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Any warning stimulus preceding a visual target generally leads to progressive reduction in 
response times with increases in the warning-to-target temporal interval. This effect, called alert
ing, seems to be correlated with cortical activation. Three visuospatial cuing experiments were 
conducted with 10 non-neglecting left-brain-damaged patients in order to examine the possibil
ity of an alerting impairment following lesions of the left hemisphere. Results indicate that large 
left-hemisphere lesions lead to a delay in the alerting effect of a warning signal for the process
ing of contralesional targets. Moreover, the results suggest that a lowered alerting state of the 
damaged hemisphere leads to a refractory difficulty in disengaging the focus of spatial attention 
from an invalidly cued ipsilesional location. 

Visual attention disorders are common after brain dam
age. Posner and collaborators, as well as other researchers, 
have made extensive use of the visuospatial cuing para
digm in documenting the nature of the selective attention 
deficits present in various brain-damaged populations (Ar
guin & Bub, 1993; Baynes, Holtzman, & Volpe, 1986; 
Morrow & Ratcliff, 1988; Posner, Cohen, & Rafal, 1982; 
Posner, Inhoff, Friedrich, & Cohen, 1987; Posner, Rafal, 
Choate, & Vaughan, 1985; Posner, Walker, Friedrich, 
& Rafal, 1984, 1987; Rafal & Posner, 1987; Rafal, Pos
ner, Friedman, Inhoff, & Bernstein, 1988). In the visuo
spatial cuing task, subjects are shown a cue that indicates 
the most probable location of an incoming visual target 
to which they are to respond as rapidly as possible. In 
such experiments, even in the absence of shifts of ocular 
fixation, normal individuals typically show shorter re-

The research reported here was conducted for partial fulfillment of 
the first author's PhD degree and was led at the oepartement de Psy
chologie, Universit6 de Montreal and at the Laboratoire Theophile
Alajouanine, Centre HospitaIier C6te-des-Neiges. We thank Michael 
Posner and other, anonymous reviewers, for their comments on a pre
vious version of this manuscript. This work was supported by a graduate 
scholarship from the Conseil de Recherches M6dicales du Canada 
(CRMC) to M.A., by Grant A8606 from the National Science and En
gineering Research Council of Canada to P.C., and by Grant PG-28 
from the CRMC to Y.l. Y.l. is Scientist of the CRMC. The order of 
the second and third authors was determined by the toss of a coin. Corre
spondence should be addressed to M. Arguin, Neurolinguistics, Mon
treal Neurological Institute, 3801 University, Montreal, PQ, Canada 
H3A 2B4 (e-mail: mi51@musica.mcgill.ca). 

sponse times (RTs) if the cue indicates the true target lo
cation (valid cue) than if the target is presented at another 
location (invalid cue-see, among others, Egly & Horna, 
1984; Eriksen & Hoffman, 1973, 1974; Hughes & Zimba, 
1985; Ionides, 1980, 1981; Klein, 1980; Miiller & Rab
bitt, 1989; Posner, 1980; Posner, Nissen, & Ogden, 1978; 
Rizzolatti, Riggio, Dascola, & Umilta, 1987; Shulman, 
Remington, & McLean, 1979; Tassinari, Agliotti, Che
lazzi, Marzi, & Berlucchi, 1987). This result is taken as 
evidence that subjects can covertly shift the spatial allo
cation of a focus of selective attention. 

The use of the spatial cuing paradigm to study brain
damaged subjects has revealed a variety of deficits that 
affect the basic operations involved in selective spatial at
tention. An impairment in moving the attention focus from 
one location to another has been reported in patients with 
progressive supranuclear palsy, who particularly suffer 
from damage to the superior colliculus (Posner et al., 
1982; Rafal et al., 1988). In contrast, patients with tha
lamic damage have exhibited deficits in engaging their 
attention to targets located on the contralesionaI side of 
their lesions (Rafal & Posner, 1987; see also Petersen, 
Robinson, & Morris, 1987, for relevant observations in 
the monkey). Finally, subjects with parietal damage have 
been found to suffer from a difficulty in disengaging their 
attention from a particular location when it next needs to 
be shifted toward the contralesional hemifield (Arguin & 
Bub, 1993; Baynes et al., 1986; Morrow & Ratcliff, 
1988; Posner et al., 1982; Posner, Inhoff, et al., 1987; 
Posneret al., 1984; Posner, Walker, et al., 1987). These 
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impairments in basic spatial attention operations (i.e., 
moving, engaging, and disengaging) are dissociable from 
one another, and each deficit is characterized by a par
ticular pattern of performance in the visuospatial cuing 
task. These patterns will be discussed in detail later. 

Although the cuing task is mainly designed for study
ing the spatial orienting of visual selective attention, it 
can be used for other purposes. Intrinsic to the paradigm 
is the warning signal provided by the onset of the cue as 
to the imminence of the target. Such a warning signal is 
known to produce in subjects a spatially nonspecific prepa
ration to respond to a perceptual event, an effect called 
alerting (Posner, 1978; Posner & Boies, 1971) or acti
vation (Heilman & van den Abell, 1979, 1980; Pribram 
& McGuinness, 1975). The effect of a warning signal on 
the alertness level of the subject can be observed from 
the brain's electrical activity. Following the onset of a 
warning signal, EEG recordings show a temporary block
ing of alpha activity, which is replaced by fast desyn
chronized activity (Lansing, Schwartz, & Lindsley, 1959) 
and a slow increase in negativity called the contingent 
negative variation (Donchin, Coles, & Gratton, 1984; 
Walter, Cooper, Aldridge, McCallum, & Winter, 1964). 
Behaviorally, the effect of alerting is made apparent by 
decreasing RTs to the target with an increase in the tem
poral interval following the warning signal until an asymp
totic level of performance is reached about 200-500 msec 
after the onset of the warning signal (Bertelson, 1967; 
Lansing et al., 1959; Posner, 1978; Posner & Boies, 
1971; Posner, Inhoff, et al., 1987; Posner, Klein, Sum
mers, & Buggie, 1973; Sanders, 1972; Thomas, 1974). 
The time course of the alerting effect on RTs is roughly 
correlated with the EEG changes that occur after the onset 
of a warning signal (Gaillard & Naatiinen, 1973; Hillyard, 
1969; Lansing et al., 1959). When the task involves a re
sponse choice, the reduction of RTs following a warning 
signal may be accompanied by an increase in error rate 
(i.e., speed-accuracy tradeoff; Posner et al., 1973). This 
has led to the conclusion that alerting does not affect the 
rate of build-up of perceptual information but rather the 
rate at which a higher level attention system responds to 
that build-Up or the criterion that the subject sets for re
sponse production. This dissociation between the system 
responsible for alertness and that involved in the build
up of sensory information has been confirmed in several 
reports (Posner & Boies, 1971; Posner et al., 1973; 
Thomas, 1974). 

Observations reported by Posner, Inhoff, et al. (1987) 
have shown that alertness may be impaired by damage 
to the right cerebral hemisphere. In their experiment, sub
jects had to produce a simple RT to a visual target pre
sented to the left or right hemifield. This target was pre
ceded by either a valid or an invalid spatial cue, or by 
no cue at all (the no-cue condition was run in separate 
blocks). Patients with right-brain damage showed some
what longer RTs to contralesional than to ipsilesional tar
gets on valid-cue trials (hemifield asymmetry of about 
100 msec; Posner, Inhoff, et al., 1987, Figure 1). How-

ever, the RT difference between hemifields was dramati
cally increased in the no-cue condition (RTs: contra
lesional field = 820 msec; ipsilesional field = 525 msec; 
Posner, Inhoff, et al., 1987, Table 2). This large increase 
in RTs to contralesional targets when no warning signal 
was presented before the target has been taken as an in
dication that right-hemisphere damage leads to an impair
ment in maintaining a high level of alertness during the 
time interval separating one trial from the next. The pre
sentation of a warning signal before the target served to 
reinstate a proper alerting level in these patients and thus 
produced roughly comparable RTs to contra- and ipsi
lesional targets, at least when the spatial cue was valid. 
In contrast, patients with left-hemisphere damage only 
showed a moderate and nonsignificant visual field asym
metry on no-cue trials (RTs: contralesional field = 
470 msec; ipsilesional field = 430 msec; Posner, Inhoff, 
et al., 1987, Table 2) as well as on valid-cue trials, thus 
suggesting no particular deficit in maintaining an alert state 
during the time period separating trials. 

This asymmetry in the effect of unilateral brain damage 
on alertness is congruent with previous results from pa
tients with lesions of the right cerebral hemisphere (De 
Renzi & Faglioni, 1965; Heilman, 1985; Udavas, Del 
Pesce, & Provinciali, 1989). It is also congruent with re
sults from normal individuals that indicate a right
hemisphere dominance for cortical activation (Heilman 
& van den Abell, 1979, 1980). As mentioned above, cor
tical activation seems to be correlated with the behavioral 
effects of alerting. Finally, a review of the literature on 
neurotransmitter action and lateralization by Tucker and 
Williamson (1984) also supports the hypothesis of a right
hemisphere superiority for sustaining alertness. 

