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Abstract. Using a double-blind procedure, 24 non-
smoking subjects chewed either 2 mg nicorette® gum or a
placebo for 20 min, before completing a Stroop test on
three occasions. Colour-word reading and simple colour
naming times were consistent across repeats, and were
unaffected by nicotine. However, the time taken to name
the colour of incongruous colour word stimuli declined
across trials. This increase in speed across repeats was
significantly greater in those subjects who had received
nicotine. These data are consistent with previous reports
of a decreased Stroop effect following nicotine administra-
tion, but are not compatible with a simple model which
assumes that nicotine alters the way in which informa-
tion is filtered by selective attentional mechanisms. The
present results can be explained by postulating that nico-
tine influences either the rate at which colour naming
become more automatic, or changes the way in which
resources are allocated to non-automatic processes.
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Smokers often report that one of the reasons they smoke
is because it helps their thinking and aids concentration
(Warburton and Wesnes 1984). In an influential series of
papers, Warburton and Wesnes (Wesnes and Warburton
1978, 1983; Warburton and Wesnes 1984) have argued
that nicotine does indeed enhance performance in a vari-
ety of simple cognitive tasks. Early evidence for this
notion was obtained in experiments with smokers and is
thus ambiguous, because nicotine may merely have been
restoring performance in subjects who were initially defi-
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cient. However, this evidence has been bolstered by com-
parable data obtained when nicotine-naive subjects con-
sume nicotine in pill or gum form. Such experiments have
demonstrated that nicotine increases speed and accuracy
in vigilance and rapid information processing tasks
(Wesnes and Warburton 1978, 1983), reduces the thresh-
old for critical flicker and two flash fusion (Warwick and
Eysenck 1968), and reduces colour naming times in the
Stroop test (Wesnes and Warburton 1978, 1983). War-
burton and Wesnes (1984) have argued that these results
indicate a beneficial effect of nicotine upon selective at-
tention, probably taking place through its impact on
central cholinergic pathways in the reticular activating
system.

One of the difficulties in assessing Warburton’s claims
is that most of the evidence is compatible with a general
stimulant effect of nicotine on arousal, but does not
conclusively demonstrate a specific influence of nicotine
on selective attention. For example, the evidence con-
cerning vigilance and information processing perfor-
mance consists of demonstrations that nicotine arrests
the decline in performance which normally occurs across
time in these tasks (Wesnes and Warburton 1978, 1983).
It is thus possible that nicotine is acting as a stimulant
(see, for example, Wolkowitz et al. 1985b), enabling
subjects to maintain concentration in what is an other-
wise monotonous task. This may well constitute a benefit
to cognitive functioning, but it should be distinguished
from the claim that nicotine produces selective enhance-
ments in the subject’s ability to attend to particular
categories of information.

Wesnes and Warburton’s (1978) evidence for the in-
fluence of nicotine in the Stroop task is important, be-
cause it seems to provide the least ambiguous test of
nicotine’s influence on selective attention. In the Stroop
test (Stroop 1935) subjects are asked to name the colour
of ink in which colour-words are printed (for example the
word “red” in green ink). Subjects are much slower in this
task if the ink colour and the word are incongruous, than
if the word is either not colour-related or is meaningless
(for example “XXXX"). The difference between the time



taken to name the colour of meaningless stimuli (task
“C”) and the incongruent colour-words (task “CW?”) is
called the Stroop effect. Wesnes and Warburton (1978)
found that the size of the Stroop effect was reduced
following consumption of either a 1 or 2 mg nicotine pill.
They interpreted these data to indicate that subjects were
better able to ignore the irrelevant semantic information,
and concentrate on the colour information in the task
following nicotine consumption, as anticipated by the
notion that nicotine has an impact upon selective atten-
tion in other cognitive tasks.

