NOTICE WARNING CONCERNING COPYRIGHT RESTRICTIONS

The copyright law of the United States [Title 17, United States
Code] governs the making of photocopies or other reproductions of
copyrighted material. Under certain conditions specified in the
law, libraries and archives are authorized to furnish a photocopy or
other reproduction. One of these specified conditions is that the
reproduction is not to be used for any purpose other than private
study, scholarship, or research. If a user makes a request for, or
later uses, a photocopy or reproduction for purposes in excess of
"“fair use," that use may be liable for copyright infringement. This
institution reserves the right to refuse to accept a copying order if,
in its judgement, fullfillment of the order would involve violation
of copyright law. No further reproduction and distribution of this
copy is permitted by transmission or any other means.



Cleveland State University ILL

ILLiad TN: 269620 IHWHHHWHWHWHMHHMH

Borrower: PMC

Lending String:

*CSU,VYF,UBY,VXW KFP,IACNYG ,GYG,UCW, XI

I,GDC,MRW,GZQ,TEU,0PU
Patron:

Journal Title: Perception of faces, objects, and
scenes : analytic and holistic processes /

Volume: Issue:

Month/Year: Pages: 295-334
Article Author:

Article Title:

Imprint: Oxford ; New York

: Oxford Un; i
Press, 2003, nversity

ILL Number: 16

MWWWWMWWWWMWWW

BF241 .P434 2003

Call#: b

Location: 2

ODYSSEY ENABLED

Charge
Maxcost: 35.00IFM

Shipping Address:

Carnegie Mellon University-Hunt Library-ILL
Office

4909 Frew St.

Hunt Library Room 305

Pittsburgh, Pennsylvania 15213

United States

Fax: (412)268-6944
Ariel: 128.2.21.4/128.2.21.96
Odyssey: 128.2.20.146




11

Neuropsychological Approaches to
Perceptual Organization

Evidence from Visual Agnosia

MARLENE BEHRMANN

The visual world consciously perceived is very different from the raw
visual information or retinal mosaic of intensities and colors that arises
from external objects. From the overwhelming influx of different colors
and shapes that stimulate the individual retinal receptors, an object is seen
as detached and separable from the adjacent objects and surfaces. This
organization occurs despite the fact that parts of a single object may be
spatially or temporally discontinuous, may have different colors, or may
even transect several different depth planes. Additionally, because most
surfaces are opaque, portions of objects are routinely hidden from view
and, as we move around, surfaces continually undergo occlusion and frag-
mentation. As is apparent from this description, the objects of phenomenal
perception are not given in any direct way in the retinal image. Some
internal processes of organization must clearly be responsible, then, for
producing a single, coherent percept. The goal of this chapter is to explore
how the multitude of visual inputs contained in an image are integrated
such that coherent entities are ultimately derived.

The processes “by which bits and pieces of visual information that are
available in the retinal image are structured into the larger units of per-
ceived objects and their interpretations” {Palmer, 1999) are generally clas-
sified under the umbrella term “perceptual organization.” The study of
these visual processes has a relatively short history; roughly 100 years
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ago, the Gestalt psychologists began to recognize and articulate the com-
plexity of perceptual organization, and much of the real progress made
today can trace its roots to the insights of these psychologists (Keliman,
2000). Although the Gestalt work on perceptual organization has been
widely accepted as identifying crucial phenomena of perception, there has
been, until the last decade or so, relatively little theoretical and empirical
emphasis on perceptual organization. And, to the extent that progress has
been made, there still remain many open questions. This paucity of un-
derstanding is well captured by the comment by Palmer (2003) that “We
have not got the answers (to perceptual organization) yet; indeed, it is not
entirely clear what the questions are!” (p. 1). As is evident from this, there
is considerable work to be done in order to understand the behavioral
mechanisms underlying perceptual organization.

In addition to trying to understand the functional processes involved in
perceptual organization, there is much to be done to understand how these
principles are neurally instantiated and what brain mechanisms might be
involved. Recent neurophysiological advances have revealed much about
the specificities of neuronal responses such as orientation selectivity, oc-
ular dominance, and wavelength and directional selectivity. However, it is
not clear how the fragments represented by these local analyzers are as-
sembled to provide a unified percept.

One possible approach to understanding both the psychological and the
neural mechanisms involved in perceptual organization is to study the per-
formance of individuals whose visual behavior is impaired following brain
damage. In particular, the patients described in this chapter have problems
with processes involved in structuring pieces into larger units—the very def-
inition of perceptual organization—and, therefore, their performance can
shed light on issues related to perceptual organization. This approach, to-
gether with the emerging and converging evidence from other research do-
mains such as cognitive psychology, functional neuroimaging, and neuro-
physiology, potentially offers important insights into the perceptual system.

The first section of this chapter will outline three main empirical issues
falling under the domain of perceptual organization: figure-ground orga-
nization, visual interpolation, and grouping. The second section will con-
tain a description of the patients with whom we are concerned, followed
in the third section by an examination of the nature of the impairment in
perceptual organization, in relation to figure-ground organization, visual
interpolation, and grouping. We then provide some summary observations
and comments about both the psychological and the neural aspects of
agnosia and perceptual organization.

Processes of Perceptual Organization

Central questions that are being investigated in studies of perceptual or-
ganization concern the nature, ordering, and interactivity of the different
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processes of perceptual organization. It 1s in the context of these questions
that we examine the neuropsychological data. There has been growing
awareness that perceptual orgamization is not a monolithic entity, but,
rather, comprises a multiplicity of processes. Because the neuropsychol-
ogical work mainly revolves around three of these processes—figure-
ground segregation, visual interpolation, and grouping—we focus on them
specifically. As will be evident shortly, however, the exact ordering of
these processes is controversial and there is far more interaction between
them than independence.

The crucial goal of figure-ground segregation is to assign contours in
the image as belonging to the figural regions, thereby giving them shape,
while the ground region extends behind them shapelessly. The figure ap-
pears closer to the observer and has the shape imparted by the dividing
contour whereas the ground appears farther away and extends behind the
contour. Figure-ground segregation also relies on depth information, par-
ticularly pictorial cues from occlusion, and, hence, processes such as visual
completion and interpolation may play a role here, too. Just as the Gestalt
psychologists proposed principles that govern grouping of elements in a
display, so there are principles that govern figure-ground segregation.
These include relative size of regions, repetition of regions, orientation,
contrast, symmetry, parallelism and even conscious intent (Rubin, 1921).
Contemporary psychologists have added others, including familiar shape,
convexity/concavity contrast, surroundedness, and lower region (see Pal-
mer, 2000, 2002, Peterson, 2003, for review).

