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Abstract

Attentional control involves the factors, or cognitive parameters, that determine which environmental inputs receive attention and which do
not. Cognitive studies of attentional control have highlighted two general classes of control parameters, bottom-up (data driven or exogenous)
parameters and top-down (goal driven or endogenous) parameters. Which of these control parameters is affected following parietal-lobe
damage? In parietal-damaged patients, it is possible that a disorder in one control parameter (e.g. goal driven) would appear as a disorder in
another parameter (e.g. data driven). To investigate the control parameters that might be affected in parietal patients, we simulated neglect in
normal participants by disrupting data-driven information processing. When half of a computer monitor was degraded by translucent tracing
paper while normal participants performed a cued spatial attention task (Experiment 1), the normal participants showed a pattern of results
similar to patients with unilateral parietal-lobe damage—the so-called “disengage deficit.” This pattern of results replicated when neutral
attentional cues were included in the experiment (Experiment 2). However, the disengage deficit was not simulated in normal participants
with predictive central symbolic cues (Experiment 3) or predictive peripheral cues (Experiment 4). Because perceptual degradation influences
data-driven attentional control parameters, we suggest that these control parameters may be disrupted following parietal-lobe damage.
© 2004 Elsevier Ltd. All rights reserved.
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Of the multiple cortical and subcortical areas that par- of the plate or may not read words on the left half of a page.
ticipate in the control of spatial attention, perhaps none Neglect patients often do not make head or eye movements
has been studied as extensively as the posterior pari-in the contralesional direction. These failures to respond to
etal region. Damage to the parietal region (especially the contralesional stimuli are not due to sensory deficits (e.g. a
right parietal region) in humans results in a profound visual scotoma or hemianopia). As a patient recovers and the
attentional impairment referred to as neglect. The per- neglect becomes less severe, patients can process a single
formance of neglect patients has provided important in- stimulus presented in the contralesional visual field. How-
sights about the operation and mechanisms of attention.ever, these recovering patients continue to show a subtle at-
Patients with neglect present with a variety of symp- tentional impairment known as extinction: when two stimuli
toms (e.g. sedisiach & Vallar, 1988 Heilman, Watson, are presented simultaneously in opposite visual fields, pa-
& Valenstein, 1993Heilman, Watson, & Valenstein, 2000  tients will extinguish, or fail to notice, the stimulus in the
Rafal & Robertson, 1999Rafal, 2000, including the failure contralesional field. In other words, extinction patients ex-
to pay attention to stimuli falling on the side of space opposite hibit neglect of contralesional stimuli only in the presence
to the lesion (the contralesional side); a patient with damage of ipsilateral stimuli. Although many of these characteristics
to the right parietal lobe may fail to eat food on the left half can follow damage to other brain regions (e.g. frontal lobe

areas and subcortical areas such as the pulvinar), our focus is
* Corresponding author. Tel.: +1 319 3350839; fax: +1319 3350191,  ON Neglect and extinction phenomena that follow damage to
E-mail addressshaun-vecera@uiowa.edu (S.P. Vecera). parietal lobe areas. Hence, we use the terms ‘neglect’ and ‘ex-
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tinction’ as shorthand for ‘neglect (or extinction) following involving (1) the type of factor affecting attention (top-down
parietal-lobe damage.’ or bottom-up, for example) and (2) the value of that fac-

Different interpretations of the attentional deficits in ne- tor. The different terms (e.g. endogenous versus top-down)
glect and the mechanisms of those deficits have been offeredtypically are used in different paradigms. For example, in pe-
For example, neglect has been interpreted as a difficulty with ripheral cuing paradigms, attentional control is discussed in
visuospatial attention (seBriver, 1998 Posner, Walker,  terms of exogenous and endogenous processes, whereas in
Friedrich, & Rafal, 1984 Rafal, 2000 Rafal & Robertson, visual search, attentional control may be discussed in terms
1995, with object-based attention (s&shrmann & Mos- of bottom-up and top-down processes. Because we intend
covitch, 1994 Behrmann & Tipper, 1994Egly, Driver, & to discuss attentional control broadly, we will tend to use the
Rafal, 1994, and with orienting attention to temporal events mostinclusive terms to discuss control parameters; that s, in-
(Husain, Shapiro, Martin, & Kennard, 1998uggesting that  stead of using a term that typically is tied to a paradigm (e.g.
the parietal lobe plays a role in many attentional phenomena.exogenous), we will use a more general term (e.g. bottom-up
In addition to these varieties of attentional impairments, or data-driven). The terms we have chosen to use will not
many theorists have proposed different mechanisms toaffect the interpretation of our results.
explain the performance of neglect patientsnsbourne Recently,Desimone and Duncan (1998ave proposed
(1993) proposed that competition between the two cerebral a “biased competition” account of attention that integrates
hemispheres could explain neglect; because the damagedboth goal-driven and data-driven attentional control. The bi-
hemisphere cannot compete with the intact hemisphere, at-ased competition account was developed to explain visual
tention is biased toward the ipsilesional visual field, which is search in which a subject looks for a target among distrac-
controlled by the intact hemisphere (also €eten, Romero,  tors. The target searched for is held in working memory and
Servan-Schreiber, & Farah, 1994adavas, 1990_adavas, guides attention in a goal-directed manner. The image being
Petronio, & Umilg, 1990 Ladavas, Umif, Ziani, Brogi, & searched provides sensory information that guides attention
Minarini, 1993. Posner et al. (1984proposed that the in a data-driven manner. The multiple objects present in the
parietal lobes are involved in the disengagement of attention; scene compete for limited attentional resources. The goal-
patients with unilateral parietal damage have difficulty dis- driven attentional signal serves to bias this competition to
engaging spatial attention from the ipsilesional visual field, favor objects that are similar to the target item. The biased
making it difficult to direct attention to contralesional stimuli. competition account provides a useful conceptual framework

Attempts to understand the mechanisms that are damagedor studies of overt orientinglfappenberg, Dorris, Munoz, &
in parietal-damaged patients have not always been informedKlein, 2001), visual search, visuospatial attenti@esimone
by information processing theories of normal attentional pro- & Duncan, 199%, and object-based attentioviecera, 200D
cesses (seRRosner et al., 1984or an exception). Information Applying the biased competition account to neglect pa-
processing, or cognitive, studies of attention in neurologically tients suggests at least two possible processes that might
normal participants focus on two important issues, the control be disrupted in these patients. Attentional impairments fol-
of attention and the effects of attention (deek & Vecera, lowing parietal damage could arise from an inability to use
2002 Vecera & Luck, 2002 Studies of attentional control  goal-directed, or endogenous, attention to orient to the con-
involve isolating the factors that determine which inputs re- tralesional visual field (the neglected or extinguished field).
ceive attention and which do not. That is, how does a viewer Patients may have damage to the representation of the con-
attend to a red circle when it appears in a scene filled with tralesional space, and they may be unable to use this represen-
red squares and green circles? Studies of the effects of attentation to control the allocation of attention in a goal-directed
tion involve specifying the processing differences between manner. Or, the attentional impairments following parietal
attended and unattended items. We focus on the control ofdamage could arise from an inability of perceptual inputs
visuospatial attention in neglect following recent theoretical to control attention in a data-driven, or exogenous, manner.
developments on this topic. We ask: What attentional control Events in the contralesional field may fail to engage attention
parameters (i.e. factors) are impaired in parietal-damaged pa-as quickly or effectively as events in the ipsilesional field (e.qg.
tients? Ladavas, 1990 adavas et al., 1990, 1993