Although the precise mechanisms responsible for the
Stroop effect remains a source of debate (Morton and
Chambers 1973 ; Kahneman and Chajczyk 1983 ; Dunbar
and MacLeod 1984; MacLeod and Dunbar 1988) an
absolute change in the size of the Stroop effect does seem
to indicate a rather precise influence of nicotine on selec-
tive attention. As such, Wesnes and Warburton’s data
constitute strong evidence in favour of the attentional
hypothesis. However, a close reading of a subsequent
description of their experiment (Wesnes and Warburton
1983) indicates a possible difficulty for this interpreta-
tion. Wesnes and Warburton (1983) indicate that the
difference between the nicotine and placebo conditions
was not significant on the first block of test trials, but that
this difference only became significant on a second block
of 200 test stimuli. These data are thus similar to those
reported for vigilance and information processing in that
the effect of nicotine emerged across repeated testing
occasions. The Stroop test 1s, like vigilance performance,
subject to fatigue, and is stressful to the subject (Tulen
et al. 1989). It is therefore possible to postulate that the
improvement in performance following nicotine could
be a result of its stimulant properties maintaining per-
formance on all components of the Stroop test at an
optimal level for longer than would be the case following
a placebo.

There is very little other information available con-
cerning the effect of nicotine on the Stroop test. Suter et
al. (1983) found smoking to have no effect in a Stroop
test. Interestingly, their procedure involved presentation
of only 45 stimuli, in well spaced blocks of 15 trials. This
entire procedure was repeated on three occasions, each
a week apart, which would have limited fatigue and re-
duced the effect which a stimulant might have on perfor-
mance. Wesnes and Revell (1984) examined the influence
of nicotine on the Stroop effect, following a rapid in-
formation processing task. Although they found no di-
rect influence of nicotine on the Stroop effect, over 2h
elapsed between nicotine consumption and Stroop test-
ing in this experiment, which would have limited the
degree to which nicotine could have been expected to
produce an effect. The present experiment was therefore
designed to provide further evidence concerning the in-
fluence of nicotine across repeated administrations of the
Stroop test.

Materials and methods

Subjects. Of the 24 subjects in this experiment, 17 were first year
psychology students at the Australian National University (6 males;
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11 females) who participated on a voluntary basis and received 1%
credit towards their course result. The remaining seven subjects
were volunteers from a nearby research institution (six males; one
female). The mean age of the subjects was 25.1 years, with a range
of 18-49 years. Subjects gave informed consent prior to participat-
ing in the experiment, which excluded any person who was using
prescription drugs or who had any of the contraindicated con-
ditions for nicotine use such as pregnancy, breast feeding or a
history of cardiovascular disease. The consent form indicated that
they might receive caffeine, nicotine or a placebo. All subjects were
currently non-smokers, and none had ever been a regular user of
cigarettes. They were required not to eat, or to drink tea, coffee or
other caffeine containing products, for 2 h prior to testing.

Apparatus. The Stroop test materials (C.H. Stoelting Co) comprised
three sheets of white A4 paper, one for each separate condition of
the test. The overall layout of the 100 randomly ordered stimuli on
each sheet was identical, with five columns of 20 stimuli. Sheet 1 had
columns of colour words written in black ink (condition W); sheet
2 had columns of XXXX’s written in different coloured inks (con-
dition C); and sheet 3 had columns of colour words written in
different colour inks, where the colour word and the ink it was written
in were never the same (condition CW). Three colours/colour words
were used: “red”, “green” and “blue”.

Procedure. Subjects were assigned double blind to the placebo or
nicotine condition. After completing the informed consent, each
subject was given a piece of gum to chew. The gum was either 2 mg
nicorette® gum, or a placebo provided by the Glaxo Pharmaceutical
Company, Melbourne. The Glaxo prescribing mstructions were
followed, and subjects were required to chew the gum for 10 s every
30 s for 20 min to allow for maximum blood sera levels of nicotine
to be attained through the buccal mucosa (see Pickworth et al.
1986). During the chewing period, subjects sat quietly reading
magazines until testing commenced.