Visual interpolation 1s the term applied to a variety of processes by
which partially present information appears to be extended and contin-
ued. Partially occluded surfaces and objects are perceived as being com-
plete in a rather effortless and automatic fashion, and this perception ap-
pears to include their shape, texture, and color. The process by which
this completion occurs is often referred to as amodal completion to in-
dicate that the completed portion is not supported by local stimulation
or sensory information. Exactly what underlies amodal completion is
under much discussion; while some argue that past experience with a
square, for example, drives one to complete an occluded square, others
suggest that the simplicity or Pragnanz of the display determines the
completion. Yet others, such as Kellman and Shipley (1991), argue that
the Gestalt principle of good continuation applies here. The relatability
theory (Kellman, 2003; Kellman & Shipley, 1991; Kellman & Shipley
1992) that formalizes the Gestalt principle of good continuation suggests
that the visual system connects two noncontiguous edges that are relat-
able (collinear). The likelihood of “seeing” a completed figure increases
systematically with the size of the angle that must be interpolated, with
the 50% threshold of completion occurring at around 90° and increasing
probability of seeing it as complete as the angle approaches 90°. Ac-
cording to this view, relatability is a general principle of unit formation
and applies not only to amodal completion but also to illusory or sub-
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jective contours in which contours that do not actually exist in the im-
age are perceived.

It has been proposed that contour interpolation that supports relatability
occurs early in the visual system (Kovacs, 2000). Physiological evidence
suggests that neurons in early visual areas (such as V2) respond to the
presence of illusory contours, with about 40% of neurons in this area
becoming active when presented with stimuli that induce illusory contours
in human perception (Heitger, von der Heydt, Peterhans, Rosenthaler, &
Kubler, 1998; Peterhans & von der Heydt, 1991; von der Heydt, Peterhans,
& Baumgartner, 1984). Neurons in V1 also respond to illusory contours,
although their response is both weaker and slower than that observed in
V2; the temporal sequence of these data is consistent with the claim that
the V1 response is a consequence of feedback from later areas (Lamme
& Roelfsema, 2000; Lee & Nguyen, 2001). Other neuropsychological data
from patients with hemispatial neglect are consistent with this; several
studies have shown that collinear contours may be completed pre-
attentively and may influence the extent to which contralesional infor-
mation, which is usually extinguished, may be preserved and reported
(Gilchrist, Humphreys, & Riddoch, 1996; Humphreys, 2002; Mattingley,
Davis, & Driver, 1997). Recent neuroimaging data have also shown that
occipital regions and posterior temporal regions play a role in the integra-
tion of contours into a whole image (Gerlach et al., 2002).

The organizational processes concerned with grouping were a central
focus of the work of the Gestalt psychologists, particularly that of Max
Wertheimer, and his observations and principles are still referred to today.
The well-known Gestalt [aws of grouping include grouping by proximity,
similarity, common fate, good continuation, and closure. A number of
other principles have been added to the list more recently (Palmer, 1999,
2003, 2002; Sekuler & Bennett, 2001). These include synchrony {visual
events that occur at the same time will be perceived as going together),
common region {elements located in the same visual space will be grouped
together), and element connectedness (elements that are connected by
other elements tend to be grouped together). Once elements that belong
together are determined, they can be grouped to form a superordinate,
wholistic object or, alternatively, can be decomposed into their constituent
parts.

Although we have laid out these processes in a sequential order, it is
worth noting at this stage that there is much debate concerning the strictly
serial and feedforward model of stages of processing. The debate essen-
tially involves the relative independence and ordering of the different
stages of processing. One might think, for example, of figure-ground seg-
regation not as a separate process entirely but rather as an instance of
perceptual grouping given that the contour is not only assigned to the
figure but is also bound to or grouped with it (Palmer, 2003; Palmer &
Brooks, 2000). Additionally, figure-ground segregation might not even be
a separate process but rather the outcome of an interaction between con-
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figural cues and depth cues (Peterson, 2002) and may involve top-down
feedback from object representations (Vecera & O’Reilly, 1998). Amodal
completion may also be thought of as an instance of perceptual grouping:
both visible and invisible contours might be computed from local, oriented
operators that are grouped by good continuation, as in relatability theory
(Kellman & Shipley, 1992), and then the output of these operators con-
tributes to the global shape.

The temporal staging of these various processes has been the subject
of a number of other empirical studies and is undergoing much heated
debate. The perceptual processes underlying classical grouping phenomena
have traditionally been assumed to work in parallel on an early, 2D rep-
resentation and to create an initial set of discrete elements on which later
perceptual operations are performed. On some accounts, these processes
operate pre-attentively to represent units to which attention is deployed
(Moore & Egeth, 1997). Whether this is indeed so is debatable. Some
researchers have argued that grouping does not occur as early as has been
widely assumed. Instead, they have suggested that it operates after depth
information has been extracted (Rock & Brosgole, 1964}, and after hght-
ness constancy (Rock, Nijhawan, Palmer, & Tudor, 1992) and perceptual
completion (Agostini & Galmonte, 2002; Palmer, Neff, & Beck, 1996;
Palmer, 2003) have been achieved.

