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Abstract

Endogenous and exogenous shifts of attention were examined in nondemented patients with Parkinson’s disease
(PD). In the endogenous condition, an arrow was used to cue participants’ attention to the possible location of an
impending target, whereas in the exogenous condition, a brightened box was used to cue attention. Cues were either
valid (i.e., the target appeared in the cued location) or invalid (i.e., the target appeared in a noncued location). The
time between cue onset and target onset (stimulus onset asynchrony or SOA) was varied in each condition. The
results indicated that PD patients were not differentially impaired in shifting attention at the shorter SOAs relative to
normal controls. However, at longer SOAs, the PD patients demonstrated less of an effect from cueing than did the
normal control participants. PD patients’ differential effect from cueing was evident in both exogenous and
endogenous conditions. These results suggest that PD patients may experience a rapid decay of attentional inhibition
and do not support the notion that a decrement in processing resources underlies their attentional deficits. Moreover,
these findings further support the notion that the basal ganglia may play an important role in attentional functions.
(JINS 1997,3, 337-347.)
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INTRODUCTION attention system (SAS) that is responsible for the modula-
Althouah it i I ted that itive i . N tion of lower cognitive operations, particularly under novel
oughitis well accepted that cognitive Impairment can .,  jtiong or when automatic responding cannot be used to

be an integral component of Parkinson's disease (PD), th8erform a task. When the capacity of the SAS is exceeded
nature and range of this impairment is not well understoodb a given task, a decrement in performance will be ob-
f .

In recent years, investigators have attempted to account erved. According to Brown and Marsden, PD results in a

PD patients’_ cognitive impairmen_ts_ using a single unifying decrease in the processing resources within the SAS, and as
neurobehavioral theory (Karayanidis, 1989; Brown & Mars-a result, these patients are more likely to demonstrate im-

den, 1990; Taylor et al., 1990; Dubois et al., 1991). Onepairment as the processing demands of any given task in-

prominent theory, developed by Brown and Marsden (1990),..o..<0

holds that PD patients’ cognitive impairment is directly re- Several converging lines of evidence provide support for

lated to a decrement n cognitive resources that aré N€C e idea that the cognitive deficits associated with PD are
essary to perform a given task. Their theory is based o

'Yue to a reduction in their processing resources. For exam-
Norman and Shallice’s cognitive model of attention (cited P J

. . . . "~~“ple, anumber of studies have indicated that PD patients dem-
in Shallice, 1988, pp. 328-352), which posits a SUPENVISONY hsirate greater impairment on memory tasks that are more

effortful as compared to memory tasks that are less demand-
. : ) i i . ing (Weingartner et al., 1984; Breen, 1993; Cooper & Sagar,
Reprint requests to: J. Vincent Filoteo, 502 Behavioral Science Build- . huii | . h Iso b
ing, Department of Psychology, University of Utah, Salt Lake City, UT 1993; Buyten uus.et a " 1994)- PD patients have also been
84112. E-mail: vfiloteo@behsci.utah.edu. shown to be more impaired on each of two tasks performed
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simultaneously than when the identical tasks are performedating a left response). Because the arbitrary symbolic con-
separately, suggesting that the dual task performance exhtion required the processing and utilizing of internal cues,
ceeded PD patients’ reduced processing resources (Horstitkwas hypothesized that if PD patients have a processing
et al., 1990; Brown & Marsden, 1991; Brown et al., 1993;resource deficit, they should be differentially impaired in
Dalrymple-Alford et al., 1993). In addition, several studiesthat condition as compared to the compatible symbolic or
have demonstrated that PD patients are more impaired ospatially compatible conditions. In contrast to the process-
tasks that require the use of resource demanding internahg resources theory, however, V.J. Brown et al. (1993) found
cueing mechanisms than on tasks that use external cues ththait the PD patients were differentially impaired in the spa-
place relatively low demands on processing resources (Cootgally compatible condition as compared to the two other
etal., 1984; Brown & Marsden, 1988; Georgiou et al., 1994).conditions.

