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Preattentive and attentive visual processing was cxamined in patients with hemispatial
neglect, hemispatial neglect with hemianopia, and control participants. In the preattentive
search task, targets possessed a unique feature that was not shared by distractors. In the
attentive search task, targets lacked a feature that was present in the distractors. Preattentive
search was normal in 3 neglect patients with cortical lesions but not in 2 neglect patients with
hemianopia. A 4th neglect patient without hemianopia with a subcortical infarct abnormally
used serial search mechanisms in the preattentive task, Neglect patients were characteristi-
cally impaired in the contralesional field in the attentive search task. This study demonstrates
preserved explicit detection of visual features in cases of hemispatial neglect.

Hemispatial neglect is an acquired disorder in which
patients fail to acknowledge, report, or otherwise make
explicit use of information falling in the hemispace con-
tralateral to their lesion. Although hemispatial neglect may
present after a lesion to the left cerebral hemisphere, it is
most often observed after damage to a number of different
regions in the right hemisphere, resulting in neglect of left
hemispace (Heilman, Watson, & Valenstein, 1993).

Though neglect patients appear to be unaware of infor-
mation contained within their left visual field, a number of
studies have now conclusively demonstrated higher level
processing for unattended contralesional visual information
in the absence of awareness for that information. To be
specific, research has shown that whereas patients with
neglect are unable to identify objects in their neglected
visual field, the same patients demonstrate deep processing
of this consciously inaccessible information on indirect or
implicit measures (e.g., Audet, Bub, & Lecours, 1991;
Berti & Rizzolatti, 1992; Lidavas, Paladini, & Cubelli,
1993; McGlinchey-Berroth, Kilduff, & Milberg, 1990;
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McGlinchey-Berroth, Milberg, Verfaellie, Alexander, &
Kiiduff, 1993). How can one reconcile these paradoxical
findings? Recent research investigating the intersection be-
tween vision and attention may offer an explanation.

At present, most models of visual information processing
distinguish between lower level preattentive visual process-
ing, which occurs in parallel across the visual field, and
higher level attentive processing, which occurs serially.
Though the precise line al which preattentive processing
ends and attentive processing begins is a matter of debate,
this distinction may offer an explanation as to why neglect
patients are impaired in some tasks but normal in others.
That is, it is possible that preattentive visual processing is
intact in neglect and can be used to support implicit pro-
cessing. Furthermore, it may be possible that processing at
the attentive level is tmpaired in neglect and leads to im-
paired performance on more explicit types of tasks.

The notion that preattentive vision may underlie neglect
patients” normal performance in some implicit processing
tasks is supported by a growing literature investigating the
role of attention in the construction of object-based repre-
sentations. For example, the feature integration theory (FIT)
proposed by Treisman and colleagues (Treisman & Gelade,
1980) posits that attention may be the mechanism by which
representations of features are bound together to form whole
percepts within a selected region of space. According to this
view, preattentive vision extracts simple featural informa-
tion, such as line orientation, color, depth, and motion, from
the visual field in parallel. In a classic demonstration
(Treisman & Souther, 1985), a circle with an intersecting
line “popped out” of a display containing distractor items of
plain circles, as evidenced by a flat reaction time function
across increasing numbers of distractors. However, in the
reverse search task (plain circle as the target and circles with
intersecting lines as distractors), the target did not pop out
but rather was located serially, as evidenced by a positively
sloping reaction time function. The latter was taken as
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evidence that the search required attentional resources.
Treisman and Souther (1985) argued that the presence of a
unique distinguishing feature (i.e., the vertical line segment)
could be detected in parallel with only preatientive visual
processing.

Other theories of visual processing suggest that preatien-
tive vision may actually be more extensive than that sug-
gested by FIT. Studies from the visual search literature have
indicated that preattentive vision sufficiently processes
complex stimulus properties, such as primitive shape de-
seription {Donnelly, Humphreys, & Riddoch, 1991), surface
representations (He & Nakayama, 1992), and Gestalt group-
ings (Gilchrist, Humphreys, & Riddoch, 1997; Rensink &
Enns, 1995). Furthermore, some visual search studies have
shown that access to primitive features is eliminated by
preattentive Gestalt and 3-D grouping processes. Thus, vi-
sual search cannot access primitive features that were ex-
tracted during early visual processing but can only access
relatively higher level representations (He & Nakayama,
1992; Rensink & Enns, 19935). Furthermore, using two
overlapping objects, Goldsmith (1998) found that conjunc-
tion searches (i.e., searches for a target defined by twe or
more features) were more efficient when the target features
were linked to the same object than to different objects in
the same location. Goldsmith (1998) suggested that preat-
tentive vision was able to create object representations to
which attention could be directed. He summarized these
findings by suggesting that “attention might be thought of as
navigating through a complex and highly structured preat-
tentive representation, specifying selected portions for
higher level processing” (p. 214).