Other findings have supported the arguments in favor of early grouping
but have proposed that the representations derived by these early principles
are much more complex and detailed than has been considered previously.
For example, early levels of processing are sensitive to complex, scene-
based properties (Enns & Rensink, 1990; He & Nakayama, 1992), to com-
plete configurations rather than to components (Rensink & Enns, 1995)
and to configural and to part-whole information (Kimchi, 1998). Finally,
there are also recent data that show that some high-level cues, which have
always been assumed to operate in a later, top-down fashion and to reflect
access to memories of the structure of known objects, can influence per-
ceptual processing very early on. For example, much recent work by Pe-
terson and colleagues has shown that object knowledge can come into
play early on, at pre-figural levels potentially, to influence figure-ground
segregation (Peterson, 2003 Peterson & Gibson, 1994) and perceptual
grouping (Kimchi & Hadad, 2002). Palmer and Rock (1994b), in their
influential view of perceptual organization, did not order the stages strictly
so that processing at one stage must necessarily be complete before the
next stage is initiated; instead, they suggested that the various operations
can occur in cascaded fashion. However, they also claimed that there is
an architectural ordering of the stages that is required by the logical con-
straints of the task, which supports some of the seriality of the system
(Palmer, 2003). Taken together, these findings rule out a pure “carly” view
of grouping and suggest that organizational factors likely do not operate
solely at the level of the two-dimensional retinal image but may also play
a role once some organization and interpretation have occurred.
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The above debate suggests that the early operation of grouping prin-
ciples is more complex than originally thought and may be a result both
of the feedforward pass and the recurrent sweep of the connectivity of the
visual system. It is well known that there are considerable feedback con-
nections in the visual system (Felleman & Van Essen, 1991; Lamme &
Roelfsema, 2000) and neurophysiologtcal (Bullier, Schall, & Morel, 1996;
Lee & Nguyen, 2001) and electrophysiological data support the role of
recursive feedback mechanisms in perceptual organization {Doniger et al.,
2000}, involving even very early visual areas (Hopfinger, Buonocore, &
Mangun, 2000). As is apparent from this discussion, there is a general
lack of consensus regarding the functional properties of the perceptual
organization system as well as its temporal charactenistics. A full review
of the evidence is beyond the scope of this chapter, but we do raise these
challenges to alert the reader to the complexity of the problem. Two recent
books deal with these issues directly and may be consulted for further
information: one is on segmentation and grouping by Shipley and Kellman
(2001) and the other is on the psychological and neural bases of visual
perceptual organization by Kimchi, Behrmann, and Olson (2003).

The focus of the present work is restricted to the neuropsychological
data and it is to those data that we now turn to examine the evidence.

Visual Agnosia

“Visual agnosia” refers to the failure to identify or recognize even common
objects presented in the visual modality. This recognition deficit is not
secondary to a generalized intellectual dysfunction nor to a fundamental
sensory problem (such as an hemianopia). That patients fail to name ob-
jects also cannot be attributed to a deficit in their knowledge of objects
nor to a failure in producing the name for the object; when the patients
are blindfolded and the same objects are presented for haptic recognition,
for example, object recognition is normal. Additionally, the patients are
able to provide definitions of the objects, given the auditory label. Agnosia
reflects a modality-specific deficit in gaining access to long-term repre-
sentations from vision and is not attributable to a conceptual failure of
some sort. Importantly, when an agnosic patient fails to recognize an ob-
ject, there is no evidence for the availability of information about the
object through another response modality; for example, the patient is un-
able to gesture the use of the object correctly. This pattern distinguishes
patients with agnosia from those with optic aphasia who are able to gesture
the response correctly despite the failure to name the object (Lhermitte &
Beauvois, 1973).

At one end of the spectrum, the term “visual agnosia” includes a fairly
low-level visual deficit manifest as the inability to extract featurat elements
from a display despite intact sensation of the basic properties of the stim-
ulus (for example, brightness perception). Many patients with this form
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of deficit have suffered carbon monoxide poisoning, resulting in small,
disseminated lesions in the cortex, or mercury or lead poisoning or a
closed head injury, all of which have diffuse effects in the brain. At the
other end of the spectrum, agnosia includes a rather higher level deficit
reflecting the failure to assign meaning to an object despite the derivation
of an intact percept (Farah, 1990; Humphreys & Riddoch, 2001), although
the extent to which perception is truly normal is debatable. It is this latter
form of agnosia that has been referred to as “perception stripped of mean-
ing” (Teuber, 1968). These two ends anchor the dichotomy between ap-
perceptive and associative agnosia originally proposed by Lissauer (1890).
While the apperceptive agnosic patients appear to be impaired at deriving
the form of the object, associative agnosic patients supposedly can derive
percepts well but have difficulty matching form information with stored
memories (sec Farah, 1990; Humphreys & Riddoch, 1987).

Although the dichotomy between apperceptive and associative agnosia
is useful, recent studies have attested to its inadequacy and have attempted
to claborate the spectrum of impairments (Humphreys, 1999; Warrington
& Taylor, 1978). By the classic definition of these two types of agnosia,
the apperceptive patients are those who cannot copy or match visual forms,
whereas the associative patients can copy and match forms but cannot
associate them with knowledge that would allow them to name or cate-
gonize them. One clear challenge to this dichotomy comes from a third
type of patient labeled “integrative agnosia™ (IA), and it is this type of
agnosia with we are primarily concerned here.

Patient CK is a good example of an individual who suffers from inte-
grative visual agnosia. CK was only able to recognize 16 out of 23 (70%)
three-dimensional common objects presented to him for an unlimited pe-
riod of time (normal subjects score 23/23); (Behrmann, Moscovitch, &
Winocur, 1994; Behrmann, Winocur, & Moscovitch, 1992; Moscovitch,
Winocur, & Behrmann, 1997). His errors include calling a smoking pipe
“a straw,” a card of matches “a card with writing,” a padlock “an earring,”
a saw “a knife,” pliers “clothes peg.” He was, however, able to identify
all 23 of the same objects with tactile presentation. He also defined in
detail all the objects correctly when presented with the name auditorily.
For example, he defined a duck as “an animal, marine life, with webbed
feet and a bill”; a card of matches as “a cardboard container, the container
flipped open, the log sticks are struck against the cordite strip”; and a pipe
as “a short, hollow object, larger on one end, 120° angle, for leisurely
smoking using tobacco.” The detailed and descriptive definitions, which
he was able to provide in response to the auditory label of the very objects
he failed to recognize from visual input, reflect the preservation of his
knowledge of objects.

