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Patient AMA suffered a head trauma that left her with several visual complaints, including a reading
disability. AMA appears to suffer from simultanagnosia, as established with tasks such as naming
briefly presented multiple stimuli or overlapping figures, describing the theme of complex scenes, and
counting arrays of stimuli. Specifically, AMA has difficulty perceiving immediately successive stimuli
and, in particular, multiple stimuli that appear at novel or unexpected locations. Her ability to encode
spatial relations rapidly (of either the categorical and coordinate type) is markedly reduced. However,
when a familiar target appears among multiple stimuli at expected (previously encoded) locations,
AMA’s performance can be within normal limits. These results suggest that this patient’s
simultanagnosia cannot be reduced to an inability to process multiple stimuli per se. Rather it is better
characterised as (1) an inability to index new locations of multiple stimuli, and (2) a reduced efficiencyin
pattern analysis. The former deficit, in turn, may lead to difficulty in focusing on objects efficiently and
using objects as landmarks or reference points. Damage to one or both of the above mechanisms could

produce simultanagnosia and reading difficulty.

INTRODUCTION

Following brain damage, some patients are able to
perceive only a single object at a time. This disorder
has been named simultanagnosia. Although the ety-
mology may suggest that the hallmark of the disor-
der is a problem with simultaneity, the critical
variable may be that multiple visual stimuli appear
within a brief period of time (typically a second or
less). These patients are reported to have difficulty
in recognising and identifying multiple dispersed or

overlapping objects (e.g. Balint, 1995; Luria, 1959)
when they are presented simultaneously or serially
(but rapidly; e.g. Kinsbourne & Warrington,
1962). Such patients can also have difficulty in
identifying single objects that have multiple parts,
especially when the parts can be identified as sepa-
rate objects. For example, some simultanagnosics
have difficulty reading words, which is manifested
in a laborious letter-by-letter reading strategy.
Because reading can be a clear expression of the
pathology, several simultanagnosics have been
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thoroughly examined on visual tasks that used ex-
clusively alpha-numeric symbols (i.e. strings of dig-
its, letters, words; e.g. Levine & Calvanio, 1978).

Phenomenologically, these patients report that
their visual consciousness is composed of sequences
of singular contents, which may fail to be integrated
into a meaningful whole (e.g. Coslett & Saffran,
1991). This disjointed and narrow awareness is evi-
dentin early descriptions of these patients’ attempts
to understand the meaning of depictions of com-
plex scenes (Wolpert, 1924; cf. Weigl, 1964). Such
scenes or thematic pictures seem to become mean-
ingtul for the patients only after effortful piecemeal
examinations (see Paterson & Zangwill, 1944;
Williams, 1970), which are abnormally slow, char-
acterised by much guessing, and often fail to cap-
ture the meaning or theme of the ensemble.

It is likely that damage that disrupts any of sev-
eral cognitive mechanisms could produce
simultanagnosia. Indeed, a family of theoretical ac-
counts exists for this syndrome; some of these ac-
counts focus on the disruption of a specific process
(e.g. the speed of amechanism), and others focus on
the disruption of a representational structure. In
this article, we also propose a new account, which is
cast at a relatively low level of processing. We as-
sume that different disruptions of a processing sys-
tem can sometimes result in similar pathological
expressions (e.g. see Kosslyn & Koenig, 1995). In-
deed, it seems likely that different types of
simultanagnosia exist, and hence we take it as one of
the goals of contemporary cognitive analyses to
make the traditional taxonomies (often based on
“common sense”) more precise and illuminating.
Farah’s (1990) distinction between a “ventral” and a
“dorsal” simultanagnosia (each taking its name
from that of a major visual stream, which are con-
cerned, respectively, with the perception of objects’
shapes and locations) is a first step in this direction.

In the following part of this section we present
several alternative hypotheses that have emerged in
the neurological/neuropsychological literature as
viable accounts of simultanagnosia. The first three
accounts are centred on deficits of mechanisms of
focal attention. The other two are centred on defi-
cits in perceptual mechanisms that analyse either
spatial or shape information. At the end of the sec-
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tion we present a sketch of a new model that may
illuminate several aspects of the pathology.

Restricted Visual Attention

One of the oldest accounts of simultanagnosia rests
on the notion that these patients have a restricted
field of attention. This hypothesis dates back at
least to Balint (1995, first published 1909) and
Holmes (1919). Balint observed that his patient
could not simply have had a narrowing of the sen-
sory field, because an object’s size did not affect per-
formance: Large objects could be clearly identified
and described in some of their detail (e.g. a person
and his clothing), but once the patient fixated on an
object (e.g. a needle) the nearby objects would go
unnoticed (e.g. a candle only Scm away). Therefore,
Bilint suggested that attention would always be as
narrow as the size of the object under regard. In
contrast, Thaiss and De Bleser (1992) reported a
case who apparently had an actual restriction of the
attentional window (“lens”), so that complex stim-
uli could be processed as wholes if they occupied a
small visual angle, but only their parts could be re-
cognised at relatively larger visual angles.

Disengagement Difficulties

Patients with Bédlint’s syndrome seem to have an ex-
treme form of spatial neglect, which is characterised
by aloss of attentional shifts to stimuli peripheral to
the one capturing the focus of attention (which is
expressed as “sticky fixation” or “paralysis of gaze”).
Bilint’s cases suffer from bilateral parietal damage
(see Hausser, Robert, & Giard, 1980; Rousseaux,
Delafosse, Devos, Quint, & Lesoin, 1986), and
damage to each superior parietal lobe individually
often results in visual extinction (e.g. Posner,
Walker, Friedrich, & Rafal, 1984). Thus, it can ar-
gued that damage to both such areas causes a form
of double contralateral neglect, or an “attentional
disengaging” deficit (Allport, 1993; Farah, 1990;
Kosslyn & Koenig, 1995). However, such neglect
extends to all three dimensions; these patients also
fail to reportand orient to stimuli that are above/be-
low or behind others (Williams, 1970). Farah has

described this variety of simultanagnosia as a “dor-



sal” type because it arises following damage to the
spatial system, which is implementedin the dorsally
located areas of the occipital and parietal lobes of
the brain.

Slowed Visual Attention

Kinsbourne and Warrington (1962) suggested that
simultanagnosia may result from slowed attentional
processing. Influenced by Broadbent’s (1958) early
view of attention as a filter through which only one
percept at a time can pass, they identified the speed
of filtering as the fundamental difference between
normal people and simultanagnosics. According to
this view, the inability to shift attention rapidly
from object to object leads the patient to experience
seeing only one object at a time; in contrast, in nor-
mal perception, many objects can be apprehended
at the same time because one shifts so quickly be-
tween successive stimuli that the percepts are inte-
grated before they decay from short-term memory.
Alternatively, the limitation of perception to a sin-
gle element could be a serial strategy developed by
the patient to cope with depleted attentional and/or
perceptual resources (which otherwise would allow
only poor and inadequate sampling of multiple
stimuli). According to this reasoning, slowing is a
secondary effect of attentional narrowing (see ear-
lier) or impaired perceptual analysis (see following).
The serial strategy leads attention to be focused on a
more limited range of visual input so that, typically,
only one object is chosen to be processed at one
time. “One at a time” does not imply that all stimuli
have to be physically present simultaneously: As
predicted, such patients have difficulty processing
stimuli presented in a rapid sequence (Friedman &
Alexander, 1984; Kinsbourne & Warrington,
1962; Levine & Calvanio, 1978).

Deficient Spatial Mapping

Another possibility is that simultanagnosia occurs
because the mechanisms that register spatial loca-
tions are impaired (Robertson, Treisman, Fried-
man-Hill, & Grabowecky, 1997). In their
computer model of high-level visual processing,

Kosslyn, Flynn, Amsterdam, and Wang (1990)
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showed that the model could simulate (coarsely)
something like simultanagnosia when the
“spatiotopic mapping” component of the model
was damaged. The model’s lesion forced it to assign
the same location to all stimuli, which prevented it
from identifying more than one object. Similarly to
the patients, the model appeared to be “locked
onto” an initial stimulus and did not “look for” other
objects. Alternatively, the visual system may be able
to switch attention from object A to object B but,
because an identical spatial location is incorrectly
assigned to both, once recognition of object A is
completed, it “disappears” from sight to be substi-
tuted by object B. In both scenarios, the outcome is
the same: The system is not capable of seeing more
than one object at the same time.

Coslett and Saffran (1991) discussed a single
case of simultanagnosia as resulting from an inabil-
ity to maintain location information for more than
one shape; in their account, this would lead the pa-
tient to seeing a single item at a time, because only
one explicit “binding” can occur between spatial
and shape information. Friedman-Hill, Robertson,
and Treisman (1995) have also described a
simultanagnosic patient with bilateral parietal
lesions whose inadequate spatial representation of
visual objects impaired the patient’s ability to com-
bine (“bind”) colour and shape propertiesof objects.
In this view, multiple explicit “object files” (cf.
Kahneman, Treisman, & Gibbs, 1992) cannot be
formed if multiple spatial and shape attributes can-
not be integrated.

Deficient Pattern Analysis

Another explanation posits that these patients have
difficulty in analysing shape. According to this hy-
pothesis, brain damage can cause the ventral system
to slow down, possibly because those areas that
compare input to stored visual representations can-
not accept a second input until the first one is pro-
cessed to a certain degree (Kosslyn & Koenig,
1995). Delays in shifting attention from object to
object would be a secondary effect of this deficit in
perceptual analysis. Luria (1959) offered a similar
view, based in part on speculations by Pavlov,
who suggested that the damage may cause a “weak-
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ening” of the visual cortex so that it had to concen-
trate its activity at a single point. In Luria’s view, the
damaged visual areas would only be able to sustain
the excitation of one, extremely unstable, stimulus
trace. Consistent with this view, Rizzo and Hurtig
(1987) reported cases in which visual stimuli fade
from awareness when a simultanagnosic fixates on
them. Levine and Calvanio (1978) also propose a
similar account of simultanagnosia, and attribute
the pathology to difficulty in discriminating among
visual features. In general terms, this class of ac-
counts revolves around the idea that the brain dam-
age causes “feature degradation” or increased
“noise” in the perceptual system. The sequential al-
location of attention to parts of a scene or an object
has the effect of increasing the signal-to-noise ratio
(cf. Rapp & Caramazza, 1991).

Farah (1990) has characterised this variety of
simultanagnosia as “ventral” simultanagnosia be-
cause it arises following disruption of the object rec-
ognition system, which is implemented in the
ventrally located areas of the occipital and temporal
lobes of the brain. Humphreys and Price (1994)
have proposed that simultanagnosia can arise from
deficits in representing form information (i.e. “par-
allel feature discrimination”), as suggested by two
cases of simultanagnosia with abnormal perfor-
mance in visual search tasks that normally result in
“pop-out” effects and failure to encode a single
shape at brief exposures. Rapp and Caramazza
(1991) have also described a case with absence of
“pop-out” effects in visual search tasks and a result-
ing letter-by-letter reading strategy (see also Kay &
Hanley, 1991).

According to Humphreys and colleagues’ ac-
count, simultanagnosia could be the result of either
a problem in parsing (i.e. segmenting figure from
ground), or, at a lower level, in discriminating ele-
mentary visual features (i.e. nonaccidental proper-
ties; see Lowe, 1987) used in figure-ground
segregation (see Humphreys & Price, 1994;
Humphreys, Riddoch, Quinlan, Price, & Don-
nelly, 1992). From this perspective, simultan-
agnosia may represent a mild form of “apperceptive
agnosia”. As pointed out by Humphreys and Price
(1994), patients with a deficit in discriminating
shape features would (1) fail to engage attention ef-
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ficiently on objects; (2) show poor figure-ground
segmentation; (3) show inappropriate grouping of
features that are similar but belong to different ob-
jects (which would, in turn, impair the recognition
of complex visual stimuli); and (4) fail to recognise
objects seen in impoverished conditions (e.g. when
presented only briefly).

