
Abstract Rationale: It has been evidenced that nicotine
acts on some dimensions of human attention. Objective:
This study was carried out to test whether the positive
effects of nicotine usually observed on the posterior
system are specific or should rather be explained in
terms of an effect of nicotine on eye movement velocity.
Methods: Ten participants were submitted to four tasks
assessing attention. The tasks were borrowed from 
Zimmermann and Fimm’s Battery for the Assessment of
Attention: alert, eye movements, visual search and in-
compatibility. The order of the different tasks was bal-
anced among participants. A within-subjects repeated-
measure design was used. Participants received a 0.9-mg
or 0.1-mg nicotine cigarette. The 0.1-mg cigarette was
used as control. The order of administration of doses
over sessions was counterbalanced. During the testing
day, volunteers smoked their own cigarette and then
waited 3 h without smoking. At the end of this absti-
nence period, participants completed the baseline tests
before smoking an experimental cigarette ad libitum.
They were then tested again. Results: Participants who
received nicotine appeared to respond faster in an eye
movement task – a task associated with a non-elaborated
attentional process. Similarly, their alert state improved.
On the contrary, no effect of nicotine was observed in
the incompatibility task and in the visual search task de-
pending on elaborated attentional process. Conclusions:
Data support previous observations and suggest that,
first, non-elaborated information processing appeared to
be more sensitive to nicotine and, second, this effect is
not due to a velocity factor.
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Introduction

It has been evidenced that nicotine acts on several infor-
mation processing systems related to attention (for ex-
tensive review see Sherwood 1993; Heishman et al.
1994). These effects seem to be due to drug per se and
are not the consequence of a reversal effect of a with-
drawal induced deficit (Mancuso and Ansseau, unpub-
lished results; Wesnes and Warburton 1984; Le Houezec
et al. 1994; Warburton and Arnall 1994; Foulds et al.
1996).

Although several papers have reported nicotine ef-
fects on attention, one should make clear which aspects
of attention are involved. The multiplicity of concepts
and theories used in cognitive psychology does not make
the study of attention easy.

To facilitate the understanding of this issue, Van
Zomeren and Brouwer (1994) qualified attention in
terms of selectivity and intensity. Intensity is involved in
tasks requiring energetic resources, attentional resources
or effort (i.e. sustained attention). In contrast, selectivity
is necessary in focused attention tasks (which involve
excluding competing information) or divided attention
tasks (requiring attention to be shared between two or
more sources of information). Their classification ap-
peared to be useful in psychopharmacological studies:
nicotine appears to act on the intensity dimension of at-
tention, whilst a tiny or no effect is observed on the se-
lectivity dimension (Heishman et al. 1994; Mancuso et
al. 1999).

However, other approaches continued to be developed
to analyse the attentional system. Among others, using a
neural network approach, Posner and Petersen (1990)
suggested that attention can be mainly separated into
three systems. A first system, called the posterior atten-
tion system, is localised in the parietal lobes and in-
volves the sensory representations. The major compo-
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nent of the posterior system is usually referred to as co-
vert orienting which processes the spatial accuracy in a
selected visual area. A second system, the anterior atten-
tion system, is rather localised in the cingulate and the
right frontal lobe. It is responsible for action planning
and control functions. Finally, a third dimension, located
in the right pre-frontal lobe, seems to be involved in
alertness and vigilance. Alertness involves a change in
the internal state (Homan et al. 1987). Although the pos-
terior system and alertness seem to be sustained by two
independent neural networks (Witte and Morrocco
1997), interactions seem to exist between the two net-
works. For example, in a covert-orienting experiment, a
cue orients the organism to the target location and in-
creases the alertness level (Humphreys et al. 1992).

