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Attention can be directed to a location in the absence of overt 
signs of orienting, a phenomenon termed “covert orienting.” 
The ability to orient attention covertly has been well docu- 
mented in humans, but recent progress has been made with 
the operational definition of the processes involved in covert 
orienting. Reaction times to visual targets are quickened when 
attention is drawn to the location of the subsequent target, and 
processes such as disengagement, maintenance, and move- 
ment of attention can be dissociated by using this method. The 
possible involvement of striatal dopamine in covert orienting is 
disputed, with conflicting reports of deficits in covert orienting 
in patients with Parkinson’s disease. To examine the signifi- 
cance of dopamine in the striatum in attentional processes, a 

test of covet-t orienting, analogous to that used in humans, was 
devised for the rat. Unilateral dopamine-depleting lesions of the 
striatum resulted in increases in mean reaction times contralat- 
eral to the side of the lesion, but reaction times did not change 
differentially as a function of the requirements to maintain, 
disengage, or shift attention. These findings add additional 
support to the hypothesis that the deficit that appears as 
hemineglect observed after striatal damage reflects a motor 
impairment rather than damage in neural systems underlying 
mechanisms for directing attention. 
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The appearance of a visual target is often associated with the 
movement of the head and eyes to foveate the attended target; 
however, shifts of attention can occur in the absence of such overt 
orienting (Ericksen and Hoffman, 1972; Jonides, 1981). Posner 
(1980) devised a task to define operationally, in the laboratory, 
covert orienting of attention: with a subject fixating centrally, a 
peripheral cue was presented followed by a target light. For 80% 
of the trials, the cue corresponded (valid cue) to the side of the 
subsequent target. For the remaining 20% of the trials, the cue 
was presented on the opposite side (invalid cue). Reaction times 
for trials with a valid cue were faster than for trials with invalid 
cues. The difference in reaction time between validly cued and 
invalidly cued trials is referred to as the “validity effect.” 

Measuring covert shifts in attention, in the absence of overt 
orienting, has been possible in primates (Petersen et al., 1987; 
Bowman et al., 1993) but to date has not been reported in other 
animals, although overt orienting has been demonstrated in pi- 
geons (Shimp and Friedrich, 1993) and the rat (Bushnell and 
Oshiro, 1994; Bushnell, 1995). The first aim of this study was to 
provide a description of a paradigm that allows the measurement 
of covert orienting in the rat. 

Posner et al. (1984) proposed that there are three fundamental 
components to covert orienting, and these have been associated 
with different brain regions: disengagement of attention (parietal 
cortex: Posner et al., 1984, 1987; Petersen et al., 1989), shifting of 
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attention (superior colliculus: Posner and Driver, 1992; Robinson 
and Kertzman, 1995) and engagement of the new location (lateral 
pulvinar of the thalamus: Petersen et al., 1987; Rafal and Posner, 
1987; Posner and Driver, 1992). Additional experimental and 
clinical work also has suggested the involvement of anterior cin- 
gulate, lateral frontal cortex, and basal ganglia in performance of 
the task, with these systems thought to contribute to target detec- 
tion and response preparation (Posner and Driver, 1992). 

The dopaminergic antagonist droperidol causes a reduction in 
the validity effect (Clark et al., 1989), and some studies have 
reported that Parkinson’s disease patients fail to benefit from 
valid cues (Yamada et al., 1990) or fail to demonstrate a cost after 
invalid cues (Wright et al., 1990, 1993; Yamada et al., 1990; 
Bradshaw et al., 1993). In contrast, however, Rafal et al. (1984) 
and Bennett et al. (1995) found a global increase in reaction time 
of both valid and invalid trials for Parkinson’s disease patients, but 
with no change in the magnitude of the validity effect. The 
apparently inconsistent results might be accounted for by heter- 
ogeneity of the patient groups: for example, the presence of 
extra-striate pathology (Javoy-Agid et al., 1981; Fahn, 1986; Agid 
et al., 1990). The second aim of this study, therefore, was to 
examine specifically the role of dopamine in the dorsal striatum in 
covert orienting of attention. 