From a neuroanatomical point of view, it has been sug- A recent study by Downes and colleagues (Downes
gested that damage to the frontal lobes will result in a defet al., 1993) also failed to support the reduced processing
icit in the SAS (Shallice, 1988), and Brown and Marsdenresources account of PD patients’ cognitive deficits. These
argue that the depletion of the processing resources of Pivestigators had PD patients and control participants rap-
patients is related to such frontal dysfunction. It is nowidly generate words from either a letter category or a se-
widely accepted that there are several functionally segremantic category, generate words while alternating between
gated circuits that reciprocally connect the basal ganglia withwo different letters or two different semantic categories, or
the thalamus and the cortex (Alexander et al., 1986). Anumgenerate words while alternating between a letter and a se-
ber of investigators, including Brown and Marsden, havemantic category. On half of the trials, the participants were
implied that damage at any point within this circuit can leadprovided with visual cues that indicated the current letter or
to a similar pattern of cognitive impairment (Brown & Mars- category, and in the other half no cues were provided. The
den, 1990; Cummings, 1993). Thus, the frontal dysfunctiorresults indicated that the PD patients were impaired when
in PD is thought to occur secondarily to the loss of dopa-equired to alternate between a letter and a semantic cat-
minergic innervation of the basal ganglia, and the resultingegory but not when required to produce words from a single
disruption of these frontostriatal circuits. Numerous neuro4etter or semantic category, or to alternate within letter or
psychological studies have implicated frontal lobe dysfuncsemantic categories. Most importantly, the observed deficit
tion in the cognitive impairment of PD patients and suggestid not improve when the participants were provided with
that this dysfunction may be the single neuropathologicalisual external cues. Downes et al. (1993) argued that their
correlate of their deficits. For example, Bondi et al. (1993)results did not support the notion that PD patients have a
found that PD patients’ impairment on a variety of mea-depletion in their cognitive resources because (1) the pa-
sures of visual spatial cognition were related to frontal dystients were not impaired in all of the alternating conditions,
function, and were not visual spatial deficfier se Stam  even though all of these conditions should have been more
and colleagues (1993) found that PD patients’ impaired perresource demanding than the single category condition; and
formances on certain neuropsychological tests were assodi2) the presentation of visual cues, which should have re-
ated with a disturbance in an event-related potential believeduced processing demands, did not lead to improved per-
to be invoked by frontal structures during attentional pro-formance in the condition in which subjects had to alternate
cessing, and Grossman et al. (1992) found that a decreaselietween a letter and a category. In contrast, Downes et al.
resting blood flow in the medial aspects of the frontal lobes(1993) explained their results in terms of a deficit in inhib-
in PD patients was positively associated with their poor peritory mechanisms. That is, when generating a word begin-
formance on an attention-demanding sentence processimgng with a specific letter, the PD patients were unable to
task. inhibit the previous response set of producing a word from