To address this question, we must consider the possible Although either goal-driven or data-driven control
sources of attentional control because there are different pa-sources might be disrupted in parietal-damaged patients, it is
rameters or processes that can influence where attention iglifficult to disentangle the effects of these control parameters
directed. Two general sources of attentional control are goal- in patients. Damage to one control parameter may appear as
driven (also called conceptually-driven, top down, or endoge- an impairment in the other parameter. For example, parietal-
nous) sources that arise from the current behavioral goals anddamaged patients make fewer exploratory eye movements
data-driven (also called bottom up or exogenous) sources thainto the contralesional field than in to the ipsilesional field.
arise from sensory stimuli present in a scekip, King- This suggests damage to goal-driven control parameters
stone, & Pontefract, 199Xantis, 1998. We refer to these  which are responsible for visual search via eye movements.
two sources broadly as “attentional control parameters” be- If data-driven parameters were disrupted, however, patients
cause the factors that control attention are parameterized bymight fail to make exploratory eye movements because the



S.P. Vecera, A.V. Flevaris / Neuropsychologia 43 (2005) 1189-1203 1191

eye movement system does not receive sufficient inputsgoal-driven, parameters are required: such symbolic cues
from the contralesional field to program and execute eye typically must predict the upcoming target’s location to
movements. Thus, the patients’ behavior could be the resultencourage participants to direct attention from the cue
of damage to either control parameter. (Jonides, 198p. 803, but se&ipples, 2002, and such sym-

We have attempted to overcome the difficulty of sep- bolic cues can be interfered with by a concurrent memory
arating goal-driven and data-driven control by studying load @onides, 198j Mixtures of the two control parameters
neurologically normal research participants and selectively are possible, as when peripheral cues predict the upcoming
manipulating attentional control parameters. Simulation target’s location on a majority of trials; such situations would
studies, in which normal participants are made to perform astap both data-driven and goal-driven control processes.

a brain-damaged patient performs, have been used to inves- When neglect/extinction patients perform Posner’s cued
tigate various neuropsychological syndromes. Such studiesdetection task, they show an attentional asymmetry referred
have been useful in resolving theoretical accounts of variousto as a “disengage deficit”: they are slower to detect invalidly-
syndromes, including visual form agnos\e€era & Gilds, cued targets appearing in the contralesional field than targets
1998, neglect Farah, Monheit, & Wallace, 199Graves & appearing in the ipsilesional fieldP¢sner et al., 1994 A
Jones, 1992Michel, Pisella, Halligan, Luaét Rode, Bois- common interpretation of these results is that the parietal
son & Rossetti, 2003 and aphasiaMiyake, Carpenter, &  lobe contains the neural circuitry that controls the disengage-
Just, 1994 These examples demonstrate that simulating neu- ment of attention from a currently-attended location. Fol-
ropsychological disorders in normal participants can be im- lowing parietal damage, attention has difficulty disengaging
portant for addressing theoretical issues in neuropsychology.from the ipsilesional field (e.g?osner et al., 1984; Rafal,

In the present studies, we report four studies in which we 2000. Therefore, when the precue appears in the ipsilesional
simulate the results of parietal-damaged patients in normalfield and the target appears in the contralesional field, it takes
participants to investigate the attentional control parameterslonger for attention to be disengaged from the precued lo-
that might be affected in these patients. Participants per-cation; when the precue appears in the contralesional field
formed a simple visuospatial attention task, Posner’s cuedand the target appears in the ipsilesional field, attention can
detection taskFosner, 198(Posner & Cohen, 1984#osner, be disengaged from the contralesional field relatively quickly
Snyder, & Davidson, 19801n this task, depicted ifig. 1 and easily, allowing the target to be detected rapidly.
with peripheral cues, attention is summoned to a location by ~ Cohen and colleagues (199%fjered an alternative expla-

a peripheral cue (a flicker in the visual periphery). A small nation of the “disengage deficit pattern” in neglect patients.
target then appears, and participants press a key as soon ay creating a simple neural network model that could perform
they detect the onset of the target. The target is either validly the cued detection task;ohen et al. (1994)iemonstrated
cued (the target appears at the cued location) or invalidly cuedthat poor detection of invalidly-cued targets appearing in the
(the target appears at the uncued location). Neurologically contralesional field could be produced by asymmetric dam-
normal participants are faster to detect validly-cued targets age to a bilateral attentional system. If one “hemisphere” in
than invalidly-cued targets at short cue-to-target intervals. If the model was damaged, this hemisphere could not compete
validly cued- and invalidly-cued targets appear equally (i.e. strongly with the intact hemisphere, which made it difficult
50% valid and 50% invalid), this task appears to involve ex- for the model to detect targets appearing in its contralesional
ogenous, or data-driven, spatial attention (d&®ides, 1981;  field. The model did not contain an attentional disengager,
Klein et al., 1992 Muller & Rabbit, 1989, and no goal- indicating that the disengage deficit pattern could be an emer-
directed control parameters need to be involved. In contrast,gent property of a damaged attentional network that did not
when central, symbolic cues (e.g. arrows) are used tocontain an explicit disengage process. Because of the po-
direct attention to a peripheral location, endogenous, or tentially confusing terminology, we use “disengage deficit
pattern” to refer to the pattern of reaction time (RT) results
exhibited by patients with parietal-lobe damage; this pattern

Ll reapones of results should be distinguished from a disengage process
I 0O O because, as we discuss next, the disengage pattern could arise
from damage to a process that is not a disengage process
e per se.
ms | .
‘/ s me Son d o Based onCohen et als (1994interpretation of neglect

time — and extinction, we hypothesized that data-driven control pa-
O & O rameters might result in the disengage deficit pattern of re-
sults. This hypothesis allows us to integrate theoretical mod-
els of extinction Cohen et al., 1994with current theoretical
perspectives on attentional contréluck & Vecera, 2002

Fig. 1. Orderofeventsinthe spatial precuing task. (A) No screen degradation _Vecera & Luck, _2002Yantls’ 199_8' Inthe foIIowmg exper-_
(validly-cued target). (B) An example of degrading the left side of adisplay IMeNtS, we manipulated data-driven (exogenous) attentional

(invalidly-cued target, with target appearing on degraded side). control parameters by varying the perceptual quality of the

(A) (B)
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displays while participants performed Posner’s cued detec- stimulus-onset asynchrony (SOA). We used a short SOA in
tiontask. In Experiment 1, one-half of the computer's monitor the present experiments because parietal-damaged patients
was occluded with translucent tracing paper which blurred the show the largest impairments at short SOBsgjer & Klein,

image from that side of the monitor (sEarah et al. (1991) 2001). The target remained visible until the participant
for this procedure). If the disengage deficit pattern is causedresponded. Participants responded by pressing the spacebar
by an inability of contralesional events to adequately capture on a standard keyboard. All displays were presented on a
attention in a data-driven manner, then we should be ableMacintosh computer with a 15in. monitor and viewed from

to simulate the disengage deficit pattern of results in normal a distance of 80 cm. Each participant received eight blocks of
participants. Specifically, when the clear (intact) field is cued, experimental trials, with each block containing 80 trials; 20%
then targets in the degraded (“neglected”) field should be de-of these trials were catch trials in which no target appeared.
tected relatively slowly; in contrast, when the degraded field The participants were asked to withhold responses to the
is precued and the target appears in the clear field, the targetatch trials. In trials in which a target appeared, the cue was
should be detected relatively quickly. We should note that ef- valid in 50% of trials and invalid in the other 50% of trials.
fect sizes from our normal participants might be smaller over- Targets appeared equally to the left and right of fixation.

all than those from parietal patients because of baseline RT

differences between these groups; normal participants mayl-2. Results and discussion

show smaller effects because their RTs are faster than those

of parietal-damaged patients, Because the median can produce biased estimates of cen-

tral tendency under some experimental conditions, such as
those we use in later experiments (déder, 1988), mean
reaction times were computed for each condition. RTs greater
than two standard deviations above the mean were excluded
1.1 Method from the analyses. This trimming excluded less than 5% of
the datat
The mean RTs were analyzed with a two-factor ANOVA
with target field (clear versus degraded) and trial type (validly
cued versus invalidly cued) as factors. The mean RTs appear
in Fig. 2, which shows a larger validity effect in the degraded
(“neglected”) field than in the clear field. This pattern of re-
1.1.2. Stimuli sults replicates the “disengage deficit” pattern observed in
1.2, Stimuli ) . .
patients with parietal damagPdsner et al., 1984
A detailed analysis supported the disengage pattern that is
vident inFig. 2 There was a main effect of target field, with
aster RTs to targets appearing in the clear field (314.8 ms)
than to those appearing in the degraded field (324.0ms),

1. Experiment 1: unilateral “lesion”

1.1.1. Participants

The participants were 12 University of lowa undergradu-
ates who received partial course credit for their time. All had
normal or corrected vision.