MATERIALS AND METHODS 
Animals. Twenty, pair-housed Lister hooded rats (supplied by in-house 
breeding program, School of Psychology, University of St. Andrews) were 
used during the study. The rats were maintained on a 12 hr light/dark 
cycle with free access to water and a restricted diet of 15-20 gm of sucrose 
pellets and standard laboratory chow per day (weight range, 215-280 gm 
at the start and 373-432 gm at completion of the study). 

The guidelines laid out in the Principles of Laboratory Animal Care 
(National Institutes of Health, Publication No. 86-23, revised 1985) and 
the requirements of the United Kingdom Animals (Scientific Procedures) 
Act, 1986, were adhered to throughout the study. 

Apparatus. The test apparatus was a nine-hole box (Paul Fray, Cam- 
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Figure 1. A schematic representation of the covert orienting paradigm in the nine-hole box. At the rear of each hole is a light. In the central hole, the 
light provides the signal to start a trial. The cue and target are the dim and bright illumination, respectively, of the bulb in the left or right hole. Responses 
are recorded by nose pokes into the holes, which are monitored by photoelectric cells. Eighty percent of trials consisted of a cue presented on the same 
side as the subsequent target (valid cue); 20% of trials consisted of the cue presented on the side opposite the subsequent target (invalid cue). 

bridge, UK), which has been described in detail previously (Brown and 
Robbins, 1989; Carli et al., 1989). The paradigm used only the central 
array of three holes set in the front wall of the chamber. At the rear of 
each of the holes was a single bulb that could be switched on and off at 
different levels of illumination for brief durations under computer con- 
trol. At the front of each hole there was a photoelectric cell, which 
registered breaks in an infrared beam at the entrance to the hole. 
Reaction time was the time from target stimulus onset to the complete 
withdrawal of the head of the rat from the central hole, measured with an 
accuracy of 10 msec. In adopting this measure, it was accepted that there 
was a movement time component included in the measure (Carli et al., 
1989), with the reaction times extended by the time taken from the start 
of head withdrawal to the point at which the photoelectric cell beam was 
no longer interrupted by the head, but this was minimized by the use of 
nonmechanical switches. In the wall opposite the response holes was a 
food hopper covered by a hinged panel and containing a light. Pellets (45 
mg sucrose; BioServ, Frenchtown, NJ) were delivered to the hopper by a 
silent operation automatic dispenser and could be heard dropping into 
the hopper. The chamber was illuminated by a house light in the center 
of the ceiling. The entire chamber was encased in a sound-attenuating box 
with a fan that generated low-level background noise and circulated air 
through the box. 

Training regimen. The rats were placed on the restricted diet 24 hr 
before the commencement of training. Training began with habituation 
to the test apparatus for 1 hr, with standard laboratory food pellets placed 
in the hopper. 

In the first training program, the rat pushed the panel door open to 
receive a food pellet. During this training, a light in the food hopper was 
activated with each panel press. Once a rat was able to gain 100 pellets in 
15 min (typically, within two 30 min training sessions), it progressed to the 
next stage of training. 

In the next stage of training, the central hole was uncapped. To receive 
a pellet, the rat now had to place its nose in the central hole, in response 

to the hole light coming on, and maintain it there for a brief delay, after 
which the hopper light came on and a food pellet reward was delivered 
into the food hopper. Premature withdrawal from the central hole re- 
sulted in the house light in the chamber switching off for a “time-out” 
punishment and no food reward; after 1 set, the house light and the light 
in the food hopper were activated. To initiate a new trial, the rat pushed 
open the panel door of the food hopper. After 5 d of this training, the rats 
were able to wait for delays of 400 msec, at which point they progressed 
to the testing paradigm. 

