.g.

gender, other substances).

BAC |task I parameter ancd resultl Dtherfal:mrsl
BAC
_ I 0.09 _ | 23 mean BAC [start & end of testing)

Figure 4: Screenshot of the input fields on the finding level.

Typically, the number of reported findings (i.e. the number of significant increase/decrease or
non-significant results) corresponds to the number of tested BAC levels (without placebo)
multiplied with the number of dependent variables (= parameters). So if only one dependent

variable is tested in one alcohol condition versus placebo, there will be one entry in the
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database. If there are 8 dependent variables which are tested at three different BAC levels
against placebo, there will be 8*3 = 24 entries in the database (see Figure 5). Different BAC
levels might result either from different alcohol dosages for the subjects or from different

points in time at which the same parameter is measured.

[1D-publication] author [Publicationve] title [secondaryAul yTit{PlacePublishe] _publisher | volume  [Numbervolum{ =]
| LS @ 223 Marczinski, C. A, & Fillmore, M. T. 2005 Alcohol Increase Experimental ar 13 1
= 224 Marinkavic, K., Halgren, E., Klopp, J. 2000 Alcohol effects ¢ Journal of Studi 61 1
E ID-study [BABACWi{BACEmpirical[BAIBACDosBA{BACTimeT( BABAC]BJE[Par[PalP{Par] ParComPar [Parspe
2 L 282 0,039 0.045 2 0.4 72 2/15:0 72 7 3 1 memory task: recognition of words presented before among a list with

'J: L 263 0.039 0.045 2 04 72| 2150 72| 7/ 3 1 memory task: recognition of words presented before among a list with
= 264 0.039 0.045 2 04 72| 2150 12, 13 1 tone discrimination task: press a button upan detection of a rare target

E \X E (Aufoivert)

— + 225 Marinkovic, K., Halgren, E. & Maltzmi 2004 Effects of Alcokn Alcohaolism: Clir 28 3
= ¢ 226 Marsden, G. 8 L 200 Effects of alcohe Ergonomics 1
(=9 :\@ 227 Martin, C. 5. & F BAC ]_,evel 390 Ascending and Journal of Subs pal‘ameter 3

- 228 Mattila, M. 1., V: L. B 399 Effects of alcohi Pharmacology, | - 4
1p-study _ [B#] mcwl{aﬁqﬂ BA[BACDos BA[BACTimeT{BABAC[B/E[Par|PalP{Par] ParComPar e [Pars <]
_} o 411 0.08 1 0,09 4 0.65 60 21000 22 2|3 1 Symbol digit substitution test (SDST): number of correct substituti ng
L 412 @ 0.0%6 4 1 210 21000 C 22 2 3 1 Symbol digit substitution test (SDST): number of correct substifuti
413 @{ 0.068 3 1 300 210:0 C 22 2 3 1 Symbol digit substitution test (SOST): number of carrect subsuwut
[ 414 0.085 009 4 065 60 210:0 62 6 3 1 Tracking & mixed reactions: racking error severity index
[ 415 0.0% 4 1 210/ 2110 C 62 6 3 1 Tracking & mixed reactions: fracking error severity index @
416 0.088 3 1 300 210 C 62 6 3 1 Tracking & mixed reactions; fracking error severity index
417 0,085 009 4 0,65 60 2 10:0 11 1 3 1 Tracking & mixed reactions: cumulative reaction times
418 0,096 4 1 210 210 C 11 1 3 1 Tracking & mixed reactions: cumu lative reaction times @
419 0068 3 1 300 21000 € 11 1 3 1 Tracking & mixed reactions: cumulative reaction times
] 420 0,085 009 4 065 60 2 10:0 99 9 1 VAS: drowsy/alert
] 421 0.006 4 1 210/ 211000 C 99 9 1 VAS! drowsy/alert @
] 422 0.068 3 1 300 211000 C 99 91 VAS! drowsy/alert
] 423 0.085 009 4 0.65 60 21000 96 9 1 VAS! nervous/calm
(] 424 0.096 4 1 210 2100 C 9 91 VAS! nervous/calm @
Eﬂ : 425 0.068 3 1 300 21000 C 9 91 YAS! nervous/calm
= | 426 0.085 009 4 0,65 60 21000 97 91 YAS! contentedness
:E | 427 0.0%6 4 1 210 21000 C 97 91 YAS! contentedness } @
.E | 428 0068 3 1 300 21000 C 97 91 VA5 contentedness
L= 429 0,085 009 4 0,69 60 210:0 94 91 VAS: poor performance
X 420 009 4 1 210 21000 C 94 9 1 VAS: poor performance } @
431 0068 2 1 300 21000 C 94 9 1 VAS! poor performance
] 432 0,085 009 4 0,65 60 210:0 42 4 3 1 Body sway (with eyes open)
] 433 0.09% 4 1 210 21000 C 42 4 3 1 Body sway (with eyes open) }
] 434 0.068 3 1 300/ 2/10:0 C 42 4 3 1 Body sway (with eves open) e |12
Datensatz: 14 < 1 v vt [e#] von 32 4 »
[%] | Y Y I O

Figure 5: Structure of publications and findings in the database.

However, this rule needs not to fit all the time, for example, if there are multiple BAC levels
but no post hoc tests. In this case, either the highest BAC is considered (if there is an effect)

or the lowest (if there is no effect) in order to be conservative.

3.2 Description of the BAC

The main objective of the present report is to determine the effects of the different BACs on
the indicators for traffic safety. In order to attribute the effects of alcohol to the respective
BAC level, different ways of calculating the valid BAC must be introduced. For the
determination of the BAC, different periods of time must be considered, namely the “drinking

time”, the “time before testing”, and the “task duration” (see Figure 6).
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alcohol
consumption

waiting for
testing testing period

,»drinking time* ,,time before testing*

,Htask duration“

E—

e

Figure 6: lllustration of the main chronological terms for calculating the BAC level.

In most publications these pieces of temporal information are given. However, sometimes
there is a range given for the time periods, for example 10-20 minutes for drinking time. In

this case the mean value is taken for further calculations.

3.2.1 Definition of the absorptive vs. eliminative phase

Due to the acute tolerance effect (Mellanby effect), meaning that there is greater impairment
in the ascending than in the descending phase of the BAC curve (e.g. Hiltunen, 1997), these

two phases have to be coded for further analysis.

If in the studies the BAC is measured empirically (by technical devices) before and after the
test period and the empirical BAC after the test period is lower than before, an eliminative
phase is coded. Conversely an absorptive phase is coded, if the empirically measured BAC
after the test period is higher than before. If there are no BAC measurements, the criterion for
differentiating between the two phases is set at 60 minutes after the end of alcohol intake,
since the duration of the absorption phase is approximately between 30 and 90 minutes. The
range might even be between a few minutes and two hours (Madea & Dettmeyer, 2007) and
depends, for example, on the alcohol dosage, the drinking time or the content of the stomach.
Getting only a low alcohol dose or drinking on an empty stomach leads to an earlier BAC
peak. Therefore, it is assumable that the effects classified as "eliminative" do in fact lie with
high probability in the elimination phase, while a part of the effects labelled as "absorptive" is

probably eliminative.

If the duration of the task is given, this variable has to be considered as well for the coding of
the two phases. Test periods which take place mainly within the first 60 minutes after the end
of alcohol intake were classified as absorptive. If the main part of the task takes place after 60
minutes have passed since the end of alcohol intake, it is classified as eliminative. This means

that to determine the crucial time phase, one half of the task duration is added to the time
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between consumption and start of the test [(task duration/2 + time before testing) < > 60

min].

3.2.2 BAC calculation by using the empirically measured BAC

In some studies the BAC is measured and reported at testing times, so that the empirical value

can be taken. But there are lots of cases in which it is more complicated:

(1) The BAC before and after testing is given (especially if the task takes a long time):

= the mean value is taken.

(2) Only the BAC before or after testing is given and the task takes more than 30
minutes:
= the mean value during the task is calculated by estimating the alcohol
concentration before or after the test, respectively, via the elimination function
(elimination of 0.015% alcohol per hour is assumed, see Chapter 3.2.3). This
calculation of course is only possible in the eliminative phase. In the absorptive

phase there is no other possibility than taking the given value.

(3) The BAC is reported at a given time, but the test (or another test) takes place earlier
or later:
= the value is estimated via the elimination function as described above.

(4) More than one BAC is reported at given times, and the test takes place in-between:

= the value is estimated via linear interpolation.

3.2.3 BAC calculation by using the Widmark formula

In some studies the BAC is not measured or reported. In order not to have to exclude these
studies, the BAC is calculated via the Widmark formula (Widmark, 1932). It was used in the
following modified form (Kriiger et al., 1990):

BAC(g/100ml)= alcohol quantity g/kg - alcohol elimination

10* reduction factor

* Example: time before testing = 10 min, task duration = 60 min = 60 min /2 + 10 min = 40 = 40 min < 60 min
= absorptive phase
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The reduction factor in the Widmark formula (or distribution factor) represents the ratio of
total body alcohol and blood alcohol concentration. Due to the close relationship between the
alcohol content and the water content of organs, tissues and body fluids, r also corresponds to
the ratio of total body water and blood water (Seidl, Jensen & Alt, 2000). In the forensic
practice the usage of a reduction factor of 0.7 for men and 0.6 for women has become
established (Huckenbeck & Bonte, 2003). If the study sample contains both sexes, a mean

value of 0.65 is used.’

The calculated BAC by the first part of the formula must be seen as a virtual BAC maximum
at the beginning of alcohol intake. From this maximum a time-dependent elimination is
subtracted. The elimination of alcohol starts immediately after the intake. This elimination

rate is estimated — conservatively —at 0.015 g/100 ml per hour (Madea & Dettmeyer, 2007).

The Widmark formula does not account for the so-called absorption deficit, which describes
the absorption conditions of alcohol dependent on the physiological state of the body and on
the fluid content of the drink. For example, the deficit is higher (i.e. the alcohol is absorbed
more slowly) with a full stomach than with an empty one and higher for beer than for spirits,
assuming the same quantity of alcohol (Kalant, 1971). The majority of the present papers does

not give sufficient information to estimate this absorption deficit reliably.

Thus, the calculation of the BAC results in slightly exaggerated estimations compared to the
empirically measured BAC. The consequences of this overestimation are conservative:
alcohol-related decrements are demonstrated for comparatively higher BACs. "Conservative"
is here seen from the statistical point of view, under which the null hypothesis must be

protected as long as possible from being rejected.

For reasons of comparisons with the empirical BAC, two Widmark BACs are calculated

before and after the test and the mean value is taken, if the test takes more than 30 minutes.

3.2.4 Calculation of the administered quantity of alcohol

Another difficulty in assembling alcohol studies is the fact that the administered alcohol

dosages are not uniformly documented in the literature. The existing variants are:

? Methods determining the distribution factor more precisely by adjusting for age, weight or height (see e.g.
Seidl et al., 2000), which improves the BAC estimation, cannot be used, because the studies rarely provide the
subjects’ height or weight.
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e g/kg (pure alcohol per kilogram body weight),

e ml/kg (pure alcohol per kilogram body weight),

e ml/kg of a standard alcoholic beverage with indication of the alcohol level (e.g. 40% or
80-proof vodka),

e ml or ccm (1 ml = 1 ccm) not referring to kg,

e country-specific units of quantity (e.g. ounces [0z]).

In this report, the quantity of the consumed alcohol is expressed in grams of alcohol per
kilogram of body weight, which is the internationally common unit. All quantities that were
not expressed in g/kg had to be converted. The procedure in the cases of the above variants

was as follows:

1. Quantity given in ml/kg (pure alcohol)
The given quantity of alcohol is converted into g/kg using the specific weight of alcohol (0.79
g/ml).

Example:

Quantity of alcohol administered: 0.7 ml/kg

Conversion: 0.7 ml/kg * 0.79 g/ml = 0.55 g/kg

2. Quantity given in ml/kg (standard alcoholic beverage)

The given quantity of alcohol is converted into g/kg using the specific weight of alcohol (0.79
g/ml) as well as the percentage by volume of the beverage. If the alcohol level is indicated by
“proof™, it has to be converted into % by dividing it with 2.

Example:

Quantity of alcohol administered: 0.7 ml/kg

Alcohol level of the beverage: 40% (or 80-proof spirit)

Conversion: 0.7 ml/kg * 0.79 g/ml * 0.4 =0.22 g/kg

3. Total quantity of the consumed alcohol is given

In few studies, the administered alcohol quantity is given as a whole, not referring to kilogram
of body weight. The quantity of alcohol is converted using the reported average body weight

of the subjects or (if not reported) an average weight of 70 kg for men and 60 kg for women.
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4. Quantity given in ounces [0z]

The quantity of alcohol given in the unit ounce is converted into ml by multiplying it with
28.41 (British) or with 29.57 (American), respectively. Afterwards, it is converted into g/kg as

described above.

Sometimes different dosages for men and women are used. In such a case, the average of the

dosages was taken.

3.3 Classification of the tasks and parameters

A crucial point of every meta-analysis is the classification system within which the single
studies are to be arranged. For evaluating substance effects, two different classification

systems are established which shall complement one another:

The first one (introduced by Kriiger et al. in 1990) is based on functional behavioural
categories relevant for traffic safety like “attention™, “visual functions” or “subjective
intoxication”. The assignment of a study result to one of these driving-relevant categories

depends on the investigated psychological function of the task.

The second one, which will be introduced in this report in Chapter 3.3.2, concentrates only on
performance tasks. It is based on the model of information processing (Wickens, 1984) and on
several dimensions describing the characteristics of a task which might determine a good or

bad performance under psychoactive substances (e.g. the motor complexity of the task).

3.3.1 The function-oriented classification system

Based on rather rough classifications by Moskowitz & Robinson (1987), Briickner, Peters &
Somen (1988) and Staak, Hobi & Berghaus (1988), Kriiger et al. (1990) have developed this
classification system for the meta-analysis of experimental alcohol studies. It was also used
by Berghaus (1997) for classifying the effects of different medicines and by Berghaus, Schulz
& Szegedi (1998) for classifying the effects of cannabis.

Within this method, the different performance tasks used in the studies are classified into one
of the driving-relevant performance main categories (for an example see Figure 7). Each of
them consists of several subcategories describing the paradigm more precisely, into which the

tasks are classified as well. Besides the performance aspect, the domains of mood (containing
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subjective feelings like intoxication or tiredness) and social behaviour are integrated into the
analysis. Due to the extensive subdivision, it is quite simple to assign the different findings of

a study to the different main and subcategories.

| Tracking Mental arithmetics

Main categories Subcategories
Finding 1 I
| Reaction time Simple reaction time
Finding2 ; S—
I Attention Choice reaction time
L i e — -
My -t - | Divided attention Categorization task |
e | Psychomotor skills Vigilance |
| Visual functions Cancellation test |

Other attention tests

| En-/decoding

—>| Driving ‘ Driving simulator |

| Mood

‘ Closed course |

Finding 3 | Social behaviour | ‘ Flight simulator |

Figure 7: Example of the classification of findings into main and subcategories following the function-oriented
classification system.

Using this approach the categories are not confounded, because all findings are classified only
once into one category. In doing so the problem may arise that some of the subcategories will
show small frequencies, so that in these cases only rough evaluations on the main category
level are advisable. In advance of the results reported in 5.1, the frequencies of findings per

category are presented in Table 1 together with the taxonomy and examples of tasks.

Table 1: Function-oriented classification of parameters and frequencies of findings.

A. PERFORMANCE CATEGORIES

Main & subcategory Examples of tasks N %

1) Reaction time 373 |1 11.5
- Simple reaction time - Visual/auditory stimuli: press a button as quickly as possible 183 5.6
- Choice reaction time - Diverse visual or auditory stimuli: respond only to the target 190 5.8

stimulus or with different keys to correspondent stimuli

2) Attention 692 | 21.2
- Categorisation task - Card sorting tasks; DSST; trail making test 202 6.2
- Vigilance - Respond to rare target stimuli (Mackworth) 78 24
- Cancellation test - Cross out target letters among distractors (D2) 44 1.4
- Mental arithmetics - Pauli test (addition); Serial seven (subtraction) 47 1.4
- Other attention tests - Go/NoGo tasks; Stroop test; logical reasoning 321 9.9
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3) Divided attention 365 | 11.2
- Reactions to 2 stimuli - Reaction to central & peripheral stimuli; auditory 2-channel 182 5.6
signal detection task
- Reactions to 2 tasks - Tracking or cancellation test & visual or auditory stimuli; 183 5.6
many tasks simultaneously
4) Psychomotor skills 339 | 104
- Hand-eye-coordination - Circular lights; hand steadiness; pin test 163 5.0
- Posture - Standing steadiness (Romberg or balance test) 132 4.1
- Other motor functions - Tapping test; tremor; proprioceptive coordination 44 1.4
5) Visual functions” 475 | 14.6
- Physiology of the eye - Visual acuity; critical flicker fusion frequency 181 5.6
- Eye movements - Visual tracking; nystagmus 164 5.0
- Binocular vision - Heterophoria; stereopsis; exophoria 65 2.0
- Complex perceptual functions - Spatial orientation; time or length estimation 65 2.0
6) Tracking 237 7.3
- Easy compensatory tracking - Horizontal deviations have to be regulated with a steering 33 1.0
wheel
- Difficult compensatory tracking | - Critical tracking: unstable system for which deviations 27 0.8
between target & actual position have to be compensated
- Easy pursuit tracking - Pursuit rotor: pursuit of a moving light; spiral maze 158 4.9
- Difficult pursuit tracking - Stressalyzer (Tracometer): catch a target with a steering wheel 19 0.6
7) En-/Decoding 455 | 14.0
- Information processing - Cognitive speed: recognition of a tachistoscopically presented 170 52
stimulus (letters or pictures)
- Memory - Free recall, cued recall or recognition tasks 285 8.8
8) Driving 3231 99
- Driving simulator - Road tracking, car follow, hazard detection and reaction task 212 6.5
- Closed course - Road tracking, car follow, hazard detection and reaction task 65 2.0
- Flight simulator - Routine scenarios, communication, approaches 46 1.4
Total number 3259° | 100
B. MOOD CATEGORIES
Main & subcategory Examples N %
9) Mood 1953 | 97.3
- Experienced intoxication - Feelings of drunkenness 394 | 20.2
- Unpleasant physical sensations - Dizziness, nausea 236 | 12.1
- General well-being - Global mood 12 0.6
- Subjective rating of performance - Feelings of performance 87 4.5
- Physiological measurements - Pulse, temperature, blood pressure 77 3.9
- Arousal/activity - Stimulation, sedation, relaxation 365 | 18.7
- Pleasure - Contentment, effect liking, depression 434 | 222
- Dominance - Social mood, friendliness 38 2.0
- Tiredness - Fatigue, drowsiness 202 | 10.3
- Aggressive feelings - Subjective: hostility, anger 53 2.7
C. SOCIAL BEHAVIOUR CATEGORIES
Main & subcategory Examples N %
10) Aggressive reactions 50| 2.5
- Aggressive behaviour - Objective: hostility 50 2.5
11) Social behaviour 51 03
- Behavioural measures of social activities | - Objective: social interactions 4 0.2
- Social feelings - Subjective: social anxiety 1 0.1
Total number 2008 | 100

* Some findings of this category were not used as “performance findings”, because they are physiological ones.

> The exact number of “performance findings” after subtracting the physiological findings is 2983.
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In total, there are 5267 findings of effects which can be assigned to the performance or mood
or social behaviour categories. The remaining 33 findings which were entered into the

database cannot be specified.

Among all findings mood variables occur most frequently, followed by attention, visual
functions and en-/decoding variables, as it is visualised in Figure 8. Driving behaviour,
tracking and variables in the social behaviour categories are relatively little investigated.
These differences in frequencies are not surprising when considering the experimental
designs: attention or visual functions tests are easy to conduct and it is easy to determine
several parameters (each representing a finding in the meta-analysis) as it is the case with
mood variables. In contrast, tracking and driving tests are more complex to conduct and
especially in tracking tests usually only few parameters like errors or horizontal deviation are

determined.

Investigated main categories

social behaviour
pggressive reactions :|

tracking ||
driving [ ]
psychomotor skills [ ]
divided attention [ ]
reactiontime [ ]
en-decoding [ ]
visual functions [ ]

attention
mood |

0 200 400 600 1800 2000

Frequency of findings

Figure 8: Frequency of findings per main category.