Patient CK produces a reasonably good rendition of targets consisting
of black and white geometric figures, as shown in figure 11.1. However,
he does so in an unusual way: the numbers assigned to the different strokes
indicate the order in which the lines were drawn. Instead of deriving the
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Target CK's copy

FIGURE 11.1. Copy of target (left}) by CK with the numbers indicating the or-
der of the strokes (from Behrmann et al., 1992),

holistic percept of two diamonds and a circle as unimpaired subjects might
do, CK copies the individual lines slavishly and segmentally, without ap-
pearing to appreciate the identities. A similar pattern is noted when he
copies text; CK copies the text in the same font as the target and does not
appreciate the identity of the letters. This pattern poses a quandary for the
classical agnosia dichotomy: CK can clearly copy figures or text and
should, thus, be classified as an associative agnosic but the manner in
which the copying is done is piecemeal and segmental and is clearly not
normal. This slavish bit-by-bit copying is considered one of the hallmark
features of integrative agnosia in which the impairment appears to affect
mid- or intermediate level vision.

The label “integrative agnosia” was coined by Riddoch and Humphreys
(1987) on the basis of their studies with patient HJIA (Humphreys, 1999,
Humphreys & Riddoch, 1987, Humphreys et al., 1994; Humphreys, Rid-
doch, Quinlan, Price, & Donnelly, 1992). The term was originally used to
refer to the patient’s inability to integrate disparate elements of a display.
which are themselves available, into a coherent form. For example, they
reported that HJA was impaired at search tasks that require the binding
of visual elements in a spatially parallel manner across a field containing
multiple stimuli; he was disproportionately slowed, relative to control sub-
jects, in detecting the presence of an inverted T among upright Ts. In
contrast, his search was efficient and rapid for targets that did not require
a combination of elements such as a target “/” among multiple “"’s (Hum-
phreys, 1999; Humphreys & Riddoch, 1987, Humphreys et al., 1994,
1992). Note that when the demands for integration are low, HJA and other
integrative agnosic patients perform significantly above chance levels: they
can make same/different judgments accurately on two stimuli, which share
area and brightness but not shape (aspect ratio changes from square to
rectangle; Efron, 1968; sce figure 11.2).

Two problems emerge in trying to refine the definition of integrative
agnosia. The first is that there are very few studies of such individuals
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FIGURE 11.2. Efron shapes equated for area and brightness: two stimuh are placed
before the patient for same/different judgments. Integrative agnosic patients usu-
ally perform reasonably well on this test of geometric form discrimination.

and so there is much to be done in delineating the key features of the
disorder (see Humphreys, 2000, for a useful review). The second, related
point 1s that, of those studies that have been done, the patients are not
always fully characterized, and the focus of the work is usually rather
circumscribed with a particular emphasis on one aspect of the problem.
As such, we are left with uncertainty about the definition of the problem
and about which patients can be classified by this term. The apparent
failure to consider all parts of the stimulus in deriving a unitary represen-
tation of the input is probably key to IA. It is this inability to integrate
the elements into a well-formed shape, the failure to group features into
a larger, meaningful whole, and the overzealous parsing of the display that
make these patients ideal for further investigations of perceptual organi-
zation. The purpose of this ¢chapter is to elucidate the central features of
IA and to discuss them in relation to the three processes of perceptual
organization alluded to above. In doing so, we will first outline some
exclusion critenia for 1A and then describe the inclusion criteria.

What Is Not I4

Among the exclusion criteria for lA is a severe perceptual deficit: patients
whose perceptual deficit is so extensive that it affects the extraction of
simple features from a display are not classifiable as having IA. For ex-
ample, patients who perform at chance on the Efron test (see figure 11.2)
are considered to have a more marked deficit in encoding basic properties
of form (more in line with apperceptive agnosia). These patients will not
be considered further (see Benson & Greenberg, 1969; Campion & Latto,
1985; Davidoff & Warrington, 1993; Goodale & Milner, 1992; Mapelli &
Behrmann, 1997; McMullen, Fisk, Phillips, & Maloney, 2000; Vecera &
Behrmann, 1997; Warrington & Davidoff, 2000). Additionally, patients
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who show normal performance on simple geometric form matching but
who appear to be limited in the amount of perceptual information they
can process are also excluded. These patients” performance deteriorates
when the perceptual characteristics of the target itself are made more com-
plex and when resource demands are increased even if the perceptual
judgment required is simple (Grossman, Galetta, & D’Esposito, 1997).
Such difficulties have occasionally been attributed to an attentional or
working memory limitation (Coslett, Stark, Rajaram, & Saftran, 1996;
Thaiss & de Bleser, 1992) and, although these patients fit the definition
of integrative agnosia in some respects, they have additional problems and
will not be considered further.

At the other extreme are patients whose perceptual performance is too
good even if their object recognition is not. Such patients fit the standard
classification of associative agnosia, although, again, as mentioned above,
this is a rather coarse description for what is likely to be a host of different
disorders. One example that fits this definition is an individual who was
able to match nonsense figures well and who matched the size and position
of stimuli well but showed significant problems in face, letter, and object
recognition (Kertesz, 1979). That the matching task was done well sug-
gests that the stimuli are probably reasonably well perceived, distinguish-
ing him from patients with integrative agnosia.

A second type of associative agnosic patient to be excluded is an in-
dividual whose deficit in recognizing objects extends beyond perception.
Though the patient’s perceptual performance resembles integrative agno-
sia, the patients have an accompanying recognition deficit in another input
modality or a problem in the long-term representation of objects. De Renzi
and Lucchelli (1993), for example, report that their patient, Annalisa, has
relatively good performance on the Efron test, along with reasonably good
copying and poor performance on overlapping objects (see below for more
on this). These patterns fit the definition of IA. However, Annalisa clearly
had additional problems extending beyond a visual perceptual deficit. For
example, she was impaired at recalling perceptual details of items from
long-term memory. Also, when given the auditory labels of two objects,
she was unable to describe the perceptual difference between them and
she was in the intermediate range of severity on tactile recognition (see
also patient of Davidoff & Wilson, 1985). The patient of Grailet, Seron,
Bruyer, Coyetle, & Frederix (1990) also showed many of the diagnostic
features of integrative agnosia. However, he too appeared to have a deficit
that extended beyond visual perceptual processing in that he was impaired
at tactile object recognition and drew poorly from memory. These addi-
tional deficits call into question the competence of his long-term knowl-
edge. We will not consider these patients as suffering from IA per se and
will restrict our discussion to patients whose long-term representations are
infact. It 1s worth noting, however, that longstanding 1A may have adverse
effects on long-term representations; visual memories might begin to de-
teriorate if not refreshed or updated by intact perceptual descriptions and.
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unfortunately, this may be the case for patient HJA (Riddoch, Humphreys,
Gannon, Blott, & Jones, 1999).