In the present study we provide an account of
simultanagnosia in the context of a single clinical
case, patient AMA. Our account rests on a deficitin
the early processing of visual information. Given
that there are so many extant theories of
simultanagnosia, and none of them can be ruled out
definitively for all possible cases, why do we need
another account? Our view is that the clinical
typologies are greatly impoverished, and in fact of-
ten serve to blur important distinctions. The pres-
ent goal is to use contemporary empirical
methodologiesand cognitive theory to demonstrate
that at least one additional source of simultan-
agnosia should be distinguished. Developing a
powerful taxonomy is important not only to help us
understand the functions of the brain, but also as a
practical guide for
programmes; depending on precisely what is awry,
different techniques for teaching compensatory
strategies will be more or less appropriate.

effective  rehabilitation

Spatial Indexing Deficits

Several researchers (e.g. Julesz, 1984; Neisser,
1967; Treisman, 1977) have identified a
pre-attentive stage of processing, during which per-
ceptual features are extracted in parallel across the
visual field. These basic features, once extracted,
can be indexed. Indexing makes locations explicit in
away that allows them to serve as anchor points for
additional visual routines (Ullman, 1984). Visual
routines are sequences of operations that define
properties of, and spatial relations among, objects.
According to the theory, as part of the process of in-
dexing, pre-attentive parallel processes identify
“odd-man-out” features. The greater the difference
between a feature and those surrounding it, the
more easily it can be indexed. One characteristic of
such elementary features is that they immediately
seem to “pop-out” from the background (Treisman,



1977). Parallel selection without focal attention can
occur for many classes of visual cues (e.g. Donnelly,
Humphreys, & Riddoch, 1991; Duncan &
Humphreys, 1989; Enns & Rensinck, 1992;
Treisman, 1977; Treisman & Gelade, 1980; Wang,
Cavanagh & Green, 1994; Wolfe, 1992b; Wolfe,
Cave, & Franzel, 1989). Wolfe and Bennett (1996)
have suggested that preattentive processes can
“carve” the visual input into proto-objects.
According to Ullman’s theory, another function
of visual routines is to shift the “spotlight of atten-
tion”, to bring into the processing focus specific fea-
tures (or clusters of features, textures). This
requires, according to Ullman, a spatial indexing
stage. The locations and areas of the selected fea-
tures are made explicit and used as prospective tar-
gets (anchor points) for a directable “spotlight” that
travels at much higher speed than an eye move-
ment. In Krése and Julesz’s (1989) conception,
pre-attentive selection of items and their spatial in-
dexing can be described as performing “roughing
and zooming” operations. The “attention window”
is shifted and adjusted to envelope the area of the
prospective form. The goal of indexing is to provide
anchor points that help bring focal attention to
items, which in turn channels visual information to
specialised systems for shape and space analysis in
parts of the system that are further downstream.
How can these ideas about spatial indexing help
us to understand simultanagnosia better? Consider
a visual system in which any of these mechanisms
are damaged, and consider how the rest of the sys-
tem would (or would try to) cope with such loss. If
attention is required to perceive a stimulus in the vi-
sual field, and if the low-level cues that draw atten-
tion (e.g. feature gradients) are no longer effective,
several visual problems would follow. First, one
would either inspect a display randomly or via
top-down strategies. Especially for displays in
which the spatial distribution of stimuli is not
known in advance, visual inspection should be dra-
matically slowed down. Moreover, if one must see
the relations among multiple stimuli in order to
identify a display, a problem in shifting attention to
indexed positions would produce classic symptoms
of simultanagnosia. Specifically, the patient should
have difficulty in quickly grasping the meaning or
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theme of complex scenes (because this would seem
to require rapid switching of attention and eye fixa-
tions to its various elements), in disentangling the
elements contained in overlapping line-drawings
(if the shifting and enveloping of an attention win-
dow to each of the separate contours is necessary to
identify them), in counting the number of static el-
ements in a display (because low-level cues would
not invoke an orderly visual search of the items), in
naming brief displays of multiple figures (because
of the difficulty in automatically directing
attentional to each location of the individual fig-
ures), and even in searching for a simple target fea-
ture (because search would be reduced to a random
walk over the display or be entirely under volitional
control, for instance a serial left-to-right and
top-to-bottom search). Moreoever, if the control of
eye fixations does not benefit from low-level cues,
an everyday cognitive task such as reading should
also be impaired (because each printed word would
be difficult to segregate as a separate visual unit).

We administered a set of tasks to one
simultanagnosic patient in order to discover which
of the above accounts could illuminate the nature of
her problem; if we looked carefully, could we dis-
cover deficits of that would follow from disruptions
of specific mechanisms but would not otherwise be
expected?

CASE REPORT

AMA is a 31-year-old woman who had a motor
vehicle accident in February 1995. She suffered
head trauma with loss of consciousness, and re-
ceived emergency care for about 24 hours after the
accident. Contusions were observed over the left
parietal and the left frontal regions of the head. A
cranial CT at that time documented a fracture,
which extended across the left parietal bone
through the mastoid and across the external audi-
tory canal. She had a contusion with blood in the
inferior left temporal lobe and a contra-coup injury
in the right lateral inferior surface of the temporal
lobe, with cerebral contusion/haematoma, and also
a contusion in the inferior frontal operculum on the
right. She was treated with Dilantin for seizure
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prophylaxis. She had no seizures or evidence of
CSF leak. Her past medical history was
unremarkable.

We met AMA about 1 month after her accident.
At this time, and thereafter, she did not show any
obvious abnormalities on informal inspection nor
in casual conversation. At our initial neurological
examination, she appeared fully oriented and alert.
Her speech was fluent, coherent, and she could en-
gage on a wide range of topics and had retained a
quick sense of humour. Her memory seemed intact
(see later sections for more detailed information).
AMA’s neurological deficits included a loss of
hearing on the left, and difficulty with balance and
walking. There was horizontal nystagmus on left
lateral gaze. She also had a sense of clockwise rota-
tional vertigo induced by sudden head movement.
Both the nystagmus and vertigo were considered to
be a manifestation of left vestibular damage caused

by the parieto-temporal skull fracture. Her princi-
pal complaint regarding her mental functions was a
marked difficulty inreading. AM A is an Ivy League
graduate in English and Economics, and therefore
is more highly educated than the average American
of the same age. Indeed, prior to her accident, she
used to be an avid reader. In traveling from her
home in Boston to the cognitive neuroscience labo-
ratory in William James Hall (at Harvard Univer-
sity), she independently used public transportation
and was never late or missed any of her appoint-
ments. She seemed to have remarkable insight into
her problems, and enthusiasm and curiosity about
our research.

Neuropsychological testing of memory and per-
ceptual functions showed no deficit in: memory for
verbal material while recollecting unrelated sen-
tences or short stories', short-term spatial mem-
oryz, shape discrimination and memoryB, or in

" AMA was able to repeat with no errors unrelated sentences (Ostreicher, 1973) that ranged from 4 to 12 syllables in length. For
sentences of 16—24 syllables, she made only2 errors. Only for the longest sentences (28 and 32 syllables) did she leave out the embedded
clauses (10 syllables on average). Her performance was within the normal, lower, range. Her recollection of two stories (i.e. “The lion
called Sultan” by Barbizet & Cany, 1968: and “The cowboy from Arizona,” see Talland, 1965; both discussed in Lezak, 1976) was
better than normal (both at immediate recollection and 1 hour later).

> AMA remembered without error, after a 5-minute delay with a verbal filler-task, where the experimenter had hidden from sight
three small objects (keys, an eraser, a coin). In the Corsi blocks spatial memory test (Lezak, 1976), AMA could easily tap the first three
spatial positions in any sequence, but she would lose track of the following blocks, although for the fourth block position she could cor-
rectly select a spatial neighbourhood of two or three alternative blocks. She was always aware of how many blocks she missed; she had
no trouble counting how many blocks had been tapped at each sequence. On the basis of our hypothesis, we would have expected a
greater impairment than the one shown here. However, it is possible that AMA could be using the strategy of remembering a short se-
quence of eye fixations while following the finger movements.

' We examined AMA’s ability to discriminate between different shapes. In the first task, AMA was given 10 trials from the Visual
Pattern-matching task (Newcombe, 1969). In this task, meaningless black-and-white line drawings and patterns are shown on the left
side of the page and have to be matched to an identical version on a row of three other highly similar shapes. AMA performed this task
effortlesslyand flawlessly. She also performed 10 trials from the Hidden Figures test (Talland, 1965), where she was requested to iden-
tify and mark a simple geometrical shape that was embedded within a more complex meaningless shape. Again, AMA committed no
errors in this task. Since the above matching tests did not require her to hold a visual shape in short-term memory, we devised another
computerised test with a new set of figures. In this task, a figure appeared at the centre of the screen within a 12.5 x 7.5cm frame for 3sec,
and after a blank screen of 4sec, it reappeared either above or below an identical frame containing a different figure. The subjects’ task
was to select the matching drawing by pressing one of two keys, one above the other, labeled B or T (for bottom and top drawings). This
task included a total of 20 trials. Initially we used drawings of animals, but later used meaningless figures after it became clear that she
memorised the animals’ names. The stimuli were black-and-white line drawings taken from the Kimura Recurring Figures test, a
memory test designed to minimise a verbal strategy. AMA accurately discriminated the meaningless shapes (she committed only one
error, and so did one of the four controls). However, her average response time (recorded from the onset of the second screen) was sig-
nificantly slower than that of three controls [AMA: Mean = 2815, SD =1772; Controls: Mean = 794, SD = 419, t(38) = 4.9;
P <.0001].
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drawing®. Also, AMA showed no signs of visual
spatial neglects. However, whereas her simple re-
sponse time (RT) was normal (see Fig. 1), she was
clearly slow when required to make a choice be-
tween two responses, regardless of whether the re-
sponses were made to visual or auditory stimuli’.

BRAIN IMAGING

Standard clinical magnetic resonance imaging se-
quences were obtained at the Massachusetts Gen-
eral Hospital’s MRI imaging centre in March 1995.
A (3D) MRI sequence was conducted in February
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1996. Both sets of scans demonstrated focal areas of
contusion of the cerebral surface. These were dis-
tributed to the anterior lateral and ventral temporal
lobes, bilaterally, and were associated with small
haemorrhages. There was also evidence of a more
general cerebral injury, which was more prominent
on the right than left.

Three focal lesions were centred on the surface
of the right cerebral hemisphere (RH). As illus-
trated in Fig. 2, the largest lesion in the RH was
centred in the superior temporal gyrus, just at the
most rostral level of the lateral projection of
Heschl’s gyrus. The crown of the superior temporal
gyrus was splayed open with rupture of the full

"We presented AMA with simple line drawings of a flower and of a house. Her copies of both drawings were clearly recognisable
and detailed, and they were apparently done without much effort. The same could be said for the drawings from memory of the same
house and of a generic clock face and a bicycle. No elements of the house were omitted and the copy and memory test appeared almost
identical, even though there was a delay of several seconds between them—and she was not forewarned of the memory test. The digits
of the clock face were allin the correctlocations and drawn in neat Roman numerals. All the essential parts of the bicycle were drawn in
their correct spatial relationships. A copy of the Osterrieth-Rey figure was flawless, and the rendition from memory was better than
normal average (her score equaled 34 points on Taylors’, 1959, scoring system).

*AMA performed a paper-and-pencil cancellation task (designed by Weintraub & Mesulam, 1987), which requires the patient to
identify multiple instances (V= 60; 15 in each quadrant) of a wheel-like shape within a large array of foil shapes (V=360 on a
34 x 28cm sheet) that vary in similarity to the target. AMA marked all the targets, and her search appeared systematic (left-to-right,
top-to-bottom search). In addition, AMA performed a line-bisection task. In this classic neurological task, subjects (AMA and five
controls) were asked to mark the centre ofablack horizontallines (23cm long and 4mm wide), which were presented 10 times (in series)
at the centre of separate white sheets of paper. The deviations from the actual centre were converted to signed (positive if bisections
were to the right, negative if to the left) percentage error scores. Although AMA’s deviation scores did not qualify for unilateral neglect
(mean error = 3% of line length), the variance of her deviations was larger than that of the controls (AMA = 8.6; control 1 = 0.94; con-
trol 2 = 1.3; control 3 = 1.5; control 4 = 2.2; control 5 = 2.5). Interestingly, AMA reported that when looking at one end of the line she
would “lose” the other end (cf. Luria, 1959).

