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Rate of processing and judgment of response
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alcohol and practice
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Both alcohol and practice affect choice reaction time. The present study was conducted to in­
vestigate the possibility that impairment from alcohol and improvement with practice could be
attributed to changes in the efficiency of control mechanisms (Rabbitt, 1979a), some of which
depend upon the ability to judge response speed accurately. Twenty subjects participated in a
four-choice reaction time experiment in which they received no alcohol (NA) in Session 1 and
either no alcohol (10 subjects) or 0.8 ml alcohol (A) per kilogram of body weight (10 subjects) in
Session 2. The task was to respond as fast and as accurately as possible to each stimulus. In addi­
tion, subjects were required to press a fifth key after any response that they considered to be
both fast and accurate. Subjects had no difficulty in performing this task: (1) there was a signifi­
cant difference of 122 msec between the mean response time for correct responses indicated as
fast and that for correct responses not indicated as fast, and (2) subjects indicated 1 in 4 correct
responses but only 1 in 64 errors. Alcohol increased all response times by approximately 40 msec.
In contrast, practice decreased response times less for correct responses not indicated as fast than
for correct responses indicated as fast. The ability to distinguish between fast and slow responses
was thus unaffected by alcohol, but was improved by practice. Responses indicated as "fast" were
significantly faster than errors, and appeared to occur without warning (unlike errors, which
tended to end a sequence of increasingly fast correct responses). The results suggest that alcohol
and practice influence choice reaction time in qualitatively different ways: Alcohol impairs over­
all response speed but has no effect on the ability to judge response speed, whereas practice im­
proves both.

Recent models of choice reaction time have emphasized
the importance of the ability to monitor the response, both
in terms of speed and accuracy. For example, Rabbitt and
Vyas (1970) proposed a tracking model for performance
of tasks in which the subject is required to respond as fast
and as accurately as possible. This instruction implies that
"the subject knows precisely how fast he can go without
running a risk of making errors" (p. 62). Rabbitt and
Vyas suggested that the speed-error tradeoff function,
which describes the change in probability that a response
will be an error, contingent upon the speed with which
it is made, limits the efficiency of performance (see, e.g. ,
Schouten & Bekker, 1967). The subject has to discover
the position of this function to perform optimally. For ex­
ample, he/she must first make errors by responding too
quickly in order to know how fast he/she can respond
without making errors. Thus the subject must "track"
the response rate to stay within the reaction time region
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that maximizes speed while maintaining accuracy (Rab­
bitt, 1979a, 1980).

Rabbitt (1979b) noted that subjects need to know at least
three things to control their performance in this way:

(1) They must detect errors when they occur; (2) they must
be able to monitor and vary response speed so as to recog­
nise, and avoid, faster (reaction-time) bands at which er­
rors are intolerably frequent; (3) they must be able adap­
tively to control response speeds so as to select optimal
(reaction time) bands and avoid others which may be too
fast or too slow. (p. 305)

It is well established that performance in choice reac­
tion time tasks is impaired by alcohol (Jennings, Wood,
& Lawrence, 1976) and improved by practice. Depend­
ing upon dose, alcohol adversely affects speed (Maylor,
Rabbitt, Sahgal, & Wright, 1987), or accuracy (Wilkin­
son & Colquhoun, 1968), or both speed and accuracy
(Maylor & Rabbitt, 1987). With practice, subjects become
faster, partly as a result of a change in speed-error tradeoff
toward less accurate performance, but also because of a
real increase in processing rate (Maylor & Rabbitt, 1989).
The impairment with alcohol and the improvement with
practice can be considered in terms of the three aspects
of control described by Rabbitt (1979a, 1979b). Prelimi­
nary evidence from Maylor and Rabbitt (1987) suggests
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22.4 3.2 22.3 2.4
76.4 16.8 69.7 5.8

Group

Note-NA = no alcohol. A = alcohol.

Table 1
Subject Details

2:1213:301:48

Age (in years)
Weight (in kilograms)
Time of Testing

(in hours:minutes) 13:06

Design and Procedure
Each subject was tested individually and asked not to eat for at

least 2 h before each session and to drink no alcohol on the previ­
ous evening. A questionnaire had previously established that there
were no excessive drinkers or teetotalers in the sample. In addi­
tion, the subject was asked to give details of any current medica­
tion or serious illnesses, and to sign a consent form agreeing to
take part in the experiment. The subject was warned not to drive,
cycle, or handle dangerous machinery for 24 h and was instructed
to inform the experimenter of any side effects experienced as a result
of the alcohol.