It appears unlikely, however, that this dominance of the 
right hemisphere for alertness is absolute (see Heilman 
& van den Abell, 1979, 1980, and Tucker & Williamson, 
1984, for relevant evidence). In fact, the data reported 
by Posner, Inhoff, et al. (1987) in their right-brain
damaged patients does suggest that the left hemisphere 
may contribute to the level of alertness. Thus, the deficit 
found in these subjects in the no-cue condition was only 
apparent with contralesional targets. This capacity of right
brain-damaged patients to show RTs to ipsilesional targets 
that were within a normal range in the no-cue condition 
suggests that the intact left hemisphere of these subjects 
maintained a sufficiently high level of alertness. In tum, 
this implies that alertness may not be a global condition 
in these brain-damaged cases, and that each cerebral hemi
sphere has its own state of alertness; these states are thus 
more or less separable from each other. Note that this hy
pothesis agrees with the proposal of several authors that 
the cerebral hemispheres may serve as two independent 
pools of attentional resources (Eglin, 1987; Friedman & 
Polson, 1981; Hellige, Cox, & Litvac, 1979; Kinsboume, 
1970, 1975, 1977, 1978, 1987; Kinsbourne & Hicks, 
1978; Reuter-Lorenz, Kinsboume, & Moscovitch, 1990). 

In support of the conjecture presented above, we re
port a series of three visuospatial cuing experiments in 



which we found an impainnent in the time course of (Le., 
delayed) alerting for contralesional targets in a subset of 
the 10 left-brain-damaged subjects tested. l This alerting 
deficit was characterized by elevated RTs to contralesional 
targets at short warning-to-target temporal intervals, with 
a marked reduction of this hemifield asymmetry at longer 
temporal intervals. The evidence reported below also sug
gests, in support of Posner's view about the interactions 
between attentional systems (Posner, 1990; Posner, In
hoff, et al., 1987), that the alerting disorder may affect 
the operations involved in the spatial allocation of selec
tive attention. Finally, anatomical investigations will pro
vide indications regarding the feature of lesions associated 
with the alerting impairment. 

The same basic design was used in all three experi
ments. The targets to which the subjects had to produce 
a simple RT were presented to the left or right visual 
hemifield and were preceded by valid or invalid spatial 
cues (which also acted as warning signals). In order to 
study the time course of the effects of these cues/warning 
signals, the temporal interval separating them from the 
subsequent targets was varied (stimulus onset asynchro
nies-SOAs-of 50, 150, 600, or 1,000 msec). 

Each experiment differed from the others in the type of 
spatial cue/warning signal that was used. The spatial cues 
were varied in this way because previous results regarding 
the spatial orienting of attention had indicated that the 
physical nature of the cuing stimulus might not be neutral 
with respect to hemifield asymmetries in RTs in brain
damaged patients. For instance, results reported by Posner 
et al. (1984) indicated that parietal patients with a disorder 
affecting the disengagement of selective attention showed 
longer RTs to contralesional targets at short SOAs fol
lowing valid central cues (arrowhead shown at fixation) 
but not following valid luminance cues (unilateral bright
ening of a box surrounding the target location; also called 
peripheral cues). Since the main aspect of the results that 
we intended to consider in each experiment was the vari
ation of hemifield asymmetries as a function of the tem
poral interval between the cue/warning and the target, it 
appeared that the use of a single type of cue/warning might 
have led to results that did not allow one to separate ef
fects related to attentional alerting from those related to 
the spatial orienting of selective attention. The spatial 
cues/warning signals used in the present experiments were 
thus presented at fixation (central cue; Experiment 1), 
bilaterally (the cue was the direction of motion-toward 
the left or right-of peripheral gratings; Experiment 2), 
or unilaterally (luminance cue; Experiment 3). 

METHOD 

Subjects 
Inclusion as well as exclusion criteria were applied for subject 

selection in order to control factors that otherwise might have ren
dered the interpretation of the results equivocal, and to make sure 
that subjects were able to perform the tasks adequately. The inclu-
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sion criteria were (1) right handedness, as assessed with the Edin
burgh Handedness Inventory (score between +80 and + 100; Old
field, 1971); and (2) brain lesion of vascular origin, a first 
occurrence of brain damage, with a unique lesion lateralized to one 
hemisphere (applies only to brain-damaged subjects). The exclusion 
criteria were (1) reduced and uncorrected visual acuity; (2) ocular 
disease such as glaucoma or cataracts; (3) visual field deficits, as 
assessed by campimetry (this applies only to brain-damaged sub
jects); (4) visual hemineglect, as assessed with the bells test 
(Gauthier, Dehaut, & Joanette, 1989; this applies only to brain
damaged subjects); and (5) an aphasia that may impair the under
standing of instructions (this applies only to brain-damaged subjects). 

Following the application of the selection criteria, a group of 10 
left-brain-damaged subjects whose mean age was 65 years was ex
amined. The minimum time period between lesion onset and test
ing was 2 months. A second group of 10 neurologically intact sub
jects whose mean age was 71 years served as controls. 

Materials 
The experiments were controlled by an Amiga microcomputer, 

and the stimuli were displayed on an RGB monitor located 57 cm 
from the subjects. A chin rest prevented head movement. The sub
jects used a computer mouse to respond. The experiments were run 
in a dimly lit room. 

An ocular fixation control was used to ensure that the stimuli were 
displayed in the proper visual hemifield. This was achieved with 
the use of a pupil and corneal reflection tracking system (lSCAN, 
Model RK-426) linked to the control computer. This tracking sys
tem analyzes video images obtained from a black and white cam
era equipped with an infrared ftlter. An infrared source served for 
illumination. Trials began only when the subject fixated a central 
point. If, during a trial, the subject shifted his/her ocular fixation 
toward the target location (displayed left or right of fixation) so 
that the distance between ocular fixation and the stimulus was under 
3.5 0 of visual angle, that trial was immediately terminated and run 
again later in the session. Across experiments and groups, between 
1.0% and 2.7% of the trials were eliminated on this criterion. 

Stimuli 
A white fixation stimulus (luminance of about 61 cd/ml) was 

shown at the center of the display screen between trials. It was made 
of a 0.20 dot surrounded by a 1.30 empty circle. The subjects were 
instructed to keep their eyes directed toward the fixation location 
as much as possible throughout the experiment. 

Two empty squares (3.1 0 wide x 2.80 high) were displayed per
manently on the screen. They were presented left and right of the 
fixation location, and the center-to-center distance between them 
and the fixation stimulus was 10.60 of visual angle. In Experiments 
1 and 2, these squares remained white (luminance, about 61 cd/ml) 
throughout the session. In Experiment 3, these squares were gray 
(luminance, about 6 cd/ml) between trials. The target was a white 
filled circle (0.80 in diameter), centered within one of the two 
squares, and was displayed for a duration of 200 rnsec. 

In Experiment 1 (central cue), the spatial cue/warning signal was 
an arrow (1.60 wide x 1.00 high), shown at fixation, which pointed 
either left or right. In Experiment 2 (motion cue), the warning signal 
was the onset of square wave gratings (2.9 0 wide x 1.90 high, 
spatial frequency of 0.7 cycles/deg) displayed bilaterally at a dis
tance of 1.40 above and below the squares in which the target could 
appear. The spatial cuing property of this signal consisted in the 
direction (left or right) toward which the lines in the gratings moved 
(speed of movement of5.0 cycles/sec). In Experiment 3 (luminance 
cue), the cue/warning was the illumination of one of the peripheral 
squares. The luminance of the lighted square thus changed from 
6 cd/ml to 61 cd/ml. 
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In all experiments, the spatial cue/warning signal remained visible 
until the end of the trial. The subjects were instructed to use the 
infonnation provided by the cue by directing their attention toward 
the cued location while fixating the center of the screen (' 'to look 
out the comer of their eyes"). 

Procedure 
The subjects' task was to respond as rapidly as possible to the 

onset of the target. This response was made by pressing the mouse 
button with the index finger. All subjects were required to use the 
left hand to respond, since many (5 out of 10) left-brain-darnaged 
subjects suffered from a right-arm plegia or paresis. All responses 
made between 150 and 3,000 rnsec after target onset were immedi
ately followed by auditory feedback that consisted of a high-pitched 
sound. Responses made less than 150 rnsec or more than 3,000 msec 
after target onset were followed by a low-pitched sound. These trials 
were eliminated and run again later in the session. Across groups 
and experiments, between 0.0% and 2.6 % of trials were eliminated 
on this criterion. 

On each trial, a spatial cue/warning signal preceded target onset by 
a stimulus onset asynchrony (SOA) of 50, 150, 600, or 1,000 rnsec. 
The spatial cue was valid on 80% of the trials and invalid on 20% 
of the trials. The subjects were informed of these probabilities when 
given the instructions. 

Each experiment comprised 16 conditions resulting from varia
tions along three factors. These were: cue validity (valid or invalid), 
SOA between cue and target (50, 150,600, or 1,000 msec), and 
hemifield in which the target was displayed (left or right). Condi
tions were distributed according to a pseudorandom scheme, with 
240 experimental trials per session per subject. The experimental 
session was immediately preceded by 35 training trials. RT was 
the dependent variable. 