Testing paradigm. Figure 1 illustrates the order of trial events. The 
three central holes in the chamber were uncapped, and the rat was 
required to poke its nose into the central hole. After 100 msec, the cue 
was presented. The cue was the brief (100 msec) dim illumination of the 
bulb in the hole to the left or right of the central hole. After a variable 
delay of up to 800 msec from the onset of the cue, the target was 
presented. The target was the bright illumination, for 150 msec, of the 
bulb in one of the holes adjacent to the central hole. To complete the 
trial, the rat withdrew from the central hole and moved to the location of 
the target. The cue light indicated the side of the subsequent target on 
80% of the trials (valid cue). The remaining 20% of trials were invalid 
cues, in which the cue light appeared on the opposite side of the target. 
The order of valid and invalid trials and the variable delays between cue 
and target lights were randomized. The variable delays preceding the 
target light were increased gradually until they were 200, 400, 600, and 
800 msec. Each testing session lasted until completion of 120 correct trials 
or for 30 min. 

DeJinition of measures. The time between target light onset and with- 
drawal from the central hole was recorded as reaction time. The time 
taken to reach the target hole after withdrawal from the central hole was 
recorded as movement time. 

For the period before and 100 msec after the target light onset, the rat 
had to keep its nose in the central hole; failure to do so resulted in 1 set 
of darkness in the chamber (“time-out”) and no food reward and was 
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recorded as an early error. Responding with a nose poke in the hole 
opposite the target light was also punished with a time-out, was unre- 
warded, and was recorded as an incorrect response. A movement time 
>2000 msec also resulted in a time-out and no food reward and was 
recorded as a late error. In trials that were otherwise correct, reaction 
times >1500 msec also were classified as late errors for subsequent 
analysis, but the trial was rewarded and advanced nevertheless. After a 
time-out, the trial was repeated until it had been completed successfully. 

Collection of behavioral data. Once all the rats had reached the perfor- 
mance criterion of 120 correct trials within 30 min, presurgical data were 
collected over 5 d for 10 test sessions (-1200 trials). On completion of 
the collection of presurgical data, the rats were assigned to receive a 
unilateral intrastriatal infusion of the neurotoxin 6-hydroxydopamine 
(6-OHDA) (Sigma, Poole, UK). The side that was lesioned was deter- 
mined by presurgical task performance. If there was an asymmetry in 
performance, the side contralateral to the strongest validity effect was 
lesioned (n = 10). Where there was no asymmetry, the side of lesion was 
assigned randomly. After 2 weeks of recovery from surgery, the rats were 
tested for 3 weeks. A total of -3900 correct trials were collected for each 
rat over this period. 

Hypothesis. By using a unilateral model, each rat served as its own 
control: reaction times for contralateral responses were compared with 
ipsilateral responses. It is possible to make predictions about the pattern 
of reaction times expected with different deficits; on the basis of previous 
neuropsychological studies, many of these are already associated with 
particular anatomical regions. Table 1 shows the pattern of reaction time 
change predicted for a unilateral lesion resulting in a given psychological 
impairment and the anatomical region most likely to be involved. The 
final two hypotheses are of greatest interest in the current experiment. It 
is possible that striatal dopamine might play a role in the maintenance of 
attention (Wright et al., 1990). Alternatively, depletion of striatal dopa- 
mine might result in only a response-related deficit. 

Surgery. The rats were pretreated with an intraperitoneal injection of 
the monoamine oxidase inhibitor pargyline (50 mgikg in warm sterile 
0.9% saline; Sigma) before surgery to enhance the efficacy of 6-OHDA 
(Breese and Traylor, 1971). Twenty minutes after injection, anesthesia 
was induced in an anesthetic chamber with 4-5% halothane in an 
oxygen/nitrous oxide mix (1:3). The rats were then placed in a stereotaxic 
frame with atraumatic ear bars (Kopf, Tujunga, CA), with the nose bar 
set at +5 mm. The halothane was then reduced to 1.5-2% for the 
duration of the procedure. A midline incision was made along the scalp, 
and the skin and fascia were retracted to reveal the skull. A hole was then 
drilled in the skull at the coordinates +2.0 mm anterior and t 3.0 mm 
lateral to bregma. A 30 gauge injection cannula containing 8 pg of 
6-OHDA base in 2 JLL~ of ascorbate acid saline was then lowered to 6.5 mm 
below skull, and the 6-OHDA was infused manually at a rate of 0.1 ~1 
every 10 sec. The cannula was left in place for 3 min before being 
withdrawn slowly. The incision in the scalp was then closed using steril- 
ized metal clips. Finally, the animal was placed in a warm cage to recover 
before transfer back to a home cage. 