Session 1 began with the subject's drinking 500 rnl in exactly
5 min (a stopwatch was provided). The drink contained 250 rnl pure
orange juice, 250 rnl water, plus a few drops of vodka that were
carefully floated on the top of the drink. The subject was given no
information concerning the contents of the drink. After a rest of
5 min, the experiment began. Breath readings were taken as near
as possible to 20,35, and 50 min after the subject finished the drink.
The third reading almost always coincided with the completion of
the last block of trials; that is, each session lasted just under 1 h.

The procedure for Session 2 was very similar. Again, the sub­
ject was given no information about the drink. For 12 of the sub­
jects, the drink was identical to that in Session 1, whereas for the
remaining 10, the drink contained 250 rnl pure orange juice, 2.13 rnl
vodka (Le., 0.8 rnl alcohol) per kilogram body weight, and water
(total volume of500 rnl). The extra 2 subjects in the NAtNA group
were included to replace 1 highly inaccurate subject (average error
rate in the first session over 15 %) and 1 exceptionally slow subject
(mean response time in Session 1 almost three standard deviations
above the mean).

The task was identical in the two sessions. There were 12 blocks
of trials with breaks of approximately 30 sec between blocks. There
were 302 trials in Block 1, and 202 trials in each of Blocks 2 through
12. The beginning of a block of trials was signaled to the subject
by the appearance of "?" in the center of the screen. Blocks 1 to

NAmA (N = 10) NAtA (N = 10)

M SD M SD

(Breathalyser) obtained from Lion Laboratories Ltd. (Barry, UK)
was used to estimate blood alcohol concentration to the nearest 5 mg
alcoholllOO rnl blood.

An LSI 11123 computer with a Cambridge Electronics Design
502 laboratory interface was used to control the experiment and
record responses with millisecond accuracy. The stimuli appeared
(white on black) in the center of a Hewlett-Packard 1362 XY dis­
play monitor with P-31 phosphor. The stimuli were the characters
?, A, B, C, and D, each measuring approximately 7 x 10 rom.
The display program used was the EMDISP system (Shepherd,
1984). The response keys formed part of a keypad, which was placed
on the table in front of the subject. There were two keys (unused)
on the top row; four keys on the middle row labeled 1,2,3, and
4 corresponding to the letters A, B, C, and D (operated by the sec­
ond and first fingers of the left hand and the first and second fingers
of the right hand, respectively); and four keys on the bottom row
labeled 5,6,7, and 8 (key 6 operated by the left thumb). The sub­
ject sat approximately 600 rom from the screen.

MEmOD

that alcohol does not influence the ability to detect an er­
ror and make an immediate characteristic adjustment to
the response criterion (see Rabbitt, 1966). There is less
evidence relating to the ability to distinguish between a
fast and a slow response with and without alcohol and
practice.

As Rabbitt (1979b) noted, very fine degrees of temporal
discrimination are required in choice reaction time tasks
since the range over which speed-error tradeoff operates
is only approximately 200 msec, for mean reaction times
of 500-600 msec with standard deviations of
100-150 msec (see Maylor & Rabbitt, 1987). There is
evidence from Sanford (1970) that for auditory reaction
time, subjects can rate their responses with regard to speed
in a meaningful way. An attempt was made to investigate
this with alcohol by interrupting subjects in a choice reac­
tion time task and asking them to rate the speed of the
last response made with respect to the average speed of
the previous block of trials (Mayloret al., 1987). The sub­
jects estimated the speed of their responses with only
chance accuracy, whether they had consumed alcohol or
not. Also, the information transmitted, as a proportion
of the information presented, was low and unaffected by
alcohol. However, the number of trials in a session was
large compared with the number of interruptions request­
ing ratings, so that it was suggested that the judgment task
may have appeared relatively unimportant. Also the re­
quests for ratings were distracting and the times taken to
give ratings were long, with several subjects comment­
ing that, because of the interruption, they had forgotten
the speed of their last response.

The present study was an attempt to provide more ac­
curate ratings by requiring the subjects, in effect, to rate
every response. They were asked to press a separate key
immediately after making any response that they consi­
dered to be particularly fast. We adopted an experimen­
tal design in which each of two groups participated in two
sessions. Both groups received no alcohol in Session 1;
in Session 2, one group again received no alcohol
(NA/NA) and the other group was given alcohol (NAJA).
The advantages of this design include the following:
(1) the comparisons of interest are essentially within­
subjects, (2) practice effects are taken into account, and
(3) only half the subjects are required to consume alcohol.

Subjects
Twenty-two subjects (mostly students and technical staff) volun­

teered in response to advertisements at the University of Manchester.
The data from 2 of these subjects were subsequently deleted from
the analysis for reasons given in the Procedure. Details of the re­
maining 20 subjects are given in Table I. Each subject participated
in two I-h sessions at the same time on consecutive days. Payment
on completion of the experiment was £10.