What Is 147

A rough criterion for inclusion in this category is that the patients should
have the features from the display available to them but be unable to utilize
them further. Additionally, they should be able to make discriminations
between forms that place minimal demand on integration. Thus, individ-
uals with 1A have relatively well preserved low-level visual processes
including discrimination of line length, spatial localization of dots, color
and motion processing. They can also make line orientation and size judg-
ments at normal levels (Davidoff & Warrington, 1993; Gauthier, Behr-
mann, & Tarr, 1999; Humphreys, 1999).

As mentioned above, one way in which the IA deficit manifests is in
copying performance. RN and SM1 (to be differentiated when SM2 is
utroduced below) are two other IA patients, who, like HJA and CK, are
able to copy well, as evident in their copies of complex figures such as
the Rey-Osterreith figure (see figure 11.3) and a copy of a beach scene

Target

%

-
2
X

{a) SM copy {b) RN copy

FIGURE 11.3. Copies of Rey-Osterrieth figure by patients RN and SM1,
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(b} RN copy

FIGURE 11.4, Copy of beach scene by SM! and RN,

(see figure 11.4). Both, however, are noticeably slow and segmental in
their copying with laborious slavish efforts.

Another way in which the IA deficit manifests is in the patients’ per-
formance on segregating items, which are presented in an overlapping
display. For example, in the stimulus displayed in figure 11.5, patient CK
performed extremely poorly. He was, on occasion, able to match the fea-
tures that protrude from the overlapping display, like the edge of the stick
of the flag, but was unable to decide which objects were present. This was
true even when he was not required to identify the objects per se but
merely to match them to an array of choices placed below the overlapping
display. The impairment in segmentation was also seen when he was given
the set of overlapping figures, as shown at the top of figure 11.5, and
asked simply to trace the outline of each different object with a different
colored crayon. He first outlined in different colors the components of the
object that did not overlap in the central region and that did not require
segmentation. Once this was done and he now had to segment the over-
lapped region, he picked up a crayon, placed it at the intersection of two
contours, and held it there for a long time without proceeding. He then
had a strong emotional reaction and refused to complete the task, arguing
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FIGURE 11.5. Display of overlap and choices for matching. Overlapping section
at top also used for coloring contours.

that he had no idea in which direction to continue, as he did not know
which lines belonged to which objects. HJA shows a very similar pattern
and his outlining of overlapped objects is demonstrated in Humphreys &
Riddoch (2001).

The fragmented nature of the patients’ perception also comes through
clearly in their object-recognition errors. Their responses to black-and-
white line drawings (see figure 11.6) are consistent with the claim that
they can extract some, but not all the relevant information from the dis-
play. Patient RN, for example, identified the harmonica as a “stereo or
computer,” presumably picking up on the little “keys” (air holes). He also
called an octopus a “bug” and a pretzel a “snake.” We see a similar pattern
in patient SM1 who called an octopus a “spider” and a harmonica a “cash
register.”” The piecemeal description of objects is characteristic of other JA
patients. HJA, for example, tends to oversegment objects so that even
when presented with a single item such as a paintbrush, he is convinced
that two separate objects are present in the display. In his response to a
picture of a pepperpot, he responded “a stand containing three separate
pans; the top has a design on its lid, the second has a slightly smaller
diameter than the top pan; the bottom pan has a wider diameter than the
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“spider”

(a) (b)

FIGURE 11.6. {(a) RN and (b) SM1’s naming errors on Boston Naming Test.

second pan and is longer in length” (p. 399, Humphreys & Riddoch, 1984).
This oversegmentation is also seen in SM2 (Butter & Trobe, 1994) who,
when presented with a display of a few items, stated that several objects
were present as he identified parts as separate items. Shown a cup and asked
to identify it, he stated that it was “a large oval item together with a smaller
oval item (pointing to the handle).” This oversegmentation can also apply
to individual letters; patient FGP (Kartsounis & Warrington, 1991) selected
subparts of individual letters, reporting R as D and Q as O.

Almost all of the A patients are impaired at face recognition, with the
exception of CK, as well as object recognition, and are also alexic, al-
though this 1s not true of every patient. Their alexia usually mantfests in
very slow reading (Mycroft, Behrmann, & Kay, 2003); for example, SM1
is able to read accurately {(98% correct)} but requires roughly 104 ms to
process each letter in a word. Accuracy is also high for HIA, but he
requires a significant amount of time (355 ms per letter) for letter proc-
essing (OBwald, Humphreys, & Olson, 2002). RN also requires a sub-
stantial increase in time (178 ms) for each additional letter, although his
accuracy 1s also affected, as he reads only 80% of words correctly. The
patterns reported here are all in contrast with the minimal increase required
by normal subjects for words up to 6 or 7 letters in length (Frederiksen
& Kroll, 1976).

A final common characternistic of the performance of these patients is
that they typically benefit from the addition of surface information. Color,
motion, or other surface cues seem to help the integration of form elements
into a coherent perceptual whole. Thus, HJA identifies real objects cor-
rectly about 60% of the time in contrast with photographs (40%) and line
drawings (30%). The same is true of patient CK, who also benefits from
color and other surface cues, which lead to roughly 25% improvement in
hs object identification (Behrmann et al,, 1992). Through the addition of
surface information such as luminance and texture, contrasting parts may
be observed and used especially in cases where edge-based segmentation
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is impaired. In addition, depth information, conveyed both by binocular
disparity cues as well as head movements, assists with the segmentation
of parts of an object and allows partially occluded surfaces to be recovered
(Chainay & Humpbhreys, 2000).

In sum, at the present time, we take as the defining features of IA the
disproportionate impairment in perceptual processing when there are mul-
tiple elements to be encoded and integrated and when exposure duration
or stimulus quality is affected. This manifests in overlapping displays, in
copying and in object and word identification (although the deficit may
also be evident under many other conditions). When sufficient time is
available and encoding can be done serially, or when cues to the segmen-
tation are present (for example, color or other surface properties), perfor-
mance 1s somewhat better.