Additionally, it becomes obvious that the frequencies of findings in the different
subcategories are extremely unequal (Figure 9). Some subcategories are hardly investigated,
so that a meta-analytical evaluation of them will not make any sense. For example frequencies
of complex performance tasks like difficult tracking, closed course, flight simulator or
vigilance tasks are low, whereas frequencies of less elaborated performance tasks like reaction

or memory tasks are high.
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Hardly investigated subcategories

difficult pursuit tracking
difficult compens. track.
easy compens. track.
cancellation tests

other motor functions
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Mainly investigated subcategories
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easy compens. track.
cancellation tests
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Figure 9: Frequency of findings per subcategory — hardly investigated (left) vs. mainly investigated (right).

3.3.2 The process-/task-oriented classification system

3.3.2.1 Basic principles of the classification

The function-oriented approach — as described in the chapter above — assigns the tasks to
predominant psychological or psychophysiological functions. The same approach was chosen

in different reviews about alcohol effects (see for example Moskowitz and Fiorentino, 2000).

However, modern cognitive psychology is interested more in processes than in static
functions. In addition, as a consequence of the discussion about single or multiple resources in
human performance, an in-depth analysis and classification of tasks and the respective
resources become important. Therefore, to link this meta-analysis with the concepts currently
under discussion, a new classification system is introduced. To establish this system, we first
have to rely on a theoretically based process model of human performance. Most widely
accepted is the model of information processing which exists in different variations. Here, we
refer to the version developed by Wickens (1984). Moreover, a comprehensive classification
system for tasks and resources has been lacking up to now. Therefore, we were forced to

browse the literature for the most frequently used task characteristics.
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3.3.2.2 The elements of the information processing model

Figure 10 shows the version of Wickens’ model in which several main characteristics of this
model become obvious. Firstly, the sequential nature of information processing is striking.
After sensory processing and perception of the stimulus material, a response must be selected
and executed. Perception and decision making are determined by the long-term or by the
working memory. Secondly, attention is required at each stage after sensory processing. These
attentional resources are limited and thereby must be shared between the different process

components. Thirdly, there is a closed-loop feedback structure, monitoring the consequences

of actions.

Sensory processing R
e

5 Receptors y o Y
t > »|Perception Decision and Response =
i > > » response »| execution —» P
m SISS g selection o

F F

u _— n
[ v v 2
i Working =
li memory s

Long-term I

memory

Memory

A
A
<

Feedback

Figure 10: Model of the stages of human information processing (Wickens, 1984).

The model helps to classify tasks according to their information processing stage, allowing a
more precise description of the tasks used in the alcohol studies. To distinguish adequately
between the tasks and for an accurate classification, the stages have been subdivided more
detailedly. From the model of Wickens (1984) the following process stages (=subdimensions)

were derived (see Table 2):
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Table 2: Derived stages of information processing from the model of Wickens (1984).

Stages of information processing adapted for
the process-/task-oriented classification system

Reaction planning
Motor output

1 | Active search

2 | Sensory perception

3 | Feature extraction

4 | Operation/processing
5 | Decision

6

7

The subdimension active search is central for a task where the operator has to scan the
environment adequately for relevant stimuli. These tasks are usually characterised by a high
spatial uncertainty of the stimuli. Factors facilitating such tasks are environmental
expectancies or features like the salience of stimuli. Eye movements or saccades are typical
measures. In sensory perception tasks the main difficulty is the detection of the stimulus
(usually only one) — not due to spatial uncertainty but due to a signal-noise-problem. The
criterion is whether the stimulus is perceived or not. Consequently, thresholds should be taken
as parameters. The next stage of information processing is called feature extraction according
to Sanders (1983). At this stage an operator has to select the relevant information, for example
the shape or colour of the stimuli. Figure-background-distinction or interference are
corresponding concepts. The subdimension operation/processing is chosen if cognitive
processes are essential, for example complex categorisations, estimations, memorisation or
some kind of arithmetic or mental rotation. Tasks are classified into the subdimension
decision if the operator has to decide between different alternatives each representing another
strategy. Typical influencing factors are the uncertainty of the consequences, lack of expertise
and time pressure. Risk behaviour, sensation seeking and response biases are frequent
concepts. Whereas in the model of Wickens the decision stage only involves the selection of a
response, here a more detailed subdivision is introduced. The first response stage is reaction
planning. Planning needs to invoke one (reaction “yes” or “no”) or more (which reaction?)
motor patterns or schemes, this means well-learned sequences of actions. In contrast, the
second response stage motor output describes the fine adjustment of the necessary motor

execution.
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The best way to determine which stage of processing should be assigned to a task is to have a
look at the nature of erroneous reactions. Figure 11 exemplarily depicts the possible errors

during the different stages of information processing using a multiple choice reaction time

task.
. focussin, wron wron .
not looking . ussing one. rong N hitting the
notseeing colour combination choice due initiating of
atcomputer . . . . button
the stimulus instead of of stimulus to time wrong hand .
screen . unprecisely
form and reaction pressure
active senso feature . .. reaction motor
M > Yo ur > operation [ decision [P . >
search perception extraction planning output

Figure 11: Possible errors during the different stages of information processing in a multiple choice reaction
time task.

With Wickens’ process model the first dimension of the new introduced classification system
is specified. Experience during the classification procedure of the tasks used in alcohol studies
showed that some tasks should be assigned to more than one process stage. Therefore, it was

decided that up to two stages of information processing are allowed for classifying.

3.3.2.3 The dimensions of the task classification

Besides the model of information processing, the new classification approach refers to basic
concepts in the classification of tasks and resources. In Table 3, the dimensions and
subdimensions of the task classification are given together with the classification rules® (see
also Chapter 8.1.2.2 in the appendix) and examples of tasks. The first two rows present the

subdimensions of the process model.

% The classification is done based on the combined information of the task, the instruction and the parameter.
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Table 3: Dimensions and subdimensions of the process-/task-oriented classification system.

Dimensions & subdimensions

Classification rules

Examples of tasks

1) Stages of inform. processing 1
- Active search

- Sensory perception
- Feature extraction

- Operation/processing
- Decision

- Reaction planning

- The operator has to scan the environment for
relevant stimuli

- The stimulus has to be perceived

- The operator has to select the relevant
information e.g. shape or colour of the stimuli
- Cognitive processes are essential, e.g.
complex categorisations, estimations

- Operator decides between different
alternatives (no correct or incorrect answer)

- One (reaction “yes” or “no”) or more (which
reaction) motor patterns or schemes are invoked

- Hazard perception test

- Mackworth Clock

- Choice reaction task (CRT),
D2

- Mental arithmetics, memory
tasks

- Gap acceptance test,
planning and strategy tasks

- Simple reaction task (SRT)

- Motor output - Fine adjustment of the necessary motor - Tracking
execution (acceleration, force of the movement)
2) Stages of inform. processing 2
- Active search See above See above

- Sensory perception
- Feature extraction

- Operation/processing
- Decision
- Reaction planning
- Motor output
3) Type of attention
- Alertness - Very high short-term attention to one or few - Digit symbol substitution
stimuli test (DSST), Circular lights
- Sustained - Long-term attention to a task with high stimuli | -Wisconsin card sorting test,
frequency or with high workload D2, Compensatory tracking
- Vigilance - Long-term attention to a task with low stimuli | - Mackworth Clock
frequency
4) Task combination
- Single — discrete - One task with distinct stimuli - SRT
- Single — continuous - One task without single stimuli - Driving, tracking
- Double — 2x discrete - Dual task: both tasks are discrete - Go/no go task & auditory
discrimination

- Double — discrete & continuous

- Double — 2x continuous

- Dual task: one task is discrete, the other is
continuous
- Dual task: both tasks are continuous

- Mental arithmetics & driving

- Flight simulator: course
maintaining & communication

5) Task pace
- Self paced - The operator is free to shape the speed- - D2, Trail making test, DSST
accuracy trade-off
- Task paced - The stimuli appear in a fixed rhythm, time for | - Mackworth Clock
performance cannot be influenced
6) Kind of stress Depends on the instruction:
- Speed - “Operate as fast as possible”
- Accuracy - “Operate as accurately as possible”
- Speed & accuracy - “Operate as fast & accurately as possible”
7) Stress level Bases on an expert rating
- Low - Task with low stress intensity for the operator | - SRT
- Medium - Task with more information to process - CRT
- High - Task with different information to process, - Divided attention tasks

very complex task or with time pressure

8) Sensory modality

- Visual/spatial
- Auditory

- Haptic

- Vestibular

- Task with visual stimuli

- Task with auditory stimuli

- Task with haptic stimuli

- Task without stimuli, but effects on the
vestibular system are of interest

- Visual reaction task

- Tone discrimination

- Omitted tactile stimulus task
- Balance test
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Dimensions & subdimensions

Classification rules

Examples of tasks

9) Type of information
- Formal/abstract

- Semantic

- Physical appearance of the stimuli (form or
colour) is of importance

- Interpretation or meaning of the symbol is of
importance

- SRT, CRT

- Mental arithmetics, even &
odd digits, word encoding

10) Sensory dynamics
- Static

- Dynamic

- The stimuli are discrete and appear successi-
vely or the situation can be perceived at once
- The stimulus is moving or the relevant
information is changing continuously

- SRT, CRT

- Driving, tracking

11) Operation level
- Skill-based

- Rule-based

- Knowledge-based

- Automatic processing, another task can be
operated at the same time, performance will not
improve significantly with training

- Controlled processing, another task can be
operated at the same time only with serious
problems, performance improves with training
- Very high conscious control, effortful, slow

- SRT, road tracking
- CRT, D2, DSST, memory
tasks, mental arithmetics

- Problem solving, logical
reasoning, strategy tasks

12) Memory
- No memory

- Short-term memory (STM)
- Long-term memory (LTM)

- Hardly any memory is required, memory is
not the dependent variable

- Recall within 60 seconds

- Recall after more than 60 seconds

- All performance tests but
memory tests

- Immediate memory tasks
- Delayed memory tasks

13) Memory recall
- No memory

- Recognition
- Cued recall

- Free recall

- Hardly any memory is required, memory is
not the dependent variable

- Comparison between memorised and
presented stimuli

- Reproduction of the former learned stimuli is
facilitated by cues

- Reproduction of the former learned stimuli
without any help

- All performance tests but
memory tests

- Word, picture or number
recognition, Sternberg test

- Wechsler’s paired associate
test, word stem completion

- Word or number recall,
Wechsler’s logical memory test

14) Motor complexity
- Simple

- Medium

- High

- No fine motor regulations, e.g. only one
button

- Several simple options or fine motor
regulations are required

- Coordinative aspects of the reaction

- SRT, driving on a straight
lane

- CRT (4 buttons at least),
driving (some curves & speed
adaptations), tracking

- CRT with buttons and pedals,
flight simulator

In the following, three of the above listed dimensions are described more in detail for a better
understanding. The dimension “type of attention” distinguishes between three different kinds
of attention which we defined in the following way: the subdimension alertness means a
rather short-term attention for some minutes to one or few stimuli with a high frequency of
occurrence. Sustained attention is classified when operating a task with high stimulus
frequency or high workload for a longer period of time. In contrast, vigilance is classified for
long lasting tasks with low stimuli frequency or low workload. The temporal duration of a
task is essential, because most of the tasks can be performed well for a short time span even

under the influence of psychoactive substances. Operators can allocate additional resources,
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which lead to increased effort in order to compensate the detrimental effects of the substance.
This usually works only for a short period of time after which the performance decreases

(Hockey 1997, Holding 1983).

Another dimension which might have considerable influence on performance is the “task
pace" dimension. It describes whether the operator is free regarding the timing of the task or
not. In a self paced task the operator is allowed to shape the speed-accuracy trade-off (SATO:
faster/worse vs. slower/more precise). Persons under the influence of alcohol may become
more risky and decide to operate faster at expense of errors. If the task is task paced, the

operator does not have this option.

The “operation level” according to Rasmussen (1986) describes the depth of information
processing and distinguishes skill-based, rule-based and knowledge-based behaviour. A task
is classified as skill-based, if the required operations are highly automated and take place
without conscious control, which means that usually another task can be operated at the same
time without serious problems. For highly automated tasks, training will not improve
performance significantly. A rule-based task requires consciously controlled processing, so
that another task can be operated at the same time only with serious problems. Training will
improve task performance significantly. Knowledge-based tasks require processing on a
higher conceptual level. The operator is confronted with an unfamiliar situation, for which no

standard rules are available, so that processing is effortful and slow.

3.3.2.4 Classification procedure and resulting frequencies

When classifying a task, the stages of information processing are the focal point, whereas the
other task-describing dimensions are the surrounding factors. Two performance tasks with the
same name might be classified differently on some of these dimensions depending on the
exact requirements in the tasks. Figure 12 gives an example of two possible classifications of
a choice reaction time task on the dimensions described above depending on the task

characteristics.
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Motor complexity  Type of attention I;/= Choice reaction time task:
[ Simple | Alertness red or green circle appear
[ Medium [ Sustained one per second on the left or
right side on the screen, left
Operation level Task combination putton for red circle hasto be

pressed, right button for green

Rule-based ' - Single — discrete circle as quickly as possible
Riactniinipnaton (task duration: 2min)
processing

Type of information Sensory dynamics
; vV = i acti : .
Formal/abstract T Choicereaction time task:

a red or green circle or square

Sensory modality Stress level appear on theleft or right side

on the screen, four different

buttons have to be pressed
according to the colour and
Task pace Stress kind the form as quickly and
| Self paced | | Speed \|/ accurately as possible (task

duration 10min)

| Task paced J/ |Speed & accuracy'|

Figure 12: Example for the classification of a choice reaction time task with different characteristics.”

The frequencies of performance findings which have been classified in the dimensions above
are listed in Table 4 as well as the distribution of findings within the dimensions. The number
of findings per dimension varies between 2061 and 2967. The distribution of findings
regarding the subdimensions is sometimes quite unequal. Some subdimensions are hardly
investigated, for example tasks where active search or decision is classified as the relevant
stage of information processing. The same is the case for knowledge-based or vigilance tasks
and as well for tasks with a sensory modality other than visual/spatial (auditory, haptic or
vestibular). Also double tasks are relatively seldom investigated or tasks with semantic
information. Moreover, continuous or dynamic tasks are less frequently investigated than
discrete or static tasks. Regarding the instruction there is a clear focus on speed & accuracy,
whereas the frequency of tasks in which speed is emphasised in the instruction is low. If
memory is investigated, tasks refer more frequently to short-term than to long-term memory,
and more frequently to recognition than to free or cued recall. Lastly, most tasks are assigned

to a medium stress level and to a simple motor complexity.

7 The two dimensions “memory” and “memory recall” are missing, because they only concern memory tasks.
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Table 4: Frequencies of findings regarding the dimensions and subdimensions.

Dimensions & subdimensions N® % Dimensions & subdimensions N %
1) Stages of inform. processing 1 2961 100 7) Stress level 2967 100
- Active search 30 1.0 - Low 902 30.4

- Sensory perception 260 8.8 - Medium 1374 46.3

- Feature extraction 1101 37.2 - High 691 23.3

- Operation/processing 701 23.7 8) Sensory modality 2761 100

) Decis@on . 42 1.4 - Visual/spatial 2444 88.5

- Reaction planning 218 7.4 - Auditory 171 6.2

- Motor output 609 20.6 - Haptic 14 05

2) Stages of inform. processing 2 2061 100 - Vestibular 132 48
- Active search 2 0.1 9) Type of information 2666 100

- Sensory perception 181 8.8 - Formal/abstract 2261 84.8

- Feature extraction 21 1.0 - Semantic 405 152

: ggsir:it;)ln/processmg 3}? lgg 10) Sen'sory dynamics 2681 100

- Reaction planning 1231 59.7 - Static 2002 74.7

- Motor output 302 14.7 - Dynam{c 679 253

3) Type of attention 2075 100 11) Operation level 2967 100
- Alertness 836 40.3 - Skill-based 1345 453

- Sustained 1063 51.2 - Rule-based 1566 52.8

- Vigilance 176 3.5 - Knowledge-based 56 1.9

4) Task combination 2955 100 12) Memory 2967 100
- Single — discrete 1728 58.5 - No memory 2619 88.3

- Single — continuous 810 27.4 - Short-term memory 239 8.1

- Double — 2x discrete 203 6.9 - Long-term memory 109 3.7

- Double — discrete & continuous 202 6.9 13) Memory recall 2967 100

- Double — 2x continuous 12 0.4 - No memory 2619 88.3

5) Task pace 2717 100 - Recognition 179 6.0
- Self paced 1181 43.5 - Cued recall 45 1.5

- Task paced 1536 56.5 - Free recall . 124 4.2

6) Kind of stress 2967 100 14) Motor complexity 2753 100
- Speed 273 9.2 - Simple 1218 | 442

- Accuracy 959 323 - Medlum 961 349

- Speed & accuracy 1735 58.5 - High 574 20.8

There are three specific features of this new classification system. First, every performance

finding is classified in every dimension, so that every subdimension can be analysed using the

total number of findings. Second, tasks with the same performance requirements are classified

in the same way regardless of their name in the study (e.g. a so-called attention test may be in

fact a simple reaction time test). Third, tasks in real traffic can be described on the same

dimensions, so that predictions from experimental research might become possible concerning

the kind of traffic situation in which drivers under the influence of alcohol will have

problems.

¥ The frequencies within the dimensions do not sum up to the overall 2983 performance findings, because some
findings could not be classified on every dimension.




D 1.1.2a META-ANALYSIS DRUID 6TH FRAMEWORK PROGRAMME PAGE 34

3.3.2.5 Consistency of the classification

In order to minimise the danger of inconsistencies regarding the classification procedure, all
occurring performance tests were entered into an extra table together with a short description
and their classification (discussed by two raters beforehand) on all dimensions. So if a
performance test is conducted in the same way in another study, the same classification is
guaranteed. If the performance test is conducted in a slightly modified way, the corresponding
subdimensions are changed. For example, in one study a simple reaction time task takes ten
minutes and subjects have to respond to a circle appearing on the computer screen. In another
study a simple reaction time task takes two minutes and subjects have to respond to a tone. In
the first study sustained attention (on the dimension “attention”) and visual (on the dimension
“sensory modality”) is classified, in the second one alertness and auditory. The classification

on all the other dimensions remains the same.

Moreover, for each performance test all corresponding publications are listed in a table in

order to change the classification on the dimensions in a consistent way if necessary.

3.3.2.6 Interrater reliability

Since the process-/task-oriented classification system is a new approach for classifying
performance tasks, it has to be tested how well-defined the system is. Overall, more than 150
tasks were classified by the author team, but there always will be new tasks used in scientific
studies, which are not yet classified. So the question arises whether the established rules for
classifying are also clear enough and plausible for non-involved academics (in the following

called “non-experts””) who want to apply the system.

To answer this question, the interrater reliability is evaluated by choosing 19 performance
tasks from the different tasks used in the studies. They were selected according to the
frequency of their application in the studies and according to the parameter subcategories
from the former classification system. This means that from each parameter subcategory the
most frequent task was chosen for assessing the interrater reliability. Then, descriptions of the
tasks (see Chapter 8.3) and classification rules for all dimensions (see Chapter 8.1.2.2) were
given to three postgraduate psychologists, who were asked to classify each task on each

dimension. Table 5 shows an example for the classification of tasks by one rater.
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*The dimension “stages of information processing” exists two times, namely as “stages of information processing 1” and as
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**The two individual tests of the divided attention tasks (DA) are classified separately.
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Firstly, the agreement of the three raters with the expert (=author team) is analysed. For this
purpose, the task classification of each rater on each dimension is compared with the expert’s
classification. The higher the number of identical ratings between expert and rater is, the
higher the interrater reliability will be. The percentage of agreement between rater and expert

is calculated as follows (Wirtz & Caspar, 2002, p. 47):

Percentage Agreement (2 Raters) = Number Of Identical Rated Dlmer_15|ons.PerTask £100%
Number Of Overall Rated Dimensions

There are 14 dimensions on which the tasks are classified. If, for example, the rater and the

expert agree on 13 dimensions, the agreement will be (13/14)*100 = 92.86% for this task.

Since there are three raters, the above calculation is done three times for each task. The

overall percentage agreement between raters and expert is simply their mean agreement:

z Percentage Agreement Of Each Rater
Overall Percentage Agreement =

Number of Raters

For instance, the agreement concerning the four-choice reaction time task is 92.86% for rater
1, 80% for rater 2 and 100% for rater 3. So the overall agreement for this task is (92.86% +
80% + 100%)/3 = 90.95%. Table 6 shows the percentage agreement between the three raters

and the expert for each of the 19 performance tasks.