All stimuli were viewed from a distance of 80cm. The
stimuli were three small boxes, each measuring bfvi-
sual angle on each side and arranged side-by-side across th
computer monitor. All of the displays consisted of black lines

on a white background. The two peripheral boxes were lo- (1, 11)=7.3p<0.05. There was also a main effect for trial

cated 4.3 to the left and right of the middle (fixation) box. ’ = .
The peripheral boxes were cued by thickening the border of pre, participants detected validly-cued targets faster than

the box by 13 pixels, or approximately 0.5f visual an- invalidly-cued targets (307.2ms versus 331.6 ms, respec-

gle (se€Fig. 1). The target consisted of a small black circle tively), F (_1’_11) =?_>7.1,_p<0.Q001. MOSt Important, ther_e
which was 0.35in diameter and appeared in one of the two was a statistically significant interaction between target field
peripheral boxes and trial typeF (1, 11) =23.5p<0.001, indicating that the

One side of the display was degraded by covering it with difference between validly- and invalidly-cued targets was

standard translucent tracing paper purchased from an artsupI_arger in the degraded field than in the clear field. Planned

ply store. Half of the participants received left-side degrada- pairwise comparisons verified the presence of a spatial pre-

tion and half received right-side degradation. We used tracing 23Z'(?tz:f;(:ttsi\?v:gz:(i?ctcéze};:tg t?]i%\r?r?vﬁic];ilil-((j:lsjle\d/ig?;ye_ts
paper for degradation instead of an electronic manipulation . the clear field(11)=3.3,p<0.01, and in the degraded

(e.g. reducing contrast) because tracing paper has been show},
. . _field, t(11) =9.2,p<0.0001.
to successfully simulate aspects of performance following We performed an additional analysis to examine the dis-

ietal-lobe d éérah etal., 1991 . . ST
parietal-lobe damagé @rah et al., 199 engage pattern across the visual fields to determine if this
1.1.3. Procedure pattern was asymmetric. Neglect typically follows damage

An individual trial began with the three boxes present T _
on the screen for 1300 ms, and participants were instructed. _We sh_ou_ld note that th_e analyses of all of our experiments were qual-
L itatively similar when median RTs were computed for each condition and
to maintain fixation ‘?” the center box. T_he cue was then when means were used with a 2.5 standard deviation exclusioRztelf
presented for 50 ms in one of the two peripheral boxes and 1993)for the suggestion that analysis of RT data be confirmed using dif-
was replaced immediately by a target, producing a 50 ms ferent measures of central tendency.
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Experiment 1 that was significant was the two-way interaction between cue
o \Periphieral, nonpredictive cues) type and target fields (1, 10) = 22.3p < 0.0005, which repli-
3904 [ Valid cated the disengage pattern observed when the degraded field
380 W Invalid was not included as a factor. There was no three-way interac-
__ 8704 tion,F (1, 10) < 1, indicating that the disengage deficit pattern
g @b was similar following both left and right visual field degra-
S oo dation.
E 2‘;8: The neurologically normal participants in Experiment 1
€ 3201 show the same qualitative pattern of results as patients with
£ 310- - - unilateral parietal lobe lesions: invalidly-cued targets that
S 3004 il = appear in the degraded field are detected more slowly than
T 290 invalidly-cued targets that appear in the intact (clear) field. In
280 parietal-damaged patients, this pattern has been attributed to a
270+ damaged attentional “disengager.” However, the normal par-
;gg‘ ticipants in Experiment 1 presumably did not have damage to
Claar Degraded their attentional processes, making damage to an attentional

disengage process unlikely. A more straightforward interpre-
tation of the present results, and, similarly, of the results from
Fig. 2. Results from Experiment 1. Neurologically normal participants are parletgl—damaged patients, 'S.that the data'd”‘/e“ capture of
disproportionately slower to detect invalidly-cued targets appearing in the attention has been weakened in the degraded field. In the nor-
degraded field than those appearing in the clear field. Neglect and extinctionmal participants, targets appearing in the degraded field are
patients show a qualitatively similar pattern of results, the so-called “disen- harder to detect; therefore, when attention is summoned to
gage pat_tern ‘(error bar_s are 95% within-subject confidence intervals on the the clear field and the target appears in the degraded field, the
valid vs. invalid comparisons). e epe . . .
target has a difficult time summoning attention away from

to the right parietal lobe, but extinction can follow dam- its current location in the clear field. When attention is sum-

age to both the left and right parietal lobes (Ssiach & moned to the degraded field and the target appears in the
Vallar, 1989. If our simulation procedure mimics neglect, clear field, the target can be detected quickly for two reasons.
then we might expect to find a larger disengage pattern fol- First, attention may be summoned to the degraded field only
lowing degradation of the left visual field than of the right vi- Weakly because the cue appears degraded; second, the target,
sual field. If our procedure mimics extinction, then we might Which appears in the good field, may have a relatively easy
expect a similar disengage pattern across the visual fields. time summoning attention away from the degraded field. The
We analyzed the results separately for participants whoseSame analysis can explain the pattern of results from parietal
left visual field was degraded and those whose right visual Patients (se€ohen et al., 1994 Of course, we acknowl-
field was degraded. The means for these conditions appear irffdge that the present pattern of results is consistent with a
Table 1 As is evident from the results, there was a disengage disengage deficit and that it will be difficult to disentangle a
pattern for both groups, and the magnitude of this pattern wasdisengager accountfrom a data-driven capture account within
similar for left and right visual field degradation. These ob- @single experiment. Nevertheless, our results show that there
servations were corroborated by a three-way ANOVA, with are alternative accounts for the spatial cuing data from pari-
target field (clear versus degraded), trial type (valid versus in- €tal lobe patients.
valid), and side of degradation (left versus right visual field) ~ There are several issues raised by the results of Experi-
as factors. RTs were similar for detecting targets in a de- Mment 1 that deserve discussion. As one reviewer noted, our
graded left visual field (319.3 ms) and a degraded right visual degradation manipulation not only degrades the target's rep-
field (319.5ms)F (1, 10)<1. The main effect of cue type resentation, but also degrades the cue’s representation. The
remained significant (1, 10) =41.0p< 0.0001, with faster ~ consequence of this fact is that the disengage pattern might
RTs to detect validly-cued targets than invalidly-cued targets. be the result of a degraded cue representation, which makes
There was also a main effect for target field, with faster re- it difficult to detect nondegraded targets that are preceded by

sponses to detect targets in the clear field than in the degradedl€graded cues, an interpretation consistent with a disengage
field, F (1, 10) =6.8p<0.03. The only two-way interaction ~mechanism. We admit that unilateral degradation affects both

Visual Field

-I\I-/Ié:ab:ri ;lfiTs from Experiment 1 analyzed by visual field (standard errors appear in parentheses)

Left field degraded Right field degraded

Clear field Degraded field Clear field Degraded field
Validly-cued target 310.5 (13.9) 312.0(17.0) 303.9 (13.5) 304.9 (10.5)