In contrast to the evidence supporting Brown and Mars-a specific semantic category, vice versa
den’s theory, a few studies, which have directly tested the The idea that PD patients have a deficit in inhibitory
processing resources account, have not provided supporhechanisms may also explain the results of a recent study
For example, V.J. Brown et al. (1993) compared the perfor{Maddox et al., 1996), which showed that PD patients were
mances of PD patients and normal controls on a choice rémpaired on a perceptual decision task that required them
action time task in which cues prompting either a left or ato attend selectively to one stimulus component while ig-
right key press varied in the nature of the intrinsic informa-noring another, but not when they had to integrate the two
tion they provided about the required response. In a spastimulus components or when only one of the stimulus com-
tially compatible condition, the cue consisted of a solid boxponents was presented. The PD patients may have been un-
on the right (indicating that a right response should be madegble to inhibit the processing of the extraneous visual feature.
or left (indicating that a left response should be made); in &imilarly, an inability to inhibit shifting their attention across
compatible symbolic condition, the cue consisted of a cenhierarchical levels may explain the PD patients’ impair-
trally presented arrow pointing to the right (indicating a right ment on a task in which subjects were presented with global—
response) or left (indicating a left response); and in an arlocal stimuli (e.g., a large “1” made up of small “3”s) and
bitrary symbolic condition, the cue consisted of a centrallyasked to indicate whether they saw a “1” or a “2” at either
presented box (indicating a right response) or circle (indi-of the levels (Filoteo et al., 1992, 1995). On consecutive
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trials, the target could either appear at the same level (e.gto appear and are thereby much quicker at detecting the tar-
the target could appear at the global level on two consecuget. In contrast, on invalid trials, they take longer to iden-
tive trials) or could change levels (e.g., the target could aptify the target because they shift their attention to an incorrect
pear at the global level on one trial and then at the localocation and must disengage their attention from that loca-
level on the next trial). The PD patients took less time thartion and move it to the correct target location.
controls to identify the target on the second of two consec- The advantage of using this task is that the nature of the
utive trials when the target changed levels, whereas theyisual cue can be manipulated in a manner that allows one
took more time when the target remained at the same leveto examine internal and external attentional mechanisms. In
Although these results were initially interpreted as a deficitthis study, we used two types of cues: (1) an endogenous or
in maintaining attention (in that the PD patients’ attentionsymbolic cue, which consisted of a centrally presented ar-
may have rapidly disengaged from the previously attendedow; and (2) an exogenous or spatial cue, which consisted
global-local level), this pattern could also indicate that PDof a brightening box at one of the four spatial locations. Al-
patients are unable to inhibit the movement of their attenthough these two types of cues are efficient at directing at-
tion away from the previously attended level. tention within the visual field, it has become increasingly
Taken together, these latter studies suggest that PD patear that they have different properties. Jonides (1981) and
tients may demonstrate a specific impairment in the abilityRafal and Henik (1994) have specified several important
to inhibit the movement of their attention from one cogni- differences between endogenous and exogenous attentional
tive process to another, and this can be observed on tests ofies in normal individuals. First, the efficiency at which
verbal fluency (e.g., Downes et al., 1993), selective attenattention is moved based on the two cue types appears to
tion (e.g., Maddox et al., 1996), or shifting attention be-differ in that normals are much quicker to detect a target
tween different levels of hierarchical stimuli (e.g., Filoteo following exogenous cues as compared to endogenous cues.
etal., 1992, 1995). Such a deficit in PD patients would alsoThis is believed to be due to the fact that the exogenous
be expected to be observed whenever task demands requizees elicit more of an automatic shift of attention, whereas
subjects to engage attentional mechanisms on a particul@ndogenous cues (e.g., arrow cues) require participants to
stimulus attribute or cognitive operation and maintain thistranslate the meaning of the cue in order to use that infor-
attentional engagement over a period of time. An impair-mation to shift attention. Second, shifts of attention follow-
ment in inhibiting an attentional disengagement could posing endogenous cues can be interrupted by a secondary task,
sibly have accounted for the pattern of PD patients’'whereas exogenous cues do not appear to be as affected.
performances in the studies described above. This indicates that shifts of attention following endogenous
In view of the controversy surrounding the basis of PDcues require more processing resources than shifts of atten-
patients’ attention deficits, the purpose of this present studyion following exogenous cues. Third, people can ignore en-
was to contrast two accounts of their attentional impair-dogenous cues when instructed to do so, which subsequently
ment: (1) Brown and Marsden'’s theory that PD patients havéeads to diminished cueing effects, whereas they cannot ig-
reduced processing resources, and (2) the notion that PBore exogenous cues. Fourth, normals exhibitrithéition
patients’ attentional deficits are best characterized as an inef return phenomenon at longer cue—target intervals when
pairment in inhibitory processes. Because Brown and Marsexogenous cues are used, but do not under endogenous cue-
den’s theory predicts that PD patients should be moreng conditions. Inhibition of return refers to slower respond-
impaired on tasks that require the use of internal cues thaimg to targets following valid cues than invalid cues and is
when external cues can be used to direct their behavior, theelieved to be due to the active inhibition of the return of
present study used an orienting of attention paradigm (Posttention to a previously attended location (Posner & Co-
ner, 1980; Posner et al., 1980) which allows both internahen, 1984).
and external cueing mechanisms to be examined. In this par- The characteristic properties of endogenous and exog-
adigm, subjects are presented with a visual cue that direcesnous cues can be used to argue that these two cue types
their attention to a specific location within the visual field. place a different degree of demand on internal attentional
Following a variable interval, a target is presented at one omechanisms. Specifically, it appears that endogenous cues
four spatial locations, and the participants press a button as.e., the arrow cue) place more demands on internal atten-
soon as they detect the target (see Figure 1). The cue cadional mechanisms, whereas exogenous cues place less of
either be valid in the sense that it correctly directs the locusn emphasis on this attentional system. If this is the case,
of attention to the location at which the target appears, or ithen we should be able to utilize this paradigm in order to
can be invalid because it directs attention to a location otheexamine whether PD patients’ attentional deficits are better
than that of the impending target. Studies with normals haveharacterized as a reduction in processing resources or an
indicated that response times are much lower when the cuenpairment in inhibitory attentional mechanisms. If PD pa-
is valid than when it is invalid (Posner, 1980; Posner et al.tients exhibit a decrease in their processing resources, we
1980). Thisvalidity effectis believed to be due to partici- would predict that their ability to shift attention within the
pants having shifted their attention to the spatial locatiorvisual field would be disproportionately affected when en-
that was indicated by the cue: on valid trials participantsdogenous cues are used relative to exogenous cues. In con-
shift their attention to the location where the target is goingtrast, if PD patients’ attentional impairments are best
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Endogenous Condition