Table 6: Percentage agreement of three raters with the expert concerning typical performance tasks.

Performance Tasks Agreement with Performance Tasks Agreement with
Expert (%) Expert (%)

1 | Four-choice reaction time 95.24 12 | Circular lights 78.57
2 | Simple visual reaction time 90.48 13 | D2-Test 78.57
3 | Balance test 90.48 14 | Tracometer 78.57
4 | Mackworth Clock 88.10 15 | Rapid vis. inf. processing 78.57
5 | Go/NoGo: resp. inhibition 88.10 16 | DA: track. & vis. att. (1) 78.57
6 | DA: vis. & aud. discr. (1) 88.10 17 | DA: track. & vis. att. (2) 78.57
7 | Pursuit rotor task 85.71 18 | Recall task 76.19
8 | Compensatory tracking 85.71 19 | Serial seven 76.19
9 | DA: vis. & aud. discr. (2) 85.71 20 | Critical compens. tracking 71.43
10 | Finger tapping 83.33 21 | Road Tracking: SDLP 69.05
11 | Digit symbol substitution 83.33 All tasks (mean) 82.31

The best agreement is 95.24% for the four-choice reaction time test, whereas the worst is

68.89% for the Road Tracking Test with the standard deviation of lateral position (SDLP) as
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dependent variable. Obviously, the classification of tasks which are quite simple and rather
definite is easier than the classification of tasks which are more complex. The mean

agreement concerning all tasks is 82.31%.

Next the percentage of agreement between the three raters and the expert concerning the
different dimensions is analysed. To evaluate the interrater reliability for the dimensions, the
classification of each rater on each dimension is compared across all performance tasks with
the expert’s classification. The percentage of agreement between rater and expert is calculated

as before (Wirtz & Caspar, 2002, p. 47).

21 tasks (19 + 2, because the two individual tests of the divided attention tasks are classified
separately) were classified. So if, for example, 19 tasks are classified identically on one
dimension by the rater and the expert, the agreement will be (19/21)*100 = 90.48%. As
before, this calculation is done three times per dimension for each of the three raters, and for
the overall agreement between raters and expert the mean value is taken. Table 7 shows the

agreement between the three raters and the expert for each dimension.

Table 7: Percentage agreement of three raters with the expert concerning the dimensions.

Dimension Agreement with Dimension Agreement with
Expert (%) Expert (%)

1 | Memory 100.00 8 | Task paced 84.13
2 | Memory recall 100.00 9 | Stress kind 82.54
3 | Type of information 96.83 10 | Operation level 79.37
4 | Sensory modality 93.65 11 | Stages of inf. processing 1 77.78
5 | Sensory dynamics 93.65 12 | Motor complexity 66.67
6 | Task combination 92.06 13 | Stress level 60.32
7 | Attention 85.71 14 | Stages of inf. processing 2 39.68
All dimensions (mean) 82.31

The dimensions with the best agreement are the both memory dimensions with 100% each.
This is not surprising since the type of memory is easy to determine. The dimension with the
worst agreement is the second stage of information processing of the task with only 39.68%
agreement. This results from the fact that two of the raters hardly ever classified a second
stage of information processing. Agreement is also low for the stress level and the motor
complexity of the task. This can be explained by the fact that the decision of whether a task is
considered as stressful and complex is quite a subjective one. The mean agreement

concerning all dimensions is 82.31%, which is quite satisfactory.
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In addition, the agreement of the raters among each other is analysed. This means, the
consistency of ratings made by the different raters is checked by comparing the raters’
classifications among each other without presuming that the expert’s classification is best. So
each pairwise agreement is considered as equal, no matter if it is between expert and rater or
between rater and rater. First, the analysis is done with four raters (expert included) and
second with three raters (expert not included). If the interrater reliability is higher when the
expert is not included, this will indicate a non plausible expert’s rating or that the rules

explaining the expert’s classification are not easily understandable for non-experts.

The interrater reliability for more than two raters is calculated in the following way (Wirtz &

Caspar, 2002, p. 48):

Number Of Rater Pairs With Identical Ratings

Percentage Agreement (> 2 Raters) = E”mzer g‘; F;atted ;aéks %100%
umper ater raltrs

R!

. R
With: Number Of Rater Pairs = =
2) (R=2)1%2!

For example, the interrater reliability for four raters concerning the dimension “attention” is

calculated as follows:

105
Percentage Agreement (4 Raters ) = + *100% = % *100% = 83.33%
(4 - 2)1*2!

In Figure 13 the percentage of agreement between the four raters (expert included) and

between the three raters (expert not included) for the 14 dimensions is shown.
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Overall percentage agreement (expert not included) 78.23 42.86 100.00

Figure 13: Percentage agreement of four or three raters (expert included and not included, respectively)
concerning the dimensions.

The mean interrater reliability for all dimensions is 80.27% if the expert is included and
78.23% if the expert is not included. So there is hardly any difference between the two

reliabilities and the same holds true for each of the dimensions as shown by the graph.

3.3.3 Additional input fields

Independent of the classification system, there are some variables that are specified for each
finding as well. For example, the majority of performance tasks are evaluated in the studies in
a twofold manner, under a speed perspective (reaction times) and under an accuracy
perspective (error rates). Sometimes both of these perspectives are combined (e.g. number of
correct responses in a given time), so that speed & accuracy is classified as “type of

999

parameter”” . Of course, this distinction can only be made in performance findings.

Another variable is the training of the task before the experiment in order to avoid learning
effects in a performance or driving test. When training is not mentioned, no specification

possible is marked.

? The variable “type of parameter” is not to be confounded with the dimension “kind of stress” which refers to
the instruction.
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Moreover, a free text field is added for a better understanding of the task. There the name of
the task is entered, as well as a short description of it and the measured parameter (e.g. “Tone

discrimination task: press a button upon detection of a rare target tone; reaction time”).

3.4 Classification of results

3.4.1 Statistical significance

Generally, in a meta-analysis different methodological issues can be used: The two main
procedures are the method of vote-counting and the method of effect sizes. Vote-counting
means that the number of significant findings (positive vs. negative) as well as the number of
non-significant findings are simply summarised over the different studies. This procedure
permits merging the analyses of different studies and requires a minimal amount of statistical
data (Hedges, L. V. & Olkin, 1., 1980). However, this method using statistical significance
does not give much information about the size of the effect, because statistical significance
only indicates that the result is not due to chance. The method of effect sizes in contrast
includes the difference between population mean values. This means an effect size specifies
the extent to which two populations are separated due to the experimental procedure (Aron,

A., Aron, E. N. & Coups, E. J., 2006, p. 190).

Regarding the classification of results an important methodological requirement is to define
what will be treated as a substance effect. This question is answered pragmatically according

to the standard research convention:

A finding of effect exists if an alcohol-placebo comparison is done on a variable at a certain
time point with a certain alcohol dosage in a study meeting all inclusion criteria and no
exclusion criterion. If the statistical null hypothesis can be rejected on a significance level of a
= 5%, a detrimental (-) or beneficial (+) effect of alcohol is recorded in the database. If the
null hypothesis cannot be rejected, alcohol is in its effects not different from placebo (0).
Detrimental effects on performance are coded as decrease in the field “EffectPerf” (Perf =
performance), beneficial effect as increase. In order to have another coding of the effects
regarding the semantic meaning of the description of the parameter, the effect is coded in the
field “EffectPar” (Par = parameter) as well. So if alcohol leads to an increase of reaction time,

the “EffectPar” is increase, but the “EffectPerf” is decrease (see Figure 14).
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BAC task parameter and result | other factors

PARAMETER RESULT
PartdainGroup Ireact\onhme| ;I EffectPar Ilncrease 'I EffectCond Condition 03 'I
ParSubGroup Isimple reaction time ;| EffectPer Idecrease vI EffectTrust high vI
FarSubSaort Iperformance | eta I eta estim r
ParTraining Incl specification possible ;I alpha I 0,05 alphaestim T
FarSpeedicc Ispeed 5| ComResult
ComPar Simple AT task: subjects have to respond as quickly

as pqssib!e to a red light presented at vaming intervals;

reaction time BACW [%]: - TT [rir]: _

BACE [} [T 0071

Figure 14: Example of a database entry reporting the parameter categories and the effects.

3.4.2 Effect sizes

In addition to the classification of the results into effect vs. no effect, the effect sizes have also
tried to be determined. To estimate the strength of the alcohol effect, eta-squared (nz) as a
coefficient of determination is calculated which gives the proportion of explained variance to
the total variance. There are different possibilities to calculate eta-squared depending on the
information given in the studies. Table 8 shows the different formulas which are needed for

the computations (Rosenthal, 1991, p. 66).

Table 8: Formulas to calculate eta-squared depending on the available information.

Case Available Formula Comment
information
ANOVA: 1 factor | F-value and 5 F*df F = F (effect)
(1 paired sample or | degrees of |7 = df + E*df df; = dfietrect) = Netevels)-1
2 samples) freedom (df) 2 ! dfy = dfferron
ANOVA: >1 factor |only F-value F*df F = Fefrecr)
(1 paired sample or | of effect 7= df +E*df dfy = dfictrect) = Dievels)-1
2 samples) h* 1 df; = dfioran-dfietrect
Assumption: F-values
actually (if all F-values and df are reported): of other effects = 1
*
7= Fin *dfin
* * *
Fia *dfiny +Fg) *dfig) +Fing) *dfag + g,
ANOVA: 1 factor | t-value and 5 t2 2 samples:
(1 paired sample or |samplesizen |77 = T N = Ngotal) = N0,
2 samples) =2 1 paired sample:
0 = Ngoan = N1

The first formula is used to calculate eta-squared via the F-value. Even if there is more than
one factor (see second row), this formula has to be used, since there is no study in which all

F-values and df are reported. df; is the number of factor levels minus “1”. Since the findings
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always refer to one BAC level, the F-value of the post hoc test has to be taken. Therefore df;
is always “1”, even if there are actually more levels of the factor alcohol. The last formula can

be used, if the t-value is given.

In some of the studies, in which the F- or t-values are not available, means and standard
deviations are reported. In these cases the following formulas (see Table 9) are used to

calculate the t-value (Bortz, 2005, p. 262).

Table 9: Formulas to calculate the t-value depending on the available information.

Case Available information | Formula Comment

2 samples Ny, Ny, My, My, Sy, S» m, —m,

it =

2 2
s, +nS, (11
n+n,-2 \n n,

ng, np, my, My, vary, t— m, —m, with s = sqrt(var) = var = s~
var, n vag+n, van . ( 1 +i
n+n,-2 n n
n;, np, my, mp, SEM;, t= m, —m, with s = SEM*sqrt(n)
SEM, \/nlstMlz +n,’SEM,,* *(1+1] = SEM = s/sqrt(n)
n +n,—2 n, n
IRl 1 2 =2 = SEM%*n

1 paired sample same formulas with n; = n,

The formulas for two samples can also be used for one paired sample by applying the same
sample size (n) for n; and n, If eta-squared needs to be estimated by one of these formulas for
a within-subject design, this is coded in the database in a boolean variable named “eta

estimation”.

3.4.3 Consideration of multi-factorial designs

In many studies, there is not only the factor alcohol of interest, but also other factors which
might influence the performance. If there is a multi-factorial design, the interesting
interactions are reported in the following way: First, the factor is described in a free text field
without categorisation (see Figure 15). Thereby the levels of the factor are written down in
such a way that the coding of the effect refers to that level which is named first. If, for
example, there is a significant interaction of BAC and gender in such a way that the effect of
alcohol on the proportion of errors in an attention test is stronger in women, the text should

be: “female vs. male” in combination with increase in the field “F1EffectPar” and decrease in
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the field “F1EffectPerf”. If there is no significant interaction, N0 change has to be selected in
both fields. Moreover, the factor is assigned to one of the following categories: gender,
personality, motivation, beliefs, state/fatigue, signal quality, compatibility, stimulus timing,
workload/difficulty, complexity/dimension, external stress, other substances or no
specification possible. A further free text field (“ComFac”) exists to give comments about the
factor or the interaction. It is possible to enter up to three factors besides alcohol into the

database.

BAC |tosk | porameterandresull ather factars |

FACTOR 1 FACTOR 2

FIDEEN [oerder flemele vs. maln)

FiCa ) [oender =] = 5

Fieseepsi] [z = 5 8

F1E i il [decrease =] o 3
BADWIX} [TTOONE  BACE[R} L d oy S

Figure 15: Example of a database entry reporting interactions or no interactions of alcohol with other factors.

3.4.4 Confidence rating of effects

Due to the different trustworthiness of the results in the publications, a system for rating the
effects regarding their confidence level is introduced (see Figure 16). It distinguishes — in
words of an analysis of variance — whether the main effect of alcohol is significant or not and
whether there are interactions or not. If the main effect is significant, the level of confidence
depends on the order of interactions (e.g. two-way or three-way interaction) and on the way of
reporting them. However, this rating system needs only to be applied in a multi-factorial

design. If there is just the factor alcohol, the confidence of the effect is always high.
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Figure 16: Decision tree in order to rate the confidence of the effect depending on the given information and
kind of evaluation in the publication.

A high confidence (T3) is given

o if the main effect of alcohol is not significant (C1),
e if the main effect is significant and no interactions are significant (C3),

o if the main effect is significant, and significant interactions are well-reported and

“ordinal” or “hybrid”/semi-disordinal (Bortz, 2005, p. 301) (C6).
A medium confidence (T2) is given

e if the main effect of alcohol is significant and interactions are not reported (C2),
e if the main effect is significant and significant interactions are reported, and these are
“disordinal” (Bortz, 2005, p. 301) or by a higher order (more than 2 factors, i.e. a three-

way interaction), but the main effect of alcohol is obviously dominant (C8, C10).
A low confidence (T1) is given
e if the main effect of alcohol is significant and significant interactions are reported, but the
kind of interaction cannot be identified because no means or graphs are reported (C4, C5),

o if the main effect is significant and significant interactions are reported, but they are

“disordinal”, and the main effect of alcohol is not obviously dominant (C7, C9).
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4 EVALUATION

4.1 Establishing the ,,impairment function*

As already mentioned in Chapter 3.4.1, the presence or absence of a significant alcohol effect
is coded. From a meta-analytic perspective, this procedure belongs to the method of vote-
counting. This means the significant findings of effects are summarised per parameter for the
same BAC groups. Thereby, the number of significant detrimental (performance decreases) or
beneficial (performance increases) effects and the number of non-significant effects (no
change) always add up to 100%. Concerning the results, the percentages of significantly
impaired findings per BAC group are displayed. This empirical function was interpreted as an
“impairment function” by Berghaus et al. in 1998 when conducting a meta-analysis of

cannabis.

Regarding the effects of alcohol one would expect two types of gradients of such an
impairment function (see Figure 17). Since alcohol most probably has greater impairing
effects the higher the concentration is, it is assumable that the impairment function is
increasing monotonously. Depending on the investigated parameter, the function might be
almost linear or logarithmical. In order to smooth the function, a curve can be fitted to the XY

coordinate data according to the method of least squares.
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Figure 17: Examples for the gradient of an impairment function (left: linear, right: logarithmical) and a curve
fitting according to the method of least squares.

For analysing the effects of alcohol, the different BACs are summarised in 0.01%-steps. For
example, the lowest group (<0.01) comprises BACs from 0.001% to 0.009%, the next one
(<0.02) from 0.010% to 0.019% and so on. In order to get only reliable estimations of the
alcohol effects, the minimum frequency of findings per BAC group is set at 10. Thus, in this

report the highest BAC group for which reliable information can be obtained is <0.12.

4.2 Consistency of results

The effect of alcohol might differ depending on the kind of evaluation and on a number of
other aspects. These aspects and their impact on the results are evaluated in the following

subsections.

4.2.1 Vote counting vs. effect sizes

First of all, the method of vote counting is compared to the method of estimating effect sizes.
In order to get a more precise estimation of the substance effect, eta-squared is calculated.
Eta-squared is an estimator of the proportion of variance explained by the corresponding

factors or independent variables.

The calculation of eta-squared requires some preconditions:
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(1) The statistical comparison must be done between two groups.
(2) The necessary information must be given in the publication.

If eta-squared is calculated for a two-group comparison, it reflects mainly the difference of
means in the treatment conditions. Assuming that the error component in the ANOVA model
and the number of subjects are constant over the BAC groups, the probability of significance
should rise with higher effect sizes'’. Unfortunately in most publications the necessary
information to calculate effect sizes is only given for significant results. As a consequence,
the mean effect size for BAC groups with a low proportion of significant results will be
overestimated, because the great number of non-significant results with low effect sizes is not

included.

In the present analysis, effect sizes could be calculated in 602 cases of the overall 1951
significant impaired findings. Since there are only 375 eta values regarding performance
findings, mean values for each BAC group are determined for the general performance and
not for the single performance categories. Regarding the subjective subcategory experienced
intoxication there are at least 120 eta values. Therefore, the results of both methods
concerning the general performance including driving and concerning the subjective feeling

of intoxication are compared.

Regarding the performance results (Figure 18, left) the percentage of significant findings
increases almost perfectly linearly with increasing BAC, whereas the effect sizes remain
between 0.2 and 0.4 up to a BAC of 0.10%. This can be explained by the mentioned statistical
artefact that in BAC groups with less than 50% significant findings the effect sizes are
overestimated. The higher the proportion of significant findings the better the estimation of
the real effect size is. Thus the effect sizes regarding the subjective feeling of intoxication
(Figure 18, right) increase similarly to the percentage of significant findings, because almost
all effect sizes (except 1> at 0.02% BAC) are based on 80% significant results. The reason for
the drop of the effect size at 0.11% BAC remains unclear as well as the abrupt rise of the

effect size at that BAC level in performance tasks (data were checked for outliers).

' The error component must be postulated as constant. The number of subjects is checked and the median turns
out to be rather invariant over the BAC groups.
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Figure 18: Comparison of the method of vote counting and the method of effect size estimation regarding the
results of performance tasks (left) and subjective intoxication (right). The presented eta mean values per BAC
group consist of at least three values.

Additionally it is tested if effect sizes increase with higher BACs when the same performance
test is conducted under the same methodological conditions. Therefore, a closer look is taken
at studies in which a performance test is conducted under different BAC levels and in which
eta-squared can be calculated for each BAC level. As an example, Table 10 presents the
corresponding driving studies together with the investigated BAC levels and the effect sizes.
It becomes obvious that at least within the same study effect sizes increase with higher BACs.
This also holds true for the majority of the other 22 studies conducting a total of 30

performance tests at different BACs.

Table 10: Effect sizes in studies conducting a driving test under different BAC levels.

Study reference Subcategory | BAC [%] Eta’
o 0.10 0.18
Gengo, Gabos, Straley & Driving 011 0.29
Manning (1990) simulator : -
0.13 0.51
Rupp, Acebo, Seifer & Driving 0.04 0.19
Carskadon (2007) simulator 0.05 0.25
Driving 0.04 0.19
Tornros & Laurell (1991) simulator 016 0.62
Morrow, Yesavage, Leirer, Flight 0.07 0.21
Dolhert et al. (1993) simulator 0.10 0.30
Flight 0.03 0.37
Ross, Yeazel & Chau (1992) simulator 0.04 0.65
Arnedt, Wilde, Munt & Driving 0.05 0.43

Maclean (2000) simulator 0.08 0.49
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4.2.2 Multi-factorial designs

Moreover, it is of interest if other factors investigated in some studies have an influence on
the effect of alcohol. More than every second study (56%) uses a multi-factorial design, and
in two thirds (68%) of the findings of those studies the impact of other factors on the alcohol
effect could be determined. Since there are up to three factors reported per finding, the total
number of investigated interactions with alcohol is 2066. Of these, 1011 interactions refer to
performance tests, on which the main interest lies. Most studies investigate the influence of
other substances on the alcohol effect, followed by personality (including age and drinking
habits) and gender (see Figure 19). Furthermore, the impact of the subjects’ state (like
fatigue), of their workload (e.g. task difficulty), beliefs (e.g. alcohol expectancy) and
motivation (e.g. reward) is of interest. The figure also shows that most interactions are not

significant, which means the effects of alcohol are not much influenced by other factors.