Hisfologv. On completion of postsurgical testing, the rats were killed 
humanely by intraperitoneal administration of Euthatal (1.0 ml/kg, pen- 
tobarbitone sodium BP 200 mg/ml). The rats were perfused transcardially 
with phosphate buffer for 2 min at a rate of 10 ml per min, followed by 4% 
paraformaldehyde in phosphate buffer for 20 min at the same rate. The’ 
brains then were removed carefully and placed into a 20% sucrose/4% 
paraformaldehyde phosphate buffer solution until processed. Serial coro- 
nal sections 50 pm thick were cut using a freezing microtome, and two 
adjacent sections every 400 pm were taken for staining with cresyl violet 
and immunohistochemistry for tyrosine hydroxylase. Tyrosine hydroxy- 
lase activity was used as an indirect measure of dopamine depletion in the 
striatum. To establish the area of tyrosine hydroxylase depletion, the side 
of lesion was compared with the unlesioned side. Ten sections, at 400 pm 
intervals, were examined between approximately bregma +1.4 mm and 
-2.4 mm. The area of loss of tyrosine hydroxylase-positive fibers in the 
head of the caudate-putamen was determined by high-powered micros- 
copy and drawn onto scanned images of the tissue. The scanned images 
were imported into N.I.H. Image (National Institute of Mental Health, 
Bethesda, MD), within which analysis of area measurements was per- 
formed. The total area of the striatum on these sections was also mea- 
sured to allow calculation of the percentage of tyrosine hydroxylase 
depletion in the body of the dorsal striatum (i.e., excluding the ventral 
striatum and the tail of the caudate). The volume was then calculated by 
integrating the cross-sectional areas for both depletion and overall stri- 
atal area with the distances separating them. Cresyl violet sections were 
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Figure 2. Digitized coronal sections illustrating the extent of tyrosine 
hydroxylase depletion in the striatum after an intrastriatal injection of the 
neurotoxin 6-OHDA. The largest lesion is depicted in the sections on the 
left (rat 289; total area of dopamine depletion in the striatum is 91%), and 
the smallest lesion is depicted in the sections on the right (rat 291; total 
area of dopamine depletion in the striatum is 19%). 

also examined under a light microscope for evidence of damage outside 
the striatum. 

Data analysis. Raw data were processed to extract mean reaction times, 
error-type frequency, and reaction-time distributions for each rat. Accu- 
racy of performance was assessed as the proportion of correct responses 
as a function of all trials (correct and all error responses). Each type of 
error also was examined separately as a percentage of all trials. 

Mean reaction time, percentage correct, and percentage of errors by 
type were analyzed by repeated measures ANOVA using the variables 
surgery, validity, side, and delay. When appropriate, additional investi- 
gations of significant interactions were conducted using post hoc New- 
man-Keuls comparisons. 

Probability density distributions (Silverman, 1986; Bowman et al., 
1993) of reaction times were produced for the factors side, validity, and 
surgery. These reaction-time distributions were used to gain insight into 
the nature of the significant changes in the mean reaction times as 
indicated by the ANOVA. The distributions were computed by replacing 
each reaction time with a Gaussian kernel (SD = 40 msec) centered on 
the reaction time. The kernels were then summed across trials, and the 
probability of a response per millisecond was plotted against reaction 
time bins of 10 msec. 