‘A simple reaction time paradigm was used to determine whether AMA may have had developed as a consequence of her head
trauma a generic problem in motoric speed. Itis in fact a common consequence of traumatic brain injury (which often involves diffuse
damage) that the speed of RT's is slowed (see van Zomeren, 1981). In one task a fixation point (a small cross) appeared at the centre of
the screen. The subjects were instructed to fixate on this point, and then press the space bar while maintaining fixation. A black
five-pointed star (2cm in size from two opposing vertices) appeared at the position of the fixation point 1, 1.5, 2, or 2.5sec after the sub-
ject pressed the space bar. The subject was to press the space bar again, as quickly as possible, as soon as the target appeared. There was a
total of 20 trials (5 trials for each delay). The different delays were ordered randomly. Five control subjects were tested. An ANOVA
with group (AMA vs. Controls) as the fixed factor and delays (1, 1.5, 2, or 2.5sec) as the within subjects factor showed no reliable differ-
ence [F(1,4) = 3.2; P < .015] between AMA (mean = 277sec; SD = 46) and the controls (mean = 368sec; SD = 69) or the interaction
of group with delays [#(3,12) = 1.1; P < .40]. Instead, RT's decreased for all subjects with increasing delays between the first key press
and the stimulus onset; F(3,12) = 4.5; P < .04. Itis clear that generalised motoric slowing cannot account for AMA’s relatively slow re-
sponses. An alternative account is that AMA has difficulty when one of two (or more) differentresponses need to be selected. Alterna-
tively, AMA may be slow only when she has to select a response associated with a specific stimulus (i.e. following a visual discrimination
task); this difficulty could be general, or could occur only for visual stimuli. We tried to discriminate among these alternatives with two
choice-RT's tasks: in one, a target (either the same star used in the previous task and one coin from Experiment 3) had to be recognised,
and the key corresponding to that shape had to be pressed; in another, the computer spoke the name of one of the two stimuli (i.e. on
hearing “star” or “coin”), and the subject pressed the corresponding key. There was a total of 20 trials (10 for each stimulus in random
order) in each task. As is evidentin Fig. 1, in clear contrast to the previous task where only one simple response was required, AMA re-
quired more time to respond than the controls in both of the visual task [ F(1,4) = 10.2; P < .03], and the auditory task [F(1,4) = 17.5;
P < .01]. Clearly, AMA is slow when she must choose between more than one type of response, and this is true in both visual and audi-
tory modalities.
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Fig. 1. Simple and choice RTs (auditory and visual): Means and
SD.

width of the cortex. A haematoma, lying within the
white matter subjacent to Heschl’s gyrus, extended
caudally to the anterior region of the planum
temporale (Fig. 2, panel D). The total extent of this
lesion involved the zone of convergence of
T12/T1P, PT, and HI. A secondary lesion in the
RH (Fig. 2, panels B-E) lay associated with efface-
ment of the crowns of the medial and inferior tem-
poral gyri; this lesion began caudally near the caudal
end of T2p and T3p, where it was most severe, and
extended to the more rostral regions of T2p, T3p,
and throughout the full length of T2a, T3a, and
tully through the extension of the middle and infe-
rior temporal gyri to the temporal pole. A portion of
the cortex of T3p in the inferior temporal gyrus was
completely effaced. The inferior temporal fissure
was splayed open with about 50% of the abutting
white matter destroyed. The central white matter of
the temporal lobe was reduced in volume from the
level of the surface lesions all the way to temporal
pole. Finally, a third lesion was located in the infe-
rior frontal gyrus of the RH (Fig. 2, panel F). As
illustrated in Fig. 3 (right panels), the cortex
appeared to be ruptured open, and there was a small
haematoma that extended from the plane of the
cortexinto the immediately subjacent white matter.

As evident in Fig. 2, a single lesion in the left
cerebral hemisphere (LH) involved effacement of
crowns of the inferior temporal and fusiform gyri;
this lesion began caudally within two planes of the
caudal end of TO3, and extended through the more
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rostral region of T3p and the caudal half T'3a. Italso
extended medially through the caudal third of TFa.
There was also a small (about lcm in ante-
rior-posterior extent) haematoma in the superior
parietal lobule (see Fig. 3, left panels), including a
bit of the supramarginal and postcentral gyri with a
slight effacement of the cortex of both gyri.

The lateral ventricular system was enlarged
moderately throughout, and there was a subtle
patchy pattern of signal intensity inhomogeneity
throughout the entire cerebral white matter, evi-
dent particularly in external sagittal stratum, coro-
nal radiata, and the corpus callosum. There was no
explicit focal injury in these fibre systems nor, in
particular, in the superior longitudinal fasciculus.

GENERAL METHODS AND
PROCEDURES OF THE
EXPERIMENTS

All of our testing involved visual material, typically
presented on a computer screen. The patient was
familiar with computers and used to typing, and she
found it natural to work on our Macintosh II. Dur-
ing these tasks she would sit at a comfortable dis-
tance from the display (approximately 50cm from
the screen, without a chin-rest) and would use ei-
ther the right hand or both hands for responding
(when the task required key presses). AMA’s vision
was corrected to normal by contact lenses or glasses.
Allcomputerised tasks were administered by means
of MacLab software (Costin, 1988). Most stimuli
were drawings digitised by a Microtek Scanmaker
600ZS and editor using commercial software (e.g.
Adobe Photoshop). The testing took place in sev-
eral sessions, 3 to 7 months after the accident. Al-
though our discussions of the experimental results
do not follow the exact chronology of testing, re-
peated tests of AMA’s reading skills confirmed that
her impairment was stable during the entire testing
period. Control subjects were tested in those tasks
where the performance of appropriate control sub-
jects was not already known. These control subjects
were all volunteer females matched to AMA for
year of birth (+ 2 years) and years of education (they
all had at least a college degree). Because of the
limited availability of these control subjects, these
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subjects were often not the same individuals from
task to task and the exact number used for each task
is specified in the tasks’ experimental procedures.
In addition, outliers among the RTs were
trimmed prior to analysis of each task; outliers were
defined as RT's greater than 2.5 SDs from a sub-
ject’s mean RT in a particular cell (combination of
levels on the independent variables). In each Re-
sults section, the percentage of discarded trials is
noted only if there were any outliers for that task.

PART 1: ESTABLISHING THE
PRESENCE OF SIMULTANAGNOSIA

In this section we presentresults from classical clin-
ical tasks in order to establish that AMA has the key

symptoms of simultanagnosia.

Experiment 1: Description of a Complex
Scene

As an initial effort to use clinical tasks to document
that AMA could be diagnosed as having
simultanagnosia, she was shown “the Telegraph
Boy” picture from the Binet scale. Normal adults
can describe this picture at a glance as that of a
mail-delivery boy whose bike’s front wheel has
come off and who is waving, presumably for help, to
an oncoming car.

Methods. A 22 x 25cm copy of the picture was
shown to AMA with the instruction to “tell me
what the picture is about”. The investigator took a

rough measure on his watch of the duration of
AMA'’s comments

Results. AMA required about 1 minute to arrive at
the correct interpretation of the drawing, and her
description revealed a clearly piecemeal approach to
comprehending the scene. The first element she
mentioned was a man and, after several seconds, the
car. After another pause, she noticed that the man
was lifting an arm and holding a cap, and only then
seemed to see the bike and concluded that the man
had been on the bike. After a pause she mentioned
the telegram. She then added that the man on the
bike must be waving to the car. Only at this point
did she notice that the wheel was off the bike and

DEFICITS IN SPATIAL INDEXING AND SIMULTANAGNOSIA

inferred from this that he was asking for help. Clas-
sic cases of a simultanagnosia (e.g. see Williams,
1970) exhibit a very similar approach when describ-
ing this same drawing.

Experiment 2: Perception of Overlapping
Figures

Inability to identify overlapping figures is a classic
sign of simultanagnosia; thus, we tested AMA on
this task.

Methods. Two line drawings (from Luria’s, 1966,
modification of Poppelreuter’s figures) that con-
tained sets of overlapping common objects were
shown to AMA. Drawing 1, shown in Fig. 4, in-
cluded five overlapping pictures of objects that ap-
pear on dining tables (a teapot, a bottle, a fork, a
glass, and a bowl). Drawing 2 included overlapping
drawings of four types of headgear (i.e. a crown,
baseball cap, top hat, and fedora). AMA was simply

asked to describe what was present in the drawing.

Results. In examining Drawing 1, AMA appeared
puzzled and identified only the teapot after approx-
imately 10sec. When questioned about the possi-
bility of seeing somethingin the drawing other than
the teapot, she claimed she could only see “a bunch
of meaningless lines”. Then, after a long inspection
of several more seconds she saw the fork (with
surprise), and reported that initially it appeared to
her as something dripping from the side of the tea-
pot. Asked about a possible meaning of the other
lines she asserted that she had no idea. Only after
the investigator pointed to the bottle in the drawing

Fig. 4. Overlapping figures (Drawing 1).
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did she recognise it, and added that she had initially
seen the cork as part of the teapot. In looking at
Drawing 2 (although at this point she should have
been forewarned by the previous drawing about the
nature of the task), she reported seeing only a base-
ball cap. After several seconds of inspection, she
identified something like a “theatre light”. She
identified it correctly as a top hat (and immediately
thereafter mentioned the fedora) only after the in-
vestigator asked her to find the crown. Her re-
sponses were clearly similar to those of classic
simultanagnosic patients.

Experiment 3: Counting a Set of Objects

Inits classical administration, the following task re-
quires the subject to view a row of coins and to
count them. In our version of this task, American
pennies were digitised and the images were edited
to create displays of different numbers of coins
(from 2 to 7). There were two tasks. In the first task
(“limited time”), the coins remained visible for 1sec.
If AMA has trouble “grasping” multiple stimuli,
the time constraint should affect her accuracy con-
siderably. In a second task (“unlimited time”), we
explored AMA’s performance (and that of the same
controls) when there were no time constraints. We
would expect AMA’s performance to be more accu-
rate in this task than in the previous one, although
her abnormal performance should be clearly re-
flected in the time she required to respond.

Task 1: Limited Time

Methods. The coins appeared on the screen at their
actual sizes and appeared in random positions (dif-
ferent on every trial) for 1sec. There were 4 trials for
each of the 6 set sizes, for a total of 24 trials in the
task. The subject pressed the space bar to initiate a
presentation, and then pressed the key that corre-
sponded to the number of coins. Eight matched
control subjects performed the task.

Results. In those trials in which four to seven coins
appeared, AMA reported seeing only three coins
70% of the time. She reported seeing four coins on
only one trial (when there were seven), and during
the course of the entire test she was correct on only
two trials on which there were two or three coins.
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Thus, within the limited time of 1sec, AMA could
detect only a small set of visual items. It may be of
interest that when she reported fewer coins than
were actually present, she claimed to have the “feel-
ing” that there were more coins than she could actu-
ally count. AMA was also asked at the end of each
trial to guess the range of coins that may have been
on the screen and that she may have failed to see
clearly. She reported that there may have been from
4 to 10 on average (and for a trial with 7 coins, she
gave a possible range of 4 to 15). In contrast to
AMA, the controls performed with high accuracy
at the counting task (five of the eight control sub-
jects performed perfectly and three committed just
a single error, of only a one-coin difference).

Task 2: Unlimited Time

Methods. The stimuli were identical to those in the
previous task, but they now remained on the screen
until a key press was made. RT's were collected and,
in order to have a better estimate of both accuracy
and speed, we doubled the number of trials

(N = 48).

Results. In this version of the task, the control sub-
jects performed perfectly and responded more
quickly than AMA (with mean RT's of 1495 msec,
SD = 624, versus 7731msec, SD = 5806, respec-
tively). AMA still committed errors in 20% of the
trials (in counting 7 and 6 coins).

Given that AMA and the control subjects dif-
fered greatly in the variance of their RTSs, we per-
formed two separate analyses of variance on the
RTs with replications as the random effect (the
controls’ RT's on each trial were averaged in orderto
have the same number of replications as in AMA’s
analysis) and number of targets (two—seven coins)
as the fixed effect. The analysis of the controls’ RT's
showed that their performance differed for difter-
ent numbers of targets; F(5,14) = 12.86; P < .0001.
As Fig. 5 shows, the control subjects counted two,
three, or four coins in about the same amount of
time, whereas they required more time for larger
numbers of coins. This finding replicates the
subitising range effect (e.g. Mandler & Shebo,
1982). Post hoc Sheffe’s #-tests confirmed that RT's

for two versus three or four coins did not differ,
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Fig. 5. Counting coins: Controls’ mean RTs.

whereas RT's for all of these amounts of targets dif-
fered from those in the five, six and seven targets
conditions (.001 < P < .05). Moreover, because
there was an abnormally large variance in AMA’s
RTs, we analysed her results using a nonparametric
test, the Kruskal-Wallis one-way analysis of vari-
ance (Howell, 1987). This test confirmed an effect
of the number of targets on the time AMA required
to count, H(5) = 58, P < .0001. However, as is evi-
dent in Fig. 6, there was no subitising range advan-
tage, as confirmed by another Kruskal-Wallis test
performed on only the conditions with two—four

coins, H(2) = 32.5, P < .0001.
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Fig. 6. Counting coins: AMA'’s mean RTS.
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In short, like classic simultanagnosics, AMA did
not perform within a normal range in this counting
task, even with unlimited viewing time when six or
more coins were present. Possibly, with smaller
numbers of coins it was easier for her to encode the
spatial coordinates of each coin, whereas with
greater numbers of coins such spatial encodings
may have been more easily confused. The long RT's
suggest that locations may have been found
through serial, perhaps random, search. Indeed,
during the task, AMA commented that she did not
know whether she had already counted one specific
coin.