Preattentive processing has also been investigated in pa-
tients with neuropsychological disorders. For example, Gil-
christ, Humphreys, and Riddoch (1996) found that visual
extinction to double simultaneous stimulation was modu-
lated both by edge and brightness-based grouping processes
in a patient with Balint’s syndrome. Mattingley, Davis, and
Driver (1997) also examined preattentive processing in a
patient with Balint’s syndrome using a visual extinction
paradigm. They found that visual extinction was modulated
when bilateral stimuli formed a common surface based on
perceptual grouping. To be more specific, grouping based
on illusory Kanizsa figures and 3-D occluded figures sig-
nificantly reduced visual extinction, demonstrating that pre-
attentive vision is sensitive to perceptual grouping and 3-D
surface properties. Humphreys and Price (1994) examined
visual feature discrimination in two patients with simultana-
gnosia. They reported that these two patients showed pre-
served parallel search functions for targets that were highly
salient when defined by color or size but were impaired
when targets were defined by form. An impairment in target
detection became apparent for color when saliency was
reduced and for size when the exposure duration was lim-
ited to only 200 ms. Humphreys and Price suggested that
whether or not paralle]l search was preserved or impaired in
patients with simuitanagnosia seemed to depend on task
difficuity.

The possibility that preattentive processing of visual in-
formation is intact in patients with hemispatial neglect has

been examined in a number of studies. Aglioti, Smania,
Barbieri, and Corbetta (1997) used two texture segmenta-
tion tasks similar to that used by Julesz (1981) that critically
differed on the visual processes necessary to extract targets
from the distracting texture. In the preattentive task, targets
differed from the distractors by the additional presence of
two vertical line segments and could be perceived effort-
lessly from the background. In the attentive task, targets
differed from distractors in that one of the line segments
within an element was moved to a different position within
the same element. In this condition, targets could only be
detected following careful atientive scrutiny. Compared
with normal control participants and other brain-damaged
patients, Aglioti et al. (1997) found that neglect patients’
performance in the attentive search task was considerably
impaired relative to their performance in the preattentive
task. However, they noted that it was not clear whether
patients actually performed the preatientive search in par-
allel, because the number of distractors did not vary sys-
tematically in the design of this study. It is also noteworthy
that although the neglect patients did show a task dissocia-
tion, they did not show a visual field dissociation, indicating
that accuracy was similar across the two hemifields. The
reason why performance in the right visual field was not
superior to performance in the left visual field may have
been related to factors such as task difficulty and freedom of
movement.

In an earlier study using a more standard visual search
paradigm, Riddoch and Humphreys (1987) presented three
neglect patients with a series of cards on which were printed
visual search displays; reaction times were recorded manu-
ally. In one task, the display contained 4 red circle target
among a number of green circle distractors (parallel search
task), and in a second task the display contained an inverted
T target among a number of upright T distractors (serial
search task). In both tasks, targets were present on half of
the trials. In the parallel search task, reaction times did not
increase linearly with the number of distractors (i.e., set
size), indicating “that neglect patients can manifest parallel
processing of stimuli on the neglected side of space™ (Rid-
doch & Humphreys, 1987, pp. 166-167). However, patients
did show a high error rate for left-sided targets, suggesting
that “attention is not reliably captured by contralateral stim-
uli” (p. 167). Not surprisingly, in the serial search task,
neglect patients were found to be impaired in both response
latency and accuracy. An important finding was that when
patients were cued to the left side of the search displays, the
number of errors was greatly reduced in the parallel task.
From these data, the authors concluded that therc i1s a
breakdown in the mechanism by which preaitentive infor-
mation captures attention in neglect, but that patients can
consciously orient their attention in order to detect preat-
tentively specified information.

Eglin, Robertson, and Knight (1989) also examined pre-
attentive visual search in patients with neglect. In their
feature search task, a red dot target was presented among
yellow and blue dot distractors. In their conjunction search
task, displays consisted of a split red dot target presented
among split blue and complete red dot distractors. Unlike
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control participants, neglect patients showed a pattern of
attention-based serial search even with the stimuli that elic-
ited parallel search performance in the control participants.
In a related study, Eglin, Robertson, Knight, and Brugger
(1994) found that scarch rates in neglect patients were
slower in the feature search task than control participants,
again indicating an attentional search. Eglin et al, suggested
that the “slow search rates could refiect a deficit in preat-
tentive processes in the patients” (p. 461). On the other
hand, they also offered the possibility that because the
preattentive task required participants to accurately locate
the target (i.e., point), they introduced *“a significant atten-
tional component even in displays that typically produce
search functions consistent with parallel search”™ (p. 461).