Valid Trial _D -D *

Invalid Trial _B * -b

Exogenous Condition

Valid Trial + j + E

Invalid Trial + D * + D

Fig. 1. Examples of valid and invalid trials for the endogenous and the exogenous conditions.

characterized as a deficit in inhibitory processes, we wouldETHODS
expect these patients to demonstrate equivalent levels of im-

pairment in shifting attention following the two cue types.
More specifically, based on our previous findings that PD
patients tended to disengage attention more rapidly from &eventeen patients with idiopathic PD (12 men and 5 women)
previously attended location (Filoteo et al., 1992, 1995), weand 17 normal controls (12 men and 5 women) participated
expected that the PD patients would demonstrate less ofia this study. All participants were right-handed. The PD
validity effect following both endogenous and exogenous patients were recruited from the Movement Disorders Clinic
cues. at the University of California, San Diego. The diagnosis of

Research Participants
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PD was made by a senior staff neurologist (C.W.S.) basedere 2.0X 2.0 cm. The boxes on the left and the right of
on the presence of at least one of the three cardinal featuréise cross were 8.0 cm apart from their inner most positions
of PD (i.e., tremor, rigidity, bradykinesia). PD patients wereand the boxes above and below the cross were 8.7 cm apart
excluded from the study if they had a history of stroke, headrom their inner most positions. The target (asterisk) was
injury (loss of consciousness for more than 5 min), alcohol-1.2 cm in diameter. Prior to the presentation of the target, a
ism (4 or more drinks per day for more than 1 year), or anycue would appear, which would provide probabilistic infor-
other neurological condition. Fifteen of the PD patients weremation pertaining to the location of the impending target
on dopaminergic replacement therapy, 1 was on both dopgsee below). In the endogenous condition, the cue consisted
minergic and anticholinergic therapy, and 1 patient was nobf an arrow that appeared at the central fixation point and
taking any medication. Eighty-nine percent of the patientgointed to one of the four boxes, whereas in the exogenous
reported tremor as their predominant symptom. Using Hoehondition, the cue consisted of the brightening of one of the
and Yahr's (1967) staging of PD, four patients were in stagdour boxes (see Figure 1). The arrow cue was 2.3 cm in width
I, seven in stage Il, four in stage lll, and two in stage IV. and the brightening box was an enlargement of the box to
The mean length of illness for the patients was 10.65 year2.0 X 2.0 cm and a small change in luminance. Both con-
(SD = 8.31). ditions were presented to participants using an IBM PC and
The normal control (NC) participants were recruited froma monochrome monitor. Responses were made on a re-
the community. Exclusion criteria included a history of sponse box that interfaced with the computer and recorded
neurological disease, head injury, alcoholism, or serious psyparticipants’ reaction times.
chiatricillness. The inclusion and exclusion of potential NC  Each trial preceded as follows: For the first trial, the boxes
participants was made by the first author (J.V.F.) and wasnd the central cross would appear on the screen (and would
based on an informal interview and questionnaire. The NGemain on the screen for the remaining trials in that condi-
participants were included in this study if their age and ed+ion); second, a cue would appear on the screen (the nature
ucation matched those of the PD patients. Table 1 shows thaf which depended on the condition) and remained on the
mean age, years of education, and scores on the Demensareen until the participant responded; third, following one
Rating Scale (DRS: Mattis, 1976). The PD patients did nobof four variable cue—target intervals (stimulus onset asyn-
differ from the normal controls in terms of mean age> chrony or SOA: 50, 150, 250, 1,000 ms) a target would ap-
.05) or years of educatiorp(> .05). In addition, there was pear in one of the four boxes; finally, the participant would
not a significant difference between the PD patients and theespond by pressing a button as soon as they detected the
NC subjects in their scores on the DR$¥.05), indicating  target in one of the four boxes. Each participant was asked
that, as a group, these PD patients were nondemented. to respond with their dominant hand. The dependent mea-
sure for both conditions was the latency to detect the target.