Experiment 4: Naming of Multiple Objects

Another classic test of simultanagnosia is the ability
to name multiple objects, which was assessed here.

Methods. In this task, drawings of common animals
where shown on the computer screen for 1sec. Each
drawing could occupy an area of the screen no
greater than S5cm in diameter. Drawings of 3-7 ani-
mals were presented in different arrays, in random
positions on the screen, for a total of 10 trials. The
subject’s task was to name all the animals she could
recognise.

Results. The eight control subjects were able to re-
port in a single trial a range of three to six animals,
without committing naming errors. AMA was al-
ways correct in her naming, but was able to report
only one animal on each trial. As in the coins task,
she claimed that she could see at least two or three
additional things, but that they appeared as “just
dark lines” to her.

Experiment 5: Assessing Reading Deficits

Characterisations of simultanagnosia sometime
note that the patients have reading problems and
that they tend to read a letter at a time. Thus, we
wanted to assess whether AMA did in fact have
such a class of deficit. Informally observing AMA
while she read different texts suggested that her
reading was abnormally slow and very poor. AMA
could read only very short (two or three letter)
words (e.g. prepositions) at a normal speed, regard-
less of the size of print. She spelled longer words
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letter-by-letter (in left-to-right order) to infer the
sounds of each syllable (typically aloud or under her
breath). AMA would then put together a string of
syllables until she obtained, by trial and error, the
correct pronunciation of the word. Once the word
was read, she had no doubt about its meaning. Sin-
gle letters (even when rotated) were read with no er-
rors or apparent effort, and she could easily
distinguish between normal and mirror-imaged
letters.

In contrast to her dyslexia, AMA did not exhibit
any agraphia or dysgraphia. She could write words
or long sentences (e.g. 10 words) in a very clear
handwriting and without hesitation or errors re-
gardless of how long or infrequent the words (e.g.
“neuropsychology”). Consistent with her difficulty
in reading novel material, when later presented
with her own writing she was unable to read it any
better than printed text.

Methods. Ten high-frequency and 10 low-
frequency words (according to Kugera & Francis,
1967), ranging from 3 to 10 letters in length (18
point, bold Geneva font), were presented for
500msec or 1sec centred on the computer screen.

Results. When the words were presented for only
500msec, AMA reported, on average, only two let-
ters (SD = .08) of each word, at either the begin-
ning (70%) or the middle (25%) of the words. She
read correctly the word “dog” and guessed “auto-
mobile” from the letters “au-t”. When the words
were presented for 1sec, her average letter span was
3.6 letters (SD = .07), which allowed her often to
read correctly four-letter words (e.g. “hand”) and to
make good guesses about longer words (e.g.
“mani-” = “manicure”). The control subjects made
no errors.

Discussion of Experiments 1-5

AMa’s performance in these experiments supports
the diagnosis of simultanagnosia. Her performance
in these tasks was highly reminiscent of the perfor-
mance of other cases described in the literature.
Moreoever, her introspections are also consistent
with this diagnosis; she defines her problem as “not
being able to follow more than one thing at the
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time”, and also describes her visual experience as
like “a video-clip” (e.g. an MTV programme),
where scenes follow each other quickly, without
smooth transition or a sense of continuity.

The different accounts of simultanagnosia that
we sketched in the Introduction would predict
most, if not all, of the failures in the classic
simultanagnosia tests just described. Specifically, a
problem with the size of the attention window
would make it difficult to appreciate a complex fig-
ure and disentangle overlapping drawings, and
searching for items in a set of objects in order to
count or name them may become a slow and cum-
bersome task. Similarly, double-disengagement
difficulties would cause problems with inspecting
any stimulus other than the one that happens to be
under focus. This account easily allows us to under-
stand AMA'’s performance when describing a com-
plex thematic figure or overlapping line-drawings,
counting a set of objects, and naming multiple ob-
jects seen at brief exposures. Slowed visual attention
would seem to account adequately for the slowed
comprehension of the complex figure and the de-
fective grasping of several simultaneous objects
seen at brief exposures. It is unclear, however, how
this account would explain such a remarkable prob-
lem with overlapping figures. A deficient spatial
mapping may cause the patient to lock onto (per-
ceptually) a single form to the detriment of others,
thus causing problem with all the four tasks. Analo-
gously, deficient pattern analysis (i.e. in feature ex-
traction and parsing) would make a form difficult to
distinguish from other forms, thus causing prob-
lems in interpreting complex and overlapping fig-
ures and also reducing the efficiency with which the
visual system could detect and identify any specific
item in a set.

It is of particular interest to us to evaluate
whether AMA’s performance in these tasks can also
be accounted in terms of the spatial indexing
model.

1. Complex figures should be difficult to inter-
pret if significant elements of the scene cannot be
indexed. In particular, there should be difficulty in
integrating various objects that form a thematic fig-
ure, because the deficit could cause slow and imper-



fect recovery of spatial relations among the objects
(cf. Ullman, 1984). If inspection time is unlimited,
we expect spatial relations to be recovered eventu-
ally by use of random (“reaching in the dark”)
operations.

2. Prima facie, an impairment with the overlap-
ping figures test would not seem to imply a problem
with spatial indexing. In this test, all the objects are
roughly in the same spatial location; therefore, a
spatial search for the objects in the drawing should
not be necessary. Nevertheless, following the con-
tour of each drawing with a pencil demonstrates
that the contours are in different positions on the
page; thus spatial indexing of the contours is neces-
sary. Indeed, AMA’s performance was abnormal
when asked to identify overlapping line-drawings.

3. Without rapid indexing, counting a set of ob-
jects should become slow and effortful; moreover,
the subitising range advantage (i.e. the limited
range of items—about four items or less—than can
be indexed in parallel) should disappear. We did in
fact observe both of these phenomena in AMA’s
performance.

4. Finally, if a spatial indexing process is dam-
aged, fewer objects should be named in briefly pre-
sented displays. In this case, the patient should be
able to name only those objects that randomly fall
into the focus of vision. And, indeed, AMA could

name only one object at 1sec presentations.

AMA also had a clear reading deficit. Several
models can account for letter-by-letter reading as a
specific problem in identifying the visual form of
letters and words (e.g. as a deficit in “letter activa-
tion,” Behrmann & Shallice, 1995). When seen
in the light of the different accounts of
simultanagnosia, letter-by-letter reading appears as
an emergent strategy that the patient develops to
cope with one specific task, while underlying the
phenomenon there may be more general visual
problems. Although not all of the existing accounts
of simultanagnosia have stressed the link between
the syndrome and a problem in reading, some of
these accounts can predict it easily. In particular,
letter-by-letter reading may be expected if visual at-
tention is severely restricted or if there is neglect or
double-neglect. A problem in pattern analysis, in
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particular the extraction of low-level features, could
also lead patients to develop a letter-by-letter read-
ing strategy (as exemplified by case HR of Rapp &
Caramazza, 1991). In addition, an impairment in
spatial indexing could produce an impairment in
reading. Spatial indexing would provide informa-
tion about several properties of all classes of visual
input, at either a global or local level. For example,
parsing (e.g. grouping of letter strings by proximity)
may determine both the end-points of a word and
the spacing between words (cf. Inhoff, 1989;
McConkie & Zola, 1986; Morris, Rayner, &
Pollatsek, 1990; Pollatsek & Rayner, 1982; Rayner
& Pollatsek, 1981). Indeed, a location-indexed
representation would seem to be required in order
to proceed successfully along one line of text, move
from the end of one line to the beginning of the
next, and return to previously read words (see
McConkie & Zola, 1986). Damage either to pars-
ing or to a location-indexing mechanism could
cause difficulty in moving the attention window to
each word or it could make the word boundaries
difficult to index. Similarly, we would expect diffi-
culty in adjusting the scope of attention to encom-
pass an entire string of letters, if a long word, one
chunk of it (cf. LaBerge, 1983; LaBerge &
Samuels, 1974; O’'Regan, 1981, 1984). Thus, serial
(letter-by-letter) reading can be seen as a compen-
satory procedure in the absence of an indexing
mechanism. This compensation would consist of
the narrowing of the attentional focus to the angle
subtended by one item, and the use of a voluntary
and systematic serial scanning to determine the lo-
cations of the letters.

PART 2: EVIDENCE THAT AMA HAS
A SPATIAL INDEXING DEFICIT

All the previously observed “simultanagnosic”
symptoms may well be due to a problem with atten-
tion window shifts and adjustments, spatial index-
ing or mapping, pattern analysis, or a combination
of damage to any of these mechanisms. In the fol-
lowing experiments we attempted to narrow down
the range of alternatives and provide evidence sup-
porting the presence of a spatial indexing deficit.
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Experiment 6: Visual search for One Target
Among a Variable Number of Distractors

Treisman and her collaborators (e.g. Treisman &
Gelade, 1980; Treisman & Gormican, 1988) have
demonstrated a “pop-out” effect in which an item
that differs from the others in an array by a simple,
salient feature is detected automatically (i.e. with-
out focal attention; see also Sagi & Julesz, 1985a,b).
Such detection is equally fast when different num-
bers of distractors appear with the differing item.
Treisman and her collaborators hypothesise that
the target is identified pre-attentively (i.e. in paral-
lel across the whole field of vision), and its presence
draws attention to it; in our terms, the item is im-
mediately indexed and the attention window can
rapidly shift to its location.

In addition, Treisman and her colleagues sug-
gest that in order to identify the detected feature
(e.g. whether an odd item is oriented differently
from the other items), one must serially shift focal
attention to the item; in fact, when subjects are re-
quired to identify multiple items, they typically re-
quire more time when larger numbers of items are
present. This result suggests that items are exam-
ined one-by-one by a serial attentional process.
Duncan and Humphreys (1989) proposed that, af-
ter the parallel segmentation of a display of a target
among distractors, the input “descriptions” are
matched against a “template” of the target by im-
mediately orienting attention to the segmented in-
put; thus, the input can be matched to the template
equally easily with different numbers of distractors.
In contrast, Wolfe, Cave, and Franzel (1989) have
suggested that searches for basic features and for
feature conjunctions do not differ qualitatively but
only quantitatively. According to this view, parallel
processes provide signals to guide the attentional
focus to the target; unique simple features simply
generate strong signals (or, we suggest, could pro-
vide salient anchor points for indexing). For present
purposes, the important point is that focal attention
seems to be required in order to identify targets em-
bedded in similar distractors, but not to detect such
targets (Sagi & Julesz, 1985a, b).

It follows from some of the classic accounts of
simultanagnosia, as well as the spatial indexing def-
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icit hypothesis, that such patients should differ
from normal subjects in their ability to identify
odd-man-out items. Whereas normal people
should require the same amount of time to identify
a salient “odd man out” for different numbers of
distractors, AMA should require more time when
more distractors are present. Specifically, either a
deficit in feature analysis or spatial indexing lead us
to expect her to require serial search. If features are
degraded, the “odd”items should not “pop out”. Or,
if the mechanism that indexes the items is dam-
aged, it may not selectively “call” attention to the
targets. In contrast, the double-disengagement, re-
stricted attention window, and slowness of
attentional shifts accounts lead us to expect a gen-
eral slowing of performance, but they do not imply
that the normal parallel search function should
change into a serial search with increasing number
of distractors. Specifically, the double-disengage-
ment hypothesis would predict “sticky fixation”
but, once attention has disengaged, one should be
able to search immediately for the target location
regardless of the number of distractors. Similarly, if
the attention window is so narrow that the patient
can only see one item initially, because the target is
examined first in a pop-out display, the number of
distractors should not affect performance. Finally,
if the mechanics of the attentional shifts have been
impaired so that attention can move to a target but
at a reduced speed, then once again we would not
expect this impairment to worsen with the number
of distractors in the display. Thus, the following
task may allow us to begin to rule out and narrow
down which cognitive mechanisms are impaired in

AMA.