RESULTS 

The main purpose of the present report is to investigate 
whether an alerting impairment may be found in subjects 
with unilateral left brain lesions. However, an a priori 
assumption of homogeneity of our brain-damaged sample 
as to the presence or absence of a deficit of attentional 
alerting is hardly tenable. The brain-damaged subjects 
were not selected for the location or size of their lesions, 
and these parameters could be expected to affect the oc
currence of the deficit. Moreover, there is at present no 
criterion based on the properties of lesions that allows one 
to predict the presence of the impairment in any specific 
case. For these reasons, the first phase of data analysis 
was an attempt to identify individual brain-damaged sub
jects who exhibited a pattern of performance congruent 
with an alerting impairment. 

What is the RT pattern that is to be expected from a 
patient with an alerting deficit for contralesional stimuli? 
Our basic assumption in the present work is that such an 
impairment should reveal itself by a delay in the alerting 
effect of a warning signal for a contralesional target rela
tive to an ipsilesional one. In this case, longer RTs to 
contralesional than to ipsilesional targets should be ob
served at short warning-to-target temporal intervals (in 
the present experiments, SOAs of 50 and 150 msec). This 
RT asymmetry between hemifields should, however, be 
absent or become smaller at longer SOAs following the 
warning signal (SOAs of 600 and 1,000 msec), at which 
point the alerting effect should have reached asymptote 

in a normal hemisphere (Bertelson, 1967; Lansing et al., 
1959; Posner, 1978; Posner & Boies, 1971; Posner, In
hoff, et al., 1987; Posner et al., 1973; Sanders, 1972; 
Thomas, 1974). This interaction between SOA and hemi
field was used as a preliminary indicator for a disorder 
affecting the time course of alerting in individual cases. 

Only the observations from valid-cue trials were used 
for the phase of individual data analyses: Previous ob
servations on spatial cuing in brain-damaged subjects had 
indicated that cue validity may interact with hemifield 
asymmetries in RTs in a wide variety of brain-damaged 
subjects (Baynes et al., 1986; Morrow & Ratcliff, 1988; 
Posner et al., 1982; Posner, Inhoff, et al., 1987; Posner 
et al., 1984; Posner, Walker, et al., 1987; Rafal & Pos
ner, 1987), and the number of observations for each SOA 
X hemifield combination in individual subjects was quite 
small on invalid-cue trials (n = 6). 

A measure of asymmetry reflecting an SOA X hemi
field interaction was thus computed from the individual 
median RTs in valid-cue conditions. The following for
mula was used to calculate this measure: 

M = [(Rso-Lso) + (RlSO-LlSO)] 

- [(R600 -L600) + (R1.OOO-L 1.OOO)], (1) 

where the letters Rand L represent RTs with right- and 
left-hemifield targets, respectively, and the numerical in
dexes represent the SOA between cue and target. 

A high absolute value of the measure of asymmetry sig
nifies an interaction of SOA X hemifield. As indicated 
above, this interaction is the pattern of results that is ex
pected from subjects with impaired alerting for contra
lesional stimulation. Specifically, these subjects should 
show a large hemifield asymmetry in RTs-longer for a 
contralesional target-on valid-cue trials at short cue-to
target SOAs, and a reduction of this asymmetry at later 
SOAs. Also, a positively signed measure of asymmetry 
is consistent with impaired alerting for right-hemifield 
stimuli while a negatively signed measure of asymmetry 
is consistent with impaired alerting for left-hemifield stim
uli. Any left-brain-damaged subject exhibiting a positively 
signed measure of asymmetry of which the absolute value 
was larger than three standard deviations above the mean 
of the absolute values of the measures of asymmetry ob
tained by the control subjects on the same task was con
sidered to show preliminary evidence of an alerting deficit. 

Individual Data Analyses 
Experiment 1: Central cue. Figure 1 presents the out

come of the analysis of the individual asymmetry data with 
valid central cues. Six of the normal controls showed posi
tively signed measures of asymmetry, and 4 received 
negative values. Normal controls (Figure lA) showed an 
average asymmetry value (3.4 msec) that did not differ 
significantly from zero [t(9) = 0.2, n.s.]. In contrast, 5 
of the lO brain-damaged subjects (P6-PlO) exhibited very 
large measures of asymmetry (Figure IB). 2 The absolute 
value of each of these measures in subjects P6-PI0 was 
larger than three standard deviations above the mean for 
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Figure 1. Measures of asymmetry (M) observed in each subject 
in Experiment 1 {central cue). The"+" or"-" above each column 
indicates the sign of M (positive or negative). (A) Control subjects 
(Cl-ClO). (8) Brain-damaged subjects (Pl-PlO). The horizontal line 
in this histogram represents the value of three standard deviations 
above the mean observed in control subjects. 

the control subjects. Moreover, the sign of the measure 
for each of these brain-damaged subjects was positive, 
which is consistent with a left-hemisphere lesion (see 
above). These results for Subjects P6-PIO reflect large 
RT asymmetries (average of 279.7 msec, left part of 
Equation I) after the presentation of a valid central cue 
at short SOAs-with RTs longer with a contralesional 
target-but smaller asymmetries (average of 53.0 msec, 
right part of Equation I) at longer SOAs. 

Following the rationale upon which this analysis was 
performed, these results suggest that 5 of the brain
damaged subjects in our sample (Subjects P6-PlO) showed 
delayed alerting for contralesional stimuli following the 
presentation of a spatially valid cue/warning signal at fix
ation. In contrast to this subgroup of brain -damaged cases, 
Subjects PI-P5 obtained measures of asymmetry that were 
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within the range of those observed in the normal controls. 
Consequently, it appears that Subjects PI-P5 did not 
suffer from any alerting deficit. 

Experiment 2: Motion cue. Individual asymmetry data 
for valid motion cue trials are presented in Figure 2. Half 
the control subjects (Figure 2A) showed a positive asym
metry measure and half a negative value. The mean of 
the asymmetry data for these subjects was -20.2 msec, 
which did not differ significantly from zero [t(9) = -l.0, 
n.s.]. However, Brain-Damaged Subjects P6-PIO ex
hibited an abnormally high measure of asymmetry in com
parison with the normal controls (Figure 2B). The aver
age RT asymmetries-with longer RTs for right-hemifield 
targets-shown by these subjects were 346.5 msec at the 
shorter SOAs and 165.1 msec at longer SOAs. The sign 
of the measure was positive, which is consistent with a 
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Figure 2. Measures of asymmetry (M) observed in each subject 
in Experiment 2 (motion cue). (A) Control subjects (Cl-ClO). 
(B) Brain-damaged subjects (Pl-PIO). Conventions are the same as 
in Figure 1. 
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Figure 3. Measures of asymmetry (M) observed in each subject 
in Experiment 3 (luminance cue). (A) Control subjects (CI-CIO). 
(B) Brain-cIamaged subjects (pl-PlO). Conventions are the same as 
in Figure 1. 

left hemispheric lesion. An important point to note here 
is that these subjects are the same as those who exhibited 
a deficit in Experiment 1. Moreover, Subjects PI-P5 
showed, as they did in Experiment 1, results comparable 
to those from the control subjects. Thus, the individual 
data analyses performed on the results of Experiments 1 
and 2 converge in suggesting an impaired time course of 
alerting for right-hemifield stimulation in Brain-Damaged 
Subjects P6-PI0. 

Experiment 3: Luminance cue. Individual asymmetry 
data for valid luminance cue trials are presented in Fig
ure 3. Control subjects (Figure 3A) showed small asym
metries, which were either positive (3 subjects) or negative 
(7 subjects). As was the case in the previous experiments, 
the mean of the asymmetry data for control subjects 
(-24.7 msec) did not differ significantly from zero 

[t(9) = -1.6, n.s.]. None of the brain-damaged subjects 
obtained a measure of asymmetry higher than the cut-off 
score of three standard deviations above the mean for the 
normal controls (Figure 3B). Thus, contrary to the re
sults of the two previous experiments, in which warning 
signals were presented either at fixation or bilaterally, 
none of the left-brain-damaged subjects appears to have 
suffered from impaired alerting for right-hemifield stimu
lation when the warning signal was presented unilaterally 
in the target hemifield (i.e., the valid luminance cue). 

Group Data Analyses 
The first phase of data analysis served to classify brain

damaged subjects into two groups: those who showed a 
performance consistent with a deficit in the time course 
of alerting for contralesional stimuli (Subjects P6-PlO; 
henceforth the AD group, for "alerting deficit"), and 
those who did not exhibit any evidence for an alerting im
pairment (Subjects PI-P5; the nAD group, for' 'no alert
ing deficit"). However, the criterion used to identify in
dividual AD patients may also have been congruent with 
other types of attention impairments-that is, those affect
ing the spatial allocation of selective attention-and this 
mainly because it was based only upon the results from 
valid-cue trials. Therefore, a second, more detailed anal
ysis was performed on the averaged results of each group 
(i.e., controls, nAD, and AD), to determine whether the 
impairment observed in the AD group was truly an im
pairment of alerting. 