RESULTS 

Histological results 
Tyrosine hydroxylase depletion was not evident in the striatum of 
one rat, and therefore this rat was excluded from subsequent 
analysis. In the remaining rats (n = 19), the percentage area of 
tyrosine hydroxylase depletion in the striatum ranged from 19% to 
91% (mean 54%). Figure 2 shows tissue sections stained for 
tyrosine hydroxylase from the cases with the largest and smallest 
lesions. The depletion was evident in the body of the striatum 
between bregma +1.4 and -0.6, and in the larger lesions it 
extended into the ventral striatum. The smallest lesion was lo- 
cated centrally in the striatum. Inspection of the cresyl violet 



Ward and Brown . Covert Orienting of Attention and Striatal Dopamine J. Neurosci., May 1, 1996, 76(9):3082-3088 

+ Presurgery Valid 
.-.O.-- Presurgery Invalid 
--C Postsurgery Valid 
-.A... Postsurgery Invalid 

Contralateral 
500 - T 

200 

100 1 

Ipsilateral 

I I I I 

200 400 600 800 

Cue-Target Delay (msec) 

Figure 3. Mean ? SEM (n = 19) of reaction times before and after 
surgery for validly and invalidly cued trials to each side. Presurgical 
reaction times are plotted with respect to the side of the subsequent lesion. 
Mean reaction time was lengthened for contralateral responses postsur- 
geIy. Reaction times were longer after invalid as compared with valid cues, 
and this pattern did not change after unilateral dopamine depletion in the 
striatum. 

sections did not reveal any evidence of damage outside the stria- 
turn except for some limited cortical damage attributable to the 
cannula tract. 

Reaction-time performance 
There was a significant validity effect at the shortest two delays 
(200 and 400 msec) of 61 and 38 msec, regardless of side of 
response (validity by delay: FC3,54j = 10.63, p < 0.0001). The 
validity effect was not significant at the longer delays of 600 and 
800 msec. 

Figure 3 illustrates the effects of the unilateral striatal dopa- 
mine depletion on reaction time. There was no change in the 
magnitude of the validity effect after surgery (surgery by side by 
validity: FCl,lsj = 0.64, NS; surgery by validity: F(,,,,) = 1.6, NS). 
The mean reaction time, however, increased by an average of 73 
msec for all responses initiated contralateral to the side of lesion. 
Ipsilateral reaction times, by contrast, were faster postoperatively, 
with a decrease in the mean of 54 msec (surgery by side: FC1,18) = 
12.45, p < 0.01). 
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Figure 4. The mean probability density distributions pre- and postsurgery 
are plotted as a function of response side and include both validity 
conditions and all cue-target delays. The increase in mean reaction time 
for responses made contralateral to the side of lesion was attributable to 
a decrease in the probability of responses occurring at the mode rather 
than a lateral shift in the distribution. 

To test whether there was a relationship between size of the 
contralateral reaction-time deficit and lesion size, a one-way 
ANOVA was performed, dividing the group according to lesion 
size. The reaction-time deficit was greater in the rats with lesion 
volumes >50% (n = 9) compared with those with lesion volumes 
40% (F(,,,,) = 6.1,~ < 0.05). 

Figure 4 shows the probability of a response as a function of 
reaction time. Although there was an increase in mean contralat- 
era1 reaction time, the average modal reaction time did not 
change after surgery, remaining at 175 msec. The reaction-time 
distribution for contralateral responses postsurgery, however, dis- 
plays a downward shift in the probability of a response at the 
mode. It is apparent that the reason for the significant postsurgery 
increase in mean reaction time is that the relative frequency of 
reaction times around the mode has decreased, resulting in the 
slower reaction times in the tail of distribution increasing the 
mean. The reaction-time distributions for responses to the ipsi- 
lateral side display smaller changes, with both a decrease in the 
mode (-10 msec) and an increase in the probability of a modal 
response. 

The effect of cue validity at delays of 200 and 400 msec (illus- 
trated in Fig. 5) also causes a small downward shift in the prob- 
ability of a modal reaction time for invalidly as compared with 
validly cued trials. This pattern is true for both sides and also for 
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Figure 5. The mean probability distributions for the first two delays, plotted as a function of surgery, response side, and validity. The validity effect results 
in a change in probability of a response at the mode and also a shift in the distribution. This pattern is independent and additive with the effect of surgery. 

both presurgery and postsurgery. In addition, there is a lateral 
shift in the distribution with the mode increasing from 170 msec 
for valid trials to 190 msec for the invalid trials. Thus, the signif- 
icant increase in mean reaction times for invalidly cued trials is 
attributable to a decreased probability of occurrence of responses 
at the mode and a slight lengthening of reaction times globally. 