Methods. In the display, the target was a black
five-pointed star (1.5cm in diameter) and the
distractors were a field of coins (American pennies
seen at their normal size on the screen). Both the
target and the distractors appeared at unexpected
locations from trial to trial. The star and coins dif-
fered clearly by at least two simple features: not only
were the stars made of straight lines and the coins of
curved lines, but also the star was black and the
coins were gray-tone digital images of real pennies.
Therefore, we expected such a display to induce



parallel search for the target in normal subjects.
One, 3, 6, or 12 coins were used as distractors. For
each number of distractors there were 12 trials
(therefore, a total 48 trials for the whole experi-
ment). Trials were inter-mixed randomly. The sub-
jects, AMA and four control subjects, were
instructed to press one of two keys, marked Y or N,
to indicate whether they saw a black star. The dis-
play appeared as soon as the subject pressed the
space bar, and it remained in view until the subject

responded.

Results. As illustrated in Fig. 7, the control subjects
required comparable amounts of time for the differ-
ent sized arrays. An analysis of variance was first
performed on the control subjects’ data, with array
size (with 1, 3, 6, or 12 distractors) and target pres-
ence (yes/no) as the within-subject factors and
mean RT as the dependent variable. Given the
standard results in the literature, we did not expect
an increase in RT's with increasing numbers of
distractors, and in fact there were no reliable differ-
ences for different the array sizes [F(3) = 1.6] for
the presence/absence of target F(3) = 2.6], or for
their interaction [F(3) = 2.7].

In contrast, an analysis of variance with array
size (1, 3, 6, or 12 distractors) and target presence
(ves/no) as the fixed effects and replications as the
random effect revealed that AMA required pro-
gressively more time when more distractors were
present F(3,40) = 23.08, P < .0001, and her RTs
increased more sharply for trials with no target than

for trials that included the target [F(3,40) = 3.5,
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P < 0.2]. Finally, she required more time in general
when the target was absent, F(1,40) =5.12,
P < .03]. Scheffe’s tests revealed that the effect of
the number of distractors occurred because RT's
with 12 distractors differed from all other condi-
tions, and the 6 distractors condition differed reli-
ably from the 1 distractor condition, .0001 <
P < .01. Fig. 7 illustrates AMA’s performance in
present and absent trials and each of the control
subject’s performance (collapsed over present and
absent trials).

Discussion. AMA’s performance suggests that all
items were examined serially until, by an iterative
rejection of distractors, the target was found. This
interpretation is also supported by the fact that she
required more time when the target was not present
than when it was present, which suggests a serial,
self-terminating search. These results are inconsis-
tent with the narrow attention window, dou-
ble-disengagement difficulties or attentional
slowing account. These accounts would predict an
abnormally slow search, but would not predict, as
seen here, a drastic change of the parallel search
function’s slope into a serial one, increasing with
number of distractors.

The present findings are consistent with a defi-
cient pattern analysis or feature degradation. In this
case, damage could produce “noise” in the system,
and the sequential allocation of attention to each
item would increase the signal-to-noise ratio (cf.
Rapp & Caramazza, 1991). In addition, the find-
ings are consistent with the notion that AMA’s

—®— AMA present responses
—O— AMA absent rasponses
—=&— Control 1
—o— Control 2
—®—  Control 3
—o— Control 4

0] Eeme—me——————
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Fig. 7. Visual search: Mean RT5.
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brain injury has disrupted an indexing mechanism
that allows attention to shift to the location of an
odd-man-out item. The indexing operation would
provide information about the presence of differing
visual items, which is a prerequisite to later, more
detailed focal processing to obtain an explicitrepre-
sentation of what these items are (Sagi & Julesz,
1985a, b). If no anchor points are provided, search
for a differing item will become serial and slow.

Interestingly, AMA’s brain imaging results sug-
gest that the most damage was within the ventral
system. Possibly, damage to ventral areas may cause
the pattern recognition system to become ineffi-
cient in its analysis of visual features, thus suppress-
ing the odd-man-out effect. Alternatively, AMA’s
inability to find the target via parallel search may re-
sult from a disconnection between ventral areas re-
sponsible for parsing from dorsal areas controlling
the spatial aspect of the indexing operation.

Experiment 7: Detecting Stimuli at
Changing Visual Angles

As implied by Bélint’s (1995, first published 1909)
or Thaiss and De Bleser’s (1992) account, a patient
may have difficulty perceiving multiple stimuli or
complex patterns because the width of her
attentional window is restricted to one object/part
or it is abnormally narrow. This condition would
make it difficult to attend to an entire pattern at
once, or to spread attention over two or more stim-
uli that are not nearby. Although this difficulty by
itself cannot explain the impaired performance in
the previous task, it remains an empirical question
whether simultanagnosia takes a specific form due
to damage to several distinct mechanisms. To assess
the possibility of a narrowing of the scope of atten-
tion, we tested AMA on a task that requires the
subject to attend to regions that subtend different
visual angles, which requires frequent changes in
the size of the attentional window.

This task is of interest for an additional reason. It
may help to reveal the presence of a spatial indexing
problem. We have hypothesised that indexing is
not simply a prerequisite for the control of move-
ment of attention to a location but also for the ad-
justment of the attention window to the area of
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space that the indexed form occupies. If this is the
case, the spatial indexing hypothesis makes a spe-
cific prediction. In the task described next, each
time the size of the stimulus changes unpredictably
from one width to another there should be a costin
performance regardless of whether the change is in
the direction of a narrowing or widening of the
stimulus size. In contrast, the hypothesis of a nar-
rowing of attention would predict greater difficulty
with a change of the display to the large width. Itis
less clear what the feature analysis hypothesis would
predict for this task. Possibly, it would lead us to ex-
pect greater difficulty in processing small stimuli,
since the feature analysers within a small region
would have to sustain a greater processing load be-
cause of the fine-grained spatial variations of the
stimulus.

Methods. The task is part of the Harvard Vi-
sual-Spatial Battery (e.g. see Kosslyn, Brown, Rif-
fle, & Kim, 1998), and consists of four grey squares,
which form a symmetrical pattern around the cen-
tre of the field. The subjects are asked to study the
squares, and then to press the space bar to initiate a
trial. On each trial, one or two X marks appear on
opposite squares of the pattern. The subjects are to
indicate whether one or two X’s fall on the squares.
In half the displays, the squares are separated by 2°
of visual angle, whereas in the other half of the dis-
plays the squares are separated by 7° of visual angle.
If the attention window has difficulty encompass-
ing a larger area, there should be longer RT's in the
wide-spread condition. In addition, on half the tri-
als the small-spread display is replaced by the large
one, or vice versa, as soon as the space bar is pressed,;
on the other half of the trials, the display remains at
its original size. Each type of trial occurred equally
often. Thus, we can compare not only the scope of
attention, but also the ability to adjust the scope of
attention. We compared AMA’s performance in
this task to that of eight controls.

Results. Errors were not analysed because AMA
made only 3 errors out of 72 trials. As also observed
in previous tasks, AMA’s RT's were slower in gen-
eral (mean= 1806; SD =549) than the controls’
(mean = 680; SD =149). For large displays,
AMA’s mean RT was 1826msec (SD = 484),



which is 7 SDs above that of the controls for this
condition (mean RT = 695; SD = 161). For small
displays, AMA’s mean RT was 1791msec
(SD = 466), which is 8 SDs above that of the con-
trols for this condition (mean RT = 666;
SD =137). Thus, although AMA is clearly im-
paired in the task, she is not differentially more im-
paired with large than small displays. However,
when we looked at the RT's from trials in which the
visual angle of display changed size (regardless of
the direction of change), as opposed to when it re-
mained the same size, it was clear that AMA had
much more difficulty when the size changed. In-
deed, whereas on “change” trials, AMA’s mean RT
was 2209msec (SD = 161), which is 10 SDs above
that of the controls for this condition (mean
RT =700; SD = 156), in the “no-change” condi-
tion, her mean RT was 1409msec (SD = 90), which
is 5 SDs above that of the controls for this condition
(mean RT = 661; SD = 141). To analyse these data
in more detail, we performed an ANOVA on the
raw RT's with group (AMA/controls) as a between
subjects factor and final spread (large/small),
change of spread (yes/no), and response (1/2 X’s) as
within-subjects factors. This analysis revealed that
the group differences in overall RT's were statisti-
cally reliable [F(1,7) = 55; P < .0001]. More im-
portantly, we found strong evidence that AMA did
require relatively more time when the spread of the
boxes changed than when it remained the same, as
shown by the interaction of spread-change and
group [F(1,7) = 229; P < .0001]. Also, according to
this analysis, there were no statistically reliable dif-
ferences [F(1,7) =0.832: P<.39] in the final
spread conditions, nor was there an interaction be-
tween this factor with spread-change [F(1,7) = 1.3;
P < .29] or group [F(1,7) = 0.09; P < .93].

Discussion. AMA’s comparable performance on the
wide-spread and narrow-spread conditions sug-
gests that she does not have a problem in attending
to patterns that subtend a relatively large visual an-
gle per se. Therefore, her simultanagnosia cannot
be ascribed to a specific problem in allocating atten-
tion over a large region. Similarly, her impairment
in this task cannot clearly be attributed to a problem
in feature analysis. Instead, the fact that she re-
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quired more time when the display size changed
(regardless of the final size) is consistent with a
problem in adjusting the size of the attention win-
dow. The spatial indexing hypothesis leads us to
predict a problem in adjusting or directing atten-
tion when the spatial properties of the target stimuli
(in this case, the size of the area occupied by the tar-
get) vary from trial to trial. Indeed, if this expected
result were not obtained such account would have
been ruled out.

Experiment 8: Naming Letter Pairs at
Varying Spatial Separations

One clear prediction from the spatial indexing hy-
pothesis is that AMA should have difficulty shift-
ing and adjusting the scope of the attentional
window for visual targets seen at new locations. In
contrast, scanning or spreading attention over a set
of predictable areas and locations should not be af-
fected (or at least not to the same degree) by an in-
dexing deficit; in this case, attentional shifts and
adjustments can be accomplished by top-down
control mechanisms. A generic problem with the
control of the speed of the attention window im-
plies that AMA should have more difficulty with
large separations between the targets than with
small separations. In the following two tasks we
compared the effects on performance of varying the
spatial distance between two targets, while the pre-
dictability of the location of such targets was either
high or low. The logic of this experiment was the
following: If the unpredictability of changes in
stimuli locations exacerbates the problem in con-
trolling attentional shifts, regardless of the spatial
separation between items, then we can rule out the
possibility that either slowing of attention alone or a
deficit in feature analysis alone is sufficient to ac-
count for the simultanagnosia.

Methods. The task we used was originally designed
by Warrington and Shallice (1980) to determine
whether letter-by-letter reading arises from a limi-
tation of the visual angle that a patient can scan or
attend effectively. We used a version of this task
where a different letter was positioned at the begin-
ning and end of a string of digits, which varied in
length. We printed the letters and digits in Geneva
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36-point bold, and ordered them pseudorandomly
(i.e. randomly except that there could never be two
identical lettersin the same trial). We administered
three conditions, in separate blocks. The first block
had different length strings (from three to seven
items; e.g. B62169L) shown in a random order; the
centre of each string was always aligned at the cen-
tre of the screen. This condition, the “variable
length” condition, had 8 trials for each string
length, which produced a total of 80 letters to be re-
ported in the entire task. The subject began a trial
by pressing the space bar; 250msec later a string of
symbols appeared for 150msec, which was then re-
placed by a blank screen. The subject was asked to
type (in any order) the two lettersat each end of the
string, and to omit typing a letter if she did not see
it. In the second condition the “fixed length” condi-
tion, two asterisks marked the positions where the
letters would appear, and remained on the screen
until the space bar was pressed (to initiate a trial). A
new set of random letters was used, and only the
longest and the shortest string lengths used previ-
ously (i.e. the ones with three and seven intermedi-
ate digits) were used. Again, strings were visible for
150msec, but string length was blocked for 20 con-
secutive trials (starting with the strings with 7 dig-
its). In the third and last part of the experiment, the
“gap” condition, a new set of random letters was
used. The distance between the two letters and all
aspects of the procedure were identical to those of
the fixed string condition. However, in these trials
no digits (distractors) appeared between the letters.
Five control subjects were also given this task.