The studies reviewed above present a conflicting account
of neglect patients’ performance in preattentive search
tasks. Aglioti et al. (1997} had evidence indicating pre-
served preattentive processing in a texture segmentation
task. Riddoch and Humphreys (1987) also concluded that
preattentive processing was intact, but the evidence was
somewhat mixed because of the high error rate in the
parallel search task. However, Eglin et al. (1989, 1994)
found a pattern of serial search in what was, for normal
controls, a parailel search task, which indicates a possible
impairment in preattentive processing. Hence, the current
study was intended to examine preattentive processing in
the context of visual search tasks in individuals with ne-
glect. Using a case study approach (Caramazza & Mec-
Closkey, 1988), we examined four neglect patients’ preat-
tentive and attentive visual processing in the context of two
computer search tasks modeled after Treisman and Souther
(1985). The first was a preattentive search task in which
participants searched for a target consisting of a circle with
an intersecting line among a field of circles. The second was
an attentive search task in which participants searched for a
circle among a field of circles with intersecting lines. If
preattentive processing is intact in neglect, as suggested by
the findings of Aglioti et al. (1997) and Riddoch and Hum-
phreys (1987), neglect patients’ search performance in the
preattentive task would not differ from that of normal con-
trol participants in either the left or right visual field. That is,
response time and error rate should not differ as a function
of set size. In the attentive search task, we anticipated that
neglect patients wounld be impaired with regard to both
response time and error rate when the target appeared in
their contralesional visual field but normal when it appeared
in the ipsilesional field. In addition, two control patients
with left homonymous hemianopia in addition to neglect
were included and were expected to be impaired when
targets appeared in the coniralesional field in both search
tasks.

Method
Participants

Four individuals diagnosed with left hemispatial neglect were
recruited from the Braintree Rehabilitation Hospital in Massachu-
setts. As shown in Figure 1, 2 patients (M.C. and 1.M.) suffered a
single right hemisphere siroke involving the territory of the middle

cerebral artery (MCA). A third patient (K.G.) presented at the
hospital with an acute stroke; however, magnelic resonance imag-
ing revealed extensive right hemisphere cortical atrophy with
no evidence of a discrete lesion. The fourth patient (D.B.) suf-
fered from a right thalamic hemorrhage. All patients were admin-
istered the Standard Comprehensive Assessment of Neglect
(McGlinchey-Berroth et al., 1996), which includes several copy-
ing, reading, cancellation, line bisection, and extinction tasks. Each
patient showed neglect of left space on at least two of these tasks
(see Table 1). In addition, the neglect patients performed a picture
discrimination extinction measure on the computer (McGlinchey-
Berroth et al., 1993) and were impaired for left visual field stimuli
but intact for right visual field stimuli.

Two additional patients (M.M. and D.M.), also recruited from
the Braintree Rehabilitation Hospital, had a left homonymous
hemianopia as well as varying degrees of neglect (see Table 1).
M.M. suffered a right posterior parietal embolic stroke following a
myocardial infarction and a subsequent angioplasty procedure.
Computerized tomography (CT) indicated that the lesion was
restricted to the posterior parietal Iobe and included occipital
radiations and cortex. D.M. had a right MCA aneurysm and
subsequently underwent a right craniotomy and clipping of the
aneurysm. As shown in Figure 1, CT revealed a right temporal and
frontal hemorrhage producing marked midline shift (affecting the
occipital radiations) and a large right MCA infarct. Similar to
MM., D.M. also failed to detect single left stimuli during extinc-
tion testing. A neurologist also confirmed primary visual field
deficits in both cases. These two patients were used as control
participants for the neglect patients in the preattentive search task.
They were not tested in the attentive search task.

Last, four healthy adult participants served as controls for the
neglect patients. They were recruited from the community and
were matched with regard to age (M = 54.33 years) to the neglect
patients (M = 51.25 years). All contrel participants had no history
of neurological disorders, substance abuse, or psychiatric illness.

Apparatus

Visual search tasks were administered using a Macintosh Pow-
erbook 3400c and a l4-inch monitor. The software package,
Psychlab (Gum, 1992), was used to present picture files on the
screen and record responses with millisecond accuracy. Responses
were made by button press on a Carnegie-Mellon University
Button Box. An ophthalmologic chin rest was adjusted to place the
participant’s eye level at midline and maintain a 12-inch distance
from the computer screen.

Stimuli

The stimuli for the current study consisted of circles and circles
with an intersecting vertical line. Each circle subtended a visual
angle of 2.98 degrees. The search window in which targets and
distractors appeared was a white rectangle (14.60 degrees to the
left and right of midline, 10.62 degrecs above and below midline).
Target and distractor stimuli were defined by the specific search
task, as described below.