It could be suggested that nicotine should predomi-
nantly act on the posterior system and alertness. Indeed,
Ghatan et al. (1998) have demonstrated that, with nico-
tine, the regional cerebral blood flow (rCBF) decreases
in the anterior cingulate cortex and in the cerebellum,
whilst it increases in the occipital cortex. Moreover, in
both humans and rhesus monkeys, the nicotinic choliner-
gic system is involved in visual spatial attention which 
is part of the posterior system. Positive effects of nico-
tine have been observed on covert orienting (Witte and
Morrocco 1997; Murphy and Klein 1998). These effects
have been confirmed by investigations using α-amino-3-
hydroxy-5-methyl-4-isox-azole propionic acid (AMPA).
This drug, which produces selectively a lesion in the
basal forebrain cholinergic system (BFCS) both in mon-
keys and rats, impaired attention function, but not learn-
ing and memory (Muir et al. 1994; Voytko et al. 1994).
Specifically, covert orienting in visuo-spatial attention
was impaired in monkeys (Voytko et al. 1994).

Despite this evidence, no study has specifically tested
whether nicotine acts on eye movement velocity, al-
though it might complete the understanding of the pres-
ent issue. On one hand, it would assess the impact of nic-
otine on a motor movement as it has already been dem-
onstrated in animals (Ksir et al. 1987). On the other
hand, saccades and attention are related: the posterior
cortex contributes to saccades programming, and covert
attention has been considered to be one step in this pro-
cess (Posner 1980). Eye movements are determinant in
everyday life since high-resolution vision is only avail-
able in the foveal area. The low resolution of the parafo-
veal and peripheral vision is rarely consciously experi-
enced since saccadic eye movements allow us to keep a
good resolution of the on-line processed visual informa-
tion related to spatial attentional tasks (Posner 1980;
Sheliga et al. 1994).

Indeed, spatial attention helps to select subsequent
targets (Eriksen and Hoffman 1973; Hoffman 1975;
Posner et al. 1978; Posner 1980; Hoffman and Nelson
1981). Since shifts of attention can occur much faster
than changes in eye position (Hoffman 1975), spatial at-
tention can be used during one fixation to select the fol-
lowing one. Posner (1988) has suggested that shifting at-
tention to the target involves an interruption of an ongo-

ing activity (disengage from a focused point), a displace-
ment of attention to a new location (shift to another fo-
cus), and the re-engagement of attention. Hoffman and
Subramaniam (1995) showed that a saccade towards a
peripheral point in the visual field involves first orient-
ing attention to that location prior to the saccade execu-
tion. Consequently, orienting the attention may be an es-
sential component of preparing and/or executing sac-
cades.

As a consequence, to study simultaneously spatial at-
tention and eye movement appears to be crucial in the
understanding of nicotinic effects. Indeed, both oculo-
motor functions and spatial attention depend crucially on
the posterior parietal cortex (Corbeta et al. 1993, 1996;
Nobre et al. 1997). In addition, it is well established that
nicotine interacts with the dopaminergic pathway induc-
ing an enhancement of the psychomotor activity (Ksir et
al. 1987). This enhancement could explain the beneficial
effects of nicotine on some attentional tasks.

This study was carried out to test whether the positive
effects of nicotine usually observed on the posterior
system are specific or should rather be explained in
terms of an effect of nicotine on eye movement velocity.
Four tasks, related to different aspects of attention, have
been used. Among them, two tasks tapped top-down
components: focussed attention and visual search. Both
components depend on executive functions which are re-
lated to frontal lobes activation. Focussed attention is
measured through a task which assesses the sensitivity to
interference (incompatibility between stimulus and re-
sponse). Participants have to be active: they have to in-
hibit irrelevant stimuli. Visual search task was also used
since it is highly related to eye movements and requires
internally generated decisions for which pre-frontal cor-
tex is crucial. A third task measured the effects of nico-
tine on eye movements velocity. This task was selected
since saccades and covert attention are highly related
(see above). Finally, a fourth task assessed the general
arousal effect of nicotine (alertness). According to the
reviewed literature on attention and nicotine, it was pre-
dicted that nicotine should act on eye movement and on
alertness.