Apparatus and Stimuli
The subjects were given alcohol in the form of vodka (37.5%

alcohol by volume) mixed with pure orange juice and water (see
Procedure for exact quantities). A Lion Alcolmeter S-D2
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Group Session I Session 2

Note-NA = no alcohol. A = alcohol.

Table 2
Mean Nwnbers ofErrors (out of 200) Caused by Pressing the "Fast"

Key, and Pressing the Incorrect A, B, C, or D Key

Pressing the Incorrect A, B, C, or D Key

NA/NA 11.9 13.2
NAJA 7.3 8.8

2.1
3.0

2.3
2.4

Pressing the "Fast" Key

NA/NA
NAJA

Numbers of "Fast" Responses
One subject in the NAJA group failed to indicate any

"fast" responses whatsoever in Session 1. He was the
slowest of the 20 subjects in terms of his mean correct
response time in Session 1, and commented afterward that
he felt he required longer than the response-stimulus in­
terval (l,000 msec) to indicate a "fast" response. In Ses­
sion 2 he indicated six "fast" responses, with a mean time
to indicate of 913 msec. No other subject had any
difficulty in carrying out the task, although several
reported that they had erroneously pressed the "fast" key
in response to the stimulus.

There were 7,490 correct responses and 510 errors al­
together. Of these, 1,947 and 8 responses, respectively,
were indicated as "fast." Since the instructions were to
indicate fast and accurate responses, these results suggest
that subjects were highly efficient at least in terms of the

Overall Error Rates
The errors were divided into two types: (1) errors

caused by pressing the "fast" key in response to the stimu­
lus (i.e., more than 100 msec after its appearance), and
(2) errors caused by making an incorrect choice from the
four response keys (A, B, C, and D). The numbers of
errors were then subjected to an analysis of variance with
group (two levels: NAJNA and NAJA) as a between­
subjects factor, and session (two levels: first and second)
and error type (two levels as described above) as within­
subjects factors. There were no significant effects of group
[F(l,18) = 2.82, P > .1] or session [F(l,18) = 2.09,
P > .1], but there was a highly significant effect of er­
ror type [F(1,18) = 33.70, P < .01]. With the excep­
tion of an interaction between group and error type that
approached significance [F(l, 18) = 3.42, P < .08], there
were no other effects (all remaining Fs < 1). The results
are summarized in Table 2. First, it is clear that most er­
rors are of the second type, that is, an incorrect choice
between A, B, C, and D. Second, the group X error type
interaction can be seen as a tendency for the NAJNA
group to make more errors of the second type than the
NAJA group. However, since there were no interactions
involving session, the overall conclusion is that alcohol
had no significant effect on error rate.

II provided extensive practice at the choice reaction time task; the
subject lightly placed the first two fingers of each hand on the keys
labeled I, 2, 3, and 4. When ready to begin, the subject was re­
quired to press anyone of the keys on the keypad. The screen then
went blank for I sec before the presentation of the first stimulus
(randomly chosen from A, B, C, or D). The subject was required
to press the corresponding key as quickly as possible. This immedi­
ately removed the stimulus from the screen unless the response was
made within the first 100 msec of stimulus presentation. The com­
puter then waite4 until a "legal" response was made (i.e., more
than 100 msec after stimulus onset) before removing the stimulus.
Following a delay (the response-stimulus interval, RSI), the next
stimulus appeared, which again was randomly chosen but with the
restriction that each stimulus was different from the previous one.

For Blocks I-II the instructions were merely to respond to each
stimulus as quickly as possible with a single keypress. The sub­
jects were also requested to avoid making more than 10% errors,
that is, a maximum of 30 in Block I and 20 in each of Blocks 2
through 12. As indicated earlier, all but 1 of the 22 subjects were
able to comply with these instructions.

The RSI for the first block in each session was 300 msec. For
Blocks 2 to 11, the RSIs were 50, 100,200,400, and 800 msec
(two blocks at each RSI), and the presentation order for these was
completely randomized for each subject and for each session. The
inclusion of the shorter RSIs ensured that prior to the critical task
(Block 12), the subjects received over 2,000 trials of the choice
response task in only 40 min.

There were 202 trials in Block 12, with an RSI of 1,000 msec.
The first 2 trials were for practice only and were therefore not in­
cluded in the data analysis. In addition to the choice response task,
the subjects were instructed to press the key numbered' '6" (under
the left thumb) after any response that they considered to be partic­
ularly fast and accurate. No indication was given as to how often
they should use this extra key. The subjects were requested to in­
dicate "fast" responses during the RSI (although if key "6" was
pressed during the first 100 msec of the next stimulus presentation,
it was accepted as a rather slow indication that the previous response
was "fast").