The second phase of data analysis thus assessed whether 
the brain-damaged groups differed from the normal con
trols in ways that corresponded to performance patterns 
that might be considered as diagnostics of specific types 
of attention impairments. This procedure thus served to 
provide a detailed representation of the attention capacities 
of each brain-damaged group in comparison with the nor
mal controls. As mentioned in the introduction, each 
known category of deficit affecting the spatial allocation 
of selective attention is associated with a particular pat
tern of performance in the visuospatial cuing task. In the 
present experiments, these performance patterns can be 
defined across cue validity (valid vs. invalid), target 
hemifield (ipsilesional vs. contraiesional), and SOA (short 
vs. long) conditions. Table 1 lists the set of interactions 
that will be analyzed (they are decomposed into their sim
ple effects if significant) to examine whether any of these 
patterns of performance occurred in our brain-damaged 
subjects.3 Although the number of tests conducted is fairly 
high, it must be pointed out that each of the contrasts listed 
in Table 1 is orthogonal to every other. That is, each test 
examines an aspect of the data that is independent of the 
others. The complete set of observations gathered from 
the AD group across the three experiments will be con
sidered to determine the most appropriate account for their 
impairment. The same will be done for the results of the 
nAD group to assess whether they manifest any evidence 
of an attention impairment, and if so, to establish its 
nature. 



Table 1 
Set of Interaction Patterns in the Visuospatial Cuing Task 

That Correspond to Speclf'ac Attention Impairments 
and That Were Tested in tbe Group Data Analyses 

Attention Impainnent 

Interaction Move Engagement Disengagement Alerting 

GxH x 
GxV x a 

GxHxV x b x a 

GxHxS x a 

GxVxS XC 

GxHxVxS x d x b x b 

Note-G, group; H, target hemifield; V, cue validity; S, stimulus onset 
asynchrony (SOA). 

An impainnent in moving the focus of attention is asso
ciated with an absent (patterns a or b, Table 1) or a de
layed (patterns c or d, Table 1) cue validity effect (posner 
et al., 1982; Rafal et al., 1988). That is, an RT advan
tage for validly cued targets is either entirely absent or 
else present at longer SOA!! than it is in normal subjects. 
This kind of deficit was previously shown to affect move
ments of attention along a particular axis, with no effect 
of direction. If present in our experiments, an impainnent 
of the "move" operation may therefore be expected to 
appear with targets in either hemifield (patterns a or c, 
Table 1), although the possibility of a deficit restricted 
to the contralesional hemifield (patterns b or d, Table 1) 
will also be considered. 

A disorder affecting the engagement of attention on the 
target is characterized by substantially elevated RTs to 
contralesional targets. This effect remains relatively con
stant across all SOAs and is present with both valid and 
invalid spatial cues (Rafal & Posner, 1987). 

Finally, a deficit in disengaging the focus of attention 
is signaled by disproportionately long RTs to contra
lesional targets under invalid-cue conditions (Arguin & 
Bub, 1993; Baynes et al., 1986; Morrow & Ratcliff, 
1988; Posner et al., 1982; Posner, Inhoff, et al., 1987; 
Posner et al., 1984; Posner, Walker, et al., 1987). This 
effect may either occur across all SOA values (pattern a, 
Table 1; Posner et al., 1984) or only at short SOAs (pat
tern b, Table 1; Morrow & Ratcliff, 1988), depending on 
the duration with which the disengagement difficulty lasts 
(sustained vs. refractory) after attention is engaged on a 
particular location. Both possibilities will be examined. 

In the same way as the various impairments affecting 
the spatial allocation of selective attention are associated 
with specific performance patterns, a disorder in the time 
course of alerting for contralesional stimulation is also 
expected to have its particular impact on performance. 
As indicated above, an alerting impairment is assumed 
to result in elevated RTs to contralesional targets at short 
SOAs and a reduction of this hemifield asymmetry at 
longer SOAs (pattern a, Table 1). Because alerting is de
fined as a process that is independent of the spatial allo
cation of attention, this result should not be affected by 
the particular location to which subjects attend at the time 
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of target onset. In other words, and in principle, the per
formance pattern diagnostic of delayed alerting for con
tralesional stimulation in brain-damaged subjects should 
be independent of the spatial validity of the cues/warning 
signals. However, one must also allow for the possibility 
that the spatial features of the cues/warning signals used 
affect their alerting properties (see Davidson, Schaffer, 
& Saron, 1985, and Reuter-Lorenz et al., 1990, for rel
evant examples). A difference between the spatial prop
erties of valid and invalid spatial cues only occurs in the 
experiment carried out with the use of luminance cues (Ex
periment 3). Thus, the spatial features of central (Exper
iment 1) and motion (Experiment 2) cues remain constant 
with changes in cue validity, these being displayed either 
at fixation or bilaterally. In contrast, luminance cues are 
unilateral and appear either in the same hemifield as the 
target (valid) or in the opposite hemifield (invalid). There
fore, in Experiment 3, the occurrence of a group X va
lidity x hemifield x SOA interaction (pattern b, Table 1) 
may not be incompatible with a deficit in the time course 
of alerting. 

Since the distinction between the AD and nAD groups 
was derived a posteriori from the valid trial data-in par
ticular from the occurrence of an SOA x hemifield inter
action-analyses that involve this selection criterion must 
be treated with caution. We will identify the results fall
ing in this category. 

In addition to the set of interactions described in Ta
ble 1, the main effects of cue validity and of SOA were 
assessed. The validity effect will serve to determine that 
subjects reacted to the spatial cues presented by shifting 
their focus of selective attention to the cued location. The 
SOA analysis will serve to confirm that the alerting effect 
of the spatial cues did actually occur as expected and thus 
led to a reduction of RTs. 

In this second phase of analyses, we used the MANOV A 
technique described by O'Brien and Kaiser (1985). The 
contrasts included to examine the effect of the group fac
tor were: controls versus nAD, and controls versus AD. 
For the main effect of SOA, the contrasts compared RTs 
with a 50-msec SOA with each of the other SOA values 
(150, 600, and 1,000 msec). The interaction effects in
volving the SOA factor only contrasted short (50- vs. 150-
msec) versus long (600- vs. 1,000-msec) SOAs. This was 
done because the different patterns of performance tested 
did not require more detailed comparisons on the SOA 
factor and because using only one degree of freedom to 
test this factor instead of three provided greater power 
in the statistical tests. 

Experiment 1: Central cue. RTs observed in the con
trol, nAD, and AD groups with a central cue are shown 
in Figure 4. The summary of the analyses of variance is 
presented in Table 2. 

A significant effect of cue validity was observed, with 
shorter RTs when targets were preceded by valid than by 
invalid spatial cues. Also, an effect of the time interval 
between cues and targets was seen, with decreasing RTs 
as a function of SOA. 
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Figure 4. Mean response times observed in Experiment 1 (cen
tral cue). (A) Control group. (B) DAD group. (C) AD group. 
Square = left-hemifield target. Circle = right-hemifield target. 
Empty symbols = valid-cue trials. Filled symbols = invalid-cue 
trials. 

Among the interactions that tested for specific categories 
of attention impairments, that of group X hemifield was 
significant. Follow-up analyses of this interaction revealed 
no difference between the control and nAD groups on the 
effect of target hemifield, whereas such a difference did 

occur between the control and AD groups. No hemifield 
effect was observed in the normal controls but RTs were 
longer for right-hemifield targets in the AD group. 

This result was qualified, however, by a significant 
group x hemifield x SOA interaction. Its decomposition 
revealed no difference between the normal controls and 
the nAD group on the conjoined effect of target hemifield 
and SOA. In contrast, the control and AD groups differed 
on the effect of target hemifield at short SOAs (50 and 
150 msec). This discrepancy in the effect ofhemifield be
tween control and AD subjects was no longer significant 
at longer SOAs (600 and 1,000 msec). 

The nature of the performance difference between the 
normal controls and AD subjects can be seen clearly in 
Figure 4. At short SOAs, and especially at 50 msec, the 
AD group showed delayed RTs for right-hemifield (contra
lesional) targets, an effect that was not apparent in the 
normal controls. At longer SOAs, the hemifield asym
metry in the AD group was markedly reduced and non
significant, and thus did not differ from the results ob
served in the controls. 

Note that this variation of the hemifield effect as a func
tion of SOA in the AD group includes the selection crite
rion upon which this group was formed. Obviously, this 
effect was expected for valid-cue trials, since the AD sub
jects were selected so that they would show it. It must 
be underlined however that a comparable pattern of re
sults can be seen with targets preceded by invalid cues 
(Figure 4C). In fact, with an SOA of 50 msec between 
the cue and the target, the RT increase for right-hemifield 
(contralesional) targets in the AD group is significantly 
larger with invalid than with valid cues [F(I, 17) = 13.7, 
p < .005]. 

One important aspect of the results of Experiment 1 is 
the effect of cue validity, where RTs were shorter with 
a valid cue than with an invalid cue. This validity effect 

Table 2 
Analyses of Variance on the Data From 

the Central Cuing Experiment (Experiment 1) 

Interaction/Simple Effect df F P 
Cue validity 1,17 55.2 <.001 
SOA 3,15 30.0 <.001 
GxH 2,17 13.5 <.001 

Controls vs. nAD on H 1,17 3.5 n.s. 
Controls vs. AD on H 1,17 27.0 <.001 

H in controls 1,17 <1 n.s. 
H in AD 1,17 47.2 <.001 

GxV 2,17 1.5 n.s. 
GxHxV 2,17 2.4 n.s. 
GxHxS 2,17 14.4 <.001 

Controls vs. nAD on H X S 1,17 <1 n.s. 
Controls vs. AD on H x S 1,17 25.6 <.001 

Controls vs. AD on H at short SOAs 1,17 39.5 <.001 
H at short SOAs in controls 1,17 <1 n.s. 
H at short SOAs in AD 1,17 65.1 <.001 

Controls vs. AD on H at long SOAs 1,17 3.0 n.s. 
GXVxS 2,17 <1 n.S. 
GxHxVxS 2,17 1.0 n.s. 