Factor categories and influence on alcohol
effects in performance tasks

T T
stimulus timing [ increase
external stress [ no change
complexity [ decrease
signal quality

com pability
motivation

beliefs
workload/difficulty
state/fatigue
gender

no spec. possible
personality

other substances

0 50 100 150 200 250 300

Frequency

Figure 19: Categories and influence of other investigated factors than alcohol in performance tasks.

When looking more in detail at the most frequently investigated factor categories, it becomes
obvious that the effects of alcohol in performance tasks are not influenced by the application
of benzodiazepines (see Figure 20). In contrast, the administration of the anti-depressant
befloxatone, MDMA or caffeine leads in some studies to a significant interaction in a way
that the impairing effects of alcohol are reduced (coded as “increase” of performance in the
figure). Regarding the gender of the subjects, a significant interaction is found only twice:
once performance under alcohol decreases only in men (coded as “decrease 1”°) and the other
time performance decreases only in women (coded as “decrease 2”’). Regarding the subjects’

age, 22% of the interactions become significant. In 9% impairment under alcohol is higher
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when older subjects perform the task, in 13% when young people are tested. If the subjects’
habituation to alcohol is low, 10% of the interactions with the factor alcohol become
significant. In contrast, the expectation of the subjects to get alcohol does not influence the
effects of alcohol. Impairment under alcohol is higher in sleepy subjects or if performance
testing takes place in the morning. Alcohol effects depend as well on the difficulty of the task.
However, impairment increases not only when the task is difficult and a high workload is

demanded, but even when the task is easy a negative influence is possible.

Interactions of selected factors with alcohol
effects in performance tasks

alc. expectancy (yes vs. no) [l 2 increase a1
benzos (yes vs. no) [ HHl decrease 1 26
befloxatone (yes vs. no) I decrease 2 16

MDMA (yes vs. no) i = no change 23

caffeine (yes vs. no) 31
gender (male vs. female) 92
drinking habit (low vs. high) 52
time (morning vs. evening) 38
sleepy (yes vs. no) 11

age (old vs.young) 32
difficulty (high vs. low) 49

0 10 20 30 40 50 60 70 80 90100

Frequency [%]

Figure 20: Interactions of selected factors with alcohol effects in performance tasks (on the right the number of
interactions per factor is presented). ““Decrease 1 means that the significant interaction refers to the first factor
level defined in the brackets, ““decrease 2” that it refers to the second factor level (explained in the text).

Regarding the feeling of intoxication the expectation to get alcohol does not influence the
alcohol effect nor does the subjects’ gender (see Figure 21). Subjects with a low habituation
to alcohol feel more intoxicated in some studies when they get alcohol, whereas subjects feel
less intoxicated in 22% of the investigated interactions with an additional cocaine application.
Furthermore, there are significant interactions regarding aggressive behaviour under alcohol
when subjects are provoked, are more irritable or are male. Lastly, the daytime influences the
effect of alcohol on the subjective tiredness. In the morning subjects report a higher tiredness

when drinking alcohol than in the evening.
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Figure 21: Interactions of selected factors with alcohol effects regarding subjective intoxication, aggression and
tiredness (on the right the number of interactions per factor is presented).

4.2.3 Confidence of effects

When rating the confidence of the results according to the reported interactions in studies with
a multi-factorial design (see Chapter 3.4.4), it becomes obvious that 99% of the findings are
of a high confidence (see Table 11), which means that the result concerning the effect of
alcohol is not biased by another factor. On the one hand, this high confidence level results
from the fact that in 43% of the findings only the factor alcohol was tested and so there were
no interactions to consider. Without possible interactions the confidence of the effect is
always high. On the other hand, in many findings the main effect of alcohol is not significant,
or the main effect of alcohol is significant, but not the interaction. Moreover, in some findings
the significant interaction is ordinal or semi-disordinal. The frequencies of findings for the
other conditions with a medium or low confidence level where interactions are not reported or

disordinal or unidentifiable are negligible.

Table 11: Frequencies and percentages of findings per confidence level.

Confidence level Frequency | Percent

High 5245 98.97
Medium 46 0.87
Low 9 0.16
In total 5300 100.00
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4.2.4 Aspects of experimental procedure

Performance under alcohol might also be influenced by two variables concerning the

experimental procedure in the studies.

4.2.4.1 Drinking time

The first one is the drinking time, this means the time available for drinking the alcoholic
beverage. It could be determined in 86% of the findings and varied between 1 minute and 180
minutes with a median of 15 minutes (15™ percentile = 10 minutes; 85™ percentile = 30
minutes). By this feature, the influence of the speed of alcohol intake on the alcohol effects
can be estimated in post-hoc analyses. For example, the consequences of drinking high
alcohol quantities in a very short time can be analysed or of drinking alcohol more slowly,

which is more relevant in everyday situations.

As Figure 22 (left) shows, there is only a small correlation between the alcohol dose and the
drinking time (r = 0.21)", this means the subjects are not given more time for drinking high
quantities. Thus, the drinking conditions in experimental studies differ from those in everyday
life. Besides, when the drinking time is 15 minutes or less (= fast drinkers), the percentages of
significantly impaired findings in performance tasks are just slightly higher than for slow

drinkers, mainly with a BAC between 0.05% and 0.08% (Figure 22, right).

"' One outlier with an alcohol dose of 1.75 g/kg and a drinking time of 180 minutes is excluded. Otherwise the
correlation would be 0.34.
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Figure 22: Correlation between alcohol dose and drinking time (left) — the size of the points symbolises the

frequencies of findings; percentage of significantly impaired findings per BAC group depending on the drinking
time (right).

The differences between slow and fast drinkers increase when considering the relation

between the alcohol dose and the drinking time (as grams of alcohol per minute). If the

subjects have to drink more than 0.0375 g/kg per minute (which is the median), more findings

than in the low dose/min group become significant with a BAC above 0.05% (see Figure 23).
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Figure 23: Percentage of significantly impaired findings per BAC group depending on the alcohol dose per

minute.



D 1.1.2a META-ANALYSIS DRUID 6TH FRAMEWORK PROGRAMME PAGE 54

4.2.4.2 Testing time

Another variable which might have an influence on performance under alcohol is the testing
time, this means the time of day when performance testing takes place. In addition to the
explicitly introduced time variable as a second factor in some studies where it is distinguished
between morning and evening testing (see Chapter 4.2.2), the exact time of testing is recorded
for every finding. This variable is reported in about half of the findings (51%). Performance
tests were conducted at every time of the day except from 5 to 7 a.m. In some studies, a time
span is reported, e.g. when a performance test battery is applied. In these cases, the mean

value of the time span is taken for all tests in the study.

The percentages of significantly impaired findings in performance tasks are much higher
when performance is tested after 6 p.m. or during the night (see Figure 24). Between testing in
the morning (7 a.m. to 12 p.m.) and in the afternoon (12 to 6 p.m.) there is hardly a difference
concerning significant findings. Therefore, during the day when subjects are normally not
used to drinking alcohol, performance is best, whereas it is worst at a time of day when
subjects are more likely to drink alcohol and might have to perform afterwards in some way
(e.g. driving). Obviously, a late-night testing time impairs performance more than an unusual

time for drinking alcohol, which indicates that fatigue is most probably interferring.
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Figure 24: Percentage of significantly impaired findings per BAC group depending on the time of day of testing.
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4.2.5 Aspects of the BAC

Besides the BAC level that has to be extracted from the studies as a clear effect-modifying
factor, there are further important aspects concerning the BAC: firstly the distinction between
the ascending and descending limb of the BAC curve and secondly, the kind of BAC

estimation.

4.2.5.1 Absorptive vs. eliminative phase

In order to distinguish between the absorptive and the eliminative phase, the time of test
beginning (“time before testing”) has to be considered. This variable is defined as time
between the end of the subject’s alcohol intake and the beginning of measuring the study
variables. These data are provided in 87% of the studies (and in 91% of the findings,
respectively) and vary between 0 (which means an immediate beginning) and 900 minutes
with a median of 60 minutes concerning all findings (15" percentile = 20 minutes; g5™
percentile = 135 minutes). The assignment of a finding depending on the time of test
beginning is explained in Chapter 3.2.1. Overall, 1599 findings belong to the absorptive
phase, 3395 to the eliminative, and 306 could not be specified because of missing

information.

Figure 25 (left) shows that there is no systematic difference between the absorptive and the
eliminative phase concerning significantly impaired findings in performance. Only with very
low BACs (0.01 and 0.03%) and with a BAC around 0.06% are absorptive findings slightly

more often significant than eliminative findings.

To ensure that the absent difference between the two phases is not due to an incorrect
definition, the time when testing takes place after the alcohol intake is inspected more in
detail (Figure 25, right). The above defined absorptive phase is differentiated into below and
above 20 minutes. Again it becomes obvious that there is hardly a difference, only with BACs

between 0.03 and 0.06% are the percentages of significant absorptive findings higher.
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Figure 25: Percentage of significantly impaired findings per BAC group depending on the limb of the BAC curve
(left) and more detailed depending on the time of testing after the alcohol intake (right).

4.2.5.2 Empirical BAC vs. Widmark estimation

In 82% of the findings the empirical BAC is determinable. It varies from 0.001 to 0.18% with

a median of 0.06%. If it is not measured or reported, there are two other possibilities for

estimating the alcohol concentration, namely via the target BAC (if it is reported in the

studies) or via the Widmark formula (if the alcohol dose is reported) as explained in Chapter

3.2.3. In general the correlation of the empirical BAC is higher with the target BAC than with

the Widmark BAC (see Figure 26).
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Figure 26: Correlation between the empirical BAC and the target BAC (left), and between the empirical BAC
and the Widmark BAC (right) — the size of the points symbolises the frequencies.

Since the Widmark formula is intended for the case that the alcohol dose is consumed at once

with an empty stomach, it has been known to overestimate the real BAC. The differences are

sometimes very large, on average the Widmark BAC is 0.02% higher than the measured value

(Figure 27, left). When the Widmark BAC is plotted against the difference to the empirical

BAC (Figure 27, right), it can be seen that the Widmark BAC level correlates with the height

of the difference (r = 0.64). The regression line reveals that the overestimation is about 33%.
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Figure 27: Difference between the Widmark and the empirical BAC (left), and Widmark BAC plotted against the
difference to the empirical BAC (right) — the size of the points symbolises the frequencies.




D 1.1.2a META-ANALYSIS DRUID 6TH FRAMEWORK PROGRAMME PAGE 58

The rather small correlation (r = 0.27)'2, which is shown in Figure 28 (left), indicates that the
overestimation by Widmark does not depend on the drinking time, although it is significant.
Even when subjects drink the alcoholic beverage within 10 minutes, the difference between
the Widmark BAC and the measured values might be up to 0.06%. Such high overestimations
only appear with a rather high alcohol dose (Figure 28, right), whereas with low doses the

difference is much smaller (r = 0.57).
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Figure 28: Correlation between the drinking time and the BAC overestimation by Widmark (left), and between
the alcohol dose and the BAC overestimation (right) — the size of the points symbolises the frequencies.

As a consequence, when the empirical BAC is missing in the studies it was decided to take
the target BAC, and only if this is not reported then the BAC calculated by Widmark is used.
In 4% of the findings the target BAC is taken for the analysis, and in 14% the Widmark BAC.

Since, in general, the actual BAC is lower than the BAC calculated by Widmark (see above),
the percentage of significant findings might be underestimated for the real BAC. If, for
example, the BAC group 0.08% includes some BACs calculated by Widmark which are
overestimated by 0.02% (so in fact the BAC is 0.06%), there might be fewer significant
findings. The assumption that the percentage of significant findings is lower when including
the Widmark BACs than when excluding them is confirmed, even though the difference is

very small (see Figure 29).

'2 One outlier with a drinking time of 180 minutes is excluded. Otherwise the correlation would be even lower
(r=0.17).
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Figure 29: Percentage of significantly impaired findings per BAC group including BACs calculated by Widmark
and excluding, respectively.

4.2.6 Statistical aspects

In this chapter statistical aspects of the studies are considered in order to check their influence
on the results regarding performance under alcohol by introducing a quality index according

to the methodological standards of the studies.

4.2.6.1 Description of the analysed studies

Table 12 shows the statistical data concerning the experimental design of the 450 publications
and the 471 studies reported in them. For variables which might differ within one study (like
alcohol dosage, BAC value, testing time) the descriptive statistics refer to the 5300 findings.
Since every piece of information is not always reported, the statistics sometimes refer to fewer
studies or findings. For interval-scaled variables the mean, standard deviation, median, range
and number of studies or findings are presented. For nominal-scaled variables the absolute
and relative frequencies are given. The variables are explained more in detail in the appendix

(see Chapter 8.1.1 for the study variables and Chapter 8.1.2 for the finding variables).
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Table 12: Statistical data for the variables of studies and findings, respectively.
A. INTERVAL-SCALED VARIABLES
Study variables M SD Md Range N
Sample
- Number of subjects 32.6 41.0 20.0 4-400 471
- Number of female subjects 8.1 17.4 0 0-166 451
- Number of male subjects 24.7 33.1 13.5 0-400 452
- Mean age 254 4.7 24.0 19-53 303
Number of findings 11.2 21.0 6.0 1-350 471
Finding variables M SD Md Range N
BAC [g/100ml]
- Target BAC 0.07 0.02 0.07 0-0.15 1130
- Widmark BAC 0.07 0.03 0.07 0-0.21 4323
- Empirical BAC 0.06 0.02 0.06 0-0.17 4334
Alcohol dose [g/kg] 0.65 0.24 0.62 | 0.09-1.75 4804
Drinking time [min] 20.3 18.1 15.0 1-180 4544
Time till testing begins [min] 77.5 79.9 60.0 0-900 4828
Task duration [min] 11.7 16.0 5.0 1-123 2406
B. NOMINAL-SCALED VARIABLES
Study variables N %
Main question 471 100
- single alcohol effect 176 37.3
- alcohol and drugs 111 23.6
- different dosages of alcohol 61 13.0
- other 41 8.7
- different subjects groups 34 7.2
- different points in time 31 6.6
- alcohol and sleep deprivation 17 3.6
Gender 471 100
- only male 236 50.1
- mixed 206 43.7
- only female 17 3.6
- not specified 12 2.6
Drinking group 471 100
- social drinkers 381 80.9
- not specified 80 17.0
- heavy drinkers 9 1.9
- binge drinkers 1 0.2
Driver group (only for driving studies) 76 100
- amateur (from the general public) 56 73.7
- professional 14 18.4
- not specified 5 6.6
- novice 1 1.3
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Study variables N %
Selection processing 471 100

- on inquiry 181 38.4
- lab parameters 128 27.2
- not specified 88 18.7
- medical screening 63 13.4
- others 11 2.3
Methodological design (factors) 471 100
- >1 factor & interaction 251 533
- 1 factor 202 429
- >1 factor & no interaction 13 2.8
- others 5 1.0
Methodological design (levels) 471 100
- >2 levels & post hoc 248 52.7
- 2 levels 181 38.4
- >2 levels & no post hoc 37 7.9
- others 5 1.0
Standardisation of meals 471 100
- instruction 250 53.1
- standardisation 111 23.6
- not specified 92 19.5
- no standardisation 18 3.8
Blinding 471 100
- single blind 184 39.1
- double blind 175 37.2
- no 108 22.9
- not specified 4 0.8
Control group 471 100
- placebo 359 76.2
- non-alcohol 65 13.8
- no 47 10.0
Variance test for homogeneity 471 100
- not specified 457 97.0
- yes 11 23
- no 3 0.7
Randomising 471 100
- without relevance 308 65.4
- yes 133 28.2
- not specified 23 4.9
- no 7 1.5
Multivariate testing 471 100
- no 432 91.7
- yes 39 8.3
Non parametric testing 471 100
- no 458 97.2
- yes 13 2.8
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Study variables N %
Repeated measures 471 100
- yes 375 79.6
- no 96 20.4
Confounding time (with alcohol effects) 471 100
- no 392 83.2
- yes 79 16.8
Alpha adjustment 471 100
- not specified 416 88.3
- yes 48 10.2
- no 7 1.5
Finding variables N %
BAC group 5300 100
- 0.050-0.079 1972 37.2
->0.080 1502 28.3
- 0.030-0.049 1001 18.9
- 0.001-0.029 825 15.6
Type of parameter (only for performance tasks) 2967 100
- speed 969 32.7
- accuracy 1567 52.8
- speed & accuracy 369 12.4
- other 62 2.1
Training of the task (only for performance tasks) 2971 100
- yes 2271 76.4
- not specified 424 16.0
- no 232 7.6

The table shows that the total sample size is rather small with a median of 20, but about 80%
of the studies use a repeated measurement design, which compensates for this deficit. The
selection process, this means the checking whether the subjects fulfill the in- and exclusion
criteria of the study, is mostly done on inquiry, only about one quarter of the studies uses lab
parameters. The mean age of the subjects is 25 years (md = 24 years), and half of the studies
give alcohol only to men, who are in the majority of cases social drinkers. The mean
administered alcohol dose is 0.65 g/kg and it varies from 0.09 to 1.75 g/kg. This illustrates
different investigative questions: extremely low quantities test whether and which alcohol
effects are readily observable. In contrast, an extremely high dosage of alcohol tests which
alcohol effects are still observable after a long period of alcohol elimination (up to 16 hours).
Drinking time is rather brief with a median of 15 minutes. This means that a 75-kg-man has
to drink on average 49 g pure alcohol in 15 minutes, which corresponds approximately to 1.25
liter beer or to 0.6 liter wine. The range of the BACs estimated by using the Widmark
formula is higher (0-0.21 g/100ml) than that of the empirically measured BACs (0-0.17
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g/100ml) and that of the target BACs (0-0.15 g/100ml). In general, the empirical BAC is
0.01 g/100ml lower than the BAC estimated with Widmark or the target BAC: the mean BAC
values of all findings are 0.06 (empirically) or 0.07 g/100 ml (Widmark and target).

Time between the end of alcohol drinking and the beginning of measurement varies
considerably from 0 to 900 minutes with a median of 60 minutes. This median value
empirically supports the criterion for differentiating between the absorptive and eliminative
phase which is set to 60 minutes. Thus, half of the studies investigate the effects of alcohol in
the eliminative phase. The duration of tasks is on average 5 minutes (median), so only few
studies investigate the effects of alcohol by long lasting tasks. In 76% of the performance
findings the task is trained before testing in order to avoid learning effects. Regarding the
type of the measured parameter more than half of the findings (53%) refer to accuracy in
contrast to one third which refers to speed, this means the evaluation is rather error-related.
Driving tests are mainly investigated with drivers from the general public (74%), and 77%
of the studies standardised meals or gave an instruction what to eat before the test session.
The main question refers mostly (37%) to the single effect of alcohol, and in 24% of the

studies the combination of alcohol and other substances is of interest.

Referring to the methodological design, in 53% of the studies more than one factor is used
and interactions are tested. In the same percentage of studies the factor has more than two
levels and post hoc tests are conducted. For fully complete entries in the database post-hoc
tests are essential in the case of more than two BAC levels (including placebo) or two testing
time points. In 76% of the studies there is a placebo control group and the application of
alcohol is single or double blind. Of the 35% studies in which a between-subject design is
used, 80% assign the subjects randomly to the alcohol condition. In 17% there is a
confounding of time, this means there are more than two testing time points and no alcohol-
placebo comparison at every time point. A multivariate analysis is conducted in 8% of the
studies and in 3% a non-parametric test. Only 3% specify whether they tested the
homogeneity of variances and 90% performed no adjustment of the a-level for the number
of statistical tests, even the maximum of findings of effects is 350 in one study'’ and the

mean number of findings per study is 11.

'3 At least in this study an alpha adjustment was performed. Moreover, 314 of the 350 findings refer to subjective
parameters like e.g. “unpleasant physical sensations” or “pleasure”, so that there is no bias of the performance
findings.
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Moreover it has to be criticised that sometimes in the studies relevant data is missing (see
Figure 30). Even though the studies are well selected, in 13% the administered alcohol dosage
is not reported. The same holds true for the time between the administration of alcohol and the
beginning of the test. In 14% of the studies the BAC is either not measured or at least not
reported, and in 17% the drinking time is missing. 25% of the studies with performance

findings do not report the duration of all tasks.

Missing data
T T T | —
Alcohol dosage
Time before testing
Empirical BAC
Drinking time
Task duration |
: : !
0% 10% 20% 30% 100%
Frequency

Figure 30: Frequencies of studies with missing data.