As indicated above, the data from 2 subjects were not
included in the analysis. Table 1 and the following results
and discussion are therefore based on 20 subjects, 10 in
each of the two groups (NAJNA and NAJA).

RESULTS AND DISCUSSION

Blood Alcohol Concentration
The mean levels of alcohol in milligrams per 100 ml

of blood estimated from the Breathalyser readings taken
20,35, and 50 min after completion of the drink in Ses­
sion 1 were all zero. They were also zero for the NAJNA
subjects in Session 2. The means (and standard deviations)
for the NAIA subjects in Session 2 were 63.0 (17.0), 70.5
(21.1), and 69.0 (19.8) after 20,35, and 50 min, respec­
tive1y. The third reading was always taken either immedi­
ately before or after the present task. (The legal limit for
driving in England is 80 mg per 100 ml blood. This was
exceeded by only 2 of the 10 subjects.)

The results reported in the remaining sections are from
Block 12 only (i.e., with the extra key to signal fast and
accurate responses).
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Figure 1. Mean response times for Session 1 and Session 2. CF'
= correct respolllies not indicated as "fast." CF = correct respolllies
indicated as "fast." E = errors for whicb tbe response was A, B,
C, or D. CF+ = the time to indicate a "fast" correct response.
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of alcohol is clear: responses were slowed by approxi­
mately 40 msec. Furthermore, the effect was similar for
all types of responses, both to the stimulus (CF' , CF, and
E) and to the response (CF+). Second, the task was per­
formed well both with and without alcohol in that CF'
responses were significantly slower than CF responses
(mean difference of 122 msec). It is perhaps even more
surprising that CF responses were even faster (by
57 msec) than E responses, which generally occur in such
speeded choice tasks before sufficient information has
been acquired about the stimulus (see, e.g., Maylor &
Rabbitt, 1987). Third, the time taken to indicate a "fast"
response was remarkably short (approximately 300 msec).
Subjects were not instructed to indicate as quickly as pos­
sible, but were merely asked to press the "fast" key be­
fore the appearance of the next stimulus (I,OOO-msec
response-stimulus interval). This absence of a speed in­
struction was probably responsible for the large between-

latter requirement since they selected a much higher
proportion of correct responses (approximately I in 4)
than error responses (approximately 1 in 64). This is, of
course, consistent with previous work demonstrating that
in such reaction time experiments, subjects generally
know whether or not a response is correct (Rabbitt, 1968).

An analysis of variance was carried out on the num­
bers of "fast" responses indicated, with group and ses­
sion as between- and within-subjects factors, respectively.
There was no effect of group (F < 1) or of session
[F(l,I8) = 2.65, P > .1], and there was no interaction
(F < 1). Clearly neither alcohol nor practice had any in­
fluence on the proportion of responses indicated as "fast. "
The overall mean number was 49 (out of 200 responses),
but there were large individual differences, the numbers
ranging from 0 to 176, with a standard deviation of 54.

Overall Mean Response Times
The mean response times are summarized in Figure 1.

(There were insufficient numbers of errors caused by
pressing the "fast" key in response to the stimulus, and
errors indicated as "fast," to include in the response time
analysis.) Two analyses of variance were initially con­
ducted on the data. The first compared the three types
of responses made to the stimulus, namely, correct
responses not indicated as "fast" (CF'); correct responses
indicated as "fast" (CF); and errors (E) for which the
response was A, B, C, or D. Group was the between­
subjects factor, and session and response (three levels:
CF', CF, and E) were within-subjects factors. There were
no effects of group or session (both Fs < 1), but there
was a highly significant effect of response [F(2,34) =
29.90, P < .01]. The only significant interaction was that
between group and session [F(l,I7) = 6.39, p < .05].
Scheffe tests revealed that CF' responses were signifi­
cantly slower than E responses (F = 16.78, P < .01),
which in tum were slower than CF responses (F = 13.27,
P < .01). The improvement from Session 1 to Session 2
was greater for the NAtNA group (25 msec) than for the
NAtA group (-11 msec), leading to the group X ses­
sion interaction and indicating an overall alcohol effect
of 36 msec (see Figure 2).

The second analysis of variance compared the time to
make a "fast" correct response (CF) with the time to in­
dicate it (CF+). Again, there were three factors: group
(between-subjects), session (within-subjects), and
response (within-subjects, two levels: CF and CF+).
There was no effect of group (F < 1), the effect of ses­
sion approached significance [F(l,17) = 3.80,p < .07],
and the difference between CF and CF+ was significant
[F(I,I7) = 7.71, P < .05]. There was also an interac­
tion between group and session [F(l, 17) = 7.46,
P < .05]. Although it appears from Figure 2 that the ef­
fect of alcohol was larger for CF+ (90 msec) than for
CF (33 msec), the three-way interaction was not signifi­
cant [F(l,I7) = 1.45, P > .1].