Orienting of Attention Task

Procedure
Each participant was administered two different orienting

conditions: the endogenous condition and the exogenous coihe participants were administered the endogenous and the
dition. In each condition, the subjects were asked to fixateexogenous conditions on the same day. The order of the two
on a central cross and were presented with visual targeonditions was counterbalanced across participants. The par-
which consisted of a single asterisk. The target would apticipants were tested in a quiet room. The distance from the
pear in one of four boxes which were displayed above, beparticipant to the monitor was approximately 45 cm. The
low, to the right, and to the left of the central cross (seepatients were asked to remain on their regular schedule of
Figure 1). The central cross was x01.0 cm and the boxes medications on the day of testing. Each participant’s vision
was normal or corrected to normal.

The endogenous condition consisted of 18 practice trials
and 250 experimental trials, whereas the exogenous condi-
tion consisted of 18 practice trials and 260 experimental tri-
als. The four SOAs were presented equally in each of the

Table 1. Demographic information and Dementia Rating Scale
scores of the Parkinson’s patients and normal controls

Participant group two conditions. In the endogenous condition, the arrow
would validly cue the location of the target on 80% of the
Parkinson's Normal trials (i.e., on 80% of the trials the cue would indicate the
patients controls correct location of the asterisk), and in the exogenous con-
M (SD M (SD) dition, the brightening box would validly cue the location
Age (years) 6388 (7.54) 67.35 (10.22) of the target 50% of the time. The percentage of valid trials

Education (years) 15 23 (2.93) 15 76 2.17) was selected in order to maximize the en_qogenous a(?d ex-
Dementia Rating ogenous features of each of the two conditions. An 80% va-

Scale score 139.41  (3.10)  141.24 (2.02) lidity value when arrows were used as the cues would ensure
that expectancy (which can be considered a more internal
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attentional mechanism) was maximal. In contrast, a 50%enous condition. The Group Cue Validity, Groupx Con-
validity value when boxes were used as the cues would placéition, and Groupx Cue Validity X Condition interactions
even less emphasis on internal attentional mechanisms (sugere not significant p > .05). There was also no signifi-
as expectancy) and more on external mechanisms. Figurechnt interaction of Cue Validityk Condition (p > .05).
depicts examples of valid and invalid cues for the two con-
ditions.

150-ms SOA

Analysis The mean of the participants’ median reaction times on the
Because the main focus of the study was to contrast subk20-Ms SOA trials are presented in Figure 2b. An ANOVA
jects’ performances on the endogenous and exogenous cofvéaled that the main effects of Group and Condition were
ditions, we decided not to collapse across SOAs but td'0t significant > .05). The effect of cue validity was
compare participants’ performances on the endogenous arg@nificant [F(1,32) = 51.57,p < .001], which can be at-
exogenous conditions separately for each of the four SOAé,r'bUte‘_j to participants’ reaction times in the_valld c_o_nd|-
The data were analyzed in this way because we included tion being S|_gn|f|ca_\r_1tly faste_r than in the |nval_|(_1 Condltlo_n.
1,000-ms SOA in both conditions and the inhibition of re- HOWever, this significant main effect was qualified by a sig-
turn effect (i.e., a slower reaction time following valid cues Nificant interaction of Cue Validity X _Condition
than following invalid cues) typically occurs only at longer LF(1,32) = 4.80,p <.05]. An inspection of Figure 2b in-
SOAs in the exogenous cueing condition. Thus, any imporglcates that the difference between reaction times for valid
tant group differences at the 1,000-ms SOA might be oband |_n.vaI|d cues appeared to be greater in the exogenous
scured in an overall analysis of variance (ANOVA), which condition than in the endogenous condition. The group fac-
included SOA as a between-group factor. tor did not enter into any two-way interactions with condi-
Reaction times were included in the analysis if they werdion Or cue validity (o > .05 for both contrasts) nor did it
greater than 200 ms (in order to exclude anticipatory reacENter into a significant three-way interaction with condition
tion times) and less than 2,000 ms (in order to exclude lon@nd cue validity p > .05).
reaction times). The percentage of anticipatory responses
and long reaction times for each group was less than 1 per-

cent of the total number of responses and did not differ sig-250'mS SOA

nificantly between the two groups. Median reaction timestyg resyits from the trials with 250-ms SOAs are shown in
for the four SOAs were analyzed using an ANOVA where g re 2c. An ANOVA indicated that the main effects of
group (PDvs NC) served as a between-group factor, andyq,n and condition were not significanp (> .05). The
cue validity (valid trialsvs invalid trials) and condition (eX-  ,5in effect of cue validity was significarfe[1,32)= 80.63,