We should also note one other dramatic finding observed in some, but
not all TA patients; because this patiern is not evident in all patients, we
have not included it as a core characteristic of the deficit. The pattern
under discussion concerns the fact that the patients’ perception of silhou-
ettes may be better than of line drawings. Interestingly and counterintui-
tively, in some cases, the presence of local information may even reduce
the efficiency of visual recognition. For example, both patients HJA (Law-
son & Humphreys, 1999; Riddoch & Humphreys, 1987) and SM2 (Butter
& Trobe, 1994) were better at identifying pictures presented as silhouettes
rather than line drawings as the internal details apparently led to incorrect
segmentation. HJA scored 72% for silhouettes and 64% for line drawings
when tested in 1997 (reported by Riddoch et al., 1999). The difference
between stimulus types was even more dramatic in patient SM2, who
identified 23% of black-and-white line drawings and 48% silhouettes. Note
that, in both cases, performance on silhouettes is still far from normal
(control subjects for SM2 scored 92.5%). Nevertheless, the advantage for
silhouettes over line drawings is in direct contrast to the behavior of non-
neurological subjects who benefit significantly from the presence of ad-
ditional contours. Not all patients do better on silhouettes, as neither CK,
SMI, nor RN show this advantage and FGP identified only 3 out of 12
silhouette drawings of common objects.

Neuropsychological Evidence

In the following section, the evidence from patients with agnosia con-
cerning perceptual organization is reviewed for each of the three processes
outlined above. Again, although there may be other patients in the liter-
ature who fit the 1A definition, we have selected only those patients (n =
7) for whom sufficient information is provided in the reports. In an attempt
to coordinate the findings across the different studies, in tabie 11.1 we
have summarized the neurological status of the different patients and their
performance on the three processes.
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FIGURE 1.7, Figure-ground segregation task modified from VOSP, Warrington
and James (1991).

Figure-Ground Segregation

One way used to assess figure-ground processing in the patients is to
present a display in which a figure is embedded in a noisy background
and then to require the subject to detect the presence or absence of the
figure. Such a task is incorporated into the Visual Object and Space Per-
ception battery (VOSP; Warrington & James, 1991) and an example of a
stmulus from this task is shown in figure 11.7. Patient FGP (Kartsounis
& Warrington, 1991) failed consistently (13/20, 8/20, and 12/20) on this
task, whereas CK performed reasonably well on this standard version of
the task. When the task was adapted, however, so that the level of noise
became progressively greater, CK became more impaired at detecting the
presence of the X although normal subjects still continue to do well (see
figure 11.7, left panel, for example of the display with increasing com-
plexity of the background; Behrmann et al., 1994). Both SMI and RN
scored 20/20 on the original version and CR scored 18/20, failing to detect
the X twice when it was present. Of course, we do not know whether the
performance of these three patients would be adversely affected when the
degree of background noise is increased and so the data remain somewhat
equivocal in this regard.

We should note that the failure to derive the figure is not obviously
attributable to a problem in processing the spatial frequency information.
One may notice that in displays such as this, the background (noise) is
carried by the high spatial frequency components and the figure is carried
by the low spatial frequency components. To the extent that this is known,
the patients do not have a specific problem in processing either high or
low spatial frequency information {see Behrmann and Kimchi, 2003a) and
therefore, this does not explain the failure to segregate figure from ground.
Additionally, this spatial frequency explanation cannot account for the pa-
tients’ problems in segregating overlapping line drawings so this expla-
nation is unlikely to hold.

As noted above, the impaired performance on overlapping displays rel-
ative to displays containing the same stimuli presented in isolation may
also be attributable to poor figure-ground segregation. Patient FGP, for
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example, performed poorly at identifying a whole range of displays n
which the shapes overlapped. This included displays where the contour of
the shapes overlapped, where the contours were nonoverlapping but the
items were totally superimposed (for example, a circle drawn entirely
within the boundaries of a square), and where the overlapping shapes were
solid rather than transparent. She was also impaired at identifying how
many objects are present in three-dimensional displays. HJA also performs
more poorly on overlapping than nonoverlapping displays (Riddoch &
Humphreys, 1987). In the recent follow-up study with him, it took him
only 0.6 s to name an individual letter when it was nonoverlapping but
1.5 s when it overlapped. This contrasts with the normal subjects who
required a mean of 0.4 s in both conditions.

Performance on overlapping versus nonoverlapping displays is also
worse for CR, SM1, and RN on visually embedded Poppelreuter figures
(similar to figure 11.5) where multiple figural overlaps require complex
contour analysis. Interestingly, SM2 was impaired on overlapping displays
depending on the extent of the overlap. Asked to identify objects presented
overlapping, he scored 94% correct when the borders of the objects did
not overlap extensively but only roughly 66% when the overlap was in-
creased (in contrast with the 99% correct by the control subjects). This 1s
also true of HJA (see following discussion of Giersch, Humphreys, Bou-
cart, & Kovacs, 2000). The ability to make use of features that do not
overlap also exemplified the performance of patient CK, as described
above, and when he was forced to segment the image by the contours that
overlapped, he was completely unable to do so. We have chosen to ascribe
the problems in overlapping figures to the more general problem of figure-
ground segregation, but this may not be absolutely correct. Patients may
be impaired on overlapping shapes for a variety of reasons; for example.
they may fail tasks with such shapes because of the susceptibility of con-
tour completion processes to noise (intersecting lines; see below) or they
may be laboriously tracing out the contours as they would do if they were
copying. This ambiguity highlights the fact that perceptual organization
processes are not well understood and much remains to be explained. For
the current purpose, however, we would just point out that the patients
perform pootly on overlapping shapes and that such displays clearly tap
into the need for deriving coherence from complex images.

Visual Interpolation

Many real-world conditions require visual interpolation processes, includ-
ing conditions of occlusion where amodal completion is engaged and
where illusory contours are perceived. Indeed, as stated above, according
to some accounts, these different conditions may entail the same mecha-
nisms (Kellman, Yin, & Shipley, 1998; Shipley & Cunningham, 2001).
We will consider the perception of amodal completion and illusory con-
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(a) )

FIGURE 11.8. (a) Overlapping geometric shapes in different, solid colors and
(b) the same displays but rendered as line drawings with the different contours
in different colors.

tours separately, however, in order to determine whether there are any
dissociations evident between them in the patient performance.