Results. In the, variable length condition, AMA
correctly typed 62% of the letters, and committed
more omissions (75% of all errors) than incorrect
choices of letters. When an incorrect letter was
typed, it was typically a letter that was visually simi-
lar to the target letter (e.g. F/E, C/O, Y/V, M/W).
As shown in Table 1, the percentage of errors (re-
gardless of error type) increased systematically with
the length of the string of digits only for AMA, and
not for the controls. We performedan ANOVA on
the mean percent error data with group
(AMA/controls) and string length (3, 4, 5, 6, and 7)
as the independent variables. AMA’s overall error
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Table 1. Frequency of Errors (Percentages) for each string length

String Length
3 4 5 6 7
AMA 31 56 75 69 81
Controls 3 1 6 6 6

rate (mean % error = 62.2, SD =19) was higher
than that of the controls [mean % error= 4.5,
SD = 5; F(1,4) = 214; P < .0001]. AMA’s increase
in errorrate with length was greater than that of the
controls, as confirmed by the interaction of group
and length [F(4,16) = 20.5; P < .0001]. Given
AMA’s high error rate, the RT's were not analysed
for this task.

Following Warrington and Shallice (1980), we
wouldinfer that AMA’s performance demonstrates
that she has difficulty controlling the angle of
attentional scan and that such control deteriorates
proportionally to increasing distances to be
scanned. However, as we suggested, difficulty in
rapidly scanning and adjusting the attention win-
dow may reflect a loss of indexing ability. Given the
high uncertainty of location of the letters (the
strings varied in length unpredictably and were cen-
tred on the screen), AMA would have to find by se-
rial scanning the letters at both ends of the string
(thus, omitting more letters with increasing lengths
of the strings). If our interpretation is correct, we
would expect AMA’s performance to improve dra-
matically in the two fixed length conditions. More-
over, the gap condition should eliminate serial
scanning of the internal digits as an available
strategy and would force AMA to scan directly to a
memorised location.

These manipulations did reduce AMA’s deficit;
she now reported a larger percentage of letters in
both conditions (see Table 2). As evident in Table 1
versus Table 2 for the largest separation condition,
whereas controls’ error rates in the gap condition
(2%) were reduced to one third of that of the vari-
able length condition (6%), AMA’s error rate was
about 16 times smaller in the gap (5% error) than
the variable length condition (81% error) and com-
fortably within 2 SDs of the controls’ overall perfor-
mance (controls’ mean % error = 3.5; SD = 2.2).



Table 2. Frequency of Errors (Percentages)

Condition
Fixed String Gap
String Length 3 7 3— 7_
AMA 18 28 5 5
Controls 2 5 1 2

Similarly, AMA’s error rates in the fixed condition
(28%) were reduced to about one third of her error
rate in the variable length condition (81%), whereas
for the controls the error rate were comparable in
the two conditions (5% and 6%).

Separate 2 x 2 chi-square analyses were applied
to the percent error data for a letter separation equal
to seven digits (i.e. the largest letter separation),
with condition (variable/gap/ fixed) and group (pa-
tient/controls) as the independent variables. Only
one analysis showed a reliable difference between
AMA and the control subjects, in the predicted di-
rection: AMA’s performance improved from the
variable to the gap condition [)¢’(1) = 3.91; P < .04].
Asis evident in Table 1 versus Table 2 (when look-
ing at the largest separation condition), whereas
controls’ error rates in the gap condition (2%) were
reduced to one third of the error rates in the variable
length condition (6%), AMA’s error rate was about
16 times smaller in the gap (5% error) than the vari-
able length condition (81% error), and comfortably
within 2 SDs of the controls’ overall performance
(controls mean % error = 3.5; SD = 2.2). The other
Chi-square analyses (i.e. variable vs. gap at three
digits distance and variable vs. fixed at either seven
or three digits distances failed to reach significance;
however, for these analyses, power was too small to
accept the null hypothesis (whereas for the above
described analysis of the variable versus gap condi-
tions, the effect size phi = 0.2, and power = 48; Co-
hen, 1988).

Discussion. These findings, taken together with
those of the previous experiment, provide evidence
that AMA has a deficit in spatial indexing. The re-
sults were not consistent with the hypothesis of a
specific limitation with angle of scanning. At the
largest letter separation (seven digits), when the lo-
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cations of the letterswere known in advance (or be-
came known after some practice with the task), and
serial scanning of the digits was not possible (gap
condition), AMA’s performance was greatly im-
proved and, indeed, was within normal limits.
However, whenshe had to name letter pairs at vary-
ing spatial separations, where spatial separations
between the two letters changed randomly, AMA
read much more poorly than the controls. In this
task, only accuracy for the shortest string (three dig-
its) was within normal limits. Possibly, short spatial
gaps between letters allow them to be easily grasped
by the attention window without having to look for
their positions. Although AMA’s performance in
the fixed condition was clearly reduced compared to
the variable condition, it was still abnormal. It is
possible that the presence of digits next to the let-
ters forced AMA to make use of a serial scanning
strategy.

Finally, some aspects of AMA’s performance in
this experiment may also reflect the presence of a
feature degradation deficit. Simultaneously present
distractors may interfere more with AMA’s pro-
cessing than the controls’, which can account for
the increase in her error rate relative to number of
distractors and her greatly improved performance
in the gap condition. Nevertheless, by itself, a fea-
ture degradation deficit would have not predicted
the decrease in performance with changing the let-
ters’ spatial separation. This result is, instead,
clearly expected from a spatial indexing deficit.

Experiment 9: Cueing One Location within

Stable Multiple Stimuli Arrays

The previous results allow us to conclude that
AMA’s simultanagnosia does not result merely
from impaired focal attentional mechanisms (i.e.
double-disengagement, narrowing, or slowing).
The evidence thus far leads us to infer that AMA
has a problem with indexing spatial locations and,
as a separate but concomitant deficit, she may also
have a problem in rapidly extracting visual features.
In the following experiment we explored the index-
ing problem further. We evaluated AMA’s ability
to process multiple stimuli in fixed spatial locations
when one stimulus is briefly cued, as opposed to
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when it is not cued or invalidly cued. We used an
experimental paradigm based on that developed by
Posner and other researchers (e.g. Egeth, Jonides,
& Wall, 1972; Eriksen & Hoffman, 1973; Jonides,
1980; Posner, Nissen, & Ogden, 1978). If AMA
can make efficient use of a single cue, we reasoned,
this will result in measurable attentional benefits
when the location of a target is validly cued, and
costs when it is invalidly cued, compared to a neu-
tral cueing condition in which the cue signals the
appearance of the target but does not provide infor-
mation about its location.

According to the hypothesis that a
simultanagnosic can only search items one by one,
such a patient should show clear benefits from a lo-
cation cue when viewing displays with multiple
stimuli (e.g. eight letters in fixed locations). How-
ever, in contrast to normal subjects, for such pa-
tients the benefits of cueing should be much greater
than the costs. In fact, with several multiple loca-
tions to search, performance after invalid cueing
should be very similar to or indistinguishable from
that after neutral cueing. The notion of a spatial in-
dexing deficit leads us to expect that, when stimuli
locations are constant (so that they can be encoded
and “visited” on the basis of top-down processing),
invalid cueing would result in normal attentional
costs. This prediction is based on the idea that an
indexing deficit would not preclude the processing
of multiple stimuli in parallel if the set of possible
locations has already been encoded. Therefore,
when a neutral cue warns that the target is equally
likely to appear in one of multiple locations, the at-
tention window may be strategically adjusted to
subsume all the possible locations and the target
identified much more efficiently than after invalid
cueing (cf. Jonides, 1980).

Methods. We used a paradigm similar to that of
Jonides (1980), and compared AMA’s performance
costs and benefits in this task to those of five normal
control subjects. The stimulus display was com-
posed of eight letters (Geneva 14-point bold) that
appeared at eight evenly spaced locations on a
imaginary circle 9cm in diameter, centred on the
screen; the same eight positions were used in all tri-
als. The task consisted of pressing one of two keys,
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marked L and R, to indicate whether the display
contained either the letter L or R. Only one of these
two letters could appear on any given trial, and each
appeared on 50% of the trials. The target letter was
equally likely to appear at each of the eight posi-
tions. There were a total of 160 trials; 50% of the
trials were preceded by a neutral cue, 35% by a valid
cue, and the remaining 15% by an invalid cue. The
locations of the valid and invalid cues were equally
likely among the 8 possible positions, and the iden-
tity of the distractor letters varied randomly from
trial to trial.

The subject initiated a trial by pressing the space
bar, which caused a small cross (the fixation point)
to appear at the centre of a blank screen for
200msec. Then either the valid/ invalid cue (a small
arrow, Smm long) appeared within the imaginary
circle at a distance of Imm from one of the eight let-
ter’s locations, or a small black star appeared at the
centre of the screen (the neutral cue). After
150msec the cue disappeared, leaving a blank
screen for 50msec, after which the array of 8 letters
appeared and remained in view until a response was
made. Figure 8 illustrates the position of a cue to the
following letters display.

Results. Neither AMA nor any of the controls made
an error. All subjects had clear performance costs
and benefits depending on the cue type. As evident
in Fig. 9, when compared to the neutral cue, sub-
jects were slower after an invalid cue and faster after
a valid cue. An ANOVA performed on AMA’s
data with cueing (valid, neutral, invalid) as the fixed
effect and replications as the random effecy re-
vealed that the differencesin RT across cueing con-
ditions were statistically reliable [F(2,155) = 31.8;
P < .0001]. Post hoc Scheffe’s tests confirmed that
the neutral condition differed from both the invalid
(P <.0001) and the valid condition (P < .0001).
Separate ANOVAs for each of the five control sub-
jects showed the same pattern of differences be-
tween cueing conditions (P < .0001 in all cases).
We also performed a single ANOVA with group
(AMA/controls) as the between-subjects factor on
the raw mean RTs in each cueing condition. This
last analysis revealed a reliable effect of group

[F(1,4) = 8.0; P<.05]; AMA was slower overall
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Fig. 8. Cueing one location: Arrow in valid position.

(mean RT = 3640msec; SD = 1082) than the con-
trols (mean RT = 1455msec; SD = 788) in re-
sponding to targets. In addition, there was a reliable
effect of the cueing factor [F(2,8)=29.8;
P<.0002] and of its interaction with group
[F(2,8) = 4.9; P < .04]. The interaction reflected a
smaller cost of invalid cueing for the controls
[cost = 1886—1521 = 365msec, #(1) = 2.2, P < .06]
than for AMA cost = 47613556 = 1205msec,
/1) = 4.6, P<.0001]. Benefits of valid cueing
were of comparable size for AMA [bene-

fit = 3556—2601 = 954msec, A1) = 3.9, P < .0001]

6000

5000 e AMA
—®— controls

4000 A

3000

RTs {msec)

2000 4

1000 - \

o] T T T
Neutral Valid

Cue

Invalid

Fig. 9. Cueing one location: Mean RTS.

DEFICITS IN SPATIAL INDEXING AND SIMULTANAGNOSIA

and the controls (benefit = 1522956 = 566msec,
#(1) = 3.4, P < .0008].

Discussion. Although AMA was slower in general,
her performance revealed the expected pattern of
costs and benefits of cueing. Even within a “clut-
tered” display, she can make use of a single cue to
direct attention to the target. More importantly,
the fact that AMA performed much better with
neutral cueing than with invalid cueing clearly
demonstrates that she can attend over multiple
stimuli, therefore, her simultanagnosia cannot be
due to difficulty in processing multiple stimuli per
se. This performance is also in sharp contrast to her
difficulties with previous tasks in which targets ap-
peared in unexpected locations, even when the ar-
rays had a much smaller number of items. These
earlier tasks required bottom-up visual searches,
which would normally depend on spatial indexing
mechanisms for their efficient control. However,
the fact that the arrow cue was very small and close
to the target position (as visible in Fig. 8, which il-
lustrates the arrow cue’s and letter locations), and
that it appeared unpredictably in any of the eight
locations, makes spatial indexing of the arrow es-
sential for the efficient control of attentional shifts
to a particular location. Indeed, the benefit from
valid cues suggests that AMA could still index a
single brief visual stimulus, albeit among a constant
set of known locations. However, it is less, clear
why invalid cues produced more costs for AMA
than the control subjects. One possibility is that
AMA is more conservative (thus slow) in rejecting
false targets because of her impairment in extract-
ing the letters’ features. Finally, the overall slowing
of response (despite perfect accuracy), in this and
other tasks, may also be the consequence of her ex-
clusive reliance on a “reaching in the dark” strategy
and/or, as previously established, slowness in
choosing between two possible responses.