There are several points to emphasize from these anal­
yses of overall mean response times. First, the influence
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fast. In other words, do subjects gradually speed up until
a particularly fast correct response is made, then immedi­
ately become cautious again since to continue at such a
speed would involve a high risk of making an error? Also,
how are these control mechanisms affected by alcohol and
practice?

The first analysis concerned CCECC sequences (C =
correct and E = error, where the response was A, B, C,
or D) in which each response was not followed by an ex­
tra response (e.g., an error correction-see Rabbitt,
1968-or the "fast" key) either during the response­
stimulus interval or within 100 msec of the next stimulus
presentation. A three-way analysis of variance was con­
ducted on the mean response times with group (between­
subjects), session, and trial type (5 levels: C, C, E, C,
and C) as factors. There were no CCECC sequences for
I subject in one session, so the results are based on 19
subjects. There was no effect of group [F(1, 17) = 1.18,
P > .1] or session (F < I), but there was a highly sig­
nificant effect of trial type [F(4,68) = 14.29, P < .01].
The only interaction was between group and session
[F(1,17) = 10.38, p < .01], with all other Fs < l.
Again, the overall improvement from Session I to Ses­
sion 2 was greater for the NAtNA group (34 msec) than
for the NAtA group (-40 msec), indicating an alcohol
effect of 74 msec. The trial-type effect is shown in
Figure 3.

The general pattern was as expected: a gradual increase
in speed until an error occurred (although on Scheffe tests,
the difference between the first three trial types did not
reach significance), followed by a very slow response.
Although there were overall effects on response times of
alcohol (an increase from Session 1 to Session 2 for the
NAtA group) and of practice (a decrease from Session 1
to Session 2 for the NAtNA group), they did not interact
with the CCECC response time sequence. In other words,
there was no influence of either alcohol or practice on
the control mechanism of detecting and responding to
errors.

Figure 3. Mean response times for CCECC sequences (where the
responses were not followed by a correction response or the '1"ast"
key). C = correct response. E = error.
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Figure 2. Improvements in mean response times from Session 1
to Session 2. CF' = correct responses not indicated as '1"ast."
CF = correct responses indicated as '1"ast." E = errors for which
the response was A, B, C, or D. CF+ = the time to indicate a '1"ast"
correct response.

subjects variability for CF+ response times compared
with those for CF', CF, and E.

By including E responses in the first analysis of vari­
ance, it seemed that two features of the CF'/CF data were
obscured (the relevant interactions failing to reach sig­
nificance). The first was that the difference between CF'
and CF response times (a measure of how well the sub­
jects were performing the task of distinguishing between
fast and slow responses) was larger for the NAtA group
than for the NA/NA group (150 and 94 msec, respec­
tively). This less-than-perfect matching of groups is of
less interest than the second feature, namely that the
CF'tCF difference increased from 106 msec in Session 1
to 138 msec in Session 2. Thus there appears to be evi­
dence that practice actually improves the ability to recog­
nize fast responses. A third analysis of variance was there­
fore performed on the mean response times for CF' and
CF only. The main results were as before: a significant
effect of response and an interaction between group and
session. However, there was also a significant interac­
tion between session and response [F(1, 17) = 7.67,
P < .05], and the interaction between group and response
approached significance [F(1, 17) = 3.71, P < .07]. Thus
there is statistical support for the second of the two sug­
gestions; that is, improvement across sessions was smaller
for CF' responses (-8 msec) than for CF responses
(24 msec) (see Figure 2).

a= E CF+

RESPONSE

What Happens Before and After an Error
or a "Fast" Response?

Several studies have demonstrated that subjects gradu­
ally increase their speed in choice response tasks until an
error is made; an immediate adjustment then occurs so
that the next response is abnormally slow and accurate
(Laming, 1968; Maylor & Rabbitt, 1987; Rabbitt, 1966,
1979a). The question of interest here is whether or not
the same pattern applies to correct responses indicated as
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Figure 4. Mean response times for CCFCC sequences. C = cor­
rect. F = correct response indicated as "fast."

the trend is similar to the significant effect found in the
analysis ofCF' and CF response times. Thus, the differ­
ence between the mean of the four C trial types and the
F trial type increased from Session 1 (137 msec) to Ses­
sion 2 (186 msec). (In considering these last two inter­
actions, it should be remembered that the analysis of the
CCFCC sequences was based on fewer subjects and fewer
responses per subject than the previous CF'/CF analysis.
We should therefore place greater emphasis on the results
from the analysis of CF' and CF response times.)