4.2.6.2 Quality index

The database contains a lot of variables which describe the methodological standard of the
studies and their findings. Despite strong inclusion and exclusion criteria when selecting the
studies for review (see Chapter 2.1), the remaining literature material is of varying quality.
Table 13 gives a list of criteria to evaluate the methodological strength of a study. The first 12
criteria describe the quality of the study and the last 4 ones describe the quality of the reported
finding. A rough estimate of the study and finding quality is given by the sum of bonus

points.
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Table 13: Criteria for the quality of a study or finding.
Criteria (variables of the database)'* | Specifications' Points
N<10 0
1 | Number of subjects 10>N<20 0.5
N=>20 1
On inquiry 0.5
2 | Selection processing Medical screening/others 1
Lab parameters 1
Social drinkers 1
3 | Drinking group Heavy drinkers 0
Binge drinkers 0
No standardisation 0
4 | Meals before alcohol intake Instruction 1
Standardisation 1
STUDY No (baseline comparison) 0
QUALITY 5 | Control group Non alcohol 0.5
Placebo 1
) ) No post hoc test 0
6 | Methodological design
Post hoc test 1
No 0
7 | Alpha adjustment -
Yes (Bonferroni/others) 1
) No 0
8 | Randomising
Yes 1
9 Confounding time No 1
(with alcohol effects) Yes 0
10 | Alcohol dose Reported 1
11 | Drinking time Reported 1
12 | Testing time Reported 1
o No 0
1 | Training of the task
Yes/not necessary 1
Low 0
2 | Confidence of effect (interactions) Medium 0.5
FINDING Hich 1
QUALITY &
3 | Estimation of effect No (effect clearly described) 1
Widmark 0
4 | BAC Target 0
Empirical 1

'* The variables and their specifications are explained in detail in the appendix (see Chapter 8.1).
' If no specification is possible because of missing information in the study, zero points are given.
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Since after reading the selected literature, 12% of the studies were already excluded because
of methodological issues, it can be assumed that the quality of the studies and their findings is
rather high. This is confirmed by a left-skewed distribution of the quality indices (see Figure
31).

Distribution of the study quality index Distribution of the finding quality index
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Figure 31: Distribution of the study quality index (left) and of the finding quality index (right).'®

In a next step both indices are combined, and findings with a lower quality index than 3 or
which belong to a study with a lower quality index than 8 are excluded. From the 2983
findings concerning performance tests, 547 findings are sorted out according to these criteria.
Figure 32 compares the impairment function for all findings with the function obtained for the
2436 findings of high methodological quality. There are no obvious differences. Evidently,
the selection criteria for being accepted for this meta-analysis have been so strong that only
well controlled studies passed. This is supported by the fact that nearly all studies have a

quality index of 6 or more points (see Figure 31, left).

'® Uneven index values are part of the next higher category, e.g. 7.5 is comprised in 8.
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Figure 32: Percentage of significantly impaired findings per BAC group depending on the quality of studies and
findings.

4.3 Consequences for further evaluation

This chapter checked whether the alcohol effects reported in the studies are affected by other
variables or experimental conditions. As shown in the studies with a multi-factorial design,
the effects of alcohol are not much influenced by other factors. An influence of drinking
conditions was found, but is small enough to be neglected in the further evaluation. The same
holds true for the kind of BAC estimation, although the real BAC is overestimated by the
Widmark BAC. Despite the fact that alcohol is known to have different effects in the two
phases of metabolism, no systematic difference could be identified, even if 20 minutes are
taken as duration of the alcohol absorption. Apparently, the acute tolerance effect cannot be
confirmed by means of a meta-analysis, as there are so many heterogenous studies combined
with different individuals, alcohol dosages, drinking times and performance tasks, for
example. Thus, this report does not introduce the phase distinction as a factor for describing

the findings.

What also became apparent is that the calculation of effect sizes gives no additional
information, since the results are not very clear. This might be due to the fact that very often
the necessary parameters for calculating are missing, so that the number of effect sizes is

small. Finally, the introduction of a quality index according to the methodological standards
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of the studies does not make any difference regarding the results. This is a consequence of the

strict selection of the studies, which accounts for a generally high quality of the findings.

In summary, the methodological approach of a meta-analysis results in an impairment
function which is only slightly moderated by additional variables. As a consequence, in the

following analyses all gathered findings are included.
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5 RESULTS: META-ANALYSIS OF ALCOHOL EFFECTS

5.1 Results for the function-oriented classification system

The raw data referring to the main and subcategories are presented in Table 17 in the
appendix (see Chapter 8.2) where the frequencies of significant impairing effects per BAC
group and category are listed. For the performance categories the main interest of the
researchers lies in alcohol concentrations between 0.03% and 0.09%. For mood subcategories
the frequencies of investigated BACs are nearly equally distributed within the range from
0.01 to 0.11% BAC. Generally, the number of impairing effects increases with increasing
BAC. However, the single performance categories are differently sensitive to the effects of

alcohol (some show an effect very early, i.e. with low BACs, and some rather late).

5.1.1 Subjective impairment

The mood subcategory subjective intoxication is the category with the greatest effect (Figure
33). The feeling of intoxication already increases at very low BACs, for example at a BAC of
0.04% 80% of the findings show a significant effect. With higher BACs subjects feel
significantly more intoxicated than the control group without alcohol in almost every finding.
Obviously the feeling of intoxication increases logarithmically with increasing BAC which

may be explained by a ceiling effect.
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Figure 33: Subjective intoxication — percentage of significant findings per BAC group.
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For the subcategory subjective fatigue the percentage of significant findings increases nearly
linearly (Figure 34). With increasing BAC more and more findings reveal a significant
alcohol effect on fatigue — for example at a BAC of 0.08% every second finding. This means
that the subjective feeling of fatigue rises more slowly with increasing BAC than the feeling

of intoxication.
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Figure 34: Subjective fatigue — percentage of significant findings per BAC group.

5.1.2 General objective impairment

In Figure 35 the percentage of significant findings for all performance categories is presented.
Since this percentage increases to the same degree as the BAC, a linear function is fitted to
the empirical values of the general performance data. The general impairment function
comprises 2914 performance findings. At a BAC of 0.05%, 30% of the findings are
significant, while at a BAC of 0.08% about 50% of the findings are significant. With every
BAC group the percentage of significant findings increases by 6.6%.
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Figure 35: General objective impairment (regarding all performance categories) — percentage of significant

findings per BAC group.

The substantial relevance of the general impairment function requires a closer look at its

origination. If, for example, a performance category, which is already impaired by a low

BAC, is overrepresented in low BAC groups, the general impairment will be overestimated.

However, the distribution of the frequencies between the BAC groups is similar for all

performance main categories (Figure 36). Most of them are mainly investigated with a BAC

between 0.05% and 0.08%. This means that the general impairment function is not affected by

category-specific frequency distributions.
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Figure 36: Distribution of performance main categories according to BAC group.
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A second test regarding the representativeness of the general impairment function has to be
conducted, since some performance categories are investigated more frequently than others,
for example attention is studied more often than visual functions and tracking (see Chapter
3.3.1, Figure 8). It has to be determined whether this fact influences the result when
aggregating the single performance categories into a general performance measure. To
guarantee that each performance category is represented with the same weight in the
aggregated general performance measure, the percentage of significant findings is calculated
for each BAC group and for each main category (provided that the number of findings is
beyond 10). This procedure eliminates the effect of unequal number of findings. Averaging
those percentages per BAC group yields Figure 37, in which the results are compared with

those of the unadjusted procedure of Figure 35.

General objective impairment BAC | % sign. findings | % sign. findings
(mean values vs. original values) [%o] — mean values — original values
00% ~—
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c\o
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0.11 64.81 65.13

Figure 37: General objective impairment — percentage of significant findings according to the mean values of
performance main categories'’ in comparison to the original values.

Obviously, there is no substantial difference between the two types of analyses. However,
some of the mean values of the single categories could not be considered because of their
doubtful reliability (too low number of findings, see Table 17). Therefore, we recommend

taking the original values for comparing the effects of alcohol with those of drugs and

medicines.

'” Regarding the main category “visual functions” only the performance subcategories “eye movements” and
“complex perceptual functions” are considered, not the physiological ones.
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5.1.3 Psychological functions

The impairment functions for the single main and subcategories (listed in Figure 8 and Figure
9) can be taken from Table 17 in the appendix. In order to get a more global view, three
combinations of main categories and/or subcategories are composed with the headings “motor
vs. cognitive”, “simple vs. complex” and ‘“‘automatic vs. controlled”. For the dimension
motor functions, the main categories reaction time, psychomotor skills, tracking and driving
requiring basically psychomotor skills are aggregated, for cognitive functions the main
categories attention, divided attention, visual functions and en-/decoding. Psychomotor
functions are earlier impaired than tasks with cognitive demands (Figure 38). With a BAC of

0.05% there are almost twice as many significant findings for psychomotor functions.
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Figure 38: Impairment (motor vs. cognitive functions) — percentage of significant findings per BAC group.

A second traffic-relevant distinction is whether the performance task is a simple or a
complex one. Tasks in the subcategories simple reaction time, other attention tests and
posture are regarded as simple. Visual functions and memory are omitted, because they do not
exactly fit with the categories simple or complex. Tasks in all the other performance
subcategories are classified as complex. Figure 39 reveals that impairing effects of alcohol
appear very early in complex tasks compared to simple tasks. At higher BACs, however, the

number of significant findings does not differ.
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Figure 39: Impairment (simple vs. complex tasks) — percentage of significant findings per BAC group.

As a last distinction, the assignment to automatic and control processes by Kriiger (1993) is
applied. He refers to Schneider, Dumais & Shiffrin (1984) who classified actions in analogy
to the functioning of computer systems into automatic and control processing. Automatic
actions are characterised by the fact that they take place at very low awareness, with little
effort and without making use of central functions. Control processes, in contrast, are
characterised by high awareness, subjective effort and using a lot of central capacity. It is
assumed that tasks in the subcategories simple and choice reaction time are characterized by
automatic processes as well as categorisation, cancellation, mental arithmetic, other attention
tests and easy tracking. Control processes comprise hand-eye coordination, divided attention,
difficult tracking and information processing tests. Posture, visual functions, memory and
driving tests are excluded from the assignment to automatic and control processes. Unlike the
result in Kriiger (1993) where performance in automatic processes could be sustained even
with higher BACs, there is no clear difference between the two groups here (Figure 40). At
least, control processes are slightly more affected by alcohol than automatic processes

between a BAC of 0.05 and 0.10% and at some lower BACs (0.02 and 0.04%).
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Figure 40: Impairment (automatic vs. control process) — percentage of significant findings per BAC group.

Additionally, a short overview of the percentage of significantly impaired findings regarding
all performance main categories is given for a BAC around 0.05% (Table 14). Without going
into too much detail, but to cover at least this most interesting BAC area, BAC levels between

0.040 and 0.059% are considered.

Table 14: Percentage of significantly impaired findings with a BAC around 0.05% per main category.

Performance main categories | Percentage of sign. findings (0.040-0.059% BAC)

Driving'® 48%
Tracking 46%
Psychomotor skills 38%
Visual functions 33%
Reaction time 29%
En-/decoding 27%
Attention 24%
Divided attention 20%
General objective impairment 32%

Also when analysing the single performance categories, impairment with a BAC around
0.05% is found more frequently in categories which comprise psychomotor or complex tasks
rather than cognitive or simple tasks. The percentage of significant findings is much higher

e.g. in driving or tracking tasks than in attention tasks.

'® The percentage of impaired findings for the subcategory “driving simulator” at BACs between 0.040 and
0.059% is 39% (see also Figure 41).
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5.1.4 Driving impairment

As traffic behaviour is the main issue of the study, a closer look is taken at the main category
driving, which comprises the assessment approaches driving simulator, flight simulator and
closed course. In order not to confuse these approaches, only the findings of the subcategory
driving simulator are taken, which constitute two thirds of the main category (207 out of 317
findings up to a BAC of 0.11%). Figure 41 shows that the impairment function of driving
simulator tasks increases relatively logarithmically up to 50% significantly impaired findings
at the maximum. Unfortunately, there are few studies available, especially with low and high
BACs (just around 10 findings per BAC group). If findings of the more demanding flight
simulator and closed course tasks were integrated (not shown in the figure), the percentage of
significant findings would be slightly higher (up to 59%). The figure reveals that in contrast to
the general impairment function, the percentage of significant findings in driving simulator

tasks is much higher with low BACs.
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Figure 41: Impairment in driving simulator tasks vs. in general — percentage of significant findings per BAC
group.

The underestimation of driving impairment by the general impairment function at low BACs
is quite plausible, since a driving simulator task is more complex than most of the laboratory
tasks. As it was demonstrated in Chapter 5.1.3, complex tasks are more affected by alcohol
than simple tasks especially at low BACs. Moreover, the driving performance in simulator
tasks is mainly represented by parameters measuring motor skills (e.g. the standard deviation

of lateral position or reaction times), which are impaired sooner than cognitive skills (see also
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Chapter 5.1.3). In order to find an explanation for the only slight increase of 5% from a BAC

0f 0.06% to higher intoxications, the driving studies are looked at more precisely.

First, the simulator driving tasks are analysed regarding their complexity. If with increasing
BAC the complexity of tasks decreases, the percentage of impaired findings might not

increase. Four different types of driving tasks were identified in the studies:
e Road tracking: main parameters standard deviation of lateral position, off-road
incidents, speed, speed variability
e (ar following: main parameters headway, coherence, time-to-collision, collisions

e Complex driving tasks (e.g. complex scenarios, difficult conditions, secondary task or

speed component): main parameters errors, time

e Hazard perception tasks: main parameters reaction time, brake latency

The first two types of driving tasks are classified as simple, the last two types as complex.
Figure 42 reveals that low BACs up to 0.05% are mainly investigated with complex tasks,
whereas at BACs between 0.06 and 0.08% simple tasks predominate. This result might
contribute to the early increase of impaired driving findings and also to the constant

percentage of impairment afterwards.
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Figure 42: Percentage of simple vs. complex driving simulator tasks findings (on top the number of findings per
BAC group is presented).

Second, the simulator driving tasks are analysed regarding the age of the subjects. Mayhew,

Donelson, Beirness and Simpson (1986) stated in their review that young drivers have a
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greater risk of crash involvement than older drivers at all BACs. This finding is attributed in
part to a lack of driving experience. Moreover, young drivers are inexperienced not only in
driving, but also in drinking and in combining these two activities. When looking at the
subjects’ age, it is striking that at low BACs there are many more findings with young drivers,
whereas at high BACs findings with drivers older than 24 years are in the majority (Figure
43). Subjects in the 0.09% BAC condition are on average 13 years older than subjects in the
0.06 BAC condition (36 vs. 23 years). Thus, it can be assumed that — besides the decreasing
complexity of driving tasks — older drivers are responsible for the only slight increase of

impairment at higher BACs.
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Figure 43: Percentage of young vs. older drivers in driving simulator tasks findings (on top the number of
findings per BAC group is presented).

5.2 Results for the process-/task-oriented classification system

The raw data for the process-/task-oriented classification system are presented in Table 18 in
the appendix (see Chapter 8.3) where the frequencies of significant detrimental effects per

BAC group and subdimension are listed.

In the process-/task-oriented classification system every finding is classified on each of the 14
dimensions. Thus, the significance of one finding (e.g. referring to a choice reaction time

task) will contribute to the impairment functions of all subdimensions to which the task is
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assigned, for example to the impairment function of (1) feature extraction (stage of

information processing), (2) alertness (type of attention), (3) simple (motor complexity), etc.

5.2.1 Impairment concerning the process model

Firstly, the different stages of information processing are examined (Figure 44). In fact, up to
two stages were classified for every task, but percentages here refer to the subdimensions of
the primary stage where the main focus of the task lies. For a better overview the single BAC

groups are combined into four groups.

Feature extraction and reaction planning work quite well up to a BAC of 0.05%, whereas
sensory perception, operational and motor processes are already impaired with low BACs. In
tasks with a focus on motor output the percentage of significantly impaired findings reaches
the highest point with increasing BACs. Findings assigned to the subdimensions active search

and decision are too few to present.
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Figure 44: Percentage of significantly impaired findings for four combined BAC groups according to the stages
of information processing of the task.

5.2.2 Impairment concerning the task-oriented dimensions

Below, the most interesting results concerning the task-oriented dimensions are presented.
Differences in impairment become obvious depending on the type of attention (Figure 45).

Almost no studies find a detrimental effect in tasks which require short-term alertness up to a
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BAC of 0.04%. In contrast, impairment can be found a bit earlier from a BAC of 0.04% and
upwards in sustained attention tasks, and especially in vigilance tasks the percentage of

significant findings is rather high. Unfortunately, there are not enough findings assigned to

the subdimension vigilance in the very low or high BAC groups.
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Figure 45: Percentage of significantly impaired findings per BAC group according to the type of attention.

Impairment differs as well depending on the dynamics of the task. Compared to static tasks

the percentages of significant findings are much higher in dynamic tasks (like driving), in

which impairment already becomes evident with very low BACs.

100%
90%
80%
70%
60%
50%
40%
30%

Significant findings [%]

20%
10%
0%

Sensory dynamics

—— static
—— dynamic

<0.01

N M g O O N~ 0 O O «H N

S © & S 9 8 &8 & A oA o

OO O O O O o o o o o o

vV VvV vV VvV Vv V VvV V V V V
BAC [%]

Figure 46: Percentage of significantly impaired findings per BAC group according to the sensory dynamics.
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Moreover, impairment differs according to the motor complexity of a task. The higher the
motor complexity, the higher the percentage of significantly impaired findings is, especially

with high BACs (Figure 47).
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Figure 47: Percentage of significantly impaired findings per BAC group according to the motor complexity.

The following table gives an overview of the results including the not graphically presented

dimensions for four combined BAC groups.

Table 15: Percentages of significantly impaired findings for four combined BAC groups concerning the task-
oriented dimensions.*

Percentages of significantly impaired findings per BAC group
Dimensions and subdimensions
0.001-0.029% | 0.030-0.049% | 0.050-0.079% | 0.080-0.109%

Type of attention (see Figure 45)

Alertness 8% 15% 43% 59%

Sustained 9% 24% 44% 54%

Vigilance 53% 43% 45% 73%
Task combination

Single — discrete 9% 19% 41% 55%

Single — continuous 20% 34% 52% 65%

Double — 2x discrete 8% 6% 20% 29%

Double — discrete & continuous 9% 36% 53% 59%
Task pace

Self paced 16% 23% 45% 59%

Task paced 9% 26% 43% 51%

' Missing subdimensions or empty cells mean that the frequency of findings is below 10.
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Kind of stress

Speed 10% 37% 41% 44%

Accuracy 19% 30% 43% 60%

Speed & accuracy 7% 19% 38% 56%
Stress level

Low 15% 24% 45% 58%

Medium 12% 27% 41% 56%

High 7% 22% 44% 56%
Sensory modality

Visual/spatial 12% 26% 44% 57%

Auditory 5% 14% 34% 44%

Vestibular 0% 33% 67% 94%
Type of information

Formal/abstract 11% 25% 43% 56%

Semantic 15% 27% 44% 50%
Sensory dynamics (see Figure 46)

Static 9% 19% 40% 54%

Dynamic 22% 35% 50% 57%
Operation level

Skill 14% 32% 51% 65%

Rule 10% 17% 37% 51%

Knowledge - 21% 52% 47%
Memory

Short term memory 19% 21% 36% 46%

Long term memory 28% 40% 57% 42%
Memory recall

Recognition 16% 15% 25% 44%

Cued recall - - 54% 37%

Free recall 42% 53% 67% 49%
Motor complexity (see Figure 47)

Simple 11% 18% 35% 47%

Medium 10% 30% 47% 63%

High 15% 22% 53% 70%

When looking at the dimension “task combination”, the table reveals that it is more crucial for
the impairment if the task is continuous than if there is a secondary discrete task to perform.
The fact that there are less significant findings for a double discrete task than for a single
discrete task is remarkable. This is likely due to the much lower number of findings regarding
double discrete tasks (191 findings in contrast to 803 findings with single discrete tasks)

which leads to a lower reliability. Moreover, the table reveals that impairment does not
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depend much on the “task pace” nor on the “stress level” or the “type of information”. Within
these dimensions the percentages of impaired findings hardly differ regarding the
subdimensions. The instruction to perform the task as accurately as possible goes along with
higher percentages of significantly impaired findings compared to tasks which emphasises
speed or both parameters. The same holds true for tasks which concern the vestibular sense
compared to visual or auditory tasks. Surprisingly, there are more significantly impaired
findings when a task is skill-based than when it is rule-based. Finally, the types of memory
are decisive for impairment, especially with lower or medium BACs. Tasks which require

long-term memory or free recall are particularly impaired.