Invalidly-cued target 317.4 (17.0) 337.3 (17.0) 326.9 (12.0) 342.4 (9.8)
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the cue and the target, but we should point out that the sameextinction can occur after either left or right parietal dam-
is true for peripherally-presented cues that are presented toage Bisiach & Vallar, 1988but, because neglect more often
parietal patients. Indeed, the fact that both cue and target ardollows right parietal damage, there might also exist an asym-
degraded when presented contralesionally in parietal patientametry in extinction). There is, however, a puzzle regarding
might partially explain why the disengage deficit is small or parietal-damaged patients: neglect more often occurs after
absent when central cues (e.g. arrows presented at fixationdamage to the right parietal lobe than to the left parietal lobe.
are used to direct spatial attention (kesier & Klein, 200). How would such an asymmetry fit with a data-driven account
We return to this issue in Experiment 3, in which we attempt of parietal-lobe attention processes? It might be the case that
to simulate the performance of parietal patients using centralthe right parietal lobe is more sensitive to data-driven con-
arrow cues. trol parameters than the left parietal lobe, resulting in greater

Another relevant point is that we found a very small dif- attentional impairments following damage to the right pari-
ference between validly-cued targets appearing in the clearetal lobe. Also, the asymmetry between left and right parietal
field (306.6 ms) and those appearing in the degraded fielddamage would be compounded based on the right parietal
(307.9ms)t(11) <1. This appears at odds with an explana- lobe’s representation of both contra- and ipsilateral space
tion that appeals to damaged data-driven attention in parietal(Corbetta, Miezin, Shulman, & Petersen, 1998 sum, the
patients: if parietal patients, and our simulated patients, hadasymmetries that arise following parietal-lobe damage are not
problems with data-driven attentional parameters, should notinconsistent with the view that the parietal lobes participate
responses be slower to validly-cued targets in the degradedn the data-driven control of attention.
field thanthose inthe clear field? Not necessarily. Data-driven  Having demonstrated that a unilateral stimulus degrada-
information accumulation might occur extremely rapidly ata tion can produce data qualitatively similar to those from
validly-cued location because (1) attention has been directedparietal-damaged patients, we now explore how well this sim-
to this location and (2) attention can enhance the degradedulated parietal damage follows the performance of patients.
stimulus (or reduce the perceptual noise or uncertainty asso-Because our stimulus degradation affects the data-driven con-
ciated with this stimulus). This would be particularly true trol of attention, if degradation allows us to simulate other
in younger, neurologically normal participants who could results from parietal patients, the better support we have for
rapidly deploy attention to the cued region, preventing us the parietal lobes being involved in data-driven attentional
from observing a difference between valid trials in the de- control. In Experiment 2, we ask if we can replicate the re-
graded and clear fields because of a reaction time floor ef-sults of Experiment 1. We also ask if the disengage pattern
fect. Indeed, in our following experiments, the experiments we have observed holds when neutrally-cued targets are com-
with slower overall RTs are more likely to show a difference pared to invalidly-cued targets, as has been reported in some
between valid trials on the degraded versus clear fields. Pari-studies Posner et al., 1994Posner and colleagues (1984)
etal patients, who tend to take longer to respond than controldemonstrated that extinction patients showed similar RTs for
subjects, tend to show a moderate difference between validly-invalidly-cued targets and neutrally-cued targets, with slower
cued targets in the contra- and ipsilesional fields (seser responses in the contralesional field than in the ipsilesional
& Klein, 2001, Morrow & Ratcliff, 1988 Posner, Cohen, field. This finding has been interpreted as suggesting that dis-
& Rafal, 1982 Posner, Inhoff, Friedrich, & Cohen, 1987  engaging attention—either from an invalidly-cued location or
Further, the extent of the damage (real or simulated) could a neutrally-cued location—determines the responses of ex-
affect the RT differences to the validly-cued targets, such tinction patients. Experiment 2 was identical to Experiment 1,
that greater damage impairs not only data-driven attentionalwith the exception of added neutral trials in which a centrally-
control but also perceptual-level processes. Our current re-located cue preceded the target. If a data-driven manipulation
sults could reflect the fact that our simulated parietal damage(i.e. unilateral degradation) can produce results that appear
was ‘mild’ damage. Greater degradation could produce a dif- to support an attentional disengager, then we should see a
ference in valid trials in the degraded and clear fields and larger discrepancy between neutrally-cued targets appearing
maintain the ‘disengage deficit’ pattern of results. Of course, in the degraded and clear fields than for validly-cued targets
greater degradation could encourage our normal participantsappearing in these fields. That is, there should be a cue type
to engage in compensatory behaviors, such as willfully mon- (valid versus neutral) by field interaction, consistent with data
itoring the degraded field for targets to prevent missing a reported byPosner et al. (19849 support a disengage deficit.
target. The same compensatory behaviors do not appear to
operate in neglect and extinction patients, suggesting that
suph compepsatory processes might be_ boot;trapped by datay Experiment 2: neutral cues
driven attentional processes damaged in patients.

Finally, our simulated parietal-lobe damage was not af- 2 1. Method
fected by the visual field that was degraded; a similar dis-
engage pattern was observed for left and right visual field 2.1.1. Participants
degradation. The lack of a visual field difference mimics ob-  The participants were 12 University of lowa undergrad-
servations from parietal patients who exhibit extinction, as uates who received partial course credit for their time. All
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had normal or corrected vision, and none had participated in A detailed analysis supported the disengage pattern that is

Experiment 1. evident inFig. 3. There was a main effect of target field, with
faster RTs to targets appearing in the clear field (338.9 ms)
2.1.2. Stimuli and procedure than to those appearing in the degraded field (347.9s),

The stimuli and procedure were identical to those used in (1, 11) =10.9p<0.01. There was also a main effect for trial
Experiment 1, except for the addition of a neutral cue con- type; participants detected targets differently based on the
dition, in which the central box was cued in the same man- preceding cue (332.1 ms for valid trials, 351.0 ms for neu-
ner as the peripheral boxes. Each cue type (valid, neutral,tral trials, and 347.1 ms for invalid trialsf;, (2, 22)=29.9,
and invalid) appeared equally often. Peripheral cues werep<0.0001. Most important, there was a statistically signif-
again unpredictive of the targets location; half of the pe- icant interaction between target field and trial type(2,
ripheral cues were valid and half were invalid. There were 22)=7.1,p<0.005, indicating that the RTs to targets in the
96 trials per block in which a target appeared, and partici- clear and degraded fields differed for the three cue types. We
pants viewed six blocks of trials with a short rest between explored this interaction further with two additional analyses,
each block. In each block, there were 12 catch trials (four for one comparing valid and invalid trials to verify the pattern ob-
each of the three possible locations in which the cue could served in Experiment 1 and another comparing valid trials to

appear). neutral trials.
To verify the results from Experiment 1, we compared
2.2. Results and discussion valid and invalid trials using a two-factor ANOVA, with cue

type (valid versus invalid) and target field (clear versus de-

As in Experiment 1, after excluding RTs greater than two graded) as factors. There was a main effect of target field,
standard deviations above the condition mean, mean RTswith shorter responses to targets in the clear field (336.0 ms)
were computed for each participant in each of the six con- than to those in the degraded field (343.3 rRg(}{, 11)=5.7,
ditions. The trimming procedure eliminated less than 5% of p<0.04. There was also a main effect of cue type, with
the data. These mean RTs were then analyzed with a two-shorter RTs on valid trials (332.1 ms) than on invalid trials
factor ANOVA with target field (clear versus degraded) and (347.1ms)F (1, 11)=31.4,p<0.0005. Finally, these two
trial type (valid, neutral, or invalid cue) as factors. The mean factors interactedr (1, 11) =15.5p<0.005, reflecting the
RTs appear ifrig. 3. Inspection of the valid and invalid trials  larger validity effect (valid versus invalid RTs) for targets ap-
reveals a replication of the disengage pattern observed in Ex-pearing in the degraded field than those appearing in the clear
periment 1. There was a larger validity effect in the degraded field. These findings replicate those from Experiment 1.