Procedure

Each task consisted of 288 randomized display trials, and a
single target was present in the display on half of these trials. For
purposes of counterbalancing across the two visual fields, the
display area was divided into six columns, three on each side of
midline. Displays were symmetrical across the vertical midline,
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Figure |. Brain imaging (magnetic resonance imaging) for neglect Patients J.M., M.C., K.G., and
D.B. and computerized tomography for hemianopic Patient D.M.
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Table 1
Clinical Characteristics of Patients
Patient Age (years) Clinical manifestations
IM. 59 Recall copy
Line, letter, and symboi cancellation tasks
Visual extinction
Picture discrimination task
M.C. 51 Visual extinction
Symbol cancellation
Picture discrimination task
K.G. 51 Cross copy, hidden copy, recall copy, scene copy
Line, letter, and symbol cancellation tasks
Visual extinction
Picture discrimination task
D.B. 44 Line bisection
Visual extinction
Picture discrimination task
Neglect dysiexia
M.M. 67 Line, letter, and symbol cancellation task
Figure copy
Line bisection
Left homonymous hemianopia
D.M. 61 Cross copy, scene copy

Line bisection
Line, letter, and symbol cancellation tasks
Left homonymous hemianopia
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thus, left and right field trials were mirror images of each other
across the vertical midline. The number of objects present in one
display (set size} was either 2, 4, 8, or 16. The same display maps
were used for both search tasks, such that target and distractor
posilions were constant across tasks.

In the preatientive search task, the target was a circle with an
intersecting vertical line, and distractors were circles with no
intersecting line. Thus, the target contained a simple feature (ver-
tical line) that differentiated it from the distractors (see Panel A of
Figure 2).

In the attentive search task, targets and distractors were re-
versed, such that the target was a circle and the distractors were
circles with an intersecting vertical line. Thus, the target lacked a
distinct feature that the distractors possessed (see Panel B of
Figure 2).

Each patient was tested individually in either the hospital or his
or her home. The tasks were administered on separate days, and
the task order was counterbalanced across participants.

Participants were instructed to press the button labeled “yes™ if
the target was present in the display and to press the button labeled
“no” if the target was absent from the display. Responses were
made with the participants’ right hand, which was their dominant
hand.

Each trial was initiated by the examiner by means of a key press.
After a 1,500-ms delay, the search display was presented on the
computer screen and remained on the screen until participants
made their response. All participants were encouraged to respond
as quickly but as accurately as possible. Before each search task,
partigipanis were admintstered a task-appropriate practice set con-
sisting of 16 trials. If additional practice was necessary, the prac-
tice set was repeated.

Results

Primary dependent variables consisted of the decision
latency for correct target-present trials and the percentage

errors on target-present trials. Because we only considered
the errors that were derived from target-present trials, the
data presented here consist of only detection errors (misses)
and not false positive responses (which occurred on no more
than three target-absent trials per individual). The percent-
age of errors and decision latency for target-absent trials
were not central to the purpose of this experiment and thus
are not discussed.

Trials were eliminated from analyses for two reasons.
Some Irials were lost when it became clear to the experi-
menter that the participant overtly strayed from the task
{looked away from the screen, asked a question, and so
forth). This situation occurred on an average of 7.25 critical
trials for neglect patients, 6.00 critical trials for hemianopic
patients, and 0.88 critical trials for control participants. In
addition, correct trials that were greater than or less than 2
SDs from a participant’s mean were removed from the data
set. This procedure was repeated for a total of two iterations
and resulted in the elimination of an average of 8.63 critical
trials for neglect patients, 5.00 critical trials for hemianopic
patients (parallel search task only), and 8.75 critical trials
for control participants.

Below, each patient is presented as a single case study.
We performed regression analyses for each individual using
sel size as the predictor variable and response latency (per
trial) as the dependent variable for the left and right visual
fields for both the preatientive and attentive search tasks. In
addition, each patient’s percentage errors are presenied as a
function of set size and visual field for each of the two tasks.
Nex(, the mean percentage errors for the preattentive search
task are presented as a function of set size for the two
hemianopic patients. Note that their left visual field perfor-
mance did not permit a calculation of the regression curve
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Figure 2. Panel A shows sample displays from the preattentive search task, and Panel B shows
sample displays from the attentive search task. In both panels, the top four displays are examples of
trials in which the target was present, and the bottom four displays are examples of trials in which
the target was absent. The numbers above each display indicate the total number of items in the

display (set size).

because of the high error rate in detecting targets in the left
visual field. In addition, the response latencies and percent-
age errors for the control participants are presented as a
group analysis first for comparative purposes only. Thus,
the regression equations were derived from each individu-
al’s mean latency as a function of set size, visual field, and
task. The data derived from the control participants are
presented first so as to establish the pattern of normal
performance in our preattentive and attentive search tasks.