Note-G, group; H, target hemifield; V, cue validity; S, stimulus onset 
asynchrony (SOA). 



demonstrates that subjects shifted their focus of visuo
spatial attention toward the location indicated by the cen
tral cue prior to the onset of the target. 

Second, the results also show a reduction of RTs with 
increases in the temporal interval between the cue and the 
target. This effect has been observed on numerous occa
sions in the spatial cuing paradigm and is an indication 
that the onset of the cue also acts as a warning signal that 
produces an increase in the subject's preparation to re
spond to external stimulation (i.e., alerting). 

The other statistical tests conducted on the data of Ex
periment 1 were aimed at identifying performance pat
terns in either of the brain-damaged groups that would 
correspond to a particular category of attention impair
ment. No significant difference between the control and 
nAD groups was revealed by these analyses. In contrast, 
the AD group exhibited results that diverged from those 
of the normal controls. 

First, the AD group was shown to have longer RTs with 
right-hemifield (contralesional) than with left-hemifield 
(ipsilesional) targets. As indicated previously, this result 
may serve as preliminary evidence of a deficit in engaging 
the focus of attention. However, unambiguous support for 
an engagement deficit would have required that the RT 
increase for contralesional targets in the AD group be 
roughly constant across SOAs. This condition was not 
verified, since, as indicated above, the delayed RTs for 
contralesional targets in the AD group actually occurred 
only at short SOAs (50 and 150 msec) between the cue 
and the target. 

From this, it appears that the anomaly shown by the 
AD group largely corresponds to the performance pat
tern expected in the case of an alerting impairment for 
contralesional stimulation. Thus, their RTs with contra
lesional targets were delayed at short temporal intervals 
(50 and 150 msec) following the cue, whereas this hemi
field asymmetry was no longer present at longer SOAs 
(600 and 1,000 msec). In addition, this result occurred 
not only on valid-cue trials-that is, the data set on the 
basis of which the AD group was constituted-but also 
on invalid-cue trials. 

However, there remains one aspect of the results of the 
AD group that cannot be directly accounted for by the 
hypothesis of an alerting impairment. It was mentioned 
above that, at a 50-msec SOA, the RTs to contralesional 
targets in the AD group were significantly more delayed, 
relative to ipsilesional targets, with invalid than with valid 
cues. Although this observation is not supported by a sig
nificant group x hemifield x validity x SOA interaction, 
it nevertheless seems that cue validity affected the deficit 
of the AD group for contralesional targets at short tem
poral intervals between the cue and target. More specifi
cally, it appears that, at short SOAs, AD subjects ex
perienced difficulty in reorienting their focus of attention 
toward the contralesionallocation if selective attention had 
just been miscued to an ipsilesionallocation. This kind 
of difficulty is comparable to that reported previously by 
Morrow and Ratcliff (1988) in right-brain-damaged pa-
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tients with visual hemineglect. They defined it as a refrac
tory deficit in disengaging their attention from a contra
lesionallocation; that is, "if attention has been engaged 
to the ipsilateral side, a certain time interval ... must 
elapse before the disengage operation can be initiated" 
(Morrow & Ratcliff, 1988, p. 268). 

This result raises the possibility that AD subjects do not 
suffer from any impairment in attentional alerting and that 
their results in Experiment 1 can be entirely explained on 
the basis of a refractory disengagement disorder. This hy
pothesis readily accounts for the performance of the AD 
group with invalid central cues. In addition, it must also 
be noted that, with valid central cues, a disengagement 
operation may have been required before subjects could 
shift their attention toward the cued location. Indeed, it 
has previously been argued by Posner et al. (1984) that 
subjects must focus their attention on the central cue be
fore directing it to the location it indicates. If this is cor
rect, the delayed RTs shown by the AD group with valid 
central cues that preceded contralesional targets by a short 
SOA may be explained by their difficulty in disengaging 
their attention from the location occupied by the cue. 

Alternatively, a discussion by Posner and colleagues 
(Posner, Inhoff, et al., 1987; see also Posner, 1990) of 
the relationships between different attentional subsystems 
suggests that the hypothesis of a primary alerting impair
ment in the AD group can be maintained. Indeed, on the 
basis of empirical observations, these authors have pro
posed that a deficit in alerting may retard the commands 
that are necessary to activate the system that is responsi
ble for the disengagement of attention. Assuming that this 
hypothesis is correct, one may consider that the refractory 
disengagement difficulty seen in the AD group is actually 
a necessary consequence of their alerting impairment. 
Thus, it may be suggested that, in a poorly alerted state 
(i.e., at short SOAs), the damaged left hemisphere of the 
AD patients was unable to pull their focus of attention 
away from either an invalidly cued ipsilesional location 
or from the location of the central cue as rapidly as when 
it was in a higher state of alertness (i.e., at long SOAs). 

In themselves, the results of Experiment 1 do not allow 
to distinguish between the two competing accounts for the 
attention deficit shown by the AD group with central cues. 
However, the results of Experiment 2 provide crucial evi
dence for this distinction. 

Experiment 2: Motion cue. RTs observed in the con
trol, nAD, and AD groups with a motion cue are illus
trated in Figure 5, and a summary of the data analyses 
is presented in Table 3. 

As in the previous experiment, a significant main effect 
of SOA was found. This effect can be seen in Figure 5, 
where RTs decrease with increases in the time interval 
between the cue and target. However, contrary to the find
ings of Experiment 1, no RT difference was observed be
tween valid and invalid motion cues. 

The interaction of group X hemifield was significant 
and took the same form as that seen in the previous ex
periment. This effect was qualified, however, by a group 
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Figure S. Mean response times observed in Experiment 2 (motion 
cue). (A) Control group. (8) nAD group. (C) AD group. Square = 
left-hemifield target. Circle = right-hemifield target. Empty 
symbols = valid-cue trials. Filled symbols = invalid-c:ue trials. 

x hemifield X SOA interaction. Simple effects performed 
on this interaction indicated that the combined effect of 
target hemifield and of SOA did not differ between the 
control and nAD groups. In contrast, such a difference 
did occur between the control and AD groups; that is, 

these two groups differed from one another on the varia
tions of RTs across hemifield and SOA conditions. A 
follow-up on this result showed that normal controls and 
AD subjects differed on the effect of hemifield at both 
short (50- and 150-msec) and long (600- and 1,0000msec) 
SOAs, although the magnitude of this effect appeared 
weaker with long time intervals between the cue and tar
get. At both short and long SOAs, the control group 
showed no RT difference between hemifields but the AD 
group exhibited longer RTs to contralesional targets. 

The hemifield difference observed in the AD group, 
even though present across all SOAs, was largest at short 
SOAs (at 50 msec, the asymmetry is 189 msec) and 
monotonically decreased with longer SOAs (at 1,000 msec, 
the asymmetry is 69 msec). Although this result was ex
pected on valid-cue trials because it was the basis for the 
selection of the AD group, it must be noted that the same 
variation in hemifield differences as a function of SOA 
was observed with invalid motion cues. 

As was the case in the previous experiment, the results 
of Experiment 2 indicate that increases in the temporal 
interval between the cue and target led to a reduction in 
RTs. It therefore appears that the motion cue acted as a 
warning signal that alerted the subjects as to the immi
nence of the target, thus increasing their preparation to 
respond to it. 

One major difference between the results of Experi
ments 1 and 2 is that, in the latter, the effect of cue valid
ity was not significant. This indicates that, contrary to our 
expectations, the subjects did not use the information pro
vided by the motion cues to direct their attention toward 
the most probable future target location. To the best of 
our knowledge, spatial cuing with motion stimuli such as 
those used here has not been reported before. The apparent 
incapacity of a direction of motion signal to serve as a 

Table 3 
Analyses of Variance on the Data From 

the Motion Cuing Experiment (Experiment 2) 

Interaction/Simple Effect df F P 
Cue validity 1,17 2.1 n.s. 
SOA 3,15 21.1 <.001 
GxH 2,17 14.6 <.001 

Controls vs. nAD on H 1,17 3.6 n.s. 
Controls vs. AD on H 1,17 29.2 <.001 

H in controls 1,17 <1 n.s. 
H in AD 1,17 39.6 <.001 

GxV 2,17 <1 n.s. 
GxHxV 2,17 <1 n.s. 
GxHxS 2,17 6.2 <.01 

Controls vs. nAD on H X S 1,17 <1 n.s. 
Controls vs. AD on H x S 1,17 12.1 <.005 

Controls vs. AD on H at short SOAs 1,17 38.2 <.001 
H at short SOAs in controls 1,17 <1 n.s. 
H at short SOAs in AD 1,17 55.8 <.001 

Controls vs. AD on H at long SOAs 1,17 7.1 <.01 
H at long SOAs in controls 1,17 <1 n.s. 
H at long SOAs in AD 1,17 16.8 <.005 

GxVxS 2,17 <1 n.s. 
GxHxVxS 2,17 2.0 n.s. 