The Stroop test employed consisted of three components. In the
word test (W), subjects were asked to read the words written on the
sheets, beginning at the top left hand corner of the page and
proceeding down the columns. In the colour naming (C) and in-
congruent colour/word naming test (CW), they were asked to name
the colour, again starting at the top left hand corner and proceeding
down the columns. Subjects were instructed in each condition to
give their verbal responses to the task as quickly and as accurately
as possible. Each task was preceded by the experimenter saying
“let’s go” and each test terminated with the end of the list. In a pilot
experiment using this procedure no subject made more than two
uncorrected errors in a single repeat of the three components of the
Stroop test. Since corrected errors contribute to the time taken in
the task, a speed/accuracy trade-off is unlikely to have been possi-
ble. Errors were therefore not recorded in this experiment, and
subjects were not interrupted when errors were made.

Following consumption of the gum the subjects completed three
repeats of the three components of the Stroop. The order of
presentation of the nine tests (three repeats by three components)
was partially counterbalanced across subjects by selecting six possi-
ble orders at random, and repeating them twice within each group.
The two groups were thus matched for any order effects, and the
order of tests within each repeat would have been random for any
subject. The three components of each repeat of the Stroop test were
completed in approximately 5 min. The subjects were allowed to
rest for 30 s after each repeat of the three components was com-
pleted.

Statistical analysis. Separate two-way (groups X repeats) trend
analyses were conducted on each of the three components of the
Stroop test. The multivariate model (O’Brien and Kaiser 1985) was
adopted in each of these analyses because repeated measures designs
such as this commonly violate the assumptions of sphericity and
compound symmetry made in a conventional repeated measures
ANOVA. A decision-wise error rate procedure was adopted, with
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all decisions being made at o==0.05, in order to maintain compati-
bility with Wesnes and Warburton’s (1978) analysis.

Results

The mean times taken by the two groups to perform the
three components, W, C, and CW, over the three trials
are depicted in Fig. 1. It is clear from this figure that a
Stroop effect was obtained in both groups on every trial,
with the difference between condition C and CW ranging
between 28 and 39%. Figure 1 also shows that perfor-
mance in condition W and C was stable across repeats.
There was no evidence for any change in the time taken
for these conditions [largest F(1,22)=2.3, P>0.05]
across trials. There was also no evidence for any dif-
ference between the nicotine and control group in con-
dition W [F(1,22)=0.1, P>0.05] or C [F(1,22)=0.3,
P>0.05]. However Fig. 1 reveals two significant effects
taking place in the CW condition. Firstly, there is a
decline in naming times in both groups across trials,
which has a significant linear [F(1,22)=159.2, P<0.001]
and quadratic [F(1,22)=14.7, P<0.01] component.
Secondly, and more importantly, there was a significant
interaction between the treatment conditions and trials
[F(2,44)=4.5, P=0.017]. This interaction was due to the
linear rate of decline being greater in the group which
had received nicotine than in the control [F(1,22)=7.3,
P=0.013]. The faster decline in CW times following
nicotine consumption resulted in the mean time taken for
the nicotine group being below that for the control on the
third testing occasion. This difference was not significant
according to a simple ¢-test [#(22)= 1.2, P> 0.05], but this
failure is most reasonably attributed to the use of a
between groups design in the present experiment, rather
than the within-subjects procedure employed by Wesnes
and Warburton. Indeed, if the difference between C and
CW (CW-C) is taken as a measure of the Stroop effect,
the size of effect obtained here on the final trial (a dif-
ference of 4.8 s between the nicotine and placebo groups,
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Fig. 1. Time taken to complete the three components of the Stroop
test on the three testing occasions. Triangles: task W. Squares . task
C. Circles: task CW. Unfilled symbols: placebo group. Filled sym-
bols : nicotine group

over 100 stimuli) is slightly larger than that obtained by
Wesnes and Warburton (1978) (approximately 6 s over
200 stimuli).