The last analysis does not refer exclusively to the process-/task-oriented classification, but
generally to all performance findings regardless of the classification system. It considers the
type of parameters that are evaluated in the studies. As already mentioned in Chapter 3.3.3,
this variable is not to be confounded with the dimension “kind of stress” which refers to the
instruction. Apparently, parameters concerning speed like reaction time are less frequently
impaired than accuracy parameters like errors (Figure 48). With high BACs parameters
considering speed and accuracy (e.g. number of errors in a given time) are most frequently

impaired.
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Figure 48: Percentage of significantly impaired findings per BAC group according to speed vs. accuracy
parameters.



D 1.1.2a META-ANALYSIS DRUID 6TH FRAMEWORK PROGRAMME PAGE 84

To summarize, clear differences in the impairment become obvious regarding some of the
dimensions. There are dimensions in which impairment differs with low rather than with high

BAC:s, and vice versa (see Table 16).

Table 16: Dimensions which differentiate with low BACs and/or with high BACs.

<0.05% BAC >0.05% BAC
Dimension Less frequently More frequently Less frequently More frequently
impaired impaired impaired impaired
. Feature extraction Operation . .
Stages of inf. proc. Reaction planning Motor output Reaction planning Motor output
Type of attention Alertness Sustan.lefi attention
Vigilance
Sensory dynamics Static Dynamic
. . Medium
Motor complexity Simple Complex
Accuracy
Type of parameter Speed Speed&accuracy
Tasks represented CHOICE RT DRIVING CHOICE RT DRIVING
p ATTENTION TRACKING ATTENTION TRACKING

Regarding the stages of information processing the subdimension motor output is more
frequently impaired than feature extraction and reaction planning throughout all BAC levels.
The dimension “type of attention” differentiates very well with low BACs below 0.05%,
where sustained attention and vigilance are more frequently impaired than alertness. The
same holds true for dynamic tasks where the percentage of significant findings is much higher
than for static tasks, especially with low BACs. In contrast, the motor complexity of the task
only has an influence on the impairment with high BACs above 0.05%. With high BACs
impairment also depends clearly on the type of parameter. Significant findings occur more
frequently if the measured parameter reflects accuracy or speed and accuracy (errors per
time) than just speed. Thereby the subdimensions which are responsible for a high impairment
mainly represent driving or tracking tasks, whereas the subdimensions responsible for a low

impairment mainly represent choice reaction time or attention tasks.

To conclude, performance under alcohol differs strongly according to the type of performance

task, this means impairment depends on the exact demands in a task.
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6 DISCUSSION

This meta-analysis of the scientific literature on alcohol effects has two aims: (1) to provide a
scientific base for estimating the impairing effect of alcohol on driving safety, (2) to provide a

reference function for the impairing effect of other psychoactive substances.

In general, the methodological quality of alcohol research is quite high. Most studies use
placebo control groups and are single or double blind. In the majority of cases the ingestion of
food is standardized before the application of alcohol, which is randomised in between-
subject designs. In most studies the tasks are practised. In addition to a global evaluation,
most studies conduct post-hoc tests if there are more than two levels of the factor alcohol.
However, the effects of alcohol are predominantly studied with rather small sample sizes
consisting of young men who are social drinkers. Performance tests take place mainly in the
eliminative phase and the task duration is quite short. Moreover, rather high quantities of
alcohol have to be consumed at an unusual time of day in a short time, which does not
correspond to normal drinking habits and conditions. Unfortunately, relevant information is
often missing in the publications (e.g. the administered alcohol dosage, the time between the
administration of alcohol and the beginning of the test, the duration of the test, the drinking
time, the BAC, etc.). Additionally, the documentation of statistics like F-values, mean values
or standard deviations is poor. The calculation of effect sizes was only possible for every third
finding. In 68% of the findings of those studies which used a multi-factorial design, the
impact of other factors on the alcohol effect could be determined. In the other one third of the
findings interactions are not reported. Principally, the methodological requirements like
placebo control groups or training of the task are in accordance with the guidelines for
research on drugged driving developed by the International Council on Alcohol, Drugs and
Traffic Safety’s (ICADTS) working group (Walsh, Verstraecte, Huestis & Morland, 2008).
However, future investigations will have to pay more attention to the problem of missing
information and should report the relevant information more carefully, regardless of the

investigated substance.

To establish the general impairment function, all findings concerning performance were
considered regardless of which driving-relevant skill was measured. 2913 findings related to
BACs between 0.001 and 0.119% were included. The function is nearly linear with a slope of
6.6% (increment of significant findings) per 0.01% BAC and with about 30% significant
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findings at a BAC of 0.05%. Regarding the subjective feeling of fatigue, the function looks
very similar with about 30% significant findings at 0.05% BAC as well. In contrast, the
function for the subjective feeling of intoxication increases logarithmically with 80%
significant findings at a BAC of 0.04%. At BAC levels where fatigue arises and performance
starts to be impaired, subjects already feel considerably intoxicated (at least social drinkers,
on which the study results are based). This means that subjective intoxication is an early

indicator for impairment.

Moreover, the function-oriented classification reveals that psychomotor functions are more
impaired than cognitive functions. With low BACs, performance in simple tasks is less
impaired than in complex tasks. It seems that subjects are able to compensate if the demands
are low. However, with higher BACs the impairing effects do not differ depending on the
complexity of the task.

Performance in automatic processes does not differ systematically from performance in
control processes. This does not support the result of Kriiger (1993) who found that automatic
processes are not as much affected as control processes even with high BACs. However, he
only considered BACs up to 0.08%, and up to a BAC of 0.10% automatic processes are
actually slightly less impaired (at least if a linear function is fitted).

The main categorie “driving” shows the highest impairment at BACs around 0.05% with 48%
significant findings. Since this is much more than for all the other driving-relevant categories,
driving tests are obviously essential for risk estimations concerning the effects of alcohol.
Especially at low BACs, the general impairment function does not represent the driving
performance. Impaired driving occurs much earlier than general impairment. This may be due
to the fact that driving is a rather complex task with a predominance of those skills which are

sensitive to alcohol.

The process-/task-oriented classification supports the result of the function-oriented
classification that psychomotor skills are most impaired by alcohol. In contrast, tasks in which
simply a reaction has to be initiated are much less impaired. Impairment is also low in tasks in
which the relevant information of the stimuli has to be extracted, at least up to a BAC of

0.05%.

Particularly with low BACs, vigilance performance is much more impaired than performance

in alertness or sustained attention tasks. In alertness tasks there is almost no detrimental effect
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up to a BAC of 0.04%, which corresponds to the results of simple tasks. At BACs above

0.06%, the frequencies of impaired findings are comparable for all kinds of attention.

Dynamic tasks like driving are much more impaired than static tasks and already at very low
BACs, which corresponds to the result of the function-oriented classification system where

driving is the most impaired category.

Furthermore, impairment correlates with the motor complexity of the task, especially at BACs
above 0.05%. The higher the motor complexity of a task, the higher the percentage of

significantly impaired findings is.

Impairment also differs for speed and/or accuracy parameters. Tasks in which reaction times
and errors are considered simultaneously are most impaired, especially at BACs above 0.05%.

The difference is up to 50% of significant findings compared to the single parameter of speed.

The impairment under alcohol clearly differs within most of the dimensions. There are
dimensions which differentiate mainly at low BACs like attention type or task dynamics, or
mainly at high BACs like motor complexity or the speed/accuracy distinction of the evaluated
parameters. Especially with high BACs an exact complex motor reaction under time pressure
is critical, whereas performing a dynamic vigilance task is already critical with very low
BACs. This means performance under alcohol strongly depends on the characteristics and

exact demands of a task.

The meta-analytic procedure determines for each BAC group how often significant effects
were reported. Therefore, the percentage of significant results is only a descriptive measure.
Interpreting these percentages as degrees of impairment is an interpretation going beyond the
information from the data base. Even though this interpretation has high face validity, one
must be aware of this limitation when using this information for practical purposes.
Moreover, the impairment functions of single psychological functions and dimensions, a
global impairment function was calculated, aggregating all results. This function is a
collection of experimental studies using different tasks, dependent variables, instructions and
test environments for example. Nonetheless, if nothing is known about the task and the
person, this function (as an average) is the best estimate for alcohol-induced impairment. In
the case that more information about the characteristic of the task or the person is available,

more specific impairment functions should be used.
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Furthermore, the impairment function is not a risk function. There is no direct way from an
impairment level to an accident risk. The risk is constituted by an interaction of impairment
with the demands of the driving situation and the individual abilities to compensate for the
detrimental effects of alcohol. The question may arise why the risk function is exponential
whereas the impairment function is strictly linear. Two reasons are conceivable. First, driving
is a very special combination of subtasks, each with another impairment function. Therefore,
the exponential shape of the risk function may be the result of a weighted aggregation of task-
specific impairment functions. Second, driving under the influence of alcohol has severe legal
consequences. Therefore, all drivers will try to compensate for the effects. This compensation
may be successful at least for lower BACs, resulting in a slow increase of the risk, but breaks
down with higher BACs. A more detailed answer requires a better understanding of the task

profile of safe driving.
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8 APPENDIX

8.1 Detailed description of the database

8.1.1 Publication level

8.1.1.1 Reference

i abstra:tl commentl samp\el methudolugyl statisticl processing

REFERENCE
author |Mackay, M., Tiplachy, B. & Scholey, A B. Publication'ear 2002
title |Intera|:1i0ns between alcohol and caffeine in relation to psychomotar speed and accuracy
SecTile |Hum Psychopharmacol volume |17 nurnber |3 pages |1 51-6
Num'aol edition
PlacePul | SecAuth DocType Journal Aricle -l
publisher |

Bibliographical data of the publication

8.1.1.2 Abstract

reference éab‘gifﬂﬂ‘él commeml samplel methodolugyl statisticl processing

ABSTRACT

Urlike other CNS depressants, aleohal intowication can be associated with increased emor rates, coupled with unaffected (or speeded) response rates during psychomator and
cognitive processing. The present study examined whether concurrent consumption of caffeine may differentially affect these aspects of aleohel and performance A randomised,
doutle-blind, placebo-controlled design was utiised in which 64 healthy poung volunteers received sither 066 g/kg alcohal, caffeine (110120 mag), both or neither, Performance was
azseszed uging a four choice reaction time task [FCRT) with elements of repetitive [predictable) and random stimuli sequences and the digit symbol substitution tagk

[D55T] Individuals an aleohal made significantly more errors during both fiked and random FCRT sequences, and there was evidence of weak. antagonism of these effects by
caffeing on the latter measure, On the DEST test of psychomator speed, alcohol was associated with a significant slowing, the caffeine group were significantly faster and there was
clear antaganism of the effects of alcohol by caffeine. These findings confirm that alcohol consumption it associated a greater number of erors and provide some evidence for task-
specilic antaganism of alcohal's cognitive effects by caffeine. Copuright 2002 Jahn \Wiley & Song, Ltd

Short summary of the publication
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8.1.1.3 Comment

. 22U.Mackay, M., Tiplady, B. & Scholey, 4. B. . ZDUZ.Inlelact\ons between alcohol and caffeine in relation to pspchamotar speed and accuracy

referencel abstract | comment EISﬁmp\e' methodolugy' Statisticl processingl

COMMENT

_ methodalagy ak. but na empiical BAC (no measurement]

Ial:clhul and drugs |

e Free input field: remarks referring to the whole study

e Main Question: main interest of the study

Main Question Rules

1) single alcohol effect only the effect of alcohol is of interest

2) different dosage of alcohol at least two different dosages of alcohol are given to the subjects and
differences in effects are of interest

3) different points in time time of day, absorptive vs. eliminative

4) alcohol and drugs if combination of alcohol and other substances is of interest (also
caffeine, sucrose, acamprosate, nicotine...)

5) different subject groups e.g. gender, age, aggressive/anxiety dispositions, drinking behaviour,
family history of alcoholism, driving/cognitive performance

6) alcohol and sleep deprivation | comparison of alcohol effects with sleep deprivation/prolonged
wakefulness or combination of alcohol with sleepiness

7) other e.g. alcohol tolerance, genetic factors, social/environmental condition,
drug expectancy, food intake, reward, feedback

8.1.1.4 Sample

referencel abstral:t' comment ; sample |meth0d0|ugy| statistic' processing

SAMPLE
_ .l_ .I_ [DrinkingGiaup ] [social drinkers |
_|m'><Ed Divarbrowp | El
MesiAge I [ 2 [ -_ SelestsnPios ] [v=. on incuiry =
Ageroup L [Te2d El SelectionBiss

e Number Subject (nF, nM): sample size (number of females, number of males)
e Gender: only female, only male, mixed
e Mean Age (min, max): mean age of the sample (minimum, maximum age)

e Age Group: the chosen category refers to the mean age of the sample
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Drinking Group: alcohol experience of the subjects

Drinking Group

Rules

1) anti-alcoholics

never drink alcohol

2) social drinkers

drink occasionally or regularly in moderation

3) heavy drinkers

drink regularly and heavily (men >7 units/day, women >5 units/day)

4) binge drinkers

drink irregularly and heavily (>5 units on one occasion)

5) alcoholics

alcoholics

Driver Group: driving experience of the subjects (for driving studies only)

Driver Group

Rules

1) novice

drivers or pilots with a licence for less than 2 years

2) amateur

for drivers from the general public or if nothing is mentioned

3) professional

professional drivers or pilots

Selection Proc: checking of in- and exclusion criteria regarding the subjects

Selection Proc

Rules

1) yes, on inquiry

if in- and exclusion criteria are checked only by asking the subjects

2) yes, medical screening

if subjects are medically screened

3) yes, lab parameters

if lab parameters are taken like urine or blood

4) others

if subjects are checked e.g.for normal visual acuity

8.1.1.5 Methodology

reference' abstrad' comment' sample methodolagyl stat\stic' processing

METHODOLOGY
StuchyDesign |>1 factor & 2 levels & interaction j Standeals |in5trul:ti0n j
ComDesign 1. factor between: alcohol [alcohal ve, placeba) Ieasketh I
2. factor between: caffeine [caffeine vs. placeba)
hlind |dauble blind -l

ComEwvaluation

ComProcedure

Study Design: number of factors and levels, and if there are interactions and post hoc tests

Com Design: description of the factors and of the design (within- or between-subject)

Stand Meals: refers to the standardisation of meals before the alcohol intake

Stand Meals

Rules

1) no standardisation

if it is mentioned that there was no standardisation of meals

2) instruction

subjects were instructed what to eat or not to eat before testing

3) standardisation

observed intake of a standard meal before the alcohol intake

Meas Meth: Measurement method for testing breath alcohol
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¢ Blinding: refers to the alcohol administration

Blinding Rules

1) no the subject and the experimenter know the content of the beverage;
if there is no placebo-condition but a non-alcohol-condition

2) single blind the subject does not know the content of the beverage;
if nothing is mentioned, but there is a placebo-condition

3) double blind neither the subject nor the experimenter know the content of the
beverage

8.1.1.6 Statistic

reference' abstrad' camment' sample' methodalagy processing

STATISTIC
ControlGroup |p|aceb0 ~| PRephieas no M

VarianceTest |n0 specification possible j ConfoundingTime  [no 'I
Randomizing Jyes =1 [AdjustmentTech ™| [none |
Multivariate [0 =] MumPesStuchy 5

NonParametric Ino MNurmPResihcuded b

e Control Group: group which receives no alcohol

Control Group Rules

1) no no control group for all time points (e.g. only baseline)
2) placebo placebo control group for all time points

3) non-alcohol non-alcohol control group for all time points

e Variance Test: testing for variance homogeneity

Variance Test Rules
1) no if test is made, but variances are heterogeneous
2) yes test is made and variances are homogeneous

e Randomising: refers to the assignment of the subjects to the alcohol conditions

Randomising Rules

1) no subjects are not randomly assigned to the alcohol condition

2) yes subjects are randomly assigned to the alcohol condition

3) without relevance if there is a within-subject design and no assignment is necessary

e Multivariate: refers to the analysis of variance for testing the effect of alcohol

Multivariate Rules
1) no if no multivariate analysis of variance is conducted
2) yes if a multivariate analysis of variance is conducted

e Non-Parametric: refers to the statistical test

Non-Parametric Rules

1) no if a parametric test is used
2) yes if a non-parametric test is used for at least one variable
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e Rep Meas: refers to the methodological design (repeated measures)

Rep Meas Rules

1) no between-subject design and only one testing time point

2) yes within-subject design or between-subject design with several testing
time points

e Confounding Time: if alcohol effects are confounded with time testing points

Confounding Time

Rules

1) no

placebo or non-alcohol control group for all time points

2) yes

more than 2 testing time points and no post hoc test
more than 2 testing time points and mean value is tested

e Adj Tech: refers to the adjustment of the alpha-level

Adj Tech

Rules

1) none

if authors say they did not make an adjustment

2) Bonferroni

Bonferroni adjustment technique

3) Bonferroni Holm

Bonferroni Holm adjustment technique

4) others

e.g. Dunn’s technique

e Num Res Study: number of findings concerning alcohol reported in the study

e Num Res Included: number of findings of the study included into the database

8.1.1.7 Processing

referencel abatradl commentl samp\el methodology | statistic processmgl

PROCESSING STATUS
processor IMrs. Ewa Schnabel 'I status Iaccepted 'I
revisor IMr. Wolker Hargutt 'I dizqualificatian I 'I
partner IUmversity of Wuerzburg = - -
ComDisualifi.

location |U5

date of processing I 23.09.2005

e Processing: information about the processor and date of processing

e Status: if study is accepted or excluded and reasons for disqualification
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8.1.2 Findings Level

8.1.2.1 BAC
BAC Itask | parameter and result| other factors
BAC
EEEEETRE TimeOay |
EAcsEEmm P T Sessoeeen [

BAC Group: crude classification referring to the BAC Empirical if reported or to the BAC
Target if reported or to the BAC Widmark

Drinking Time: time subjects are allowed to drink the administered alcohol (if a range is
given, mean drinking time is taken)

Time Testing: time between end of drinking and starting of the test

Time Of Day: time when testing session takes place

Sleep Deprivation: “yes”, if sleep duration of all subjects is restricted or if they are awake

longer than about 16 hours

Res Eli: limb of the blood alcohol curve

Res Eli Rules

1) absorptive phase <60 min since end of drinking,

or if main part of test takes place in this phase,

or if BAC after the test is higher than before (even if test is performed
within defined eliminative phase)

2) eliminative phase >60 min since end of drinking,

or if main part of test takes place in this phase,

or if test takes place symmetrically in both phases,

or if BAC after the test is lower than before (even if test is performed

within defined absorptive phase)
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8.1.2.2 Task
BAC task | parameter and resultl ather factars |
TASK DESCRIPTION
[TaskCambination| [single - continuous < | _I 30 TaskStressKind Iaccuracy -]
_ |Dperati0n,a’prucessing | _ |vigi|ance ;I _ I|DW vI
R e T -]
SENSORIC ACTION OPERATION MOTOR ACTION
[SERENBHRIAN [vospsio =] (GRS [T o s Fros B

_ |f0rm alfabstract ;I
SEREDYRATIEIN [3nemic =

Task Combination:

_ |n0 memory included - |

_ |nD mernory included ;I

Task combination

Rules

1) single — discrete

one task; distinct stimuli

2) single — continuous

one task; no single stimuli

3) double — 2 x discrete

dual task, both tasks are discrete

4) double — discrete & continuous

dual task, one task is discrete, the other continuous

5) double — 2 x continuous

dual task, both tasks are continuous

Task Inform Proc:

Stages of inform. processing

Rules

1) active search

high spatial uncertainty of the stimuli, the operator has to scan the
environment for relevant stimuli, without active search of the stimuli
at different locations task cannot be performed well

2) sensory perception

perception/detection of the stimulus (usually only one)

3) feature extraction

figure-background-distinction, the relevant information must be
selected e.g. concerning shape, colour, auditory frequence

4) operation/processing

cognitive processes are essential, one or more parameters of the task
must be inter-or extrapolated or integrated; estimation, calculation...