AMODAL COMPLETION

Several studies have examined amodal completion in [A patients, although
the methods (and results) vary quite widely. For example, patient FGP was
asked to identify simple geometric shapes, which were solid in color and
displayed one superimposed on top of the other—in one display, a small
solid red triangle might appear on top of and in the center of a larger
green square which, in turn, was placed on top of and in the center of a
larger blue circle (for example, see figure 11.8a). FGP succeeded in iden-
tiftying all three shapes on only 4 out of 15 trials even with prolonged
stimulus duration. Interestingly, she was able to identify all the shapes
placed in the center, and fewer of those in the intermediate and outer
positions, which require completion. A similar problem was noted for
colored line drawings of concentric geometric shapes (figure 11.8b). Al-
though we do not know this definitively, we assume that report of the
shapes was better when the shapes were presented in isolation. The failure
to derive the shapes when overlapping suggests a problem in interpolation
and completion when only a partial image is evident. Similar data from
patient FGP are presented in the previous section on figure-ground seg-
regation, reflecting the close relationship between figure-ground segrega-
tion and amodal completion.

My colleagues and I have also been interested in the extent to which
the patients can complete occluded images, and we have had occasion 1o
test some [A patients on an experiment that uses displays that require
completion. The experiment was originally designed to examine whether
normal subjects can attend to features of an occluded object as well as
they can attend to features of a single object——that is, whether they exhibit
object-based attention to occluded objects. To explore this, we used a
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{Lower panel) Performance of (a) normal subjects and four patients with inte-
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paradigm in which subjects were required to decide, as quickly as possible,
whether the number of bumps appearing at two of the four possible ends
of overlapping rectangle were the same or not (Behrmann, Zemel, &
Mozer, 1998, 2000). As shown in figure 11.9 (upper panel), there are three
conditions in this task, reflected in the rows, all of which are crossed with
same/different judgments, as reflected in the columns. In the single-object
condition, the bumps appear at the ends of a single, unoccluded object. In
the two-object condition, the bumps appear at the end of two different
objects, and, in the occlusion condition, the bumps appear at the ends of
a single, occluded object.

The main result using this task was that normal subjects make the
bumps decision equally quickly on the single and occluded objects, and
both of these conditions are faster than the two-object condition (see figure
11.9 leftmost upper panel), consistent with notions of object-based atten-
tion. Note that object-based attention here likely emerges from the ability
to complete the display amodally, as we have argued previously (Behr-
mann, et al., 2000).

Importantly, the advantage for the single and occluded object over the
two-object condition was not obtained for three of the four agnosic patients
we tested (see remaining panels in figure 11.9). Only patient RN performs
similarly to the control subjects, although his intercept is considerably
raised (note, however, that he is somewhat older than the control subjects
reported here and so this may account for the overall slowing in base
reaction time). The other patients are all slower than the control subjects,
despite the fact that they are all fairly close in age. Of interest is that,
although some of these patients do show an advantage for the single-object
condition relative to the two-object condition, as in the case of CR, none
really shows the pattern whereby single and occluded conditions are equiv-
alent and both differ from the two-object condition. Note that the distance
between the ends of the objects in the single and occluded cases is larger
than the distance between the ends in the two-object condition; this may
explain why SM1 performed better in the two-object case than in the other
two conditions.

Patient HJA’s ability to complete images has also been tested fairly
extensively. For example, in a recent study, Giersch, et al. {2000) tested
him on a task containing three stimuli that were either separated, trans-
parently superimposed, in silhouette, or occluded (see examples in figure
11.10, Experiment 2). HJA and the control subjects were required to match
the reference stimulus to one of two choices where the alternative choice
contained the same three stimuli but in a different spatial arrangement.
There was a 500 ms delay between the target and choice displays. HJA
was significantly slowed at making decisions on occluded displays relative
to all other displays. Interestingly, his performance with silhouettes was
good, as has been reported previously (Riddoch & Humphreys, 1987) and
no different from that on separated or superimposed displays. The good
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FIGURE 11.10. Supertmposed, occluded, silhouetted, and separated displays
from Giersch et al. (2000).

performance on silhouettes is consistent with data reported below, showing
that he is disadvantaged by the presence of local details.

Despite the ability to compute collinear line segments, HIAs perfor-
mance on occluded displays is not normal and reveals that the local con-
tours are poorly bound into more global representations of shape even
though they themselves might be correctly computed. In a different ex-
periment containing three occluded or superimposed stimuli from which
HJA had to select a single stimulus, which matched the central shape, he
chose the completed shape as often as he chose the mosaic or partial,
incomplete shape. This is in contrast to the control subjects, who chose
the mosaic most often (consistent with the 2D representation). Whereas
the control subjects could ignore the completion, HJA could not. That
HJA could complete occluded contours but not always use this information
correctly is most obviously evident in a copying task on which he drew
in the occluded contour as if the real contour were present. For example,
when a shape interrupted the collinear line of a square so that it was no
longer visible, HJA drew in the missing collinear segment on 26 out of
47 tnals. He did not include additional contours in displays where there
was no occlusion. These findings all suggest that he can interpolate oc-
clusion correctly, although he appears not to be able to exploit it for the
purpose of figure-ground differentiation.

Based on the apparent ability to compute the occluded shape but the
failure to match this shape when it appears in the presence of other shapes.
Giersch et al. (2000) argue that contour interpolation is an early visual
process, that occurs prior to the assignment of the contours to more global
shapes. They attribute HJA’s preserved ability to the more elementary op-
eration of binding form elements into contours, which, they show, is in-
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deed normal (for further discussion, see Humphreys, 2002). Using a set
of cards containing displays of a smoothly aligned, closed path of Gabor
elements embedded in a random array of Gabor elements of the same
spatial frequency and contrast (Pennefather, Chandna, Kovacs, Polat, &
Norcia, 1999), they required HJA to trace the Gabor contour on each card.
They then used a staircase procedure to establish a threshold. This pro-
cedure has been used successfully with various pathological populations
(Kovacs, Polat, Pennefather, Chandna, & Norcia, 2000) and examples of
the cards are shown in figure 11.11. Threshold is reflected in terms of
parameter A, which is the ratio of average background spacing over con-
tour spacing, and it ranges between 1.2 to 0.5 in steps of 0.05. This pa-
rameter expresses “relative noise density” and reflects signal-to-noise ratio;
the smaller the A value, the better performance (Kovics et al., 2000). HIA
obtained a A of 0.65, well within the normal range of performance, which
is around 0.69 (SD 0.09). The preserved ability on this test is thought to
reflect the intact pattern and spatial extent of long-range interaction among
orientation-tuned neurons in primary visual cortex.