Experiment 10: Encoding Spatial Relations

The ability to index several items in parallel may
allow us to encode spatial relations efficiently
between objects; logically, a spatial relation must
involve two or more objects and locations. Indexing
could lead to a rough spatial map that tells us where
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to look and where we have already looked (cf.
Ullman, 1984). Thus, if AMA has a problem with
spatial indexing, we would expect her to be slow and
inefficient when encoding spatial relations, and,
when the viewing time is limited, to make many er-
rors. Ullman (1984) and colleagues (e.g. Jolicoeur,
Ullman, & Mackay, 1991) have stressed the impor-
tance of such visual routines in defining relations
between multiple items or parts of an object. We
surmise that the spatial indexing routine may be of
particular importance for defining relations be-
tween multiple items, because focusing attention is
necessary for the correct encoding of the locations
of objects (Friedman-Hill etal., 1995; Robertson et
al., 1997). Indexing would seem a prior step that
makes it possible for the processing downstream to
provide such explicit spatial information (cf. Lo-

gan, 1995).

Matching-to-sample Categorical and Coordinate
Transformations

Specifically, our analysis suggests that spatial in-
dexing is a prerequisite for subsystems that com-
pute and encode “categorical” and “coordinate”
spatial relations (see Kosslyn, 1987; Kosslyn et al.,
1989; Laeng & Peters, 1995). Categorical spatial
relations are qualitative properties of the spatial jux-
taposition of two or more objects (e.g. one is above,
below, left, on, etc. another); in contrast, coordinate
spatial relations specify quantitative, metric infor-
mation about the juxtaposition of two or more ob-
jects (e.g. one is 2 inches from another). The two
kinds of spatial relations are logically independent
(Jacobs & Kosslyn, 1994; Kosslyn etal., 1989). Cat-
egorical spatial relations are a finite list of qualita-
tively different categories (mostly captured
linguistically by prepositions; see Landau &
Jackendoff, 1993; Miller & Johnson-Laird, 1976).
Coordinate spatial relations, in contrast, extend
continuously within a Euclidean/Newtonian-like
framework. Evidence in support of the distinction
between the two types of spatial relations has been
provided by double dissociations between neural
substrates supporting one or the other type of en-
coding (see, for reviews, Chabris & Kosslyn, 1998;
Ivry & Robertson, 1998; Kosslyn, 1994). Spe-

cifically, categorical spatial relations rely on pro-
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cessing in the left hemisphere (probably in part in
the parietal cortex), and coordinate spatial relations
rely on processing in the right hemisphere (proba-
bly in part in the right parietal lobe; see Kosslyn,
1994; Laeng, 1994).

Spatial indexing may be necessary for both types
of processing; the locations of objects must be in-
dexed before a spatial relation can be computed. In
the absence of an indexing mechanism, encoding
spatial relations will become laborious. Indeed,
whereas we normally indexlocationsin parallel, and
hence can very quickly locate pairs of objects, with
no such mechanism serial scanning will be neces-
sary. Such processing will allow one to compute
spatial relations, but with more effort than normal.

Methods. We tested AMA in an experimental para-
digm similar to that previously used by Laeng
(1994) in a study of unilateral stroke patients. In the
first task, the subject initiated a trial by pressing the
space bar. A 12 x 7cm black rectangle appeared at
the centre of the screen, which framed the drawings
of either two (in 70% of trials) or three (10% of tri-
als) animals, or (in 20% of trials) of an animal and a
common object that could support or contain the
other object (these items probed spatial relations
such as on/off; inside/outside). The animal and ob-
ject drawings essentially constituted a scene (with a
neutral background), in which the items were juxta-
posed in a specified way. Each drawing could oc-
cupy an area no greater than 4cm in diameter. This
initial image remained on the screen for 3sec, which
was then followed by a blank screen for 4sec. Pre-
liminary testing had shown that an exposure of 3sec
was sufficient for AMA to name these pairs of ob-
jects. Thus, any problem observed would be un-
likely to reflect a deficit in the recognition of the
items, but instead must reflect a problem in the rec-
ognition of the spatial relations. Following the 4sec
blank screen presentation, two frames, identical to
the first, appeared on the computer screen, one
above the other One contained the original scene,
but the other contained a scene with the same stim-
uli arranged differently; the different scene either
varied from the original in terms of a coordinate
spatial relation (e.g. objects that were 2cm apart
were now 3cm apart) or a categorical spatial relation



(e.g. an object that was previously above another
was now below it, without changing the distance
between the items or their angular orientation).
The subject was to indicate which frame contained
the sample drawing by pressing one of two keys,
marked T (for the top frame) or B (for bottom
frame). The T key was positioned on the keyboard
immediately above the B key. The test consisted of
64 trials that involved categorical transformations,
64 trials that involved coordinate transformations,
and 14 trials that involved both types of transforma-
tion. The categorical trials included transforma-
tions of the following spatial relations: left/right
(44% of trials), above/below (14%), in front/behind
(14%), on/off (14%), and inside/outside (14%).
The coordinate trials included the following metric
relations, distance (52%), size (16%), global angular
orientation (16%), and local parts angular orienta-
tion (16%). Trials in all conditions were ordered
semirandomly (avoiding more than three consecu-
tive runs of the same response or type of transfor-
mation). RT's were measured from the onset of the
screen that contained the two frames.

Results. AMA committed 69 errors out of 142 trials
(i.e. 49% of the trials) and performed virtually at
chance levels in all three conditions (categorical
relations error rate = 50%, coordinate rela-
tions = 51%, both relations = 36%). In contrast, the
error rates for four control subjects was 10% for cat-
egorical and also for coordinate relations, and 5%
for transformations of both relations. Figure 10
illustrates the findings for the categorical and co-
ordinate spatial relations conditions. A chi-square
analysis of the percentage of response with relation
(both/categorical/coordinate) and group (pa-
tient/controls) as independent variables docu-
mented that there was a statistically reliable
difference [3’(2) = 18.6; P < .0001]. Given AMA’s
high error rate, an analysis of the RTs would be
difficult to interpret.

Discussion. It is clear from these findings that in
spite of the fact that the first display could be exam-
ined for a full 3sec, this was not sufficient for AMA

to encode appropriate representations of the spatial
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Fig. 10. Match-to-sample of spatial relations.

relations between items. Perhaps because the spa-
tial relations could vary unpredictably along several
dimensions, AMA could not prepare in advance to
encode a specific relation. This problem could in
fact arise from difficulties in attending to—or in-
dexing—material spread over a wide region. Com-
puter models developed by Kosslyn, Chabris,
Marsolek, and Koenig (1992) and Jacobs and
Kosslyn (1994) have shown that coordinate spatial
relations are best encoded by input units that have
large, overlapping receptive fields, and Kosslyn,
Anderson, Hillger, and Hamilton (1994) have
shown that attentional effects, and not hard-wired
receptive field sizes, probably govern such process-
ing. In general, AMA’s problem appears to be at a
relatively low level of analysis, as suggested by a spa-
tial indexing deficit.

Linguistic Control of Spatial Attention

If spatial indexing is an early bottom-up process
that helps one to shift attention to the locations of
novel objects, then the voluntary, top-down control
of visual spatial attention should be unaffected in a
patient whose lesion has selectively damaged the
indexing mechanisms, but spared the subsystems
that encode spatial relations (Kosslyn, 1994).
Therefore, we would expect AMA to have no diffi-
culty in comprehending and using linguistic cues
such as “to the left of” or “above”, and so on.
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Informal testing had demonstrated no sign of
left/right confusion, and one of the investigators
noticed that AMA, in looking out from the window
of the 8th floor of William James Hall (at Harvard
University) at the Boston skyline, could easily fol-
low linguistic cues to gaze at specific sites (e.g. the
green copper roof to the right of the State House
Golden Dome, or the belfry to the right of the
Hancock building). We also tested AMA in a short
task in which verbal commands were given to the
subject to position items in specific ways. The items
were a quarter, a nickel, a dime, and a penny, which
were placed in the subject’s hands. There were 10
trials with different commands. each of which spec-
ified a spatial scenario (e.g. “place the quarter above
the dime and the penny to the right of the quarter”).
Asexpected, AM A was correct on all trials and per-
formed the task without effort.

PART 3: SEEKING EVIDENCE FOR A
FEATURE DEGRADATION DEFICIT

Most lesions are not tailored to affect only a single
function. Hence, we expect most patients to have
multiple deficits, which may underlie even a single
syndrome. Indeed, in our specific case, an impair-
ment in pattern analysis and an impairment in
spatial indexing are not mutually exclusive; each
could produce separate but similar effects in several
domains, independently of the other. Thus, in this
final section we attempt to seek evidence for a
problem in pattern analysis. As we saw earlier,
although many of AMA'’s deficits are explained by a
deficitin a spatial indexing mechanism, some of her
difficulties were also consistent with problems in
encoding patterns. For example, AMA’s difficul-
ties with a simple feature search is clearly interpret-
able both as a consequence of a deficit in spatial
indexing or a deficit in encoding the shapes. In
addition, in the task where letter pairs at varying
spatial separations were to be named, the fact that
the intervening digits interfered with naming the
target letters may also suggest a problem with
pattern analysis; similarly, her letter-by-letter read-
ing is consistent with such a problem.
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Experiment 11: Matching Serially Presented
Letter Pairs

Several researchers have suggested that simultan-
agnosia or letter-by-letter reading is a consequence
of slowed processing of shape, which is caused by a
“weakening” of the processes that analyse shapes
(cf. Farah & Wallace, 1991). In this view, the per-
ceptual system “locks onto” a single shape, which
inhibits the processing of other shapes until the ini-
tial shape is fully processed (cf. Kosslyn et al., 1990;
Kosslyn & Koenig, 1995). As described by
Behrmann and Shallice (1995), patients can fail to
report the first of two rapidly presented sequential
letters. Behrmann and Shallice interpret this find-
ing as a variety of backward masking, which occurs
because the activation of the first letter is weak and
easily disrupted by the activation of the second let-
ter. Longer intervals between the two letters are
needed for such patients than for normal subjects in
order to avoid such masking.

The above considerations led us to utilise an ex-
perimental paradigm devised by Kinsbourne and
Warrington (1962; see also Levine & Calvanio,
1978; Reuter-Lorenz & Brunn, 1990). In this para-
digm, a patient is presented with one stimulus (e.g.
a letter) in a fixed location and then, shortly after,
sees a second stimulus (e.g. another letter) in an-
other fixed location. The subject is asked to decide
whether the two letters have the same name. This
test would allow us to assess whether AMA’s per-
ceptual slowing and errors arose from difficulties in
encoding shapes per se. In order to perform this
task, it is not necessary to index the letters’locations
because they always appear in fixed positions,
which can be learned after practice. Thus, a prob-
lem in spatial indexing alone would not predict
worse performance with shorter I1SIs.

Methods. We showed AMA and eight control sub-
jects two letters (72-point Monaco bold) that ap-
peared sequentially on the computer screen inside
two empty square boxes (with each side measuring
5cm). The boxes were separated by a 7cm gap, and
each was positioned 3.5cm towards one side of the
screen’s centre. After pressing the space bar, a
lower-case letter appeared for 50msec in the centre

of the left box and, after a delay of 35, 70, 150, or



250msec, an upper-case letter appeared, also for
50msec, in the right box. Half of the time the two
lettershad the same name, and half of the time they
did not. The subjects were to press one of two keys,
marked S or D (for same and different), as quickly
and accurately as possible. The task began with 10
practice trials (without feedback), followed by 80
trials (20 for each ISI, in a random order). RT's were
measured from the offset of the second letter.

Results. Both AMA and the controls made more er-
rors with shorter ISIs (see Table 1). AMA commit-
ted errorson 25% of the trials at 35msec ISI, 15% of
the trials at 70 and 150msec ISI, and 10% of the tri-
als at 250msec ISI. The control subjects, on aver-
age, committed errors on 9% of the trials (SD = 5.2)
at 35msec ISI, 5% of the trials (SD = 2.5) at 70 ISI,
49 of the trials (SD = 2.4) at 150 ISI, and 2% of the
trials (SD = 2.6) at 250msec ISI.

We were interested in assessing whether de-
creasing the ISIs led AMA to make proportionally
more reading errors than the control subjects.
Thus, we examined the disparity between AMA
and the control subjects at each ISI, and found that
AMA’s performance was 3.1 SDs from the control
subjects’ mean at 35msec ISI, 4 SDs from the con-
trols’ mean at 70msec ISI, 4.6 SDs from the con-
trols’ mean at 150msec ISI, and 3.1 SDs from the
controls’ mean at 250msec ISI. Clearly, although
her error rate was overall in the impaired range, the
amount of difference in errors between AMA and
the controls did not increase proportionally with
shorter ISIs.