To summarize what happens before and after a "fast"
response, first, it is clear from Figure 4 that subjects do
not gradually increase their speed until a particularly fast
response is made and then indicate it by pressing the
"fast" key. Instead, a "fast" response appears to come
out of the blue, being on average 158 msec faster than
the previous response. The next correct response is rather
slower than normal, although it is difficult to know
whether this is simply a result of having to make an extra
response (the "fast" key) during the RSI, or an actual
adjustment in response criterion, similar to that follow­
ing an error (see Figure 3).

Second, there is a tendency for the difference between
the F trial type and the four C trial types immediately sur­
rounding it to increase from Session 1 to Session 2.
(Remember also that there was a significant interaction
between session and response in the CF'/CF analysis.)
We would argue from this that performance of the task
of selecting "fast" responses improves with practice,
since there was no difference between the two sessions
in the proportion of responses indicated as fast.

We know from previous studies (e.g., Rabbitt & Vyas,
1970) that practice decreases mean correct response time
primarily because it reduces the size of the slow tail of
the response time distribution. Consider the data from the
NA/NA group: Because subjects performed the task af­
ter having received 2,324 choice response trials in the
same session (see Procedure), they were already well­
practiced and thus the mean response time for all correct
responses decreased by only 20 msec from Session 1 to
Session 2. We can safely assume that the decrease at the
fast end of the response time distribution was even less
than this. However, the decrease for CF responses across
sessions for the NA/NA group was 41 msec. [It is worth
noting that the results of an analysis of variance compar­
ing all correct responses with CF responses, produced
the same effects as that for CF' and CF responses, in­
cluding the highly significant interaction between session
and response: F(I,17) = 9.78, p < .01.] It is therefore
extremely unlikely that the significant increase in the
difference between CF' and CF response times with prac­
tice (or the tendency for the difference between Cs and
the F in the CCFCC sequences to increase with practice)
can be attributed to an effect of practice on the number
of fast responses available. Since the proportion of
responses indicated as fast did not change with practice,
and the response time distribution changed very little, it
is proposed that the observed effects can be explained as

ccF

TRIAL TYPE

cc

The second analysis was conducted on CCFCC se­
quences (C = correct and F = correct and indicated as
"fast"). The data from 5 subjects could not be included
in the analysis as there were no CCFCC sequences in at
least one of the two sessions. One subject has already been
mentioned: in Session 1 he was unable to press the "fast"
key in the time allowed. The remaining 4 subjects (2 in
each group) indicated as "fast" over 100 trials (out of
2(0) in each session, and as a result produced no CCFCC
sequences in at least one of the two sessions. Again a
three-way analysis of variance was performed with group,
session, and trial type (five levels: C, C, F, C, and C)
as factors. There was no effect ofgroup [F(l,13) = 2.65,
p> .1] or session [F(l,13) = 1.18,p > .1], but there
was a highly significant effect of trial type [F(4,52) =
37.47, P < .01]. There were interactions between group
and session [F(I,13)' = 7.44, P < .05] and between
group and trial type [F(4,52) = 3.22, p < .05], and the
interaction between session and trial type approached sig­
nificance [F(4,52) -= 2.29, P = .07]. The three-way in­
teraction was not significant (F < 1).

Figure 4 illustrates the overall trial type effect. Scheffe
tests revealed that Trial Type 3 (F) was significantly
different from all other trial types (p < .01 in every
case) and that Trial Type 4 was significantly different
from both Trial Types 1 and 5 (ps <: .05). The group
X session interaction again reflects a greater improve­
ment across sessions for the NAINA group (21 msec) than
for the NA/A group (-49 msec), giving a very similar
alcohol effect of 70 msec. The group x trial type inter­
action (which was marginally significant in the analysis
of all the CF' and CF response times) is simply further
evidence that the two groups were not perfectly balanced
in terms of the ability to indicate "fast" responses. Thus
the difference between the mean of the four C trial types
and the F trial type was 116 msec for the NA/NA group
but 207 msec for the NA/A group. Although the interac­
tion between session and trial type did not quite reach sig­
nificance in the present analysis of CCFCC sequences,
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Block CF' CF

RT (msec)

Table 3
Further Analysis of Results from Additional Study:

Numbers of CF' and CF Responses for Blocks 1
and 2 Less Than and More Than 450 msec

indicating a response as fast with increasing response time.
Second, in agreement with the present conclusions, it does
appear that the effect of practice is to reduce the proba­
bility that slow responses will be indicated as fast while
not affecting the probability that fast responses will be
indicated as fast. This was confirmed statistically by two
chi-square tests on the numbers ofCF' and CF responses
for Blocks I and 2 (see Table 3), first for responses less
than 450 msec Ix2(1) = .33, p > .05], and second for
responses more than 450 msec [x 2(1) = 25.86,
P < .001]. To summarize, practice affects the slope and
this moves the intercept further to the left along the
response time axis (see Figure 5).