Control Participants

Figure 3 presents the mean response latencies for control
participants for the preattentive and attentive search tasks.
In the preattentive search task, regression analyses revealed
that the slope of the search function was 3.¢ ms per item in
the left visual field (SE = 0.50) and 6.48 ms per item in the
right visnal field (SE = 1.81). The magnitude of these
slopes suggests that these searches were conducted primar-
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ily with paralle] mechanisms. In contrast, in the attentive
search task, regression analyses indicated a slope of 49.56
ms per item in the left visual field (SE = 5.66) and 60.20 ms
per item in the right visual field (SE = 14.56). The magni-
tude of the slopes in the attentive search task suggests that
these searches required serial search mechanisms.

Mean percentage errors for control participants are pre-
sented in Table 2. As can be seen, there was a slight set size
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Figure 3. The top panel displays control participants’ response
latencies in the preattentive search task; flat regression slopes in
both visual fields are indicative of a parallel search. The bottom
panel displays control participants’ response latencies in the atten-
tive search task; the paositive regression slopes indicate a serial
search. LVEF = left visval field; RVF = right visual field,

Table 2

Mean Percentage Errors for Control Participanis in the
Preattentive and Attentive Search Tasks as a

Function of Visual Field and Set Size

Left Right
visual field visual field

Search task and set size

Preattentive task

Two 0.00 0.00
Four 1.67 2.78
Eight 278 5.64
Sixteen 0.00 0.00
Attentive task
Two 2.78 0.00
Four 1.39 2.8
Eight 278 2.78
Sixteen 8.66 9.73

¢ffect in the attentive search task. This effect was confirmed
in an analysis of variance (ANOVA) that examined the
effects of task, visual field, and set size in which a signifi-
cant interaction was observed between task and set size,
F(3, 9) = 6.45, p < .05. No other main effects or interac-
tions were significant in this ANOVA.'

Neglect Patient J. M.

The mean response latencies for the preattentive and
attentive search tasks for Patient J.M. are presented in
Figure 4. As can be seen, regression analyses for the pre-
attentive search task revealed a slope of 8.21 ms per item in
the left visual field and a slope of 4.35 ms per item: in the
right visual field. In the attentive search task, regression
analyses revealed a slope of 202.61 ms per item in the left
visual field and a slope of 82.56 ms per item in the right
visual field. The magnitude of the slopes for the left and
right visual field in the preatientive search task was similar
to those found in the control participants, suggesting that
JM.’s preattentive search was normal. By contrast, the
slope of approximately 202 ms per item in the left visual
field in the attentive task suggests that J.M. was impaired
relative to control participants and to his own search per-
formance in the intact right visual field.

J.M.’s percentage errors differed as a function of task and
visual ficld. As shown in Tabie 3, J. M. made very few errors
in either the left or the right visval field when performing
the preattentive search task but made a considerable amount
of errors in the left visual field when performing the atten-
tive search task. This pattern of errors is consistent with the
response latency data.

Neglect Patient M.C.

Figure 5 presents the response latencies for the preatten-
tive and attentive search tasks for Patient M.C. Regression

! The lack of significance in this ANOVA should be regarded
cautiously, as the number of control participants, and thus power,
was himited.



606
O LVE
50004 y = 8.21x + 1393.36
(RZ = 018, ns)
4000
2‘ 1. RVF
:J) 3060+ (R? = 006, ns)
g
2 2000
U
7 “ o
e —— T <
1000 -
0 1 1 ]
0 5 10 15 20
Set Size
5000~ O LVE T
y =202.61% + 1563.14
®? = 557, p< .001)
o 40004
(8]
=
5 3000
[~
3000
»; T
g L
% 2000
(=4
¢ RVF
1000+ y = 82.56x + 1227.32
(RZ =325, p<.001)
0 Y 1 '
0 5 10 15 20
Set Size

Figure 4. The top panel displays J.M.’s response latency in the
preatientive scarch task; the flat regression slopes in both visual
fields are indicative of a parallel search. The bottom panel displays
J.M.’s response latency in the attentive search task: positive re-
gression slopes are apparent in both visual fields, with performance
in the left visual field (LVF) markedly less efficient than in the
right visual field (RVF).

analyses for the preattentive search task revealed that the
slope of the search function was 5.94 ms per item in the left
visual field and ~7.45 ms per ilem in the right visual field.
In the attentive search task, regression analyses revealed a
slope of 54.23 ms per item in the left visual field and 28.29
ms per item in the right visual field. Like J.M., M.C.’s
response latencies in the preattentive search task were sim-
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ilar to control participants, suggesting the use of primarily
parallel search mechanisms. M.C.'s performance on the
attentive search task was somewhat more difficult to inter-
pret. The slope of approximately 54 ms per item in the left
visual field was similar to that found in the normal controls
and was steeper than the slope of 29 ms per item in the right
visual field. Thus, M.C.’s pattern of performance was sim-
ilar to that found in patient J.M. in which the left visual field
performance was less efficient than the right visual field