Methods and apparatus

Participants

Ten volunteers (mean±SD age 22.11±1.9 years old) from the Uni-
versity of Liège acted as participants. They had all been smokers
for more than 2 years (4.4±1.9 years) and smoked, on average,
17.2±7 cigarettes per day. Eight subjects smoked cigarettes con-
taining at least 0.9 mg nicotine and two smoked cigarettes contain-
ing 0.7 mg nicotine. Participants were given course credits for
their participation. Written informed consent was given by the par-
ticipants in the presence of a person who was not involved in the
study. The university ethics committee approved the protocol of
the study. All participants abstained from caffeinated products and
alcohol overnight. All participants had normal or corrected to nor-
mal vision.



Cognitive tests

The tasks used in this experiment are part of Zimmermann and
Fimm’s Battery for the Assessment of Attention (French version:
Tests d’évaluation de l’attention (T.E.A.), version 1.02, adapted by
North, Leclercq, Crémel, Tassi and Jeromin 1994). The T.E.A.
manual does not provide detail about timing or description of
stimuli. For this reason, this information is not reported in this pa-
per. For any replication, the use of Zimmermann and Fimm’s bat-
tery is required. The computer screen used for testing should mea-
sure 32 cm (diagonal), and subjects should be seated 60 cm from
the screen to preserve a similar visual angle size. Four tasks were
used: alertness, eye movements, visual search and incompatibility.

Alertness

This task measures subject’s “alertness” or “arousal” level. It deals
with the participant’s ability to increase his/her attentional level
when a stimulus is expected. A visual stimulus (a cross) is pre-
sented in the centre of the screen. An auditory signal precedes the
target or not. When an auditory signal precedes the visual target,
the time between the signal and the target varies from trial to trial.
The participant has to react as quickly as possible when the target
is displayed. Reaction times (RTs) are recorded. The task is based
on an ABBA schema (A= without auditory signal; B= with audito-
ry signal). Twenty stimuli are presented in each series.

Eye movement

This task does not record the eye movements per se, but rather
measures indirectly the latencies for saccadic eye movements. Par-
ticipants are instructed to stare at a square presented in the centre
of the screen. They are required to detect as quickly as possible a
target, which can appear on the right or on the left of the central
square or be superimposed on the central square. The target is a
square notched on its topside whilst the distracter is not (Fig. 1).
The target shape is drawn in such a way that participants have to
stare at it for detection. In a first condition, the fixation point dis-
appears just before the display of the target (called GAP condi-
tion). In a second condition, the fixation point remains visible
while the target is presented (OVERLAP condition). As a conse-
quence, in this second condition, in addition to a saccade, partici-
pants have to disengage attention from the fixation point. Partici-
pants have to depress on a key as quickly as possible only when
the target appears. RTs are recorded. Time for saccades is derived
from (time associated with a response to a stimulus presented on
the right or left) minus (time associated with a response to a stim-
ulus centrally presented). This result is supposed to approximate
the time for the eye movement only. One hundred stimuli are pre-
sented.

Visual search

This test measures visual scanning ability. A 5×5 matrix of squar-
es is displayed on the computer screen. Each square is nicked on
one side as represented in Fig. 2. Participants have to detect as
quickly as possible whether the target is present within the matrix.
The target is a square which is nicked on its upper side. A hundred
stimuli have been presented with 50% of trials containing the tar-
get (ten by row and column).

Incompatibility

This task attempts to assess the sensitivity to interference due to
an incompatibility between the stimulus and the response. Arrows
are presented on the right or on the left of a fixation point. The ar-
row points to the right or to the left. Participants have to react to
the arrow direction. The right hand is used when the arrow is
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pointing to the right, whilst the left hand is used when the arrow is
pointing to the left, whatever the arrow position on the screen (left
versus right). There is compatibility when the arrow is displayed
on the side corresponding to the answering hand. On the contrary,
there is incompatibility when the hand and the arrow are on oppo-
site sides. Sixty stimuli are presented (15 stimuli compatible and
incompatible in each visual hemifield).