5) decision

operator decides between different alternatives each representing
another strategy (no correct or incorrect answer)

6) reaction planning

activation of one (reaction “yes” or “no”) or more (which reaction)
motor patterns/schemes, i.e. well-learned sequences of actions

7) motor output

fine adjustment of the necessary motor execution (acceleration,
aiming, force of the movement, velocity, steering...)

Task Attention:

Type of attention

Rules

1) alertness

very high short term attention to one or few stimuli

2) sustained

long term attention to a task with HIGH stimuli frequency or with
high workload

3) vigilance

long term attention to a task with LOW stimuli frequency
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Task Pace:
Task pace Rules
1) self paced if the subject determines the rhythm/the speed of proceeding;
memory task: performance phase is crucial, not the learning phase
2) task paced if the stimuli appear in a fixed rhythm and the subject has to adapt,
time for performance cannot be influenced;
memory task: performance phase is crucial, not the learning phase
Task Stress Kind:
Kind of stress Rules
1) speed refers to the instruction (as fast as possible)

2) accuracy

refers to the instruction (as accurate as possible)

3) speed & accuracy

refers to the instruction (as fast & accurate as possible);
if no instruction is reported: assumption of speed & accuracy if errors
AND reaction time are analysed

Task Stress Level:

Stress level

Rules

1) low low intensity of stress for the operator; bases on impression
2) medium more information to process; bases on impression
3) high different information to process, very high time pressure; bases on
impression
Sens Modality:

Sensory modality

Rules

1) visual/spatial

visual stimuli

2) auditory

auditory stimuli

3) haptic

haptic stimuli

4) vestibular

no stimuli, but effects on the vestibular system are of interest

Sens Information:

Type of information

Rules

1) formal/abstract

only physical appearance of the stimuli (form or colour) is of
importance

2) semantic

interpretation or meaning of the symbol is of importance

Sens Dynamics:

Sensory dynamics

Rules

1) static if the stimuli are discrete and appear successively or if the situation
can be perceived at once
2) dynamic if the stimulus or other important objects are moving, i.e. the relevant

information is changing continuously
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e Op Level:
Operation level Rules
1) skill automatic processing, another task can be operated at the same time
without serious problems, performance will not improve with training
2) rule controlled processing, another task can be operated at the same time
only with serious problems, performance improves with training
3) knowledge very high conscious control, effortful, slow, no rules available
e Op Memory:
Memory Rules

1) no memory included

hardly any memory is required, memory is not the dependent variable

2) STM recall within 60 sec
3) LTM recall >60 sec

e Op Recall:
Memory recall Rules

1) no memory included

hardly any memory is required, memory is not the dependent variable

2) recognition

comparison between memorised and presented stimuli

3) cued recall

reproduction of the former learned stimuli is facilitated by cues

4) free recall

reproduction of the former learned stimuli without any help

e Mot Complexity:

Motor complexity Rules

1) simple only one button, no fine motor regulations

2) medium several simple options or fine motor regulation are required
3) complex coordinative aspects

4) no specification possible

if there is no motor reaction, but verbal response

8.1.2.3 Parameter and result

BAC | task parametar and result I other factors |
PARAMETER RESULT
[ParSUBSER [perormance o B staestm. T
Paianng iz 5 T I —
PeiSREedAGEIN [-o=os = CamRecut

_ Four choice reaction time task [FCR

time to fixed sequence

TI: mean reaction

e Par Main Group: parameter-oriented classification into main groups

e Par Sub Group: parameter-oriented classification into sub groups

e Par Sub Sort: umbrella term for the parameters in the main groups (subjective feeling,

behaviour, performance, driving, physiological)
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Par Training: refers to the training of the task before testing (only selected for a
performance or driving task)

Par Speed Acc: refers to the parameter, not to the instruction

Par Speed Acc Rules

1) speed if reaction time is measured or total performance time needed for a task
2) accuracy if number of errors is measured

3) speed & accuracy | if number of errors or a total score in a given time are measured

Com Par: name and short description of the task

Effect Par: direction of effect referring to the parameter

Effect Perf: direction of effect referring to the performance

Eta: if there is an effect, n” is calculated (if enough information is given)

Alpha: the chosen significance level in the studies, commonly o = 0.05%

Effect Cond: classification according to the decision tree in Chapter 3.4

Effect Trust: trustworthiness of the effect depending on interactions

Eta estim.: check mark if n2 is estimated by m and s (via t-value) for a within-subject
design

Alpha estim.: check mark if effect is estimated by t-value and df with a two-tailed test

(when there is no post hoc test or no information concerning significance)

The red fields are not for entering data, but are just repetitions of important study information

for a better overview for the processor.

8.1.2.4 Other factors

BAC I task I parameter and result  other factors |

FACTOR 1 FACTORZ FACTOR3

_ caffeine vs. placebo _ _ |

_ |Uther substances 1 _ | =] _ I -]

[FiEffectPar | [na change 1 FeEfiectPar | =l FaEffectPar | -

[RISHESEE [0 honge = FeEfiectPart | o FaEfiectar | -
| _
BaCw [zl [TO08  BaCEpr [T TTminy [ 50

F1 Des: description of the other factor(s) besides alcohol
F1 Cat: labelling of the other factor(s) regarding its content
F1 Effect Par: direction of the interaction effect referring to the parameter

F1 Effect Perf: direction of the interaction effect referring to the performance



8.2 Raw data referring to the results for the main and subcategories

Table 17: Frequencies of significant impairing effects and no effects® per BAC group® and category.

A. PERFORMANCE CATEGORIES

BAC (%) | <0.01 | <0.02 | <0.03 | <0.04 | <0.05 | <0.06 | <0.07 | <0.08 | <0.09 | <0.10 | <0.11 | Total
1) Reaction time

no effect 15 14 29 17 23 37 29 32 32 15 5 248
decrease 1 1 2 3 10 14 17 20 19 13 16 116
total 16 15 31 20 33 51 46 52 51 28 21 364
1.1) Simple reaction time

no effect 7 6 18 10 16 18 16 12 11 7 4 126
decrease 1 0 2 0 5 6 10 8 6 6 8 52
total 8 6 21 10 21 24 26 20 17 13 12 178
1.2) Choice reaction time

no effect 8 8 10 7 7 19 13 20 21 8 1 122
decrease 0 1 0 3 5 8 7 12 13 7 8 64
total 8 9 10 10 12 27 20 32 34 15 9 186
2) Attention

no effect 19 18 33 61 42 66 69 57 37 15 12 429
decrease 0 1 2 5 15 19 55 39 59 23 19 237
total 19 19 35 66 57 85 124 96 96 38 31 666
2.1) Categorisation tasks

no effect 6 9 14 18 10 13 9 12 11 4 1 107
decrease 0 0 1 1 3 3 11 17 32 8 14 90
total 6 9 15 19 13 16 20 29 43 12 15 197
2.2) Vigilance

no effect 3 0 0 15 6 8 15 8 3 1 0 59
decrease 0 0 0 1 1 2 3 2 4 4 2 19
total 3 0 0 16 7 10 18 10 7 5 2 78
2.3) Cancellation test

no effect 1 2 1 5 6 6 3 3 0 1 2 30
decrease 0 1 1 1 1 2 2 2 2 1 1 14
total 1 3 2 6 7 8 5 5 2 2 3 44
2.4) Mental arithmetics

no effect 0 1 4 2 4 5 7 6 2 0 1 32
decrease 0 0 0 0 0 0 2 1 4 2 1 10
total 0 1 4 2 4 5 9 7 6 2 2 42
2.5) Other attention test

no effect 9 6 14 21 16 34 35 28 21 9 8 201
decrease 0 0 0 2 10 12 37 17 17 8 1 104
total 9 6 14 23 26 46 72 45 38 17 9 305
3) Divided attention

no effect 13 8 15 48 45 33 38 15 7 14 12 248
decrease 0 4 0 15 4 16 15 19 8 12 7 100
total 13 12 15 63 49 49 53 34 15 26 19 348
3.1) Reactions to 2 stimuli

no effect 0 5 0 30 31 12 28 7 6 12 7 138
decrease 0 1 0 2 1 3 8 2 10 2 33
total 0 6 0 32 32 15 36 11 8 22 9 171

%% The lines “no effect” also include beneficial effects.
! The BAC groups are only presented up to 0.11% in order to clearly represent the raw data and since 96% (n =
5107) of all findings refer to a BAC below 0.12%.
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BAC (%) | <0.01 | <0.02 | <0.03 | <0.04 | <0.05 | <0.06 | <0.07 | <0.08 | <0.09 | <0.10 | <0.11 | Total

3.2) Reactions to 2 tasks

no effect 13 3 15 18 14 21 10 8 1 2 5 110
decrease 0 3 0 13 3 13 7 15 6 2 5 67
total 13 6 15 31 17 34 17 23 7 4 10 177
4) Psychomotor skills

no effect 5 15 20 24 24 21 21 19 13 1 0 163
decrease 0 0 3 5 11 16 26 30 24 23 16 154
total 5 15 23 29 35 37 47 49 37 24 16 317
4.1) Hand-eye-coordination

no effect 4 12 13 13 10 11 7 11 6 1 0 88
decrease 0 0 3 2 5 5 14 11 13 9 7 69
total 4 12 16 15 15 16 21 22 19 10 7 157
4.2) Posture

no effect 1 3 6 6 9 7 7 4 2 0 0 45
decrease 0 0 0 2 5 11 11 16 10 13 9 77
total 1 3 6 8 14 18 18 20 12 13 9 122
4.3) Other motor functions

no effect 0 0 1 5 5 3 7 4 5 0 0 30
decrease 0 0 1 1 0 1 3 1 1 0 8
total 0 0 1 6 6 3 8 7 6 1 0 38
5) Visual functions

no effect 11 18 21 22 28 52 56 20 12 10 25 275
decrease 0 2 1 3 11 26 33 31 15 13 44 179
total 11 20 22 25 39 78 89 51 27 23 69 454
5.1) Physiology of the eye

no effect 3 9 8 13 14 23 35 6 4 6 13 134
decrease 0 1 0 1 2 3 6 3 3 16 40
total 3 10 8 14 16 26 41 11 7 9 29 174
5.2) Eye movements

no effect 4 3 5 5 18 6 2 1 0 9 60
decrease 0 1 1 2 16 19 19 6 7 19 96
total 4 8 4 7 11 34 25 21 7 7 28 156
5.3) Binocular vision

no effect 2 2 5 3 1 4 4 2 1 1 3 28
decrease 0 0 0 0 6 5 5 4 2 7 31
total 2 2 5 3 3 10 9 7 5 3 10 59
5.4) Complex perceptual functions

no effect 2 0 5 1 8 7 11 10 6 3 0 53
decrease 0 0 0 1 1 3 2 2 1 2 12
total 2 0 5 1 9 8 14 12 8 4 2 65
6) Tracking

no effect 4 5 5 19 19 19 20 11 11 2 3 118
decrease 0 1 4 8 9 23 17 16 20 6 5 109
total 4 6 9 27 28 42 37 27 31 8 8 227
6.1) Easy compensatory tracking

no effect 2 1 3 0 2 2 1 3 0 0 16
decrease 0 0 1 0 2 2 2 4 3 0 1 15
total 2 1 4 0 4 4 3 7 3 0 3 31
6.2) Difficult compensatory tracking

no effect 0 0 2 2 1 1 2 0 0 0 8
decrease 0 0 0 4 3 1 0 1 3 16
total 0 0 2 6 2 4 5 1 0 1 3 24
6.3) Easy pursuit tracking

no effect 2 4 0 17 16 14 17 7 9 2 1 89
decrease 0 1 2 4 6 13 11 7 14 5 1 64

total 2 5 2 21 22 27 28 14 23 7 2 153
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BAC (%) | <0.01 | <0.02 | <0.03 | <0.04 | <0.05 | <0.06 | <0.07 | <0.08 | <0.09 | <0.10 | <0.11 | Total
6.4) Difficult pursuit tracking

no effect 0 0 0 0 0 2 0 1 2 0 0 5
decrease 0 0 1 0 0 5 1 3 0 0 14
total 0 0 1 0 0 7 1 5 5 0 0 19
7) En-/Decoding

no effect 7 18 26 47 16 41 27 33 45 12 8 [ 280
decrease 0 2 8 11 6 15 33 30 29 17 10 161
total 7 20 34 58 22 56 60 63 74 29 18 441
7.1) Information processing

no effect 2 7 14 29 6 10 9 16 8 4 1 106
decrease 0 0 1 7 2 6 13 13 8 5 4 59
total 2 7 15 36 8 16 22 29 16 9 5 165
7.2) Memory

no effect 5 11 12 18 10 31 18 17 37 8 7 174
decrease 0 2 7 4 4 9 20 17 21 12 6 102
total 5 13 19 22 14 40 38 34 58 20 13 276
8) Driving

no effect 11 11 10 31 39 12 14 18 24 7 5 182
decrease 1 4 5 18 30 17 16 12 16 10 6| 135
total 12 15 15 49 69 29 30 30 40 17 11| 317
8.1) Driving simulator

no effect 9 5 10 8 24 12 12 12 23 7 4 126
decrease 1 3 3 7 13 10 10 11 12 7 4 81
total 10 8 13 15 37 22 22 23 35 14 8 207
8.2) Closed course

no effect 0 1 0 4 12 0 1 0 0 0 0 18
decrease 0 0 0 8 16 2 1 0 0 0 0 27
total 0 1 0 12 28 2 2 0 0 0 0 45
8.3) Flight simulator

no effect 2 5 0 19 3 0 1 6 1 0 1 38
decrease 0 1 2 3 1 5 5 1 4 3 27
total 2 6 2 22 4 5 6 7 5 3 3 65
SUM 87 122 184 337 332 427 486 402 371 193 193 | 3134
B. MOOD CATEGORIES

BAC (%) <0.01 | <0.02 | <0.03 | <0.04 | <0.05 | <0.06 | <0.07 | <0.08 | <0.09 | <0.10 | <0.11 | Total
9) Mood

no effect 76 110 198 132 83 122 119 129 137 66 78 1250
decrease 4 10 28 47 58 75 74 103 84 55 71 609
total 80 120 226 179 141 197 193 232 221 121 149 1859
9.1) Experienced intoxication

no effect 8 15 15 4 8 6 4 2 5 1 3 71
decrease 2 7 19 17 33 50 22 56 46 31 33 316
total 10 22 34 21 41 56 26 58 51 32 36 387
9.2) Unpleasant physical sensations

no effect 8 23 36 13 12 14 4 15 21 17 11 174
decrease 0 0 1 5 8 6 7 10 5 4 12 58
total 8 23 37 18 20 20 11 25 26 21 23 232
9.3) General well-being

no effect 0 0 1 1 1 2 0 1 0 0 2 8
decrease 0 1 0 2 1 0 0 4
total 0 1 1 1 1 2 2 1 1 0 2 12
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BAC (%) <0.01 | <0.02 | <0.03 | <0.04 | <0.05 | <0.06 | <0.07 | <0.08 | <0.09 | <0.10 | <0.11 | Total
9.4) Subjective rating of performance
no effect 2 2 9 10 6 3 8 2 3 2 0 47
decrease 1 0 0 4 2 3 7 4 5 6 5 37
total 3 2 9 14 8 6 15 6 8 8 5 84
9.5) Physiological measurements
no effect 1 0 6 3 0 8 7 7 8 1 0 41
decrease 0 0 0 0 0 0 0 0 2 0 0 2
total 1 0 6 3 0 8 7 7 10 1 0 43
9.6) Arousal/activity
no effect 18 20 45 30 15 29 25 38 25 12 24 281
decrease 0 0 5 8 6 7 15 11 8 6 4 70
total 18 20 50 38 21 36 40 49 33 18 28 351
9.7) Pleasure
no effect 24 29 54 39 25 35 43 39 50 20 31 389
decrease 0 0 0 2 4 0 7 2 2 3 4 24
total 24 29 54 41 29 35 50 41 52 23 35 413
9.8) Dominance
no effect 4 3 6 5 1 4 4 3 4 2 0 36
decrease 0 0 0 0 0 0 1 0 0 0 0 1
total 4 3 6 5 1 4 5 3 4 2 0 37
9.9) Tiredness
no effect 7 9 15 13 10 14 15 14 11 6 4 118
decrease 1 2 3 10 5 7 9 13 11 5 9 75
total 8 11 18 23 15 21 24 27 22 11 13 193
9.10) Aggressive feelings
no effect 4 3 5 8 2 5 6 4 3 1 41
decrease 0 0 0 0 0 2 2 4 2 0 1 11
total 4 3 5 8 2 7 8 8 5 1 1 52
C. SOCIAL BEHAVIOUR CATEGORIES
10) Aggressive behaviour
no effect 0 0 1 2 0 1 0 2 9 0 6 21
decrease 0 0 0 0 0 1 1 3 3 8 11 27
total 0 0 1 2 0 2 1 5 12 8 17 48

SUM 80 120 | 227 181 141 199 194 237 | 233 129 166 | 1907
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8.3 Raw data referring to the results for the dimensions & subdimensions

Table 18: Frequencies of significant impairing effects and no effects?® per BAC group? and subdimension.

BAC (%) <0.01 | <0.02 | <0.03 | <0.04 | <0.05 | <0.06 | <0.07 | <0.08 | <0.09 | <0.10 | <0.11 | Total
1) Stages of information processing 1

1.1) Active search

no effect 0 1 0 3 0 4 0 0 0 0 1 9
decrease 0 0 0 0 6 0 2 0 2 19
total 0 1 0 3 0 10 0 2 0 2 10 28
1.2) Sensory perception

no effect 10 8 11 26 15 23 28 10 15 4 1 151
decrease 0 1 2 11 15 11 8 14 21 10 6 99
total 10 9 13 37 30 34 36 24 36 14 7 250
1.3) Feature extraction

no effect 25 39 59 110 79 89 97 92 57 37 18 702
decrease 0 4 3 16 15 35 82 65 70 38 34 362
total 25 43 62 126 94 124 179 157 127 75 52 1064
1.4) Operation/processing

no effect 23 21 31 52 50 62 44 53 63 17 16 432
decrease 1 6 11 22 27 27 42 36 40 24 15 251
total 24 27 42 74 77 89 86 89 103 41 31 683
1.5) Decision

no effect 0 2 2 3 6 3 2 2 5 4 0 29
decrease 0 0 0 0 0 2 4 0 1 2 2 11
total 0 2 2 3 6 5 6 2 6 6 2 40
1.6) Reaction planning

no effect 7 6 20 10 18 19 18 14 13 7 6 138
decrease 1 0 2 0 8 9 19 13 9 7 9 77
total 8 6 22 10 26 28 37 27 22 14 15 215
1.7) Motor output

no effect 13 17 22 48 47 50 41 27 23 4 8 300
decrease 0 3 7 17 23 42 48 50 40 27 22 279
total 13 20 29 65 70 92 89 77 63 31 30 579

2) Stages of information processing 2

2.1) Active search

no effect 0 0 0 0 0 0 0 0 0 0 0 0
decrease 0 0 0 0 0 0 0 2 0 0 0 2
total 0 0 0 0 0 0 0 2 0 0 0 2
2.2) Sensory perception

no effect 7 6 19 10 16 18 16 12 11 7 4 126
decrease 1 0 2 0 5 6 10 8 6 6 8 52
total 8 6 21 10 21 24 26 20 17 13 12 178
2.3) Feature extraction

no effect 0 0 0 3 0 0 1 1 0 0 3 8
decrease 0 0 1 0 0 0 2 4 3 3 0 13
total 0 0 1 3 0 0 3 5 3 3 3 21
2.4) Operation/processing

no effect 8 12 12 31 28 28 28 9 5 7 4 172
decrease 0 2 3 12 13 24 25 17 15 8 11 130
total 8 14 15 43 41 52 53 26 20 15 15 302

2 The lines “no effect” also include beneficial effects.
» The BAC groups are only presented up to 0.11% in order to clearly represent the raw data and since 96% (n =
2877) of the 2983 performance findings refer to a BAC below 0.12%.
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BAC (%) <0.01 | <0.02 | <0.03 | <0.04 | <0.05 | <0.06 | <0.07 | <0.08 | <0.09 | <0.10 | <0.11 | Total
2.5) Decision

no effect 2 0 0 2 4 0 0 0 0 1 0 9
decrease 0 0 0 1 0 1 1 2 0 1 0 6
total 2 0 0 3 4 1 1 2 0 2 0 15
2.6) Reaction planning

no effect 36 37 66 122 84 103 109 91 69 37 25 779
decrease 0 5 6 24 22 38 76 71 85 40 36 403
total 36 42 72 146 106 141 185 162 154 77 61 1182
2.7) Motor output

no effect 11 14 9 23 31 16 7 23 17 6 4 161
decrease 1 4 4 18 23 17 20 18 17 11 7 140
total 12 18 13 41 54 33 27 41 34 17 11 301
3) Task combination