visual field than in the clear visual field. Next, to determine if a disengage pattern can be produced
in a neutral cue condition, we also compared valid trials to
Experiment 2 o neutral trials using a two-factor ANOVA with cue type (valid
4. \Pexipheral, wongihedictive cugd) versus neutral) and target field (clear versus degraded as fac-
390+ 0 valid tors). Recall thaPosner et al. (1984gported that both neu-
380 & Nevtral tral trials and invalid trials produced a disengage pattern (i.e.
_ 8704 W Invalid slower RTs to contralesional targets than to ipsilesional tar-
g 9607 2 < gets following both neutral and invalid cues). Our analyses
°© gig: indicate that we simulated the disengage deficit with neutral
E a50] cues. There was a main effect of target field, with significantly
S 320 faster responses to targets in the clear field (338.3 ms) than
£ 310 to targets in the degraded field (344.7 nmis)(1, 11)=5.6,

& 3004 p<0.04. There was a main effect of trial type, with faster
& 290 RTs on valid trials than on neutral trials (332.1 ms versus
280+ 350.1 ms, respectivelyk, (1, 11) =54.7p<0.0001. Finally

=70 these two factors interacte#, (1, 11) =7.4,p<0.02, indi-
223' cating that degradation had a larger effect for neutrally-cued

Clear Degraded targets than for validly-cued targets. This interaction is qual-
itatively similar to that observed when valid trials are com-
pared with invalid trials, reflecting a disengage pattern. Fur-
Fig. 3. Results from Experiment 2. Neurologically normal participants pro- ther, both neutrally- and invalidly-cued targets were detected
duce the disengage pattern of RT results when neutrally-cued targets areslower in the degraded field than the intact field, and this vi-
added to the experiment. Importantly, both neutrally- and invalidly-cued tar- sual field effect did not differ significantly between neutrally-
gets show the “disengage” pattern, in which RTs are slower in the degraded 54 invalidly-cued targets.

visual field than in the clear visual field, further replicating results from The present findinas demonstrate. importantly. that w: n
parietal-damaged patients (see text for additional discussion) (error bars are prese gs demonstrate, importantly, thatwe ca

95% within-subject confidence intervals for the cue type effects within each replicate the results of Experiment_l, even when th_e experi-
visual field condition). mental parameters are changed to include neutral trials. Also,

Visual Field
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we have demonstrated that centrally-presented neutral cuesgally orient attention based on the cue and thereby minimize

which offer no information regarding the upcoming location the effects of unilateral degradation.

of the target, can produce a disengage pattern of results. This

latter result is important for several reasons. First, it shows

that impairing data-driven attentional control can produce a 3. Experiment 3: predictive symbolic cues

disengage deficit pattern of results. Thus, one does not need

to hypothesize damage to an attentional disengage process Experiment 3 involved a unilateral screen degradation

to explain these results; an impairment in data-driven control identical to that used in Experiments 1 and 2. Participants

parameters can produce this disengage deficit pattern of re4in the current study, however, viewed centrally presented ar-

sponse times, suggesting that patients with parietal damageow cues that pointed to one of the peripheral locations. These

could have impairments with their data-driven control pa- arrow cues were predictive of the upcoming target’s location.

rameters. Second, slower responses to neutrally-cued targets

in the degraded field than to those in the clear field indicate 3.1. Method

that our degradation manipulation indeed affects bottom-up

or exogenous attentional capture. As we discussed with Ex-3.1.1. Participants

periment 1, the absence of a difference between validly-cued  The participants were 12 University of lowa undergradu-

targets appearing in the degraded and clear fields is difficult ates who received partial course credit for their time. All had

to interpret because the spatial cue may have allowed infor-normal or corrected vision, and none had participated in the

mation to accumulate extremely rapidly these validly-cued previous experiments.

locations. The neutral cue condition provides a purer measure

of the effect of unilateral degradation because (1) attention is 3.1.2. Stimuli and procedure

maintained at fixation and (2) the target appeared in each field The stimuli and procedure were similar to those used in

equally following a neutral cue. Both of these factors should Experiment 1, except the cues were centrally-presented sym-

have reduced or eliminated the effect that the cue would havebolic arrows that were, overall, T.0f visual angle long and

on information accumulation (or attentional capture) in the 0.5 tall. The arrow head was a filled triangle that was°0.8

periphery, thereby providing us with a better measure of the wide and 0.5 tall. The arrow’s tail wa a 2 pixel-wide line

effectiveness of our degradation manipulation. that was approximately 023ong. The arrow cue was pre-
We should acknowledge that neutral cues are problematicsented for 100 ms, because such centrally-presented cues re-

in attentional cuing studies: there is no perfect neutral cue. quire more time to orient attention from than do peripheral

Some studies with neurologically normal participants us ano- cues (sediller & Rabbit, 1989. Because central, symbolic

cue condition for a neutral condition; this neutral condition cues direct attention in a more goal-driven, endogenous man-

is not ideal because it lacks the alerting provided by the cue. ner Jonides, 1981; Klein et al., 1992he cues were now

Other studies use a centrally-presented cue, as we have dongyredictive regarding the target’s location. On 75% of trials,

this neutral condition is not ideal because it cues attention to the target was validly cued, and on 25% of trials the target

a non-target location, much as an invalid cue does, makingwas invalidly cued.

this type of neutral cue more similar to an invalid cue than to

a true neutral cue. Irrespective of these issues, the important3.2. Results and discussion

result in the present study is that our neurologically normal

participants show a pattern similar to parietal-damaged pa- As inthe previous experiments, mean reaction times were

tients. again computed after excluding RTs that fell more than two
Having simulated a disengage deficit in Experiments 1 standard deviations above the condition mean. Trimming

and 2 under a variety of conditions, we now investigate the eliminated less than 5% of the data. These mean RTs were

role of predictive, centrally-presented symbolic cues on the then analyzed with a two-factor ANOVA with target field

disengage deficit. Such endogenous attentional cues apped(clear versus degraded) and trial type (valid or invalid cue)

to involve different control parameters than peripheral ex- as factors. The mean RTs appeaFig. 4. Interestingly, in-

ogenous cues (sdenides, 1981; Klein et al., 199Ruck & spection ofig. 4reveals that the disengage pattern observed

Vecera, 2002Muller & Rabbit, 1989 Vecera & Luck, 2002 in Experiments 1 and 2 was not replicated with predictive

Yantis, 1998, as we discussed in the introduction. Further, symbolic cues: the difference between responses to validly-

patients with parietal damage appear to show a smaller disen-and invalidly-cued targets was approximately equal in both

gage deficit when tested with highly predictive symbolic cues the clear and degraded visual fields.