Percentagecorrect 

The percentage correct fell from 72% presurgery to 57% postsur- 
gery for responses to targets contralateral to the side of lesion. 
This was greater than the fall in percentage correct postsurgery 
for responses ipsilateral to the side of lesion (from 69% to 62%; 
surgery by side: FC1,i8) = 6.53, p < 0.02). The fall in percentage 
correct was independent of the validity of the cue, with no signif- 
icant interactions of surgery with validity (surgery by side by 
validity: F(,,,,) = 0.66, NS; surgery by validity: FC1,18j = 0.34, NS). 
The percentage correct also fell as a function of increasing delay 
(F(W) = 213.96,~ < O.OOOl), attributable to an increase in early 
errors as a function of delay. 

The significant interaction between surgery and side for per- 
centage correct was investigated further by examining the per- 
centage of early, incorrect, and late errors. Not surprisingly, there 
were no interactions of surgery with validity and/or side for early 
errors (surgery by side by validity (FC1:rs, = 0.06, NS; surgery by 
side: F,, r8) = 0.36, NS; surgery by validity: F(,,,,) = 0.0003, NS); 
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Figure 6. Bar graph showing error type as a percentage of all trials. The 
significant interaction for percentage correct between side and surgery can 
be attributed to the cumulative effect of an increase in both late and 
incorrect errors for responses to the contralateral side. 
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Table 1. The pattern of reaction-time deficits changes after a unilateral lesion that would result from different hypothetical deficits 

Deficit Anatomical region 
Contralateral 
valid 

Contralateral 
invalid 

Ipsilateral 
valid 

Ipsilateral 
invalid 

Disengagement of attention Posterior parietal torte?+ - 7‘ - - 

Movement of attention Superior colliculus”“” - t - 

Engagement of attention Lateral pulvinar of the thalamu@ 

: 
t - I 

Maintenance of attention Striatal dopamineh - - 1 
Response deficit Striatum’z’,/.k t t - - 

These attentional deficits have been associated with different brain regions in the neuropsychological literature. Of most interest in the present study are the final hvo rows. 
(” Posner et al., 1984; ’ Petersen et al., 1989; C Robinson and Kertzman, 1995; d Rafal et al., 1988; ’ Posner et al., 1982;fPetersen et al., 1987; g Rafal and Posner, 1987; ’ Wright 
et al., 1990; ’ Rafal et al., 1984; 1 Bennett et al., 1995; k Brown and Robbins, 1989). 1‘ Increase in reaction time; 1 decrease in reaction time; ~ no change in reaction time. 

however, the interaction of surgery and side was also not signifi- 
cant for late (surgery by side: Fcl,,s) = 1.8, NS) or incorrect 

(Fcl,aj = 1.59, NS) errors. Nevertheless, as is apparent in Figure 
6, the origin of the significant surgery by side interaction for 
overall percentage correct is a cumulative effect of an increase in 
the percentage of both late and incorrect errors postsurgery for 
responses to the side contralateral to the lesion. 

DISCUSSION 

In this study, we have shown that it is possible to measure covert 
orienting in the rat, thus extending previous demonstrations of 
covert orienting of attention in humans (Posner, 1980; Posner et 
al., 1984) and in nonhuman primates (Bowman et al., 1993) to the 
rat. There was a significant increase in reaction time of responses 
to targets preceded by an invalid rather than a valid cue. The use 
of this paradigm in the rat provides a good model in which the 
neural basis of covert orienting can be investigated further. Al- 
though caution must be exercised in assuming that the rat and 
primate use the same behavioral processes and neural systems in 
performing this task, nevertheless the similarity of their behavior 
in this task suggests that they may. 