Note-G, group; H, target hemifield; V, cue validity; S, stimulus onset 
asynchrony (SOA). 



usable location indicator may prove to be an interesting 
topic of investigation in future research on the interactions 
between separate visual subsystems that are specialized 
for the processing of particular stimulus dimensions. For 
the immediate purpose, however, the exact reason for this 
result is not clear, and it is beyond the scope of the present 
paper to speculate about it. The critical implication of the 
lack of a cue validity effect in Experiment 2 is that al
though motion cues affected alerting, as indicated by the 
effect of SOA on RTs, they had no impact on the spatial 
allocation of attention. In other words, it appears that 
motion cues were functionally equivalent to warning sig
nals that provide no information about the future target 
location. 

The last result of importance in Experiment 2 is the dif
ference between normal controls and the AD group on 
the conjoined effect of hemifield and SOA between the 
cue and the target. As reported above, the control group 
showed no evidence for a difference in RT between hemi
fields. In contrast, the AD group exhibited markedly 
longer RTs for contralesional targets at short SOAs and 
an important but gradual reduction of this hemifield asym
metry as SOA increased. This effect of SOA on hemifield 
asymmetry was the same with valid and invalid motion 
cues. This pattern of performance is entirely congruent 
with the previously established diagnostic for an alerting 
impairment for contralesional stimulation. Moreover, and 
contrary to the results of Experiment 1, it does not appear 
that rival hypotheses about the nature of the attention 
deficit of AD subjects can account for these observations. 

Even though the AD group showed longer RTs to contra
lesional targets across all SOAs, it appears unlikely that 
an impairment in attentional engagement can account for 
their results. Thus, a deficit in engaging attention to a 
contralesional target should not vary as a function of the 
temporal interval that separates a cue and the target. 
However, the results of Experiment 2 indicate that such 
a variation did occur (cf. the group X hemifield X SOA 
interaction) . 

In addition, it does not appear that the hypothesis of 
a disengagement disorder can provide an account of the 
performance of the AD group in Experiment 2. Indeed, 
motion cues did not affect the allocation of spatial atten
tion-that is, no cue validity effect-and they were pre
sented in the visual periphery rather than at fixation. This 
implies that there was no condition in which subjects had 
to disengage their attention from a particular location be
fore directing it to the target. From this, it may be con
cluded that attentional disengagement was not a factor in 
Experiment 2. Therefore, if attentional disengagement had 
been the primary attention impairment in the AD group, 
they should have shown a normal performance in Exper
iment 2, which they did not. 

From this discussion, it appears that the most likely ac
count for the effect of SOA on the hemifield asymmetry 
shown by the AD group in Experiment 2 consists of de
layed alerting for contralesional stimulation. Thus, at the 
shortest SOAs following the onset of the warning signal, 
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the level of alertness of AD subjects for contralesional 
stimuli is lower than that for ipsilesional stimulation. The 
discrepancy in the level of alertness between hemifields 
then progressively decreases as an asymptotic alerting 
state is reached for ipsilesional targets at later SOAs. 

The attention deficit suffered by the AD group may be 
assumed to remain constant across experiments. From the 
data of Experiment 1, two equally plausible conclusions 
were proposed. One was that the primary impairment of 
the AD subjects was one of attentional alerting, which 
mainly affected their RTs to contralesional stimulation and 
also had an impact on their capacity to disengage their 
attention from an invalidly cued ipsilesionallocation. The 
alternative was that AD subjects suffered exclusively from 
a disengagement deficit. As argued above, the latter ac
count does not seem to apply to the results of the AD 
group in Experiment 2. It may therefore be concluded that 
the primary impairment of the AD subjects is one of at
tentional alerting. This hypothesis can explain the main 
features of their anomalous performance in both Experi
ments 1 and 2. The rival accounts examined here appear 
incapable of doing so. 

The magnitude of the RT asymmetries exhibited by the 
AD group at the shortest SOAs is quite comparable across 
Experiments 1 and 2. This is congruent with the view that 
the delayed alerting hypothesis may account for their 
deficit in these two experiments. Thus, with motion cues, 
RTs (averaged over valid- and invalid-cue trials) for con
tralesional targets were longer than those for ipsilesional 
targets by 189 and 130 msec at SOAs of 50 and 150 msec, 
respectively. In comparison, the corresponding hemifield 
differences with valid central cues were 155 and 125 msec. 
It appears preferable not to include the invalid central cue 
trials in this comparison since an additional phenomenon, 
involving attentional disengagement, seems to have oc
curred in this condition, as proposed in the discussion of 
Experiment 1. 

Experiment 3: Luminance cue. RTs observed with a 
luminance cue in the control, nAD, and AD groups are 
presented in Figure 6. A summary of the analyses ofvari
ance is presented in Table 4. 

The results of Experiment 3 revealed significant effects 
of cue validity and of temporal interval between cue and 
target. The validity effect indicated shorter RTs with valid 
than with invalid cues; the effect of SOA showed decreas
ing RTs with increasing time interval between the cue and 
target. 

The group X validity interaction was significant, and 
pointed to a difference between the normal controls and 
the AD group on the magnitude of the effect of cue valid
ity. Both groups showed a significant effect of cue validity . 
However, it can be seen in Figure 6 that the effect of cue 
validity was much larger in the AD group (110 msec ef
fect) than in the control group (32 msec effect). The nAD 
group did not differ significantly from the normal con
trols on the cue validity effect. 

A significant group X hemifield interaction was also 
observed. The effect of hemifield did not differ between 
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Figure 6. Mean response times observed in Experiment 3 Ou
minance cue). (A) Control group. (8) nAD group. (C) AD group. 
Square = left-hemifield target. Circle = right-hemifield target. 
Empty symbols = valid-cue trials. Filled symbols = invalid-cue 
trials. 

the controls and the nAD group. In contrast, the AD group 
showed a large hemifield effect on RTs which was not 
present in the normal controls. 

This last interaction was qualified by a significant group 
x hemifield x SOA interaction. Normal controls and 

nAD subjects did not differ on the hemifield x SOA ef
fect, but such a difference did occur between the control 
and AD groups. At both short and long SOAs, no RT dif
ference between hemifields was observed in the normal 
controls. In contrast, the AD group showed longer RTs 
with contralesional targets across all SOAs, although this 
difference was notably weaker at longer intervals (short 
SOAs, 119 msec; long SOAs, 65 msec). 

The fact that the group x hemifield x validity x SOA 
interaction was not significant suggests that the variation 
of hemifield asymmetry as a function of SOA that was 
observed in the AD group was the same with valid and 
invalid cues. This, however, is in marked contrast with 
the results of the individual data analyses for Experi
ment 3, which showed that none of the brain-damaged 
subjects presented evidence for an attention deficit with 
valid luminance cues. This is also incongruent with what 
may be seen in Figure 6C. Thus, evidence of a decrease 
of hemifield asymmetry with increases in SOA in the AD 
group is only apparent for invalid-cue trials. This impres
sion is substantiated by a significant hemifield x validity 
x SOA interaction in the AD group [F(1,l?) = 9.00; 
p < .01]. It appears, therefore, that the divergence ex
hibited by the AD group relative to the normal controls 
on the combined effect of target hemifield and SOA ac
tually occurred exclusively with invalid cues in Experi
ment 3. As indicated above, this anomaly consisted in 
markedly longer RTs with contralesional targets at short 
time intervals between the invalid cue and the target and 
a decrease of this hemifield asymmetry at longer SOAs. 

A first important point to note in the results of Experi
ment 3 is the significant effect of cue validity. This indi-

Table 4 
Analyses of Variance on the Data From 

the Luminance Cuing Experiment (Experiment 3) 

Interaction/Simple Effect df F P 
Cue validity 1,17 71.0 <.001 
SOA 3,15 16.4 <.001 
GxH 2,17 8.5 <.005 

Controls vs. nAD on H 1,17 2.9 n.S. 
Controls vs. AD on H 1,17 16.9 <.001 

H in controls 1,17 <1 n.s. 
H in AD 1,17 23.4 <.001 

GxV 2,17 15.0 <.001 
Controls vs. nAD on V 1,17 <I n.S. 
Controls vs. AD on V 1,17 26.7 <.001 

V in controls 1,17 13.8 <.005 
V in AD 1,17 80.2 <.001 

GxHxV 2,17 1.8 n.S. 
GxHxS 2,17 4.5 <.05 

Controls vs. nAD on H X S 1,17 <1 n.S. 
Controls vs. AD on H X S 1,17 8.7 <.01 

Controls vs. AD on H at short SOAs 1,17 19.5 <.001 
H at short SOAs in controls 1,17 <1 n.s. 
H at short SOAs in AD 1,17 26.9 <.001 

Controls vs. AD on H at long SOAs 1,17 4.8 <.05 
H at long SOAs in controls 1,17 <1 n.s. 
H at long SOAs in AD 1,17 13.0 <.005 

GxVxS 2,17 1.9 n.S. 
GxHxVxS 2,17 1.8 n.S. 

Note-G, group; H, target hemifield; V, cue validity; S, stimulus onset 
asynchrony (SOA). 



cates that the luminance cue used here was effective in 
directing the subjects' attention to its location. As was the 
case in the previous experiments, a significant effect of 
SOA was also observed. It reflected decreasing RTs with 
increases in the temporal interval separating cue and tar
get. This indicates that the luminance cue, more than just 
acting as a spatial signal, also acted as a warning that 
alerted the subjects to the imminent onset of the target. 