ogenous conditiorvs. endogenous condition) served as , — 01]indicating that reaction times were faster on valid
within-group factors. Although data collected from €X09- than invalid trials. A significant Cue Validitik Condition

enous and endoger_wus cueing t{;\sks are typically ‘?nalyz?ﬁteraction F(1,32),p < .001], however, indicated that the
separately, we decided to examine performances in thesference between valid and invalid trials was much greater
two tasks within the same ANOVA because the main point, e endogenous condition than in the exogenous condi-
of the study was to directly contrast internal and external;o 4 finding which is opposite to that found in trials with
attentional mechanisms. We felt that the best manner in which 159_ms SOA. The group factor did not enter into any two-
to accomplish this was to directly compare performances i ay interactions with condition or cue validitp .05 for
the two cueing conditions. both contrasts) nor did it enter into a significant three-way
interaction with condition and cue validityp(> .05).

RESULTS

50-ms SOA 1,000-ms SOA

The mean of the participants’ median reaction times on th&he mean of the participants’ median reaction times for tri-
50-ms SOA trials are presented in Figure 2a. An ANOVAals with 1,000-ms SOAs are shown in Figure 2d. An ANOVA
indicated that the group factor was not significaptf .05), indicated that the group main effect was not significant
suggesting that, overall, the reaction times of the PD andp > .05), but there were significant main effects for both
the NC groups were not significantly different. The cue va-the condition F(1,32)= 8.16,p < .01] and the cue validity
lidity main effect was significantHf(1,32) = 76.68,p < factors F(1,32)= 28.94,p < .001]. There was no signifi-
.001] due to the fact that reaction times in detecting the tareant interaction of Groupx Cue Validity (p > .05). How-
get following valid cues were much faster than following ever, there was a significant interaction of ConditioiCue

an invalid cue. The condition main effect was also signifi- Validity [F(1,32) = 84.16,p < .001], which was qualified
cant[F(1,32)= 7.36,p < .05], indicating that reaction times by a significant Group< Condition X Cue Validity inter-
were faster in the exogenous condition than in the endogaction [F(1,32)= 8.61,p < .01].
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480 (a) 50 msec SOA 480 (b) 150 msec SOA
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4004 400 -
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460 ‘ Exogenous Endogenous 460—; Exogenous Endogenous
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300 ] 1 | | 300 ] I | ]
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Fig. 2. Mean of median reaction times for Parkinson’s patients and normal controls for trials with (a) 50-ms SOA,
(b) 150-ms SOA, (c) 250-ms SOA, and (d) 1,000-ms SOA as a function of condition and cue validity. Error bars are in
standard errors of the mean.

Several important aspects of the three-way interaction caparisons of their difference scores using one-tatleglsts
be seen in Figure 2d. First, collapsed across groups, the difevealed that the PD patients exhibited a significantly smaller
ference between valid and invalid trials (i.e., the validity inhibition of return effect than the NC participants in the
effect) appears to be different in the exogenous and the erexogenous conditiort(32) = 1.99,p = .028], and a mar-
dogenous condition. Specifically, an inhibition of return ef- ginally significantly smaller validity effect in the endog-
fect was observed in the exogenous condition, with reactioenous conditiont[32) = 1.50,p = .07].
times being much slower following valid trials than invalid
tria]s. Ir_1 the endogenous condition, in contrast, over_all re'ReIationship Between Stage of Disease and
action times appeared to be somewhat faster on valid tha@rienting Performance
the invalid trials, a finding that was also observed in both
the endogenous and exogenous conditions with all of thén order to examine the possible relationship between stage
shorter SOAs. The magnitude of these effects differed, howef the disease and attentional performance, patients’ Hoehn
ever, for the PD and NC participants. To further examineand Yahr ratings were correlated with their reaction time
this three-way interaction, difference scores were comdifference scores for the 1,000-ms SOA in the endogenous
puted for each participant in both the endogenous and thand exogenous conditions. The results of these correlations
exogenous conditions by subtracting the reaction time omndicated that there was not a significant relationship be-
valid trials from the reaction time on invalid trials. These tween patients’ stage ofthe disease and their difference scores
difference scores, shown in Figure 3, indicate that the inhiin either the endogenous conditiar(17) = .23,p > .20],
bition of return effect for the PD patients were less than thoser the exogenous conditiom({L7) = .24,p > .20]. Thus,
of the NC participants in the exogenous condition, as washe pattern of attentional deficits does not appear to be asso-
the validity effect in the endogenous condition. Planned comeiated with the severity of the PD patients’ motor disability.
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40 patients were only impaired at the 1,000-ms SOA, and that
] ] the reduction in their inhibition of return and validity effect
20 T— at this SOA was primarily attributable to their performance