Procedure

All participants were submitted to the four tasks. The tasks were
generated on a computer (screen diagonal size = 32 cm), and all
responses were recorded. A response keypad was placed directly
in front of the subject. Participants were tested individually in a
dark room, seated at about 60 cm from the computer screen. A
chin rest was used to avoid head and body movements. The testing
began when the subjects eyes had adapted to darkness. The order
of the different tasks was balanced between participants.

Each participant attended a preliminary session in which the
experimental details were explained. A within-subjects repeated-
measure design was used. There were two experimental sessions
in which participants received an experimental standard brand of
cigarette: in the first, the participants received a cigarette with an
ineffective nicotine dose (0.1 mg) and, in the other, they received
a cigarette with an effective nicotine dose (0.9 mg). The 0.1-mg
cigarette was used as control (Rusted 1996). The sessions were
separated by at least 1 week. The order of administration of doses
over sessions was counterbalanced. During the testing day, volun-
teers smoked their own cigarette and then waited 3 h without
smoking. At the end of this abstinence period, participants com-

Fig. 1 Eye movement task

Fig. 2 Visual search task
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pleted the baseline tests before smoking an experimental cigarette
ad libitum (Morgan and Pickens 1982). They were then tested
again. The whole session took about 25 min per volunteer. Before
and after the subject smoked a cigarette, the tidal breath carbon
monoxide (CO) was measured to check, on one hand, that s/he did
not smoke during the abstinence period and, on the other, that s/he
inhaled the cigarette smoke.

Analyses

All data were analysed using analyses of covariance (ANCOVA),
always using the baseline as covariate. Tukey’s HSD test, derived
from the mean square of the relevant interaction terms, was used
to assess the main effects of nicotine and the meaningful differ-
ences between means on the interactions. Statistical significance
was set at P<0.05. To attest the equivalence of baselines across the
two sessions (drug and placebo), ANOVAs were computed for
each task.

In the incompatibility task, RTs for correct responses and cor-
rect detections were analysed using a one-way ANCOVA which
incorporated drug treatment (nicotine or placebo) as a within-par-
ticipants factor. In the alert task, RTs were analysed using a two-
way ANCOVA that incorporated drug treatment (nicotine or pla-
cebo) and auditory signal (present or absent) as within-participants
factors. In the visual search task, the same analyses were comput-
ed on RT for correct responses and correct detection with drug
treatment (nicotine or placebo) and target (present or absent) as
within-participants factors. Hits were measured when the target
was present, and correct rejections were measured when the target
was absent. Finally, in the eye movement task, RTs for correct re-
sponses and correct detection were analysed using a three-way
ANCOVA with drug treatment (nicotine or placebo), condition
(GAP or OVERLAP) and stimulus location (central or left/right)
as within-participants factors. Concerning the stimulus location,
the left and right locations were collapsed, since we estimated that
time for a left-oriented eye movement should be identical to a
right-oriented movement. This allowed us to infer the time for the
eye movement (see Methods).

Results

Baselines

No difference was observed among the baselines across
sessions (nicotine and placebo) for all tasks (F<1).

Incompatibility task

The analyses showed no significant effect of nicotine on
RTs or on correct detection (F<1). The data are shown in
Table 1 and Fig. 3a. 

Alertness task

The analysis showed significant main effects of drug
treatment (F1,8=6.36, P<0.035) and presence/absence of
the auditory signal (F1,8=6.20, P<0.037), with faster RTs
with nicotine and when the auditory signal preceded the
target. The interaction between the two independent vari-
ables was not significant (F<1). Data are reported in 
Table 1 and Fig. 3b.