If we had only collected accuracy data, and ig-
nored RT, we would have concluded that letter
masking affected AMA and normal subjects in the
same way. However, the RT data cast doubt on
such a conclusion. On correct trials, AMA was
slower (mean RT =3560msec; SD = 1919) than
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the normal subjects [mean RT =510msec;
SD = 145, #/(158) = 14.2, P < .0001]. There were
great differences between AMA and the subjects
not only in the overall mean RT but also in its vari-
ance. In addition, both the control subjects’ and
AMA’s RTs decreased with increasing ISIs (see
Table 4). We applied the same analysis described
earlier for error rates to assess whether these RT's
differed disproportionally at short ISIs for AMA
and the controls. It was clear that AMA was on av-
erage dramatically slower than the control subjects
at every ISI: 39 SDs slower than the controls’ mean
at 35msec ISI, 36 SDs slower than the controls’
mean at 70msec ISI, 26 SDs slower than the con-
trols’ mean at 150msec ISI, and 25 SDs slower than
the controls’ mean at 250msec ISI. Moreover, the
difference in RT's was not constant, but rather was
inversely related to the length of ISI. Indeed,
whereas AMA showed a reliable difference
[#(38) = 2.2, P < .03], the controls RT's were com-
parable [#(38) = 1.5, P < .15]. All the other com-
parisons showed reliable differences in RT's at each

ISTI step for both AMA and controls.

Discussion. The accuracy data revealed only that
AMA was moderately impaired overall. In con-
trast, the RT's revealed a disproportionate change in
performance over ISIs by AMA compared to the
normal subjects. Clearly, AMA could not perform
this task normally. Because of such specific abnor-
mal performance with the change in ISI and be-
cause the locations of the targets were highly
predictable, a spatial indexing problem is unlikely
to underlie her difficulty with this task. A change in
size of the attention window also could not account
for the disproportionate difference in RTs at
shorter ISIs. One possibility may be that AMA’s

Table 4. Mean RTs (SDs) and at Each ISI for AMA and Control

Subjects
Table 3. Percentages of Error Rates at Each ISI for AMA and
Averages (with SDs) of Control Subjects’ Rates ISI(Msec)
ISI(Msec) 35 70 150 250
35 70 150 250 AMA 4575 4282 3070 2841
(2830) (2311) (1210) (1737)
AMA 25 15 15 10 Controls 564 523 497 456
Controls 9(5.2) 5(2.5) 4(2.4) 2(2.6) (102) (104) (98) (94)
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attentional spotlight is “sluggish”, eitherin shifting
or disengaging from an attended location to an-
other; if shifts are initiated more slowly by her than
controls, this would cause an increasing problem
with increasingly shorter ISI. Yet, we saw previ-
ously that when AMA searched for a target among
highly dissimilar distractors, her search was not
simply slowed down but changed from parallel to
serial. Thus, it would seem that the slowing of at-
tention is more likely to reflect some other underly-
ing dysfunction instead of being the primary cause.
A likely candidate for the impairment in this task
would then be a problem in analysing shape, which
might reflect degraded visual features.

GENERAL DISCUSSION

Patients have been described in the neurological lit-
erature who appear to have a basic problem in see-
ing multiple objects. Historically, this problem has
been labelled simultanagnosia because although
these patients may know that there are multiple ob-
jects present, they perceive only one object at any
one time (simultaneously). However, this charac-
terisation is vague as a description of a processing
deficit, and it may fail to capture the essence of at
least some varieties of the syndrome. After almost a
century of investigations, it seems likely that thereis
no single account for all the types of deficits that
have been grouped under this nosological label (e.g.
see Farah, 1990). Our contribution, based on the
study of case AMA, suggests another way in which
some of the key features of simultanagnosia may
arise. We have produced evidence that disruptions
of spatial indexing may lead to several of the symp-
toms of AMA'’s simultanagnosia.

To summarise, in Part 1 we demonstrated that
AMA was impaired in several classic neurological
tasks that assess the ability to perceive multiple
forms. These tasks were: (1) describing a complex
scene (e.g. drawings in which the comprehension of
an event depends on the integration of various ob-
jects’ positions and actions into one thematic struc-
ture); (2) disentangling overlapping line contours,
each depicting different common objects; (3)
counting a variable set of items; (4) naming multi-
ple objects seen “in a single glance” (i.e. within a
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limited time frame). AMA was clearly impaired in
all of these tasks, and also in other ones that can be
characteristically disrupted in simultanagnosia,
particularly reading. AMA evinced a slow, let-
ter-by-letter strategy, similar to other simultan-
agnosic patients (e.g. Humphreys & Price, 1994).
In Part 2 we examined closely one aspect of
simultanagnosia that has apparently not been in-
vestigated in previous studies: The patient’s deficit
in processing multiple items was clearly evident
when they appeared in unexpected locations (e.g. in
all those tasks in which from trial to trial the spatial
properties of the multiple items were unpredict-
able), but was either nonexistent or marginally
present when the target or targets appeared in fixed
locations or within the same area of space. Thus, we
are led to infer that AMA had an impaired mecha-
nism that registers novel spatial information of can-
didate objects of attention. We hypothesised that
this was a deficit in spatial indexing. To summarise
this perspective, after the initial segregation of fea-
tures and basic image properties, which results in
figure/ground parsing and grouping, attentional
mechanisms select the most salient figures (Sagi &
Julesz, 1985a, b; Treisman, 1977). The locations of
these selected items are then indexed; that is,
“pointers” are assigned to each location to facilitate
bringing the processing focus (attention window)
directly to them. Once the processing focus has
shifted, the input can be conveyed downstream to
the areas that compute shape and spatial informa-
tion (cf. Kosslyn, 1994). If such an indexing mecha-
nism were to be compromised by alesion, one could
still identify and register the location of stimuli but
would do so in a slavish manner. The speed of visual
search for objects in new places would be particu-
larly compromised, and the patient’s visual scan-
ning would resemble “reaching in the dark’;
looking for objects of interest would be like making
random hand movements or using a self-imposed
systematic strategy that is blind to external cues.
The results also allowed us to argue that a num-
ber of alternative accounts for her performance are
by themselves insufficient to explain the deficit.
First, a general problem in switching (engaging and
disengaging) attention to—or dividing it
over—many locations (Balint, 1995) is at best an



incomplete account. AMA was in fact able to direct
her attention to locations where she expected the
targets (e.g. when responding to a single cue). Al-
though her control of attention was often slow and/
or inaccurate (as indicated, for instance, by her
overall higher error rate than controls when identi-
fying letters that appeared rapidly in fixed loca-
tions), this problem could be a consequence of the
loss of multiple spatial indices (whose purpose is in
fact to direct attention). Indeed, if the primary defi-
cit were a slow, “sluggish,” attentional window, it
would be difficult to account for the fact that the
impairment was strictly dependent on the location
of the targets. Moreover, in the visual-search
“pop-out” task, a simple slowing of attention would
predict a slow but nevertheless parallel search. In-
stead, AMA used a serial search strategy. In addi-
tion, AMA’s loss of a pre-attentive phenomenon
such as the subitising effect in counting objects is
inconsistent with the hypothesis of a sluggish
attentional window. In summary, these findings
taken together put great strain on an account based
on overall slowing of attentional control.

Second, a specific attentional deficit resulting in
a narrowing of the scope of the attentional “spot-
light” or “window” is an incomplete account. In a
task in which the visual angle subtended by the dis-
tance between stimuli varied from trial to trial,
there was no specific effect of widening as opposed
to contracting such distance.

Third, we can exclude accounts that posit (1) a
“weakening” of either the visual buffer (Coslett &
Saffran, 1991), (2) visual awareness of shape under
the attentional focus (Rizzo & Hurtig, 1987), or (3)
a loss of resolution of the Treisman’s master map
(Treisman, 1988). If the first two accounts were
correct, AMA’s impairment should have extended
to processing multiple stimuli regardless of the pre-
dictability of their spatial locations. In regard to the
third account, aloss of resolution of the spatial map
would perhaps predict a slowing of the visual search
parallel function in Treisman’s pop-out task but not
a radical change of this into a serial search. Brain
imaging showed little or no damage in the parietal
lobes, where the spatially-organised “master map”
is presumably localised (Friedman-Hill et al.,
1995).
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Fourth, we can exclude an account that posits a
general problem in motor speed, since AMA’s sim-
ple RTs were in fact faster than those of the control
subjects. However, she was clearly slower than the
control subjects in perceptual tasks (visual or audi-
tory) that required choosing which of two keys to
use for a response.

In Part 3, we collected evidence suggesting that
AMA’s difficulties were not simply caused by spa-
tial indexing problems. In addition, she appears to
have problems in analysing patterns. We found ab-
normal interference between the encoding of two
letters when they appeared rapidly in succession.
Because spatial information in this task was held
constant for every trial (i.e. the letters to be com-
pared always appeared in the same two locations
and in predictable order), it is difficult to interpret
the observed deficit in terms of a spatial indexing
deficit. Thus, we conclude that AMA’s problem in
spatial indexing is compounded with a deficitin en-
coding patterns.

However, AMA’s problem in parsing objects
and encoding patterns was not apparent in all the
tasks that would seem to require such operations.
For example, AMA could disentangle an embed-
ded abstract figure from a more global picture (i.e.
the Hidden Figures test) and could draw accurately
either from a model or memory. Her performance
in the embedded-figures task was in stark contrast
to her difficulty in disentangling overlapping fig-
ures, which may seem surprising. However, there is
a key difference between the two tests. In the for-
mer, AMA had already memorised the target figure
and was instructed to search for it. Thus, in the
Hidden Figures task she may be using visual imag-
ery to “augment” the input (cf. Kosslyn, 1994),
whereas she would be unable to do so in the Over-
lapping Figures task because she had no fore-
knowledge of the stimuli.

In thisreport, then, we have shown that there are
several aspects of the observed visual deficits that
cannot be explained by problems in encoding pat-
terns per se. Thus, it seems necessary to add a new
type of cognitive impairment (namely, spatial in-
dexing) to the list of mechanisms that, when im-
paired, may resultin simultanagnosia. In particular,
it is difficult to reconcile a feature degradation
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problem with an impairment in encoding categori-
cal and coordinate spatial relations. Rather, parallel
indexing of separate items may be one important
mechanism in the early segmentation of objects’ lo-
cations in a scene and the selection of pairs of ob-
jects as “referent” and “relatum” on which ordered
pairs of arguments (i.e. the spatial relations) can be
directly computed (Miller & Johnson-Laird,
1976). In addition, the spatial indexing hypothesis
led us to expect the difficulty AM A had in adjusting
or directing the attention window when spatial
properties (such as the area) of the target stimuli
vary unpredictably. The feature analysis hypothesis
would predict greater difficulty with fine-grained
spatial variations of the stimulus than large ones,
which we did not observe.

A deficit in spatial indexing also allows us to un-
derstand AMA'’s drawing skills, which were so re-
markably unaffected. These abilities can be
understood in the face of indexing problems, if (1)
drawing from memory requires one to translate into
movements an object structure that has already
been encoded, and (2) during the act of drawing it-
self, the patient can move sufficiently slowly to al-
low her to use each part of the drawing as a
reference point for the subsequent part. In addition,
it is possible that visual imagery may augment the
input by providing “virtual anchors” to where parts
of the object need to be drawn. In short, the pre-
ponderance of top-down visual control in drawing
would allow her to circumvent the limitations
posed by a relatively low-level deficit in spatial
indexing.

Finally, the neuroanatomical characterisation of
AMA’s lesion suggests only minimal (and unilat-
eral) involvement of the dorsal areas, whereas ex-
tensive damage to the temporal lobes is evident. In
addition, the presence of diffuse damage in the
white matter is consistent with a disconnection be-
tween cortical processing areas. The behavioural
data reviewed earlier would suggest that AMA’s
pattern recognition abilities were impaired, espe-
cially in data-limited conditions (e.g. tachistoscopic
presentations). Moreover, we characterised her vi-
sual attention as “unanchored” from relevant cues in
the input. It would then seem that, in her case, a
spatial indexing mechanism has lost its guidance
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from parsed regions of the image. Thus, we can
speculate that the lesion to the ventral areas may
have damaged processing that extracts form
descriptors (i.e. the anchors themselves, on which
indexes are created), and that a disconnection of the
ventral areas from the dorsal areas may have pre-
vented information about the anchors to become
available to the dorsal areas, so affecting the control
of attention.
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