] 3 with invalid cues.
] With regard to the first constraint, the finding that PD

e
";“ 0 —L—+ patients were not impaired at the shorter SOAs suggests that
e ] they have a normal buildup of inhibition. Clearly, if a def-
"§ 20 icit in the initial development of inhibition were present,
= | the PD patients would most likely have shown decrements
g 1 in their performances at the shorter SOAs. The finding that
R -40 PD patients were only impaired at the longer SOA suggests
§ ] that the locus of their attentional deficits may be in main-
g 601 taining inhibition over an extended (yet relatively brief) pe-
= . riod of time. That is, PD patients may have a more rapid
Q 1 W D decay of inhibition than normal control participants. This
-80 NC possibility is supported by several previous studies that have

also shown that PD patients have deficits in shifting atten-
tion following longer, but not shorter, cue-target intervals
EXOGENOUS ENDOGENOUS (Wright etal., 1990; Yamadaetal., 1990; Bennet et gl., 1995).
With regard to the second constraint, the PD patients’ at-
Fig. 3. Mean validity effects for Parkinson’s patients and normal tentional impairments at the longer SOA in the endogenous
controls in the exogenous and e_ndogenous conditions for trials witk o ndition appear to be due to a reduction of the validity ef-
1,000-ms SOA. Error bars are in standard errors of the mean.  ¢q ¢ specifically related to a lack of increase in reaction times
on the invalid trials. Similarly, the reduction of inhibition of
return in the exogenous condition appears to be related to a
DISCUSSION smaller reduction in reaction times following invalid cues
for PD patients than for controls. Wright et al. (1990) also
An examination of the PD and NC groups’ performancesreported a decreased validity effect with endogenous cues
on the orienting of attention task with short SOAs revealedhat was due to a lack of increase in PD patients’ reaction
that both groups demonstrated the typical validity effects irtimes following invalid cues (i.e., the lack of reaction time
which they were faster at detecting targets preceded by eost), and attributed this impairment in the patients’ ability
valid cue than an invalid cue. Furthermore, the magnitudeéo maintain attention. However, if PD patients’ deficits on
of these effects were virtually equivalent for the 50-, 150-,invalid trials could be explained by a general deficit in main-
and 250-ms SOAs. These results are consistent with prevtaining attention, one would also have expected to see a def-
ous studies by Yamada and colleagues (Yamada et al., 199@)it following valid cues. That is, an inability to maintain
and Bennet and colleagues (Bennet et al., 1995) who foundttention at a cued location should also affect their ability to
that PD patients were not impaired on endogenous attertake advantage of the target appearing in the cued location
tional shifting tasks that utilized 100-ms and 600-ms SOAsand lead to longer reaction times following valid cues. Be-
respectively. In contrast, the difference between the PD pacause PD patients’ reaction times were normal following
tients’ reaction times in detecting targets on the valid andsalid cues in the present study, a general deficit in main-
invalid trials at the 1,000-ms SOA was less than the differtaining attention cannot account for their deficits.
ence for the NC subjects, and this reduction in the differ- Rather than a deficit in maintaining attention, the present
ence scores was evident oth the endogenous and results are consistent with the possibility that PD patients
exogenous cueing conditions (see also Wright et al., 1990suffer a rapid decay of inhibition that usually serves to bias
The finding that PD patients are impaired in both the ex-subjects from shifting attention to an uncued location in the
ogenous and endogenous conditions at the 1,000-ms SQ#ndogenous condition, and in returning their attention to the
is not consistent with Brown and Marsden’s (1990) theorycued location in the exogenous condition. Specifically, in
that PD patients have diminished processing resources. Bas#ite endogenous condition, inhibition may build up at the
on this theory, PD patients would be expected to be imuncued location and bias the individual from moving atten-
paired in the endogenous condition but not the exogenouson to that location. If this inhibition decays much more
condition, because shifts of attention following endog-rapidly for PD patients than for controls, the patients would
enous cues require more attentional capacity than do attelve more efficient in detecting a target at the unattended
tional shifts following exogenous cues (see Jonides, 1981lpcation than the controls and show less of an increase in
Rafal & Henik, 1994). In contrast, the present results can beeaction time following invalid cues. In the exogenous con-
accounted for by the notion that PD patients’ attentional defdition, the inhibition of return effect may be due to a buildup