Visual search task

The analysis showed no significant effect of drug treat-
ment and target presence/absence on RT (F<1) and no
significant interaction between the variables (F1,7=1.68,

Table 1 Means and standard deviations for the different tasks and conditions

0.1 mg Nicotine 0.9 mg Nicotine

Baseline Test Difference Baseline Test Difference

Alertness test
Without signal 208.9±36.6 212.3±47.3 +3.411 209.5±31.2 198.7±29.4 –10.8
With signal 199.1±26.7 195.5±28.5 –3.68 204.1+37.5 191±26.2 –13.1

Incompatibility test
Reaction time 396±87.2 372±41.3 –23.7 397±74 389±89.3 –8.2
Correct detection 52.6±3.7 53.5±2.9 +0.9 51.3±5.5 52.7±5.1 +1.4

Visual search test
Reaction times

Without target 3429±590 2895±714 –534 3150±624 2673±425 –478
With target 1917±558 1526±375 –391 1761±348 1506±296 –256

Correct detection
Without target 48.8±0.8 49.33±0.7 +0.5 49±0.6 48.8±0.7 –0.2
With target 46.1±2.5 48.3±1.1 +2.2 47.8±1.9 47.7±2.6 –0.1

Eyes movement test
Reaction times
Gap Side 414.8±72.1 432.8±89 17.9 419.5+75.4 412.1±73.5 –7.4

Middle 391.3±82 386.8±71.8 –4.4 390.4±69.5 374±63.7 –16.3
Overlap Side 458.3±71.7 476±91.1 17.6 459.6±75.2 444.2±68.1 –15.4

Middle 453.3±60.5 450.7±78.6 –2.5 442±62.9 437.1±68 –4.8
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P>0.23). Similarly, no significant effect was observed
for drug treatment on correct detection (F1,7=3.57,
P=0.10), both for hits and correct rejections since the F
value for target presence/absence and the interaction be-
tween variables did not reach 1 (Table 1 and Fig. 3c).

Eye movements task

Correct detection was always superior to 10% which pre-
vailed from further analyses. Analyses were carried out
on two sets of RTs: (a) global RTs, referred to as RTa, are
derived from eye movement plus hand motor response
and (b) time for saccades (RTb) as described in the Meth-
ods.

Considering RTa, the analysis showed significant
main effects of drug treatment (F1,7=6.41, P<0.039),
with faster RTs with nicotine. Similarly, a significant ef-
fect of condition (GAP versus OVERLAP; F1,7=5.99,
P<0.044) and of stimulus location (centre versus
right/left; F1,7=8.30, P<0.023) was reported. In addition,
the interaction between drug treatment and stimulus lo-
cation was significant (F1,7=5.85, P<0.046). A Tukey
HSD post-hoc test showed that nicotine affected RTa
when the target was presented on the left or right
(P<0.009) but not when it was centrally presented
(P=0.16). Neither the double interaction between drug
treatment and condition nor the triple interaction be-
tween the independent variables was significant (F<1).

When RTb is considered, a significant difference be-
tween nicotine and placebo is still observed (F1,7=5.85,
P<0.046), but rather interpreted as an effect of alertness.
In Fig. 4, it can be observed that nicotine helps to pre-
serve the baseline performance. The main effect of con-
dition (GAP versus OVERLAP; F1,7=1.93, P>0.21) and
the interaction between drug treatment and condition
(F1,7=1.68, P>0.24) were not significant. Despite these
two non-significant effects and considering Fig. 4, fur-
ther post-hoc analyses have been carried out. Indeed, the
significant effect of nicotine might be due to averaging
the two conditions. When the two conditions (GAP and
OVERLAP) were analysed separately with Tukey HDS
test, nicotine decreased RTb in the OVERLAP condition
(P=0.07) but not in the GAP condition (P=0.57). On the
basis of this effect, which almost reached significance, it
could be suggested that nicotine could mainly act on the
disengagement of attention.