Discussion

The results of the present experiment provide a confirma-
tion of the data obtained by Wesnes and Warburton
(1978, 1983). They reported that nicotine reduced the
time taken to name the colour of incongruous colour-
words, but that this result was significant only on the
second block of 200 test stimuli. In the present experi-
ment nicotine resulted in a sharper drop in the time taken
in the CW task across three blocks of 100 stimuli, al-
though there was no evidence for any influence of nico-
tine on the first test trial. There was no evidence for any
difference between subjects which had received nicotine
and those that received a placebo on either of the other
two components of the Stroop test, nor was there any
evidence for a change in performance across repeats of
these tests. It seems clear, then, that nicotine has a selec-
tive effect on the colour naming times for incongruous
colour-word pairs, which emerges across repeated ad-
ministrations of this task.

Despite the fact that nicotine’s influence depends
upon repeated administration of the Stroop test, the
results of this experiment are not compatible with an
explanation based upon its capacity to reduce fatigue.
Indeed, there was little evidence for the decline in perfor-
mance across repeats which might have indicated that
fatigue was an important factor in the task. It is of course
possible that fatigue was present, but that a second
process, responsible for the decline in times on the CW
task, was also present, and that the resultant perfor-
mance was the net result of these two opposing pressures.
If this were true, it would still be possible to maintain a
simple arousal account for the effect of nicotine. How-
ever, there was also no change in performance of the
other components of the Stroop test, which might have
been anticipated if fatigue was a potent factor in this
situation. More convincing evidence might be obtained
by replicating these data in a situation in which the
potential for fatigue is reduced.

However, an arousal explanation for nicotine’s effect
in this experiment cannot be entirely excluded. It is possi-
ble that nicotine has acted as a stimulant, resulting in a
general increase in speed across all tasks, with the failure
to see evidence for such an influence in the W and C tasks
being ascribed to a floor effect. This argument is difficult
to eliminate, given the present experimental design. One
means of addressing the problem could be to assess word
reading and colour naming in a situation where the floor
effect is reduced, for example by presenting stimuli closer
to sensory thresholds, or by making the colour discri-
minations more difficult. Alternatively, this argument
would be countered if a drug could be found which
produced faster colour naming times in both the CW and
C condition. It is of interest to note in this context that
caffeine, a stimulant, was found to increase the size of a
numerical version of the Stroop effect (Foreman et al.



1989). This effect could have been partly due to a reduc-
tion in the time taken to respond to the non-Stroop
stimuli, as well as an increase in the time taken on the
Stroop stimuli, as caffeine has been shown to improve
performance in simple reaction time tasks (cf Foreman
et al. 1989). As Foreman et al. point out, an examination
of the influence of caffeine on the conventional Stroop
test could be of some interest.

Wesnes and Warburton (1978) interpreted their ev-
idence to indicate that nicotine improves selective atten-
tion, thus allowing their subjects to ignore the irrelevant
semantic information provided by reading the coloured
word in the CW task. Their model of selective attention
is an early-stage filter, which seems incompatible with the
results obtained here, as well as with psychophysiological
evidence (see, for example, Duncan-Johnson and Kopell
1981). If nicotine modulates selective attention in the way
suggested by Wesnes and Warburton, it could reasonably
be expected to do so on the first testing occasion. The
experiment described here indicates clearly that nicotine
has an effect only after the testing procedure has been
repeated. The only way that this could be explained by
a simple filter model would be if the peak dose of nicotine
was not reached until the third testing occasion. How-
ever, Ashton and Stepney (1982) indicate that blood
levels of nicotine start to decline immediately following
termination of chewing, making this possibility unlikely.