The main aspect by which the AD group differed from 
normal controls was the large RT increase for contra
lesional targets with invalid cues and short SOAs, espe
cially at 50 msec. This hemifield difference was markedly 
reduced at longer cue-to-target intervals. Taken in isola
tion, without consideration to the observations from 
Experiments 1 and 2, this result can be considered as con
gruent with the diagnostic pattern for a refractory disen
gagement deficit. According to this interpretation, AD 
subjects have difficulty in disengaging their attention from 
an invalidly cued ipsilesional location and then shifting 
it to a contralesional target. This would be true in cases 
where attention has been engaged at the invalid-cue location 
for a brief period of time-that is, short SOAs-but the 
deficit would be less apparent at the longer SOAs used here. 

If one considers the observations gathered from the pre
vious experiments, however, it seems that another in
terpretation must be provided for the results of the AD 
group with invalid luminance cues. Indeed, this set of re
sults is also congruent with the diagnostic pattern for an 
alerting impairment for contralesional stimulation. As dis
cussed previously, this hypothesis about the nature of the 
attention deficit of AD subjects appears as the more ap
propriate account for their results in Experiments 1 and 
2. In particular, the observations from Experiment 2, 
where spatial cues were functionally equivalent to warn
ing signals that provided no location information about 
the incoming target, ruled out an explanation of their 
deficit as being one of disengagement. Because the na
ture of the attention deficit of any brain-damaged subject 
is unlikely to vary as a function of experiment, a more 
parsimonious account of the performance exhibited by the 
AD group across the three experiments reported here must 
rest on the hypothesis that their primary attentional im
pairment is one of alerting. 

In the attempt to provide a unitary account of the atten
tion deficit of the AD subjects, we have previously com
pared the magnitudes of the hemifield asymmetries they 
showed with valid central cues and with both valid and 
invalid motion cues. These magnitudes were quite com
parable, thus supporting the suggestion that a common 
process was at work. The same can be done here with 
the hemifield asymmetries seen in the AD group at short 
SOAs with invalid central and luminance cues. It must 
be recalled that, in Experiment 1, the hemifield asym
metry observed at a 50-msec SOA with invalid central 
cues was notably larger than that seen with valid central 
cues. At that point, it was suggested that this difference 
could possibly result from the effect of a lowered alerting 
state in the damaged hemisphere on the capacity of sub-
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jects to disengage their attention from an invalidly cued 
ipsilesionallocation (see also Posner, Inhoff, et al., 1987, 
and Posner, 1990). If this explanation is correct, a com
parable phenomenon should have occurred in Experi
ment 3 with invalid luminance cues. This appears to be 
true, since a difference of 260 msec occurred between 
the contralesional and ipsilesional hemifields, with in
valid luminance cues preceding the target by an SOA 
of 50 msec. This asymmetry is larger than that observed 
with valid or invalid motion cues or with valid central 
cues. 

In conclusion, a close examination of the results with 
valid and invalid central and motion cues as well as with 
invalid luminance cues provides support for the hypothe
sis of delayed alerting for contralesional stimulation in 
the AD group. This lowered alerting state appears to af
fect the capacity of subjects to disengage their attention 
from an invalidly cued ipsilesional target. 

A different process seems to have occurred with valid 
luminance cues, however. Indeed, in this condition, the 
AD subjects exhibited longer RTs with contralesional tar
gets, but this asymmetry remained fairly constant across 
all cue-to-target intervals. One reason why the results of 
the AD group with valid luminance cues may have been 
different from those found in other conditions is that only 
in this condition was the warning signal-the cue-pre
sented unilaterally in the visual periphery and in the same 
hemifield as the target. Thus, central cues were shown 
at the point of ocular fixation, motion cues were presented 
bilaterally, and invalid luminance cues were displayed 
unilaterally but in the hemifield opposite the target. There 
is evidence that indicates that unilateral signals may have 
a special status with respect to the alerting, or cerebral 
activation, produced. Indeed, EEG as well as behavioral 
studies have shown that unilateral visual stimulation 
primarily produces activation of the hemisphere that is 
contralateral to the stimulated hemifield (Davidson et al., 
1985; Reuter-Lorenz et al., 1990). In the case of valid 
contralesionalluminance cues, it is possible that this lat
eralized activation produced by the unilateral signal had 
a very rapid effect on the low alertness level of the 
damaged hemisphere in the AD group, and therefore led 
to a reduced hemifield asymmetry in RTs even at the earli
est SOAs between the cue and target. 

FEATURES OF THE BRAIN DAMAGE 
ASSOCIATED WITH AN ATIENTION DEF1CIT 

An attempt was made to establish a relationship between 
the alerting deficit exhibited by subjects of the AD group 
and the features of their brain lesions. This anatomical
clinical correlation was performed here with the use of 
CT scans, which were available for all the brain-damaged 
subjects in our sample. Two main parameters were con
sidered: the locus of the lesion and its volume. 

To investigate the effect of the localization of brain 
damage associated with the attention deficit of the AD 
group, we attempted to specify a lesional site common 
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SLICE I SLICE 2 SLICE 3 

SLICE 7 

Figure 7. Analysis of the lesional sites responsible for the attention 
deficit observed in AD subjects. The gray areas represent lesional 
sites observed in only 1 AD subject, and black areas represent Ie
sional sites seen in 2 AD subjects. See text for details on the con
struction of this figure. 

to all these subjects while excluding lesional sites observed 
in the nAD group. Figure 7 presents the results of such 
an analysis. The first step in making Figure 7 was to super
impose reconstructions of the lesional sites observed in 
the subjects from the AD group. Second, to exclude le
sional sites that were not associated with the deficit present 
in the AD group, the loci that were common to the AD 
and nAD groups were removed from this representation. 
The effectiveness of this subtraction process was limited 
by the small size of our sample. Nevertheless, it appeared 
that the procedure increased the possibility of specifying 
a particular locus associated with the attention deficit 
shown by group AD. 

As may be seen in Figure 7, it was not possible to spec
ify a single lesional site as responsible for the attention 
deficit observed in the AD group. There were indeed im
portant differences in the lesional sites observed in the 
AD subjects. Thus, Subject P9 showed a cerebellar lesion, 
which may be seen in Slices 1 and 2 of Figure 7. In con
trast, Subject P6 showed subcortical damage in the area 
of the internal capsule. This lesion may be seen in the 
median portion of Slice 3. Finally, the other 3 AD sub-

jects (P7, P8, and PlO) all showed damage at the temporo
parieto-occipital junction (Slices 3-7) . Still, this appar
ent concentration cannot easily be considered as associated 
with the attention deficit observed in AD subjects, since 
Subject P5 , who did not show evidence of an alerting dis
order, also had a lesion in that area. This can be seen in 
Figure 7 by noting the white spot that separates in two 
distinct parts the locus that is illustrated in Slice 5. It there
fore appears that the analysis of the brain lesions showed 
by AD subjects did not establish a clear correlation be
tween their attention deficit and a specific brain area. 

A second feature of the brain damage that was exam
ined in the brain-damaged subjects of our sample was the 
volume of the lesion. This parameter was assessed, for 
each brain-damaged subject, on the basis of our recon
struction of his/her lesion. The measurement unit used 
was arbitrary, but the scale remained constant across sub
jects. Table 5 presents the results of this analysis . On the 
average, this volumetric index was nearly four times 
larger in the AD group than it was in the nAD group. 
This result suggests that a mass effect rather than lesion 
localization may be the most plausible anatomical account 
for the alerting deficit observed in the AD subjects.4 Con
sidering the size of our sample, however, this conclusion 
must remain tentative. Thus, it remains possible, if not 
likely, that the lesion size effect actually reflects the likeli
hood that a distributed neural network responsible for be
havioral alerting is involved. 

DISCUSSION 

The main observation reported in this paper concerns 
the effect of SOA between a warning signal-the spatial 
cues-and target onset on the change in RT asymmetries 
between hemifields in a subgroup of left-brain-damaged 
patients (P6-PlO; AD subjects). Thus, in all the cuing 
conditions used here, with the exception of valid lu
minance cues, these subjects showed a marked hemifield 
asymmetry-longer RTs to a contralesional (right hemi
field) target-that diminished or even disappeared with 
increasing SOAs. This pattern of hemifield effect as a 
function of SOA was not observed with neurologically 
intact controls. The performance pattern exhibited by the 
AD subjects is congruent with the diagnostic for a deficit 
affecting the time course of alerting for contralesional 
stimulation. These results thus suggest that, at the shortest 

Table 5 
Volume of the Lesion Observed in Each Brain-Damaged Subject 

Group 

DAD AD 

Subject Volume Subject Volume 

PI 273 .7 P6 22.8 
P2 86.9 P7 526.0 
P3 72.3 P8 90.0 
P4 83.6 P9 350.9 
P5 39.0 PIO 1079.0 

Avg. 111.1 413.7 



delays following the onset of the cues/warning signals (50 
and 150 msec), the damaged hemisphere of AD subjects 
was in a lower state of alertness than was the intact hemi
sphere. However, at longer SOAs (600 and 1,000 msec), 
after the state of alertness of the intact hemisphere of the 
AD subjects had reached asymptote, that of the damaged 
hemisphere continued to grow, which thus led to a re
duction in the RT asymmetries between the hemifields. 