Discussion

In this study, participants who received nicotine appeared
to respond faster in the eye movement task – a task asso-
ciated with a non-elaborated attentional process (intensity
feature of attention). Similarly, their alert state improved.
On the contrary, no effect of nicotine was observed in the
incompatibility task and in the visual search task depend-
ing on elaborated attentional process (selectivity feature

Fig. 3 Effects of 0.9 mg nico-
tine (white bars) and 0.1 mg
nicotine (black bars) on the
mean reaction time for correct
responses measured for the in-
compatibility (a), alert (b), 
visual search (c) and eye move-
ment task (d). Only change
scores are reported (test minus
baseline). Vertical brackets
represent the pooled SEM (×2)
related to the change. *Reached
significant difference at <0.05
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of attention). Thus, these data support the observations of
Mancuso et al. (1999), which suggested that nicotine acts
specifically on the intensity dimension of attention. In
other words, effortless information processing appeared
to be more sensitive to nicotine.

Currently, cognitive scientists intend to decompose
the sub-systems involved in psychological functions,
such as memory and attention (Kosslyn and Andersen
1992). This approach, used by Posner and Petersen
(1990) to study attention, should help in identifying
which attentional components are sensitive to nicotine
and in which brain areas nicotine is involved.

On the basis of our chronometric data, it could be
suggested that nicotine affects the posterior attentional
system involved in covert orienting, eye movement and
vigilance (alert state) but not the anterior attentional
system involved in focussed attention (incompatibility)
and visual search. It supports studies that demonstrate
that both in smokers and non-smokers – with the same
nature and magnitude – nicotine decreases rCBF in 
the anterior cingulate cortex and the cerebellum and, 
simutaneously, increases rCBF in the posterior system 
(Ghatan et al. 1998). Furthermore, it is consistent with
the potential effect of nicotine on the posterior system.
Nicotine facilitates covert orienting in humans (Witte et

al. 1997; Murphy and Klein 1998), in animals with
BFCS lesions (Voytko et al. 1994) and in humans suffer-
ing from DAT (Parasuraman et al. 1992; Oken et al.
1994; Maruff et al. 1995). This set of evidences suggests
a specific role of the nicotinic cholinergic system in vi-
sual orienting and supports the general assumption that
specific attentional processing is mediated by distinct
neural subsystems.

Another interpretation could be offered to explain the
nicotine properties. The effect of nicotine in tasks in-
volving tiny or no elaborated information processing
could be explained by an aspecific major factor such as
the processing speed (Salthouse 1991). In complex tasks,
RTs are usually longer than in simple tasks. As a conse-
quence, the discrete positive effect of nicotine shown in
such tasks could be masked in a higher inter-individual
variability. We are tempted to reject this interpretation on
the basis of RTs collected in the eye movements task. In-
deed, in this simple task, RT values were very similar to
those observed in the incompatibility task (Table 1).

The significant effect on global RTs in the eye move-
ment task could also be interpreted as the result of an el-
evation of the arousal state, just as in the alert task. How-
ever, further analyses have shown that the improvement
in the eye movement task is not only due to an effect of
nicotine on occulomotor velocity. When the two condi-
tions (GAP and OVERLAP) were analysed separately,
only the RTs in the OVERLAP condition were affected
by nicotine. It suggests that nicotine does not affect sac-
cades velocity but rather acts on the disengagement of
attention from a focussed point. These observations are
congruent with Shepherd et al. (1986) who reported evi-
dence for a closer relationship between attention and pe-
ripheral cue than between attention and saccades. In ad-
dition, the absence of significant differences between
nicotine and placebo in the visual scanning task supports
the idea that the improvement observed on the eye
movement task is not due to eye movement velocity.

In conclusion, this study supports the hypothesis that
nicotine facilitates specifically non-elaborated informa-
tion processing. Nicotine is mainly involved in the poste-
rior attentional processes, and its effects are not due to
an increase of eye movement velocity.
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