One popular explanation of the Stroop effect is known
as the “horse-race” theory (Dunbar and MacLeod 1984).
According to this account, interference in the CW task
comes about because the word meaning is processed
more rapidly than the colour naming task. This results
in false information being available at a limited capacity
response buffer before the information from the colour
naming task, and this response competition slows down
performance. According to the horse-race model, any-
thing that slows down semantic access in the word-read-
ing process will reduce the size of the Stroop effect. The
simplest way in which word-reading can be suppressed
is through deliberate strategies employed by the subject
to reduce their capacity to detect the words. Squinting,
deaccommodation and rhythmic arrangements of the
stimuli are strategies that have been noted by others
(Jensen and Rohwer 1964; Logan and Zbrodoff 1979),
and subjects in the present experiment confirmed that
they had tried to develop ways of doing the task so it was
less confusing. However, it is difficult to see how nicotine
might have interacted with these strategies to further
enhance their effect. Alternatively, detection of the col-
our-words may be unaltered across trials, but their
capacity to trigger lexical access may be reduced. The
influence of nicotine could then be explained by reference
to its deleterious effects on memory (Dunne et al. 1986).
However, since there was no change in word reading
times across trials, nor any effect of nicotine on this task,
this explanation seems implausible.

Alternatively, “modified automaticity” accounts of
the Stroop effect stress the degree to which word reading
and colour naming gain control of automatic processes,
rather than the speed with which the tasks are carried out
(Posner and Snyder 1975). These models suggest that a
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continuum exists distinguishing automatic processes
from those which demand considerable cognitive effort
or resources. The reading of isolated words is considered
to be an example of automatic processing, and is
presumed to be rapid, independent of processing stra-
tegies, and therefore not reliant on cognitive resources.
Effortful or controlled processing, such as colour
naming, requires active use of strategies and cognitive
resources, thus limiting the range of operations that can
be performed at the same time (Wolkowitz et al. 1985a).
This difference is, of course, one of degree since colour
naming can become more automatic (MacLeod and
Dunbar 1988), and word reading makes at least some
demands upon cognitive resources (Kahneman and
Treisman 1984). In this account, interference on the CW
condition of the Stroop test occurs because the relatively
more automatic process of word reading is difficult to
suspend in favour of the controlled response of colour
naming.

According to this modified automaticity theory, a re-
duction of the Stroop effect would occur if either colour
naming became more automatic, or if there was a change
in the resources allocated to the effortful process of col-
our naming. It seems unlikely that the change in perfor-
mance on the CW condition can be explained by the
colour naming process becoming more automatic, since
MacLeod and Dunbar (1988) found that over 20 h of
practice on the colour naming task was required for such
an effect to become apparent. It therefore seems more
likely that effortful processing has been selectively affect-
ed in the CW condition. The demonstration that subjects
offered incentives to perform the CW task quickly are
able to do so (MacKinnon et al. 1985) indicates that it
is possible to reduce the impact of word reading under
appropriate circumstances, although the mechanism by
which this might take place remains mysterious.

In summary, the evidence presented here provides
support for nicotine’s influence on cognitive perfor-
mance. It seems most likely that this effect is attentional,
but the fact that it emerges across trials seems to suggest
an influence on resource allocation, rather than sensory
filtering. More compelling evidence concerning nicotine’s
influence on selective attention could perhaps be ob-
tained in other experimental paradigms, such as dichotic
listening or visual search, where attentional theories have
traditionally been developed (Kahneman and Treisman
1984).

Acknowledgements. The authors would like to thank Michael Cook
for his assistance and support, Nigel Bond for his helpful comments
on this paper, and Glaxo Australia for supplying the placebo.