After unilateral striatal dopamine depletion, there was an in- 
crease in mean reaction time of responses made to the side 
contralateral to the lesion (with a corresponding decrease in 
ipsilateral reaction time), regardless of the validity of the preced- 
ing cue. The magnitude of the validity effect did not change after 
dopamine depletion, which supports the hypothesis that dopa- 
mine in the striatum is important for response processes (Table 1) 
and does not play a role in mechanisms of directed attention. 

These results are consistent with and extend the findings of 
Carli et al. (1989) and Brown and Robbins (1989). Using similar 
reaction-time paradigms involving responses either away from or 
toward lateralized sensory stimuli, they reported the conse- 
quences of unilateral dopamine depletion or excitotoxic lesion of 
the striatum: a bias to respond to the side ipsilateral to the lesion 
and, after the dopamine depleting lesion, a lengthening of reac- 
tion time for responses to the contralateral side. These effects 
occurred regardless of the side of sensory stimulus. Carli et al. 
(1989) suggested that there may be attentional changes after the 
dopamine-depleting lesion. After the lesion, some rats employed 
an attentional strategy, attending preferentially to a contralateral 
stimulus that governed an ipsilateral response. Although this 
observation could be taken as evidence for the “premotor theory” 
of attention, with attention deriving from motor preparatory pro- 
cessing (Sheliga et al., 1995), the results from the present study, 
which specifically manipulated attentional processes, have dem- 
onstrated that a dopamine-depleting lesion in the striatum has no 
adverse effect on the covert orienting of attention. Thus, changes 
in attention after a dopamine-depleting lesion are more likely to 

be secondary behavioral compensation for lesion effects and are 
not primary deficits. The present results provide additional evi- 
dence that the deficits of orientation termed “neglect” (Marshall 
and Teitelbaum, 1974), which are commonly observed after de- 
pletion of dopamine in the striatum, are attributable to response 
deficits (Robbins and Brown, 1990) rather than to disturbances in 
sensory perception or attentional processes. 

The increase in mean reaction time does not cause a lateral 
shift in the entire reaction-time distribution; rather, there is a 
decreased probability of responses at the mode of the distribution. 
This finding, of a decrease in the probability of a response at the 
mode of the distribution, has been reported previously in Parkin- 
son’s disease patients tested with and without L-dopa therapy 
(Brown et al., 1993). The reaction-time distributions of controls 
and patients with Parkinson’s disease were distinguished on the 
basis of an increase in the proportion of responses with longer 
reaction times and a decrease in the probability of a response with 
the modal reaction time. This would suggest that dopamine is 
particularly significant for fast reaction times. 

The suggestion that there might be a role for striatal dopamine 
in covert orienting has support from several sources. In normal 
subjects, Clark et al. (1989) reported that the dopamine antago- 
nist droperidol caused decreases in the cost of an invalid cue; 
however, the specificity of these systemic drug effects has not been 
determined. Furthermore, Clark et al. (1989) also demonstrated 
that blockade of noradrenergic function, using clonidine, resulted 
in similar effects. In patients with Parkinson’s disease, Bradshaw 
et al. (1993) and Wright et al. (1990, 1993) suggest that there is a 
difficulty in maintaining attention, which is manifested as a reduc- 
tion in the lengthening of reaction time by an invalid cue. Their 
conclusions, however, were based on a comparison of reaction 
times in a so-called “neutral cue” condition with reaction times 
after an invalid cue. Unfortunately, the use of a neutral cue is 
problematic (Jonides and Mack, 1984). Although it is not infor- 
mative about target location, the neutral cue may make additional 
processing demands and may not elicit neutral behavioral strate- 
gies in the subject. It is not clear whether the effects reported in 
the patients are attributable to a reduction in reaction time in the 
invalid condition or to an increase in reaction time in the neutral 
condition. Notwithstanding these difficulties, the deficits of the 
patients may indeed be attributable to a difficulty in maintaining 
attention, but one arising from dysfunction outside of the striatum 
as the disease progresses. Consistent with this suggestion, 
Yamada et al. (1990) reported attentional deficits in patients with 
Parkinson’s disease, but only in patients in the advanced stages. 
Our present results show that it is unlikely that there is a specific 
role of dopamine in the striatum in the covert orienting of 
attention. 
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