Table 3

Percentage Errors for Neglect Patients in the Preattentive
and Attentive Search Tasks as a Function

of Visual Field and Set Size

Left Right
Search task and set size visual field visual field
Patient J.M.
Preattentive task
Two 0.00 0.00
Four 0.00 0.00
Eight 0.00 0.00
Sixteen 5.56 0.00
Attentive task
Two 2222 0.00
Four 44.44 0.00
Eight 2778 11.11
Sixteen 3333 5.88
Patient M.C.
Preattentive task
Two 5.88 0.00
Four 0.00 0.00
Eight 13.33 5.56
Sixteen 17.65 0.00
Attentive task
Two 58.82 12.50
Four 66.67 5.88
Eight 58.82 13.33
Sixteen 47.06 25.00
Patient K.G.
Preattentive task
Two 5.56 0.00
Four 5.88 0.00
Eight 0.00 0.00
Sixteen 1111 0.00
Attentive task
Two 11.11 0.00
Four 43,75 0.00
Eight 41.18 11.11
Sixteen 66.67 5.56
Patient D.B.
Preattentive task
Two 0.00 0.00
Four 0.00 5.88
Eight 5.88 0.00
Sixteen 0.00 0.00
Attentive task
Two 0.00 0.00
Four 0.00 0.00
Eight 31.25 0.00
Sixteen 33.33 0.00
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Figure 5. The top panel displays M.C.’s response latency in the
preattentive search task, with the flat regression slopes in both
visual fields indicating a parallel search. The bottom panel shows
M.C.’s response latency in the atientive search task and reveals
positive regression slopes in both visual fields, with performance
in tbe left visual field (ILVF) markedly less efficient than in the
right visual field (RVF).

performance. This pattern suggests an impaired serial search
mechanism in the left visual field. Caution in this interpre-
tation is warranted, however, because the slope of 29 ms per
itemn in the right visual field is shallow compared with the
normal participants” slope of 60 ms per item, and her slope
of 54 ms per item in the left visual field is similar to control
participants’ slope of approximately 50 ms per item. Pre-

cisely why this slope was so shallow in the right visual field
compared with the left visual field may reflect a sirategy
whereby M.C. began searching for targets in the right visual
field first before searching the left visual field.

M.C.’s perceniage errors differed as a function of task
and visual field. As shown in Table 3, M.C. produced more
errors in the attentive search task compared with the preat-
tentive search task and more errors in the left visual field
compared with the right visual ficld. However, the differ-
ence in percentage errors between the two types of search
tasks was most striking in the left visual field, where she
produced an average of 9% errors in the preattentive task (6
out of 64 trials) and 58% errors in the attentive search task
(36 out of 64 trials). This distribution of errors is consistent
with the response latency data in which the attentive search
was strikingly iess efficient in the left visual field compared
with the right visual field and was also less efficient than the
preattentive search in both visual fields.

Neglect Patient K.G.

The mean response latencies for the preattentive and
attentive search tasks for Patient K.G. are presented in
Figure 6. Regression analyses for the preattentive search
task revealed slopes of 6.03 ms per item in the left visual
field and —3.51 ms per item in the right visual field. In the
attentive search task, regression analyses revealed slopes of
116.28 ms per item in the left visual field and 72.76 ms per
item in the right visual field. K.G.’s search slopes in both the
left and right visual field in the preattentive search task were
similar to those found in the control participants, suggesting
that K.G.’s preattentive search was normal. By contrast, the
slope of approximately 116 ms per item in the left visual
field in the attentive task suggests that K.G. was impaired
relative to control participants and to her own search per-
formance in the intact right visval field.

As shown in Table 3, K.G.’s error rates varied as a
function of task and visual field. K.G. made only 6% errors
in the left visual field (4 out of 70 trials) and no errors in the
right visual field when performing the preattentive search
task, whereas she made 41% errors in the left visual field
{28 out of 69 trials) and only 4% errars in the right visual
field (3 out of 69) when performing the attentive search task.
This pattern of errors is consistent with the response latency
data in which search performance in the left visual field
seems to be impaired only during the attenlive search task
and not the preattentive search task.

Neglect Patient D.B.

The mean response latencies for the preattentive and
attentive scarch tasks for Patient D.B. are presented in
Figure 7. In contrast to the other three neglect patients,
DB.s performance in the preattentive search task sug-
gested a greater influence of serial search processes that was
not evident in the other patients. In fact, regression analyses
for the preattentive search task revealed significant slopes
of 50.06 ms per item in the left visual field and 26.66 ms per
item in the right visual field. In the attentive search task,
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Figure 6. The top panel shows K.G.’s response latency in the
preattentive search task; the flat regression slopes in both visual
fields are indicative of a parallel search. The bottom panel displays
K.G.’s response latency in the attentive search task and shows
positive regression slopes in both visual fields, with performance
in the left visual field (LVF) markedly less efficient than in the
right visual field (RVE).

regression analyses revealed slopes of 148.26 ms per item in
the left visual field and 50.32 ms per item in the right visual
field. These data suggest that D.B. relied on serial search
processes in both the preattentive and attentive search task
but did so to a much greater extent in the left visual field
than in the right visual field. It is impertant to point out,
however, that D.B.'s performance in the attentive search

ESTERMAN, McGLINCHEY-BERROTH, AND MILBERG

task was similar to the other three neglect patients; it was his
performance in the preattentive task that set him apart from
the other patients.