3.1) Single — discrete

no effect 44 61 100 139 90 164 137 128 125 42 29 1059
decrease 1 4 15 18 34 62 119 112 111 63 65 604
total 45 65 115 157 124 226 256 240 236 105 94 1663
3.2) Single — continuous

no effect 17 23 29 60 79 48 53 49 43 10 9 420
decrease 1 6 10 27 46 50 65 50 62 29 23 369
total 18 29 39 87 125 98 118 99 105 39 32 789
3.3) Double — 2x discrete

no effect 0 5 6 29 22 21 35 17 7 7 10 159
decrease 0 1 0 2 1 3 9 6 4 5 1 32
total 0 6 6 31 23 24 44 23 11 12 11 191
3.4) Double — discrete & continuous

no effect 16 3 10 23 23 18 7 4 1 10 2 117
decrease 0 3 0 19 7 15 5 13 4 9 6 81
total 16 6 10 42 30 33 12 17 5 19 8 198
3.5) Double — 2x continuous

no effect 1 2 0 1 2 0 0 0 0 0 0 6
decrease 0 0 0 0 0 2 1 0 0 3 0 6
total 1 2 0 1 2 2 1 0 0 3 0 12
4) Type of attention

4.1) Alertness

no effect 25 27 44 62 55 76 59 58 44 24 22 496
decrease 1 2 5 7 13 30 60 58 58 28 45 307
total 26 29 49 69 68 106 119 116 102 52 67 803
4.2) Sustained

no effect 35 42 59 111 101 80 84 65 47 30 14 668
decrease 1 6 6 28 40 50 72 54 50 33 23 363
total 36 48 65 139 141 130 156 119 97 63 37 1031
4.3) Vigilance

no effect 3 2 2 20 11 13 19 15 3 1 2 91
decrease 0 3 5 12 11 12 10 16 7 4 5 85
total 3 5 7 32 22 25 29 31 10 5 7 176
5) Task pace

5.1) Self paced

no effect 24 43 52 99 60 104 83 67 81 25 21 659
decrease 1 6 16 19 29 53 81 76 96 43 46 466
total 25 49 68 118 89 157 164 143 177 68 67 1125
5.2) Task paced

no effect 49 48 81 143 132 126 126 102 81 43 28 959
decrease 1 8 8 45 53 66 109 88 73 48 39 538
total 50 56 89 188 185 192 235 190 154 91 67 1497
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BAC (%) <0.01 | <0.02 | <0.03 | <0.04 | <0.05 | <0.06 | <0.07 | <0.08 | <0.09 | <0.10 | <0.11 | Total
6) Stress level

6.1) Low

no effect 18 30 45 60 67 64 81 55 69 21 10 520
decrease 1 5 10 11 30 47 60 57 51 45 40 357
total 19 35 55 71 97 111 141 112 120 66 50 877
6.2) Medium

no effect 38 44 60 87 85 138 103 101 93 32 25 806
decrease 0 5 14 24 41 57 100 85 106 41 42 515
total 38 49 74 111 126 195 203 186 199 73 67 1321
6.3) High

no effect 22 20 40 105 64 49 48 42 14 20 15 439
decrease 1 4 1 31 17 28 44 39 24 24 15 228
total 23 24 41 136 81 77 92 81 38 44 30 667
7) Stress kind

7.1) Speed

no effect 12 5 27 18 18 23 23 15 19 8 4 172
decrease 1 1 3 8 13 13 12 17 6 9 9 92
total 13 6 30 26 31 36 35 32 25 17 13 264
7.2) Accuracy

no effect 26 35 32 80 76 58 57 54 60 24 10 512
decrease 1 8 13 29 38 65 66 63 61 46 32 422
total 27 43 45 109 114 123 123 117 121 70 42 934
7.3) Speed & accuracy

no effect 40 54 86 154 122 170 152 129 97 41 36 1081
decrease 0 5 9 29 37 54 126 101 114 55 56 586
total 40 59 95 183 159 224 278 230 211 96 92 1667
8) Sensory modality

8.1) Visual/spatial

no effect 70 87 123 208 169 209 178 160 147 54 42 1447
decrease 2 13 23 60 75 112 169 149 154 88 79 924
total 72 100 146 268 244 321 347 309 301 142 121 2371
8.2) Auditory

no effect 5 3 12 14 10 18 19 12 14 9 2 118
decrease 0 0 1 1 3 5 7 13 12 4 4 50
total 5 3 13 15 13 23 26 25 26 13 6 168
8.3) Haptic

no effect 0 0 0 1 4 3 4 2 0 0 0 14
decrease 0 0 0 0 0 0 0 0 0 0 0 0
total 0 0 0 1 4 3 4 2 0 0 0 14
8.4) Vestibular

no effect 1 3 6 7 9 7 7 4 2 0 0 46
decrease 0 0 0 3 5 11 11 14 10 13 9 76
total 1 3 6 10 14 18 18 18 12 13 9 122
9) Type of information

9.1) Formal/abstract

no effect 64 75 110 208 176 193 176 150 118 59 41 1370
decrease 2 12 18 55 71 103 148 137 141 73 66 826
total 66 87 128 263 247 296 324 287 259 132 107 2196
9.2) Semantic

no effect 9 14 21 25 16 38 27 23 41 11 9 234
decrease 0 2 6 6 9 17 35 18 23 19 18 153
total 9 16 27 31 25 55 62 41 64 30 27 387
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BAC (%) <0.01 | <0.02 | <0.03 | <0.04 | <0.05 | <0.06 | <0.07 | <0.08 | <0.09 | <0.10 | <0.11 | Total
10) Sensory dynamics

10.1) Static

no effect 52 67 111 169 123 183 168 146 134 57 37 1247
decrease 1 7 14 31 37 75 140 114 132 73 64 688
total 53 74 125 200 160 258 308 260 266 130 101 1935
10.2) Dynamic

no effect 21 22 22 65 74 51 43 30 27 11 13 379
decrease 1 7 10 31 43 45 39 40 31 18 19 284
total 22 29 32 96 117 96 82 70 58 29 32 663
11) Operation level

11.1) Skill-based

no effect 45 43 62 116 107 102 87 68 61 20 17 728
decrease 2 7 15 43 60 85 87 93 73 54 55 574
total 47 50 77 159 167 187 174 161 134 74 72 1302
11.2) Rule-based

no effect 31 50 81 129 105 143 143 128 113 48 31| 1002
decrease 0 7 10 22 26 43 112 86 | 107 51 40 | 504
total 31 57 9] 151 131 186 | 255 | 214| 220 99 71 | 1506
11.3) Knowledge-based

no effect 2 1 2 7 4 6 2 2 2 5 2 35
decrease 0 0 1 2 4 5 2 1 5 2 22
total 2 1 2 8 6 10 7 4 3 10 4 57
12) Memory

12.1) Short term memory

no effect 5 14 20 10 29 11 21 25 5 8 150
decrease 0 1 4 5 3 8 16 10 17 9 6 79
total 5 18 25 13 37 27 31 42 14 14 229
12.2) Long term memory

no effect 0 9 4 8 1 5 10 3 15 3 1 59
decrease 0 1 4 3 3 5 8 11 7 4 3 49
total 0 10 8 11 4 10 18 14 22 7 4 108
13) Memory recall

13.1) Recognition

no effect 3 8 15 17 6 25 11 21 15 2 6 129
decrease 0 0 5 4 0 2 9 8 11 2 5 46
total 3 8 20 21 6 27 20 29 26 4 11 175
13.2) Cued recall

no effect 0 0 1 5 3 0 5 1 11 1 0 27
decrease 0 0 0 1 0 0 4 3 3 4 0 15
total 0 0 1 6 3 0 9 4 14 5 0 42
13.3) Free recall

no effect 2 3 2 6 2 9 5 2 14 5 3 53
decrease 0 2 3 3 6 11 11 10 10 7 4 67
total 2 5 5 9 8 20 16 12 24 12 7 120
14) Motor complexity

14.1) Simple

no effect 29 38 80 94 84 128 110 99 89 37 24 812
decrease 2 6 10 15 25 40 79 60 58 38 37 370
total 31 44 90 109 109 168 189 159 147 75 61 1182
14.2) Medium

no effect 30 35 37 79 73 75 62 65 49 14 18 [ 537
decrease 0 3 8 23 43 51 59 70 74 30 34 395
total 30 38 45 102 116 126 121 135 123 44 52 932
14.3) High

no effect 16 15 22 64 52 37 43 21 16 12 8 306
decrease 0 5 4 22 11 29 47 36 31 32 20 237
total 16 20 26 86 63 66 90 57 47 44 28 543
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8.4 Description of the selected tasks for the interrater reliability

1. Simple visual reaction time test:

“The subject is asked to press space-bar of the key-board as soon as possible after the random
appearance of a letter in the middle of the computer screen. The time between the stimulus
and the reaction is recorded with an accuracy of 1 msec. The amount of stimuli and the range
of the random presentation speed of the stimuli can be fully predetermined. In the present
study, a set of 10 stimuli was presented at each test occasion and the mean and standard

deviation of the reaction times were recorded.” (Nuotto & Korttila, 1991)

2. Four choice reaction time test:

“A BBC Master microcomputer was used to control the experiment and record responses to
the nearest centisecond. The stimuli were digits, each measuring approximately 5 x 5 mm,
which appeared in green at the centre of a Philips 80 monitor. For the 2-choice task, the
stimuli were the digits 1 and 2, and the corresponding response keys were “Q” (left index
finger) and “—* (right index finger) of the computer keyboard; for the 4-choice task, the
stimuli were the digits 1, 2, 3, and 4 [response keys = “A” (left middle finger), “S” (left index
finger), “:” (right index finger), and “J” (right middle finger), respectively]; and for the 8-
choice task, the stimuli were the digits 1, 2, 3, 4, 5, 6, 7, and 8 [response keys = “Z”, “X”,
“C”, V7 M, <7, and <77, from left little finger to right little finger]. The response keys
were clearly labeled with the appropriate numbers.” (Maylor, Rabbitt, James & Kerr, 1992)

3. The digit symbol substitution task:

“A computerized version of the Digit Symbol Substitution Test (DSST; McLeod et al., 1982)
was administered on day 4 of each acamprosate period. On each trial, subjects were presented
with a random digit from 1 to 9 on the computer screen. Subjects used a numeric keypad to
replicate the geometric pattern associated with that digit from 9 digit-symbol codes displayed
at the top of the screen. Measures included the number of trials (patterns) attempted and the

number of trials (patterns) correct within 90 sec.” (Brasser, McCaul & Houtsmuller, 2004)
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4. Mackworth clock test:

“The sustained attention test is a variant of the classic Macworth ‘Clock Test’. The subject is
seated in front of a computer screen displaying a circular arrangement of 60 grey dots, which
simulate the second marks on a clock. The luminance of each dot briefly increased in
clockwise rotation at a rate of two dots per second. Occasionally, the rotation proceeds with a
‘double jump’ by skipping one of the dots in the normal sequence. The dependent variable is
the number of correct detections. Test duration is 45 minutes, and 10 signals occur within

each successive 15-minute period.” (Ramaekers, Muntjewerff, Uiterwijk et al., 1996)

5. D2-Test:

“The test d2 (Brickenkamp, 1994) assesses the level of attention and concentration. Fourteen
rows each with 49 ‘d’s and ‘p’s are presented. The characters are marked by either one, two,
three or four small lines (Fig 2). The subjects’ task is to cross out all ‘d’s marked by two lines
but to ignore all other characters. For each row, there is a time limit of 20 sec. The percentiles
— indicating how many subjects (%) of a control group matched for age and education
performed similar or worse — for the total number of characters dealt with, the error rate (%),
and the ‘concentration’, i.e. the number of correctly minus wrongly marked characters, were

analyzed.” (Wegner & Fahler, 1999)

6. Serial seven:

“Participants were presented with a three-digit number in the range 800-999, from which they
had to subtract seven, then seven from the result and so on for 2 min. Responses were made
on a numeric keypad displayed on the screen. The number of responses and errors was

recorded.” (Tiplady, Franklin & Scholey, 2004)

7. Go/NoGo task:

“Stop Signal Task (SST). This task requires subjects to make quick key responses to visually
presented go signals and to inhibit any response when a visual stop signal is suddenly
presented. The current test is adapted from an earlier version of Fillmore et al (Fillmore et al
2002). The go signals are four 1.5 cm letters (ABCD) presented one at a time in the center of
a computer screen. Subjects are required to respond to each letter as quickly as possible by

pressing one of two response buttons. One button is pressed to indicate that ‘A’ or ‘C’
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appeared and the other to indicate ‘B’ or ‘D’. Letters are displayed for 500 msec and the
computer screen is blank for 1.5 sec interstimulus interval before the next letter is displayed.
This provides a period of 2 sec in which the subject can respond to a letter. A single test
consists of 176 trials in which each of the 4 letter stimuli is presented equally often. A stop
signal occurred in 48 trials during a test. The stop signal consists of visual cue, i.e. “*’, that
appears in one of the four corners of the screen. Subjects are required to withhold any
response in case a stop-signal is presented. Stop signals are presented 12 times at each of the
four delays after the onset of a letter: 50, 150, 250, 350 msec. Trials always begin with a 500
msec preparation interval in which a fixation point appears at the center of the screen. The
task lasts about 10 minutes. Dependant variable is the proportion of inhibited responses on

stop trials (IR).” (Ramaekers, Kuypers, Wood et al., 2004)

8. Divided attention task (visual task & auditory discrimination):

“The divided attention task measures the ability to divide attention between two sensory
modalities (dual task performance), here visuo-spatial and auditory stimulation. The visual
task was to detect a square pattern, consisting of four out of eight crosses presented on the
computer screen. All crosses constantly changed their location within a grid of four by four
positions (see Fig. 1). In the auditory task, two tones alternated, and the subject had to detect
irregularities in the two-tone sequence. To ensure correct single task performance, subjects
had to perform a probe trial for each task. In the following test, 100 visual and 200 auditory
stimuli were presented simultaneously. Reaction times, misses, anticipations and false

positives were recorded.” (Schulte, Miiller-Oehring, Strasburger et al., 2001)

9. Divided attention task (tracking & visual task):

“Participants completed a divided attention task at 1030 and 1430 h on each testing day. This
15-min task required participants to track a moving target across a video screen using a
joystick while simultaneously responding with a button press (non dominant index finger) to
the appearance of stimuli in the center of the target or periphery of the screen. A total of 52
stimuli were presented at random intervals throughout each task period. Dependent measures
for this task were reaction time (sec) to central and peripheral stimuli and tracking deviations

measured in pixels.” (Drake, Roehrs, Turner et al., 2003)
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10. Circular lights:

“Psychomotor Performance Task: A commercially available psychomotor assessment device
(Saccadic Fixator and Sequence Rotator, Wayne Engineering, Skokie, Ill) was used. The
center of the panel was 163 cm from the floor, and the subject stood at an approximately 81-
cm horizontal distance from a wall-mounted panel. The panel consisted of 16 button-lights
mounted in a circle with a 56-cm diameter. A session-start button, session light, and a point
counter were located at the center of the panel. Subjects started a one-minute session by
pressing the start button, which resulted in the illumination of the session light and one of the
peripheral lights. Pressing of the button associated with the illuminiated peripheral light
extinguished it, produced a brief feedback tone, incremented the point counter by one digit,
and resulted in the illumination of a new light at a random position. Subjects were instructed
to attempt to earn as many points as possible and were paid approximately 0.1 cents per

point.” (Griffiths, Bigelow & Liebson, 1983)

11. Balance test:

“Balance was measured by asking subjects to stand upright on one foot with eyes closed and
arms extended to the side at shoulder height. Each trial lasted 30 seconds or until the subject
touched the raised foot to the ground. Subjects completed two trials on each foot during each
data collection period, thus the maximum score was 60 seconds measured separately for the

right and left foot.* (McCaul, Wand, Eissenberg et al., 2000)

12. Finger tapping:

“The subject tapped as quickly as possible with the index finger of the preferred hand on a
morse key for 1 min. The total number of taps was recorded.* (Fagan, Tiplady & Scott, 1994)

13. Pursuit rotor task:

“A computerizes pursuit rotor (PR) tracking task requiring psychomotor coordination was
used to measure subjects’ performance. The task consisted of a computer and monitor on a
table top, 75 cm above the floor. The subjects sat in a chair directly in front of a computer
screen that displayed a rectangular track (14 cm x 11.5 cm). Subjects were required to track
an on-screen target (diameter = 1.3 cm) that moved at 23 RPMs clockwise around the track.

To track the target, the subject controlled an on-screen circular cross-hair sight (diameter =
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1.3 cm) by moving a computer mouse on the table top. The subject was required to keep the
sight over the rotating target as long as possible during a trial. The PR task provided no
feedback to the subject about performance. The computer measured the performance as the
percentage of time on target (%TOT) during each trial and stored the trial scores on a

computer disk.“ (Fillmore & Vogel Sprott, 1994)

14. Tracometer:

“Subjects were seated before a tracking panel displaying five targets, 2.4 mm in diameter and
41 mm apart. The targets appeared as blue-green dots and were illuminated one at a time.
Subjects used a steering wheel to control a transparent plastic pointer marked with a cross-
hair. The task required the subjects to align the cross-hair over an illuminated target for 200
ms in order to extinguish the target and illuminate the next target. Each trial consisted of 100
targets, presented in one of 10 preset sequences that ensured that each of the 20 possible
movements between pairs of targets occurred five times. A control unit, placed in an adjacent
room behind a one-way mirror, recorded the target count during a trial and the total time taken
to complete a trial. When the task is well learned, a trial is typically completed within 2
minutes and a subject’s trial scores on the task vary within a 2-second range.” (Easdon &

Vogel Sprott, 1996)

15. Compensatory tracking task:

“The TRK test displays two vertical illuminated bars in the central visual field. One bar is
stationary at 5 cm height; the other moves up and down in response to a forcing function.
Using a joystick subjects attempt to maintain the moving bar and the stationary bar at the
same height. Trial duration is six minutes, and the error score is the derivation in cm of the

moving bar from the fixed bar.“ (Burns & Moskowitz, 1990)

16. Critical compensatory tracking task:

“CTT measures the subject’s ability to control a displayed error signal in a first-order
compensatory tracking task. Error is displayed as a horizontal deviation of a cursor from the
midpoint on a horizontal, linear scale. Compensatory joystick movements null the error by
returning the cursor to the midpoint. The frequency at which the subject loses the control is

the critical frequency of A.. The test includes five trials of which the lowest and the highest
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score are removed; the average of the remaining scores is taken as the final score (Jex et al.

1966).“ (Ramaekers, Kuypers, Wood et al., 2004)

17. Rapid visual information processing task:

“The RVIP assesses the performance of attentional mechanisms in remaining vigilant to
periodically occurring events. Subjects are required to monitor a series of single digits (0-9)
appearing on the screen at a rate of 100 digits every minute and respond to consecutive
sequences of odd or even digits by pressing a button. At each assessment the duration of the
task is 10 minutes. The response measures are the mean reaction time in milliseconds and the

number of correct responses made.” (Milani & Curran, 2000)

18. Recall task:

“Auditory Short-Term Memory (STM): Subjects heard lists of 12 words presented at 2 s inter-
word intervals. On completion of each list, subjects had 20 s to free-recall as many words as

possible. (Millar, Hammersley & Finnigan, 1992)

19. Driving task (road tracking):

“The motorway route consisted of an S-shaped four lane road loop with long, straight
stretches, few turns and speed limits between 70 and 100 km/h. Subjects drove for 30 min,
and were instructed to stay in the right hand lane and to obey all lane markings and speed
signs. There were no other cars on the simulated road. The dependent measures included (1)
tracking, measured as the deviation in feet of the center of the vehicle from the center of the
right hand lane; (2) tracking variability, the S.D. of tracking; (3) speed deviation, calculated as
the difference in speed of the vehicle from the speed limit; (4) speed variability, the standard
deviation of speed deviation; and (5) off-road incidents, calculated as the number of times that

the simulated vehicle left the road.” (Arnedt, Wild, Munt & McLean, 2001)
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