Returning to the present study, there is no evidence that
alcohol would have any adverse influence on the slope
(although, as indicated above, we were unable to plot the
complete functions). The presence of an overall alcohol
effect and the absence of an interaction between alcohol
and response (Figure 1) or trial type (Figure 4) together
suggest that with alcohol, subjects are as efficient in dis­
tinguishing between fast and slow responses within a ses­
sion as without alcohol. However, since all responses
(correct, error, and "fast") are slower with alcohol, the
intercept along the response time axis would be further
to the right than without alcohol, both for the speed-error
tradeoff function (see Maylor & Rabbitt, 1987) and for
the function described above.

CONCLUSIONS

First, it can be concluded that the two factors of interest,
namely practice and alcohol, had significant effects on
the overall rate of processing. Alcohol increased, and
practice decreased, mean response times for all types of
trial. Moreover, the effects did not interact with response
type for CCECC sequences, which represent the limits
of performance in terms of the tracking model outlined
in the introduction (see also Maylor & Rabbitt, 1989).
Neither practice nor alcohol influenced the overall error
rate. This is consistent with the results of Maylor et al.
(1987), who argued that for tasks such as choice reaction
time, in which subjects are aware of most of their errors,
alcohol adversely affects speed but not accuracy (unless
the dose is very high; see Maylor & Rabbitt, 1987).

Second, it is clear that subjects were successful at the
task of indicating fast and accurate responses. They were
able to make a decision regarding each response within
a third of a second. Approximately 1 in 4 correct
responses were selected, compared with only 1 in 64 er­
rors, demonstrating the ability to distinguish between ac­
curate and inaccurate responses. The analysis of response
times revealed that subjects were also highly efficient at
distinguishing between fast and slow responses. Further­
more, responses indicated as "fast" were significantly
faster than errors, which is perhaps surprising since er­
rors in choice response tasks have been attributed to
premature decisions based on insufficient evidence. Also,
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Figure 5. Results of additional study (N = 36) showing the effect
of practice on the slope of the function relating the number ofcor­
rect responses indicated as "fast" (CF) as a percentage of the total
number of correct responses (CF' + CF) for each of nine response
time intervals: 400 trials per subject (200 in each block).

follows. In Session 1, subjects indicated some fast and
some not-so-fast responses, whereas in Session 2 they in­
dicated fast responses only. In other words, they "sharp­
ened up" the distribution of responses indicated as "fast."

Because of computer problems, we were unable to plot
for the present data the number of responses indicated as
"fast" as a percentage of the total number of correct
responses for several response time intervals, to exam­
ine whether or not the slope of the function became steeper
with practice, as the above would suggest. Therefore, 38
new subjects were each given 100 practice trials of the
four-choice reaction time task alone, prior to two blocks
of 200 trials in which they were required to indicate fast
and accurate responses as described earlier (see Proce­
dure). Figure 5 summarizes the results. (The data from
2 subjects, who clearly misunderstood the instructions,
were not included: One indicated no "fast" responses
whatsoever, and the other indicated almost all responses
as "fast.")

First, the subjects' ability to perform this task is clearly
shown by the monotonic decrease in the probability of
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in contrast to errors, there appeared to be no warning (in
the form of a gradual increase in speed) prior to a "fast"
response.

The main question of interest was how this ability to
judge response speed was affected by factors that affect
rate of processing, namely practice and alcohol. There
was a clear improvement with practice such that subjects
initially indicated some fast and some not-so-fast
responses, but then subsequently tightened up the response
time distribution for "fast" responses by excluding slower
responses. In contrast, alcohol did not impair the ability
to judge response speed: All response times were signifi­
cantly increased by the same amount (including the time
to indicate a "fast" response, which was nonspeeded).

In terms of the control model described in the introduc­
tion, it is clear that the present dose of alcohol had no
effect on subjects' ability to monitor the accuracy or speed
of the response: subjects detected their errors both with
and without alcohol and made an immediate adjustment
to their response criterion following an error. They were
also unimpaired by alcohol in their ability to monitor
response speed, that is, to distinguish between fast and
slow responses. However, the results do suggest that this
latter aspect of control was improved by practice.