As shown in Table 3, D.B. made very few errors overall.
In the preattentive task, D.B. made only one error in both
the left and right visnal field. In the attentive task, D.B."s
percentage errors were 16% (11 out of 67) in the left visual
field and 0% in the right visual field. Thus, similar to the
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Figure 7. The top panel displays D.B.’s response latency in the
preattentive scarch task and shows abnormal significant serial
regression slopes in both visual fields. The bottom panel displays
D.B.’s response latency in the attentive search task and reveals
positive regression slopes in both visual fields, with performance
i the left visual field (LVF) markedly less efficient than in the
right visual field (RVF).
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other neglect patients, D.B. made consistent errors only in
the left visual field during the attentive search task. Note
that while D.B. was the only negiect patient to show evi-
dence of serial search strategies in the preattentive search
task, he did not make any appreciable errors. Thus, although
his use of serial search was not typical of the other patients,
it was effective for him in accurately detecting targets in the
context of the preattentive task. Precisely why serial search
was not as effective in the attentive tagsk may simply be due
to the degree to which serial search processes are used in the
latter task. That is, in the attentive task, serial search pro-
cesses are needed to a greater degree than in the preattentive
task, as evidenced by the differences in the magnitudes of
the regression slopes across these two tasks.

Hemianopic Neglect Patients M.MM. and D.M.

Table 4 displays the percentage errors during the preat-
tentive search task for Patients M.M. and D.M., who had a
left homonymous hemianopia in addition to left visual ne-
glect. Unlike the neglect patients without primary visual
deficits, these patients did not reliably detect targets in the
left visual field. Patient D.M. made more errors in the right
visual field than Patient M.M. and the majority of the
neglect patients; however, examination of where these er-
rors occurred revealed that they were in the left-most por-
tion of the right half of the display (i.e., midline).

Discussion
Preattentive Search

With regard to decision latency in the preattentive search
task, three of the patients (J.M., M.C., and K.G.) showed a
pattern of performance that was similar t{o the control par-
ticipants in both their left and right visual fields. As shown
in the top panels of Figures 3 through 6, targets appeared to
be detected without a substantial set size effect, evidenced
by nonsignificant shallow regression slopes (under 11 ms/
item) for both patients and control participants. In fact, the
slope for these three neglect patients averaged only 6.73 in
the left visual field and -2.2 in the right visual field, These

Table 4

Percentage Errors for Patients MMM. and D.M. in the
Preattentive Search Task as a Function

of Visual Field and Ser Size

Left Right
Patient and set size visual field visnal field
M.M.
Two 70.59 0.00
Four 6l1.11 0.00
Eight 88.89 0.00
Sixteen 100.00 5.56
D.M.
Two 75.00 0.00
Four 106.00 14.29
Eight 92.31 33.33
Sixteen 100.00 15.38

slopes are similar to the control participants’ slopes of 3.00
in the left visual field and 6.48 in the right visual field. We
suggest that for these three patients, the preattentive search
was conducted in parallel and appeared normal in both the
left and the right visual field.

This conclusion is supported by these patients’ accuracy
in detecting targets in the preattentive search task. On av-
erage, .M., M.C., and K.G. made only 5% errors (3 errors)
in the left visual field and 0.5% errors in the right visual
field. Even in the worst case, Patient M.C. committed only 6
errors out of 64 trials in the left visual field—an error rate of
less than 10%—whereas J.M. and K.G. commitied less
than 4 errors in the left visual field. These figures are
comparable to the control participants, who made between 0
and 3 errors in the preattentive task. Thus, although patients
did have a slightly higher error rate in the left visual field
compared with the right visual field, the number of errors
was negligible and likely not suggestive of impaired per-
formance. Within the framework of the FIT (Treisman &
Gelade, 1980), for these three patients, targets containing a
single defining feature popped out of the array of distracting
items.