(seeLosier & Klein, 2001for a review). One interpretation A detailed analysis supported the lack of a disengage pat-

of this smaller disengage deficit is that parietal patients might tern. There was no main effect of target field, with similar

be able to orient attention strategically based on the predic-RTs to targets appearing in the clear field (301.7 ms) and

tive nature of symbolic cues, thereby reducing the disengagethe degraded field (300.3 md}, (1, 11)<1. There was a

pattern of results. Similarly, pure endogenous (central) cueshighly-significant main effect for trial type; participants de-

might allow our neurologically intact participants to strategi- tected validly-cued targets faster than invalidly-cued targets
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Experment 3 smaller for endogenous cues than for exogenous cues, and a
400 Central, predictive cues) smaller disengage deficit might appear reduced for endoge-
3904 0] Valid nous cues because this baseline effect is reduced. Second, as
380 B Invalid discussed by.osier & Klein (2001) most of the data from
_ 3704 parietal patients that show a diminished disengage deficit
g 3604 come from one publicatiorNagel-Leiby, Buchtel, & Welch,
el 1990, and this study did not use peripheral boxes to mark the
E 3‘;3: locations in which the targets would appeatr. It is conceivable
€ 300 that failing to mark the targets’ locations with a placeholder
-% 3104 object prevents attention from becoming strongly engaged at
S 3004 the cued location; consequently, on invalid trials, it is much
T 290 = T easier to disengage attention from the cued location, and a
280 smaller disengage deficit is produced.
270+ Our results speak to the smaller disengage pattern exhib-
00 ited by parietal-damaged patients. The overall cuing effects
250 Clear Degraded (valid versus invalid) in Experiment 3 are of similar magni-
Vieual Eisid tude to the cuing effects in Experiments 1 and 2 (24.7 ms for

Experiment 3and 14.3 ms and 22.7 ms for Experiments 1 and
Fig. 4. Results from Experiment 3. Similar to parietal-damaged patients, 2, respectively). Consequently, the smaller disengage pattern
neurologically normal participants do not show the “disengage” pattern of following central predictive cues may not be due to a smaller
RTs when attention is directed with highly predictive symbolic cues thatare cuing effect, at least in our data. Also, we observed a reduced
presented_ at fixgtion_(error bar_s are 95% within-subject confidence intervals disengage pattern in Experiment 3, even when placeholders
on the valid vs. invalid comparisons). were used to mark the locations of the peripheral targets.
Thus, the absence of peripheral placeholders does not appear
(290.6 ms versus 311.3ms, respectively)(1, 11)=88.2, to explain the smaller disengage pattern that arises when cen-
p<0.001. These two factors did not interaEt(1, 11)<1, tral predictive cues are used.
indicating that the difference between validly- and invalidly- We interpret the results of Experiment 3 as being consis-
cued targets was not statistically different between the de-tent with other theoretical viewsd@nides, 1981; Klein et al.,
graded and clear fields. The cuing effects (invalid minus valid 1992 Klein & Shore, 2000Luck & Vecera, 2002M{ller &
RT) were 22.0 ms for the clear field and 19.4 ms for the de- Rabbit, 1989in suggesting that endogenous attentional ori-
graded field. As in Experiments 1 and 2, planned pairwise enting (tapped by central predictive cues) is at least partially
comparisons verified the presence of a spatial precuing ef-dissociable from exogenous attentional orienting (tapped by
fect in both the clear and degraded fields. Validly-cued tar- unpredictive peripheral cues). We hypothesize that the pre-
gets were detected faster than invalidly-cued targets in thedictive nature of endogenous cues (goal-driven attentional
clear field,t(11) =6.1,p<0.0001, and in the degraded field, parameters) allows our participants, and perhaps parietal pa-
t(11) =4.3,p<0.005. tients, to compensate partially for the degraded exogenous
The present results are straightforward: unlike the previ- cues (data-driven attentional parameters). Again, as with the
ous two experiments, there was no disengage pattern wherprevious experiments, we can interpret the pattern of results
attention was oriented from predictive peripheral (endoge- of our participants without appealing to adamaged attentional
nous) cues. These results are consistent with the results fronidisengager.” We would argue that the same logic applies to
parietal patients, who tend to show a small disengage deficitparietal-damaged patients: the results from parietal patients
when endogenous cues are used. Presumably, when cues agan be explained without appealing to an attentional disen-
highly predictive of the target’s location, goal-driven con- gager.
trol parameters can compensate for the degraded data-driven There is one final pattern of results from parietal-damaged
inputs. A related explanation is that data- and goal-driven at- patients that is relevant to our present data: parietal patients
tentional control might depend on different anatomical and appear to show a large disengage deficit when predictive pe-
functional systems, allowing these two forms of control to be ripheral cues are used to orient attention (Ergedrich, Egly,
dissociated in parietal patients and in our intact participants. Rafal, & Beck, 1998 Morrow & Ratcliff, 1988 Petersen,
Our findings in Experiment 3 can speak to several issuesRobinson, & Currie, 1989%osner et al., 1984These cues
that are currently unresolved in studies of orienting follow- contain both data-driven (exogenous) and goal-driven (en-
ing parietal-lobe damage. The general issue is why parietaldogenous) components. Because predictive peripheral cues
patients appear to show a smaller disengage pattern when enfwith both data- and goal-driven components) show a larger
dogenous (central arrow) cues are used than when exogenoudisengage deficit pattern than predictive central cues (with
(peripheral flash) cues are used. A recent review of the ‘dis- only goal-driven components), the attentional impairment in
engage deficit’ suggests two possibilitiegier & Klein, parietal patients appears to be restricted to data-driven (ex-
2001): first, cuing effects (valid versus invalid RTs) are often ogenous) control parameters.
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In our final experiment, we investigate the role of Experment 4
predictive, peripherally-presented cues on the disengage (Peripheral, predictive cues)
deficit pattern. Parietal patients might be unable to use the ;gg: 0] Vaid T
predictive nature of the cue to orient attention because the ago | W Invalid 1
goal-driven (endogenous) system receives inputs from the _ 370
data-driven (exogenous) system; the damaged data-driven £ 360-
system might impair the ability of the goal-driven system to o 350 T
take cue predictability into account. Parietal patients may be E 3404 T il
able to orient attention from central predictive cues because o880
these cues do not fully engage the data-driven system, -% gfg:
thereby minimizing the orienting impairments that typically 3 300
follow parietal damage. By extension, our neurologically T 90
normal participants might be unable to strategically orient 280
attention from predictive peripheral cues because of the 270+
degraded data-driven inputs. However, it is also possible 260
that our neurologically normal participants may not have 290 Clear Degraded
as degraded data-driven inputs as parietal patients, which Visual Field

would allow our participants to partially engage the goal-
driven system and minimize the effects of the unilateral Fig. 5. Results from Experiment 4. Unlike parietal-damaged patients, neu-

degradation. rologically normal participants do not show the “disengage” pattern of RTs
when attention is directed with highly predictive peripheral cues. Normal
participants appear able to engage goal-driven attentional control processes
to overcome the effects of unilateral stimulus degradation. Parietal-damaged
patients may be unable to engage these goal-driven processes because of the
degraded input (error bars are 95% within-subject confidence intervals on
4.1. Method the valid vs. invalid comparisons).

4. Experiment 4: predictive peripheral cues

4.1.1. Participants As in Experiment 3, the lack of a disengage pattern was
The participants were 12 University of lowa undergradu- supported by statistical analyses. There was a marginal main

ates who received partial course credit for their time. Again, effect of target field, with faster RTs to targets appearing

all had normal or corrected vision, and none had participatedin the clear field (353.7 ms) than to those appearing in the

in the previous experiments. degraded field (368.2msk; (1, 11)=3.3,p<0.10. There
was also a highly-significant main effect for trial type, with
4.1.2. Stimuli and procedure faster RTs to detect validly-cued targets (338.3 ms) than to