References

Ashton H, Stepney K (1982) The importance of nicotine. In:
Ashton H, Stepney K (eds) Smoking: psychology and pharma-
cology. Tavistock, London, pp 1841

Dunbar K, MacLeod CM (1984) A horse race of a different color:
Stroop interference patterns with transformed words. J Exp
Psychol [Hum Percept] 10:622-639

Duncan-Johnson CC, Kopell BS (1981) The Stroop effect: brain
potentials localise the source of interference. Science
214:938-940



540

Dunne MP, Macdonald D, Hartley LR (1986) Effects of nicotine
upon memory and problem solving performance. Physiol Behav
37:849-854

Foreman N, Barraclough S, Moore C, Mehta A, Madon M (1989)
High doses of caffeine impair performance of a numerical ver-
sion of the Stroop task in men. Pharmacol Biochem Behav
32:399-403

Jensen AR, Rohwer WD (1966) The Stroop colour word test:
a review. Acta Psychol (Amst) 25:36-93

Kahneman D, Chajczyk D (1983) Tests of the automaticity of
reading: dilution of Stroop effects by color-irrelevant stimuli.
J Exp Psychol [Hum Percept] 9:497-509

Kahneman D, Treisman A (1984) Changing views of attention and
automaticity. In: Parasuraman R, Davies DR (eds) Varieties of
attention. Academic Press, Orlando, pp 29-61

Logan GD, Zbrodoff NJ (1979) Facilitative effects of increasing the
frequency of stimuli in a Stroop-like task. Memory and Cog-
nition 7:166-174

MacLeod CM, Dunbar K (1988) Training and Stroop-like in-
terference: evidence for a continuum of automaticity. J Exp
Psychol [Learn Mem Cogn] 14:126-135

MacKinnon DP, Geiselman RE, Woodward JA (1985) The effects
of effort on the Stroop interference. Acta Psychol (Amst)
58:225-235

Morton J, Chambers SM (1973) Selective attention to words and
colours. Q T Exp Psychol 25:387-397

O’Brien RG, Kaiser MK (1985) MANOVA method for analysing
repeated measures designs: an extensive primer. Psychol Bull
97:316-333

Pickworth WB, Herning RI, Henningfield JE (1986) Electroence-
phalographic effects of nicotine chewing gum in humans.
Pharmacol Biochem Behav 25:879-882

Posner MI, Snyder CRR (1975) Attention and cognitive control.

In: Solso RL (ed) Information processing and cognition: the
Loyola symposium. Erlbaum, Hillsdale, pp 55-85

Stroop JR (1935) Studies of interference in serial verbal reactions.
J Exp Psychol 18:643-661

Suter ThW, Buzzi R, Woodson PP, Bittig K (1983) Psychophys-
iological correlates of conflict solving and cigarette smoking.
Activitas Nervosa Superior (Praha) 25:261-272

Tulen JH, Moleman P, Van-Steenis HG, Boomsma F (1989)
Characterization of stress reaction of the Stroop color word test.
Pharmacol Biochem Behav 32:9-15

Warburton DM, Wesnes K (1984) Mechanisms for habitual
substance use: food, alcohol and cigarettes. In: Gale A, Ed-
wards JA (eds) Physiological correlates of human behaviour,
vol. 1: basic issues. Academic Press, London, pp 277-297

Warwick KM, Eysenck HJ (1968) Experimental studies of the
behavioural effects of nicotine. Pharmakopsychiatr Neuro-
psychopharmakol 1:145-169

Wesnes K, Revell A (1984) The separate and combined effects of
scopolamine and nicotine on human information processing.
Psychopharmacology 84:5-11

Wesnes K, Warburton DM (1978) Effects of cigarette smoking and
nicotine tablets upon human attention. In: Thornton RE (ed)
Smoking behaviour: physiological and psychological influences.
Churchill-Livingstone, Edinburgh, pp 131-147

Wesnes K, Warburton DM (1983) Smoking, nicotine and human
performance. Pharmacol Ther 21:189-208

Wolkowitz OM, Tinklenberg JR, Weingartner H (1985a) A psycho-
pharmacological perspective of cognitive functions: I. Theoreti-
cal overview and methodological considerations. Neuropsycho-
biology 14:88-96

Wolkowitz OM, Tinklenberg JR, Weingartner H (1985b) A Psycho-
pharmacological perspective of cognitive functions: IT. Specific
pharmacological agents. Neuropsychobiology 14:133-156