Neglect Patient D.B., on the other hand, did not show a
normal pattern of decision latency in the preattentive search
task. His regression slapes in both the left (50 ms per item)
and right (27 ms per item) visual field were significant and
suggested that serial search mechanisms may have contrib-
uted to his performance (similar to Eglin et al., 1989; Eglin
et al., 1994). There are at least two explanations for D.B.’s
abnormal use of serial search mechanisms in the preatten-
tive search task. First, it is possible that D.B.’s preattentive
search is bilaterally impaired and consequently forces him
torely on attentive serial search strategies to a greater extent
than normal. Given that attentive search is impaired in the
left visual field of patients with neglect, the differential
slopes found in Patient D.B. in the left and right visual field
would be expected (i.e., greater slope in the left than in the
right visual field). As an alternative, it is possible that
preattentive processing is disrupted to different degrees in
the left and right visual field, with the left being more
disrupted than the right. With the current information, it is
not possible to discern which of these explanations is cor-
rect. An interesting finding, however, was that his abnormal
performance in the preattentive search task did not translate
into an increase in error rate. In fact, Patient D.B. committed
only one error in each visual field in the preattentive task.
Thus, although D.B. may have relied on serial search mech-
anisms to a greater extent than did the other neglect patients
and control participants, it did not decrease his aceuracy as
might be expected. An explanation for this finding may be
found by examining the accuracy data from the -atientive
search task in which D.B. also did not commit any left-sided
errors when there were only 2 or 4 distracting items in the
display. Only when the attentive task became more difficult
(i.e., 8 and 16 distractors) did his use of serial mechanisms
begin to degrade his accuracy performance.

The fact that D.B. did not show evidence of pop out in his
neglected visual field has several implications. First, preat-
tentive processing is not necessarily preserved in all cases of
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hemispatial neglect. I is noteworthy that D.B.’s lesion was
caused by a subcortical thalamic hemorrhage as opposed to
the cortical MCA lesions of the other three neglect patients.
Second, it is curious that D.B. did not show pop out in his
right visual field, suggesting abnormal use of serial search
mechanisms bilaterally. The question is why. One possibil-
ity is that D.B.’s preattentive processing impairment is
simply bilateral, perhaps because of his hemorrhagic lesion.
A second possibility is that once the use of serial search
mechanisms is required in one visual field, it may be oblig-
atorily applied to the other visual field; pop out and serial
search mechanism cannot dissociate across the visual fields.

Accuracy performance in the preatientive search task for
the {wo neglect patients with hemianopia (whose left visual
field error rates were 80% for Patient M.M. and 92% for
Patient D.M.) suggests that preatientive visual search may
not be preserved in cases of hemispatial neglect in which a
primary visual field deficit is present. This finding has
important methodological and theoretical significance, be-
cause many studies of neglect include patients with co-
occurring visual field deficits as well as those with only
neglect. In doing so, investigators make the assumption that
the two patient groups can garner information equally in the
contralesional visual field. The current study, however,
demonstrates a dissociation between those individuals for
whom preattentive featural information is processed and
those individuals who may behaviorally present very simi-
larly but for whom preattentive featural information is likely
not processed. A similar dissociation was observed by
McGlinchey-Berroth et al. (1993), who found that, unlike
patients with only hemispatial neglect, a hemianopic patient
did not show implicit picture priming. It is clear that these
two groups are differentially sensitive to visual information
and should not be combined in group studies.

Attentive Search

In the attentive search task, each of the four neglect
patients showed the characteristic dissociation of perfor-
mance in the left visual field compared with the right visual
ficld and compared with control participants. To be specific,
their regression slopes were markedly steeper in the left
visual field (averaging 130 ms per item) than they were in
the right visual field (averaging 58 ms per item), indicating
a less efficient search in the left compared with the right. An
important finding was that neglect patients’ right visual fieid
regression slopes were similar to the control participants’
left (averaging 50 ms per item) and right (averaging 60 ms
per item) visual field. In addition, neglect patients commit-
ted greater numbers of errors in the left (averaging 37%)
compared with the right (averaging 6%) visua! field. Taken
together, the decision latency data and accuracy data sug-
gest that neglect patients’ attentive search in the left visual
field was markedly impaired.

General Discussion

Given that some patients have preserved preattentive
processes, one must now ask whether neglect patients can

use their intact preattentive information to guide a serial
search in the contralesional visual field. One prominent
model of guided search was proposed by Wolfe and col-
leagues (Wolfe, Cave, & Franzel, 1989). According to this
model, preattentive features identified in parallel can actu-
ally guide the serial attentional search. For example, when
one is searching for a red horizontal line, preattentive in-
formation could inform the serial search mechanism to
avoid items that are vertical or green. Although this guid-
ance is not perfect, it does reduce the number of items that
need to be searched by eliminating items without target
features, thus making the serial search more cfficient and
not completely random. An important next step in investi-
gating early visual processing in hemispatial neglect, then,
is to determine if patients’ intact preattentive processing,
which allows them to identify the presence of a target-
defining feature, can be subsequently used to guide an
artention-demanding search.

The intact preattentive processing of simple features
demonstrated in this study is only the first step in the
examination of preattentive visual processing in the ne-
glected visual field. There are still a great deal of preatten-
tive processes, such as grouping and object formation, that
need to be evaluated in order to fully understand what visual
pracesses are intact and what processes are impaired in
hemispatial neglect.
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