icits are due to impaired inhibitory processes. This interpreof inhibition at the cued location that biases subjects from
tation must be constrained, however, by the fact that the PReturning their attention to that location after it has been re-
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moved. If PD patients experience a rapid decay of this intients can demonstrate impaired performance on tasks of
hibition, they would be more efficient than normals at visuospatial functioning (see Levin, 1990), and given the
returning their attention to the cued location. spatial nature of the attentional task, it is possible that the
The notion that PD patients experience a rapid decay opattern of the PD patients’ results may be due to visuospa-
inhibition is only tentative, but such a theory enables us taial impairment. Unfortunately, we did not examine visuo-
make specific predictions about the conditions under whickspatial functioning in our patients at the time they were
PD patients will demonstrate attentional impairment. Foradministered the spatial orienting task, so we are unable to
example, if PD patients experience a rapid decay of inhibiprovide independent evidence that the patients’ attentional
tion for unattended locations, they may be expected to showperformance is not associated with visuospatial dysfunc-
a smaller than normal negative priming effect. The negativeion. However, the finding that PD patients were only im-
priming effect occurs in selective attention tasks with ob-paired at the 1,000-ms SOA and on invalid trials argues
jects and spatial locations and refers to increased difficultyagainst the notion that visuospatial dysfunction accounted
in identifying a target that had served as a distracter stimufor their pattern of performance, because such dysfunction
lus on the previous trial, presumably because of a buildughould not be specific to a certain SOA or the validity of the
of inhibition when the stimulus was a distracter (see Neillcue. If visuospatial deficits could readily account for the
etal., 1995). Consistent with the notion that PD patients haveesults, such effects should be evident under all SOAs and
a rapid decay of inhibition for unattended locations or ob-on both valid and invalid trials. As such, the pattern of def-
jects, a previous study found that these patients do not denieits observed in this study is more consistent with a rapid
onstrate the same magnitude of negative priming for objectdecay of inhibition.
asnormal subjects (Downesetal., 1991) and preliminary data The results of this study are consistent with several lines
from our laboratory also suggests that PD patients show lessf research that indicate that the basal ganglia may be di-
negative priming for spatial locations (Filoteo, 1996). rectly involved in inhibitory attentional functions. For ex-
Although our findings suggest that PD patients’ impair- ample, Hassler (1978) has argued that the role of the putamen
ment in orienting attention may be due to a deficit in inhib- is to “focus the attention, the emotional participation and the
itory processes and not depleted cognitive processingxcitability on one single event by simultaneously suppress-
resources, several important issues must be addressed. Fiigg and fading out all other happenings and motivational
it may be that the task we used did not directly assess inebjects” (p. 188). More recent reviews have also implicated
ternal attentional mechanisms, and the cognitive requirethe basal ganglia in the sensory (Krauthamer et al., 1987)
ments in the endogenous condition never fully exceeded thand response selection (Robbins & Brown, 1990) processes
attentional capacity of the PD patients. Thus, no differentiain selective attention tasks, and recent positron emission to-
impairment in the endogenous and exogenous conditionsiography studies indicate that the basal ganglia are acti-
could be observed. This explanation is unlikely, howeveryated during selective attention tasks in which the subject
given that previous studies that have shown that the endognust attend to one particular stimulus attribute and inhibit
enous condition involves internal attentional mechanismshe processing of the other attributes (Corbetta et al., 1991).
(see above). Second, although deficits in inhibitory pro-The results of the present study also suggest that the basal
cesses may account for PD patients’ impaired performancganglia may play an important role in inhibitory processes,
on the orienting task in the present study, this is not to sayparticularly in maintaining inhibition at unattended spatial
that inhibitory deficits can account for all of PD patients’ locations over extended periods of time (i.e., 1,000-ms).
cognitive deficits. On the contrary, basal ganglia dysfunc-
tion can result in a variety of deficits, many of which do not
appear to be related to inhibitory dysfunction (ButtersREFERENCES
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