The stimuli and procedure were identical to those used in detect invalidly-cued targets (383.6 m$),(1, 11)=40.4,
Experiment 1, except the cues were now predictive periph- p<0.0001. Target field and trial type did not interact, how-
eral cues: the cues predicted the target's location on 75% ofever, F (1, 11) <1, indicating that the difference between
trials (validly-cued targets) and did not predict the target’s validly-cued and invalidly-cued targets was similar in the
location on 25% of trials (invalidly-cued targets). All timing degraded and clear fields. The cuing effects (invalid minus

parameters were identical to those in Experiment 1. valid RT) were 42.3 ms for the clear field and 48.4 ms for the
degraded field. As in the previous experiments, planned pair-
4.2. Results and discussion wise comparisons verified the presence of a spatial precuing

effect in both the clear and degraded fields. Validly-cued tar-

As in the previous experiments, mean reaction times were gets were detected faster than invalidly-cued targets in the
computed for each participant in each of the four conditions, clear field,t(11) =4.9,p<0.0005, and in the degraded field,
and means that were more than two standard deviations abové(11) =5.9,p< 0.0001.
the mean were excluded from the analyses. Trimming ex- The present results appear to run counter to those from
cluded less than 5% of the data. These mean RTs were therparietal patients, who show a strong disengage pattern when
analyzed with a two-factor ANOVA with target field (clear cued with predictive peripheral cues. The difference between
versus degraded) and trial type (valid or invalid cue) as fac- the results of Experiment 4 and the results from parietal pa-
tors. The mean RTs appear kig. 5 The results replicate  tients suggests that in patients, the impairment in data-driven
those of Experiment 3: the disengage pattern observed inattentional control prevents goal-driven parameters from
Experiments 1 and 2 was not replicated with predictive cues, overcoming the data-driven impairments. Our neurologi-
evenwhen these cues were peripheral. As is clear Fignrb, cally normal participants appear to have sufficiently intact
the difference between responses to validly and invalidly- data-driven parameters to permit goal-driven parameters to
cued targets was approximately equal in both the clear andcompensate for the unilateral degradation. This interpreta-
degraded visual fields. tion of Experiment 4 leads to two testable predictions which
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extend beyond the scope of the present paper. First, wherstatistically significant across the four experiments, with
tested with predictive peripheral cues, parietal-damagedfaster RTs to detect targets in the clear field (326.5 ms) than
patients with relatively minor data-driven attentional im- in the degraded field (333.9md, (1, 44)=7.2,p<0.01.
pairments should show a smaller disengage pattern thanFurther, target field only interacted with cue tyge,(1,
parietal patients with more severe data-driven impairments. 44)=7.4, p<0.01, reflecting the large disengage pattern
Second, in normal participants, a greater unilateral degra-evident in Experiments 1 and 2. Target field did not interact
dation might produce a larger disengage pattern than thatwith experimentF (3, 44)=1.4p>0.20, and there was no
observed in the current experiment. Of course, as we notedthree-way interactiorf; (3, 44)=1.9p>0.14.
earlier, greater unilateral degradation could induce normal On a related point, we should note that when the exper-
participants to orient attention strategically using goal-driven iments are combined, there remains no difference between
control parameters to minimize the effects of the unilateral validly-cued targets appearing in the clear field (315.4 ms)
degradation. and those appearing in the degraded field (318.9 ms),
t(47)=1.2,p>0.20. Most of the main effects of target field
were due to difference in the invalidly-cued trials. Some
5. General discussion might argue that this result seems to suggest that our degra-
dation manipulation was insufficient to affect data-driven at-
The results from two experiments suggest that data-drivententional control. However, we should again point out that
attentional control parameters may be damaged in patientsthe valid-cue condition is not the ideal situation to examine
with neglect and extinction. We replicated a pattern of re- target field differences because summoning attention to the
sults obtained with parietal-damaged patients, the disengagealegraded field may enhance processing at this location and
deficit pattern, in neurologically normal participants. When decrease RTs (and directing attention to the clear field may
a single side of a display was degraded, our participants wereaffect RTs less because they are already rapid and thus suffer
slower to detect invalidly-cued targets appearing in the de- from a floor effect). Of course, the invalid-cue is not ideal for
graded field than to detect an invalidly-cued target appearing examining target field differences for similar reasons, except
in the clear field. Because our participants are unlikely to that the absence of attention on the degraded side now slows
have an attentional impairment, the simplest explanation of target detection and produces a disengage pattern of results.
our results is that stimuli in the degraded (i.e. extinguished) Perhaps the best condition that we have for examining target
field do not capture visuospatial attention as effectively as field effects in the current set of experiments is the neutral-
stimuli in the clear field. Because this difficulty with data- cue condition in Experiment 2. In this condition, attention
driven capture occurs for only one field, the degraded field is likely to remain at fixation (the cued location), allowing a
is unable to compete adequately with the clear field for at- reasonable baseline measure of sensory effects in the clear
tentional processing. As a result, invalidly-cued targets in the and degraded fields. In Experiment 2, we find a large differ-
degraded field are detected slower than invalidly-cued targetsence between neutrally-cued targets appearing in the clear
in the clear field. This same “disengage” pattern is simulated field (344.7 ms) and neutrally-cued targets appearing in the
in neurologically normal participants when neutral cues are degraded field (357.1 msf(;11) = 3.4,p<0.006, suggesting
added, indicating that our results are replicable under otherthat our degradation was sufficient to slow data-driven factors
experimental conditions. However, the disengage pattern iswhen attention was (roughly) equated between the clear and
absent in our participants when predictive central (symbolic) degraded fields.
cues or predictive peripheral cues are presented. In these last A second issue for discussion is the role of fixation posi-
two experiments, goal-driven parameters, tapped by the pre-tion. Although we were cautious to use cue and target timing
dictive cues, may minimize or abolish the effects of unilateral parameters that would minimize eye movements to the cued
stimulus degradation. location, the presence of a degraded field throughout the ex-
Before discussing the theoretical implications of our periment could have allowed participants to fixate a location
results, there are several issues that should be discussedvithin the degraded field. Shifting fixation to the degraded
The first issue for discussion, which we discussed earlier, is field would be the natural strategy forimproving performance
that main effect of degradation in some of our experiments because targets in this field are harder to detect. This fixation-
revealed no significant difference between targets appearingshift strategy could explain why there was little, if any, differ-
in the clear field and those appearing in the degraded fieldence between detecting validly-cued targets in the clear and
(Experiments 3 and 4, although Experiment 4 exhibited a degraded fields. However, this fixation-shift strategy would
marginal effect of degradation). To examine the effect of not have produced the disengage pattern we have reported. If
target field across the four experiments, we combined theseanything, shifting fixation to the degraded field would dilute
experiments into a three-way analysis, with cue type (valid a disengage pattern because invalidly-cued targets appearing
versus invalid) and target field (clear versus degraded) asin the degraded field should be detected relatively quickly
within-subjects factors and experiment as a between-subjectdecause they appear nearer fixation. Future studies that at-
factor. Although there were differences across the indi- tempt to simulate neglect should bear these issues in mind
vidual experiments, the main effect of target field remains and strongly consider monitoring eye fixation location to re-
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duce the opportunity of missing a disengage pattern because Our reliance on Cohen et al’s model to think about the
of a secondary strategy. disengage pattern of results raises a natural question: Would
Another issue concerns the role of goal-driven control pa- this model exhibit the disengage pattern if the inputs to the
rameters in modulating the disengage pattern. Our resultsmodel were degraded, as in the current studies? Although
demonstrate that the disengage pattern is eliminated in nor-a full simulation of all of the experiments reported here is
mal participants by adding structure to the cuing task with beyond the scope of the present paper, we have started to
a predictive cue. In these experiments, ‘goal driven’ refers simulate the basic result presented in Experiment 1 and have
to the predictive information carried by the cue; but, goal- found that an interactive variant of Cohen et al.'s model pro-
driven is also discussed in terms of other mechanisms, suchduces a disengage pattern following a unilateral reduction
as following task instructions to search for a specific tar- of the bottom-up input to the model. These preliminary re-
get in a visual search task. For parsimony, we have assumedults are depicted iRig. 6, which also shows results from 16
that different goal-driven control parameters are handled by normal human participants who had not taken part in any of
a system (or systems) outside of parietal-lobe attention areaghe present studies. The model’s input was degraded on one
and that parietal areas are sensitive to data-driven parametersside by reducing the input value from 1.0 to 0.75, and the
Failures to see the disengage pattern with predictive centralhuman participants’ input was reduced as in Experiment 1.
cues in parietal-damaged patients (and in Experiment 3) ariseThe model was allowed to cycle until it settled into a stable
because an intact data-driven system is required to providepattern of activity in which the units’ activation values were
inputs to the goal-driven system. Further, our failure to find a no longer changing. The number of cycles to settle was mea-
disengage pattern in with predictive peripheral cues (Experi- sured; to compare human RT with the models’ cycles, we
ment 4) might be due to the fact that our normal participants computed an RT for the model by first performing a linear
have intact parietal lobes, which can allow goal-driven pa- regression of the model’s cycles for each condition on the hu-
rameters to be bootstrapped by the degraded, but not absentmans’ mean RTs for each condition. We used the resulting re-
data-driven signals. gression equation to convert the model’s cycles to settle to an
An alternative possibility suggested by a reviewer is that RT. AsFig. 6shows, the model does an excellent job simulat-
parietal-lobe areas might be sensitive to cue predictability, ing the human result& = 0.79), suggesting that our variant
which also would explain why we failed to see a disen- of the Cohen et al. model produces a disengage pattern when
gage pattern in Experiment 4: our participants had intact provided degraded inputs. Interestingly, the simulated results
parietal lobes and could use cue predictability to direct at- show a larger effect of degradation on valid trials than do the
tention independent of the screen degradation. Consistentoehavioral results, suggesting that our human participants
with this possibility, parietal-damaged patients do not ap- may be using a compensatory strategy—such as endogenous
pear to benefit from the use of predictable cues: these pa-orienting—to reduce the effects of unilateral degradation on
tients show as large of a disengage pattern with predictive valid trials. Future simulations could examine this latter sug-
peripheral cues as they do with non-informative peripheral gestion and focus on the results of our other experiments.
cues (sed.osier & Klein, 200). Our current results cannot Our focus on data-driven parameters in parietal-damaged
distinguish between our view of parietal-control processes patients may be a theoretically useful way to stimulate further
being primarily data driven and an alternative view in which research. For example, Yantis and colleagues have demon-
parietal-control processes are sensitive to cue predictability. strated that abrupt visual onsets capture attention automat-
This could prove to be an interesting issue for exploration ically, perhaps in a data-driven fashion (Séamtis, 1998.
with patient groups who might have damage to goal-driven Neglect and extinction patients might be slowed to detect
parameters (e.g. frontally-damaged patients). If such patientsabruptly appearing targets in the contralesional field com-
did not benefit from the use of predictable cues, as well as pared to those appearing in the ipsilesional field. Other data-
an inability to use other goal-driven control parameters, then driven control parameters, such as the detection of local inho-
the neural region(s) damaged in these patients might providemogeneities in a cluttered image (eSagi & Julesz, 1984
the circuitry for goal-driven attentional control. could be explored in parietal-damaged patients to determine
The present results have at least two implications for neu- if data-driven control is indeed disrupted.
ropsychological studies of neglect and extinction patients.  Although our simple degradation manipulation allows us
First, as other theorists have notégbpen et al., 1994 an to simulate the effects of parietal-lobe damage in normal par-
attentional disengage mechanism does not need to be hyticipants, we acknowledge that parietal-damaged patients ex-
pothesized to explain the performance of parietal-damagedhibit several effects that might not be simulated with a simple
patients on Posner’s spatial precuing task (and perhaps otheunilateral screen degradation. For example, there have been
tasks as well, such as visual search tasks). Second, and mormany reports of object-centered neglect, in which patients not
important, our results offer a potential explanation for at least only neglect the contralesional side of space but also the con-
some of the attentional impairments in neglect and extinction: tralesional side of object®€hrmann & Moscovitch, 1994
patients may fail to attend items in contralesional space be-also seeBehrmann & Tipper, 1994seeRafal, 2000 for a
cause these items do not fully engage the attentional systenrecent review), even when the entire object appears in the
in a data-driven, or bottom-up, manner. good (ipsilesional) field. We have not explored the possi-
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(A) Model Data (B) Human Data (n=16)
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Fig. 6. Preliminary results from an interactive model designed to simulate performance on a spatial cuing task. (A) Results from the model where inputs
degraded. (B) Results from 16 normal human participants whose results replicated Experiment 1. The model exhibits the disengage patteofi@fnegults f
unilateral input degradation. (Error bars on the human data are 95% within-subject confidence intervals on the valid vs. invalid comparisonbaasdrerr
the model’'s data are 95% confidence intervals of each condition mean).