Rabbitt (1979b) compared choice response times from
young and elderly subjects and similarly discussed the
results in terms of the control process model. One possi­
bility was that the elderly "simply cannot respond at the
same rate as the young. That is, that all their responses
are lagged by a constant relative to those of the young. ' ,
This was rejected .,since for particular categories of very
fast responses (errors ...) both groups can respond in the
same [response time] range" (po 310; see also Rabbitt &
Goward, 1986). Although this simple lagging explana­
tion fails to account for the effect of age, the present study
suggests that it cannot be ruled out with respect to the
effect of alcohol in speeded choice response tasks.

These results, together with those from Maylor and
Rabbitt (1989), provide an interesting comparison between
the effects ofpractice and alcohol on choice reaction time.
Thus practice improves at least three things: (I) judgment
of response speed (subjects learn to recognize slow re­
sponses), (2) rate of processing (subjects become faster
at responding for the same number of errors), and (3) rate
of preparation (subjects achieve optimal preparation in less
time) (see Maylor & Rabbitt, 1989). In contrast, alcohol
impairs performance by slowing the rate of processing
alone; that is, it has no adverse effect on either judgment
of response speed or rate ofpreparation. At the very least,
these conclusions illustrate the inadequacy of using mean
reaction time and error rate only for describing perfor­
mance in choice response tasks. For example, 2 subjects
may have identical mean reaction times and error rates

but differ in terms of rate of preparation and judgment
of response speed, since one is sober but unpracticed and
the other is drunk but practiced. Finally, it is interesting
to speculate on the existence of some factor (a drug, stress,
age, personality?) that would adversely affect all three
aspects of performance discussed above, and then to test
whether or not practice could completely compensate for
the impairments observed.

REFERENCES

JENNINGS, J. R., WOOD, C. C., & LAWRENCE, B. E. (1976). Effects
of graded doses of alcohol on speed-accuracy tradeoff in choice reac­
tion time. Perception & Psychophysics, 19, 85-91.

LAMING, D. (1968). Information theory ofchoice reaction times. Lon­
don: Academic Press.

MAYLOR, E. A., & RABBITT, P. M. A. (1987). Effects of alcohol and
practice on choice reaction time. Perception & Psychophysics, 42,
465-475.

MAYWR, E. A., & RABBITT, P. M. A. (1989). Relationship between
rate of preparation for, and processing of, an event requiring a choice
response. Quarterly Journal ofExperimental Psychology, 41A, 47-62.

MAYWR, E. A., RABBITT, P. M. A., SAHGAL, A., & WRIGHT, C.
(1987). Effects of alcohol on speed and accuracy in choice reaction
time and visual search. Acta Psychologica, 65, 147-163.

RABBITT, P. M. A. (1966). Errors and error correction in choice-response
tasks. Journal of Experimental Psychology, 71, 264-272.

RABBITT, P. M. A. (1968). Three kinds of error-signalling responses
in a serial choice task. Quarterly Journal of Experimental Psychol­
ogy,20, 179-188.

RABBITT, P. M. A. (1979a). Current paradigms and models in human
information processing. In V. H. Hamilton & D. M. Warburton (&Is.),
Human stress and cognition: An information processing approach
(pp. 115-140). New York: Wiley.

RABBITT, P. M. A. (l979b). How old and young subjects monitor and
control responses for accuracy and speed. British Journal ofPsychol­
ogy, 70, 305-311.

RABBITT, P. M. A. (1980). A fresh look at changes in reaction times
in old age. In E. Stein (Ed.), The psychobiology ofaging: Problems
and perspectives (pp. 425-442). Amsterdam: Elsevier North-Holland.

RABBITT, P. M. A., & GOWARD, L. (1986). Effects of age and raw IQ
test scores on mean correct and mean error reaction times in serial
choice tasks: A reply to Smith and Brewer. British Journal of Psy­
chology, 77, 69-73.

RABBITT, P. M. A., & VYAS, S. M. (1970). An elementary prelimi­
nary taxonomy for some errors in laboratory choice RT tasks. Acta
Psychologica, 33, 56-76.

SANFORD, A. J. (1970). Rating the speed of a simple reaction. Psycho­
nomic Science, 21, 333-334.

SCHOUTEN, J. F., & BEKKER, J. A. M. (1967). Reaction time and ac­
curacy. Acta Psychologica, 27, 143-153.

SHEPHERD, M. (1984). EMDISP: A visual display system with digital
and analogue sampling. Behavior Research Methods, Instruments; &
Computers, 16, 297-302.

WILKINSON, R. T., & COLQUHOUN, W. P. (1968). Interaction of alco­
hol with incentive and with sleep deprivation. Journal ofExperimen­
tal Psychology, 76,623-629.

(Manuscript received June 29, 1988;
revision accepted for publication October 17, 1988.)