The lateralized alerting deficit described here was not 
evident in all brain-damaged cases, however, for Sub
jects PI-P5 (nAD subjects) showed a performance that 
did not differ significantly from that of the normal con
trols. Analysis of the properties of the brain damage 
suffered by the nAD and AD subjects suggested that 
volume of the damage may be the main factor responsible 
for the alerting deficit in the latter group. Thus, the aver
age volume of the lesions seen in the AD patients was 
almost four times higher than that observed in the nAD 
patients. It should be recalled, however, that lesion size 
may in fact reflect the probability of damage to a distrib
uted neural substrate that is critical for alerting. 

The findings presented here are at variance with those 
reported by Posner, Inhoff, et al. (1987). Indeed, those 
authors found an alerting impairment in a no-cue condi
tion in their right-brain-damaged subjects but not in those 
with left hemisphere lesions. What are the reasons for this 
discrepancy between our results and those of Posner, In
hoff, et al.? Several methodological differences exist be
tween these two sets of experiments and it appears rea
sonable to suggest that one or a combination of them must 
be responsible for the discrepant observations. 

The most obvious difference is that whereas the deficit 
observed here in the AD patients affected the time course 
of alerting, that observed by Posner, Inhoff, et al. (1987) 
was one in which subjects were unable to maintain a 
proper alert state in the time interval between trials. There
fore, it may be suggested that only measures that are sen
sitive to the time course of alerting of the damaged hemi
sphere are able to reveal a deficit in patients with left-brain 
damage. It should be noted, though, that even if a no-cue 
(or O-msec SOA) condition was not used in the present 
experiments, it is conceivable that the asymmetry in the 
level of alertness shown by the AD subjects at SOAs of 
50 msec is the reflection of a similar asymmetry before 
the onset of the warning signal. 

Another possibility is related to the size of the lesion 
suffered by the left-brain-damaged patients studied by 
Posner, Inhoff, et al. (1987). As indicated earlier, the im
pairment reported here as to the time course of alerting 
does not seem to have affected all our patients, and the 
volume of damaged brain tissue appears to be a factor 
in the occurrence of the deficit. It is conceivable that the 
lesions suffered by the left-brain-damaged subjects ofPos
ner, Inhoff, et al. did not possess the critical feature 
responsible for an alerting impairment. 

Finally, Posner, Inhoff, et al. (1987) did not examine 
the details of the performance of individual patients. It 
therefore remains possible that some of the patients they 
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studied showed a deficit whereas others did not, and that 
indications of an alerting impairment in some subjects 
were lost when the data were averaged across several 
cases. 

Peripheral Warning Signals and Alerting 
One cuing condition in which the AD group seemed 

free of a hemifield asymmetry in the time course of alert
ing was that with valid luminance cues. These signals have 
a property unique among the variety of cuing stimuli used 
in the present experiments. Specifically, they were shown 
unilaterally in the visual periphery and in the same 
hemifield as the incoming target. It thus seems that the 
onset of this type of signal in the contralesional hemifield 
of the AD subjects produced a very rapid increase in the 
level of preparation of the damaged hemisphere for the 
processing of the target, thus reducing the hemifield asym
metry in RTs in comparison with other types of warning 
signals. As mentioned earlier, this appears congruent with 
previous observations indicating that the alerting prop
erty of unilateral signals primarily affects the contralateral 
hemisphere. 

Another puzzling result in Experiments 2 and 3 is re
lated to the persistence of the hemifield asymmetries in 
RTs in the AD group, which remained present even after 
1,000 msec following the onset of the cues. Two alter
native accounts of this effect can be suggested. 

One is based on a report by Rafal and Posner (1987) 
that revealed a deficit in engaging attention on a contra
lesional target in patients with unilateral thalamic damage. 
However, it was indicated before that the conclusion of 
an attentional engagement deficit requires that the 
hemifield asymmetry exhibited by the subjects of interest 
remain constant across SOAs. Neither the results of Ex
periment 2 nor those of Experiment 3 meet this condi
tion. More importantly, perhaps, the persistence of longer 
contralesional RTs at an SOA of 1,000 msec in the AD 
group was not observed in Experiment 1. Thus, in this 
condition, AD subjects' RTs were quite similar for ipsi
lesional and for contralesional targets. If AD subjects truly 
suffered from a disorder affecting the engagement of at
tention on a contralesional target, one would expect this 
deficit to appear consistently. 

Another account for the longer RTs to contralesional 
targets at an SOA of 1,000 msec in the AD group in Ex
periments 2 and 3 is that warning signals presented in the 
visual periphery are not powerful enough to entirely com
pensate for these patients' alerting deficit. Certain points 
tend to support this hypothesis. One is that the persistent 
hemifield asymmetry was not observed in Experiment 1, 
in which the warning signal (Le., the central cue) was 
presented at fixation, whereas it was present in both ex
periments in which warning signals were peripheral. Also, 
one should remember that subjects were instructed to 
maintain fixation at the center of the display for the trials 
to begin and that careful eye monitoring was performed. 
Given this constraint in maintaining a proper eye fixa
tion, it is possible that subjects also focused their atten-
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tion at the location of the fixation point. If so, the differ
ence between a central cue and cues presented in the 
periphery in their alerting potential may have resulted 
from the fact that subjects focused their attention at the 
location of the central cue but not at locations where pe
ripheral cues were displayed. This account is quite spec
ulative, though, and further experiments should be con
ducted to determine whether warning signals presented 
at an attended location provide a more potent alerting ef
fect than warnings presented at other locations. 

Alerting and the Spatial Allocation of Attention 
As pointed out in the discussion of the results of Ex

periment 2 (motion cues), the hypothesis of a refractory 
disengagement disorder cannot account for the overall pat
tern of performance of the AD subjects across experi
ments. However, it appears that symptoms analogous to 
such a refractory disengagement deficit may have ap
peared as a consequence of the alerting impairment in the 
AD group. Thus, in both Experiments 1 and 3, where a 
cue validity effect was observed, if the cue was invalid 
and it preceded the target by an SOA of 50 msec, the 
hemifield difference in RTs shown by the AD subjects 
was much larger than that seen in any other cuing condi
tion in any of the three experiments. This suggests that, 
when in a state of low alertness, the damaged hemisphere 
of the AD patients is unable to rapidly pull the focus of 
attention away from the invalidly cued ipsilesionalloca
tion in order to orient it toward the contralesional target 
location. 

Such an interaction between the capacity to disengage 
attention and the level of alertness is congruent with a hy
pothesis made by Posner, Inhoff, et al. (1987; see also 
Posner, 1990) about the interrelationships between dif
ferent attentional subsystems. They suggested that deficits 
in alerting may retard the commands that are necessary 
to activate the system that is responsible for the disen
gagement of attention from one location in order to shift 
it toward another location. Our proposal is also consistent 
with a larger view of alerting (Posner, 1978), which sug
gests that alerting does not influence the buildup of per
ceptual information as such but rather affects the rate at 
which a high-level attention system may respond to ex
ternal stimulation. 

Conclusions 
The observations reported here suggest a deficit lead

ing to a delay in the effect of an alerting stimulus for the 
processing of contralesional stimulation in a subset of left
brain-damaged patients (AD subjects). The occurrence 
of this impairment appears to be related to the size of the 
brain damage suffered by the patients. The results also 
indicate that, when the damaged hemisphere of these AD 
subjects is in a poorly alerted state (i.e., at an SOA of 
50 msec), the disengagement of attention away from an 
ipsilesional invalidly cued location is delayed in compar
ison with when the level of alertness is higher. Finally, 

it appears that unilateral peripheral warning signals have 
a very rapid effect on the level of alertness for the pro
cessing of contralesional stimulation in AD subjects, al
though the potential of peripheral warning stimuli-or of 
those outside the focus of attention-to reduce the hemi
spheric asymmetry in the level of alertness appears to be 
weaker than those presented at fixation-or those inside 
the focus of attention. 
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NOTES 

I. Six similarly selected right-brain-Iesioned subjects were also ex
amined. However, only I of them could be assessed satisfactorily, since 
the others tended to fall asleep after a few minutes into the experiment. 
This is probably related to the vigilance and alertness problems which 
are frequently associated with right-brain damage. The only right
brain-damaged subject who could be tested performed similarly to the 
left-brain-damaged individuals who, here, do not show any indication 
of an alerting deficit. Since he was the only subject with a right-brain 
lesion in our sample, his results will not be reported. 

2. These numerical labels were used solely for convenience of pre
sentation and are in no way related to the chronological order in which 
patients were tested. 

3. We checked to ensure that the abnormal performance pattern re
vealed by the group data analyses in the AD subjects (described below) 
was not simply an artifact of the procedure with which this group was 
selected. To do this, the comparisons listed in Table I were conducted 
between the five normal controls who showed the lowest measure of 
asymmetry (low M; see Equation I) for a particular experiment and those 
who showed the highest (high M). None of the features that character
ized the abnormal performance of the AD group were observed in those 
comparisons between low- and high-M normal controls. 

4. The AD and nAD groups did not differ from each other in time 
elapsed between the onset of brain damage and testing [t(8) = 0.19, n.s.]. 

(Manuscript received October 19, 1992; 
revision accepted for publication July 21, 1993.) 
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