bility that our simple screen degradation could mimic these representations of the two fields; the degraded field could
results. However, if our degradation procedure did not pro- not compete for attention as well as the intact field. Other
duce object-centered neglect, this failure would not rule out studies have ruled out simple perceptual impairments as the
data-driven attentional control as a problem in neglect pa- cause of neglect and extinction behavior (8aylis, Driver,
tients. Our screen degradation may only tap data-driven spa-& Rafal, 1993. Further, our use of a detection task might
tial attention, not object-based attention. Recent theoreticalrely minimally on perceptual processes (unlike a discrimina-
perspectives on object-centered neglect suggest that objecttion task), making our screen degradation manipulation affect
centered neglect might arise from egocentric negleat/ér attentional processes more than perceptual processes.
& Pouget, 2000 Mozer, 1999, 2002Mozer & Vecera, in Although we would agree that perception is intact in ne-
press Pouget & Driver, 2000Pouget & Sejnowski, 1997 glect/extinction patients, we should acknowledge that it may
in which the left side of an object is less likely to control be difficult to distinguish between attentional effects and per-
attention, even when the object appears in the intact field. ceptual effects, both in our data and in data from neglect and
A damaged ‘gradient’ of attention, in which data-driven at- extinction patients. If attention acts to enhance perceptual
tentional control gets progressively poorer from the patients representations, then a failure to enhance a perceptual rep-
right to left, can explain most of the object-centered neglect resentation could be caused by damage to either attention or
literature Mozer, 1999, 200R Our degradation procedure perception (or damage to both). In general, if one assumes
would not reproduce this damaged gradient in normal par- that attention and perception mutually influence one another,
ticipants because the degradation is too discrete and transias many accounts of attention indicaobfen et al., 1994;
tions abruptly from ‘clear’ to ‘degraded’ at fixation. However, Mozer, 1991 Mozer & Sitton, 1998, then it may be impossi-
object-centered neglect might be simulated if some form of ble to cleanly separate attentional processes from perceptual
degradation could be found to replicate the damaged gradientprocesses (seééecera & O’Reilly, 2000Qfor discussion of the
predicted by Mozer’'s model, in which degradation gradually difficulty of disentangling interacting processes).
increases fromthe ipsilesional field to the contralesional field.  Our studies have investigated only the issue of attentional
Another important issue that warrants discussion is a po- control. Another major focus in attention research are the
tential confusion over the term ‘data-driven control parame- effects of attention. We do not want to argue that all of the ef-
ters’. We do not mean to imply that perceptual impairments fects of attention are produced by a common mechanism (e.g.
per se are the cause of phenomena observed in neglect andata-driven attentional control). Indeed, some attentional ef-
extinction patients. Although our screen degradation was a di- fects, such as simple target detection, as we have studied,
rect manipulation of perceptual parameters (i.e. the degrada-may be linked with data-driven control parameters, but other
tion impaired perception), the effects we observed were atten-effects, such as the integration or binding of features into
tional effects, not merely perceptual effects (e.g. a scotoma).whole objects, may be linked with goal-driven control pa-
Specifically, unilateral screen degradation had the effect of rameters. Although our present results do not directly speak
causing an imbalance in the attentional competition betweento this issue, our screen-degradation procedure could be used
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to determine those attentional effects that, perhaps like ne-

glect and extinction, are produced by data-driven attentional
control or impairments in data-driven attentional control.
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