That contour interpolation can be intact and underlie amodal compie-
tion but still not suffice for figure-ground segregation may also explain
the performance of SM1 who, on the identical contour-integration task
described above, obtained a threshold of 0.6, clearly within normal limits.
Of interest is that he still performed poorly on the amodal completion task
(see figure 11.9¢). On this latter task, he did not obtain an advantage in
processing features from a single object, either occluded or complete, com-
pared with two objects. The findings indicate that intact contour interpo-
lation may not suffice for object-based attention just as it may not suffice
for figure-ground segregation. Instead, both object-based attention and

(a) (b)

FIGURE 11.11. Examples of displays from Kovacs et al., (2000) of contours
made of local Gabor units. (a) easy and (b) difficult. The target is a line made
of the Gabor units and the target is located toward the bottom left in (a) and
upper right in (b).
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figure-ground segregation require that form elements be bound into co-
herent object descriptions.

ILLUSORY FIGURES

Illusory figures are perceived where inducing elements are positioned so
that their contours align to form the edges of a closed figure. Under the
correct circumstances, observers then perceive an opaque figure of about
the same reflectance as the background surface in front of and partly oc-
cluding the black elements, which are then amodally completed behind
the illusory figure.

Patient FGP was dramatically impaired on any task requiring the per-
ception of subjective contours. For example, shown Kanisza-type figures
of circles, triangles, and squares, not only did she comment that she only
perceived little curves and no real shape, but she was even unable to
discriminate the geometric shape given the choices. Additionally, she was
impaired at deciding which of two outline shapes would make up a triangle
(see figure 11.12). She stated that she only saw “three little Ls,” suggesting
a fundamental impairment in deriving the completed contours. Using a
two-choice procedure, she scored 13/20 on the easy and 10/20 on the
difficult discriminations; of course, one might easily also attribute this to
a problem in good continuation and, indeed, as noted below, she performs
poorly on tasks of continuation and closure. When she was shown displays
in which a contour was created by aligned line terminators to give the
impression of one shape superimposed on another, she failed to detect the
illusory contour.

The findings from the various patients indicate that IA individuals are
mostly impaired at various forms of visual interpolation, including amodal
completion and illusory contours, although this is not perfectly consistent
across all patients. We examine the implications of the variability in the
final section.

A
/N LD

() difficult

A A
LN LN

FIGURE 11.12. (a) easy and (b) difficult discriminations of illusory shapes from
Kartsounis and Warrington (1991).
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Perceptual Grouping

The final organization process we discuss is perceptual grouping, and of
all the different processes of perceptual organization, this has been the one
most extensively explored in 1A, Of course, there are many ways in which
elements can be grouped and some, but not all these ways have been
explored in patients.

HJA 1s apparently unable to exploit the Gestalt principle of collinearity.
For example, in one study he was required to make perceptual matches
with fragmented line drawings (Boucart & Humphreys, 1992). The frag-
ments in the line drawings could be aligned and collinear, or they could
be misaligned so they were no longer collinear but the overall shape had
the same spatial frequency as before. In contrast to normal subjects who
showed an advantage for the collinear displays, this was not the case for
HJA. This is somewhat surprising given his intact contour detection dis-
cussed above and his ability to compute occlusion (even though this may
not aid in his depth assignment for figure-ground segregation). One might
have expected that the ability to link contour elements into elongated con-
tours would assist in the computation of collinearity. Interestingly, HJA
did show a sensitivity to the global form; his performance was better when
he was required to discriminate between items that had different global
orientation than between those with the same orientation. HJA’s failure to
deal with collinear fragmented forms is suggestive of a problem in inte-
grating local, intact contours into more global, multicontour shape repre-
sentations and is also compatible with his failure to use the local infor-
mation for object recognition. This impairment may explain his preference
for silhouettes and, as we shall see below, it may be compatible with his
performance on hierarchical stimuli.

The ability to use collinearity may also be important for successful
performance on other tests of fragmented objects (although undoubtedly
many other perceptual skills are also required). Patient SM2 performed
poorly on the Hooper Visual Recognition test in which fragments of a
contour are shown and subjects assemble these to determine the item
(items are not that different from figure 11.12). For example, when dis-
plays containing fragmented parts of objects rotated from their normal
position were shown to SM2, he was unable to recognize any (normal
controls 89%). Two other paradigms have been used extensively to inves-
tigate grouping and they are the visual search task and the global/local
task. These are discussed in turn.

The ability to group is also useful under some conditions in visual
search tasks. In normal subjects, when the distractors are homogeneous
and can be grouped together, target detection is efficient and rapid whereas
search is slowed and inefficient when the distractors are heterogeneous
and require senial encoding. When searching for a T among inverted Ts
in a field, HJA showed a similar serial pattern to the control subjects when
the distractors were heterogeneous. Of interest is that he could not exploit
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FIGURE 11.13. Stimuli used in local/global tasks in which the local and global
stimuli are consistent (above) or not (below).

the similarities and potential for grouping among the homogeneous dis-
tractors, with the result that he made many errors and his search function
was slow and affected by the number of distractors present (Humphreys
et al.,, 1994, 1992). A similar pattern was seen when HJA searched for
abstract forms rather than letters. In contrast, HJIA manifested normal
search functions when the target was of a different orientation from the
distractors. Taken together, these findings reflect the fact that the impair-
ment in integrative agnosia is reflected in tasks that require the binding of
visual elements in a spatially parallel manner across a field (Humphreys
& Riddoch, 2001; Humphreys et al., 1994).

The final domain we discuss is that of processes involved in deriving
hierarchical configurations from discrete elements. These processes are
engaged frequently in the real world; bicycles have wheels, which, in turn,
have spokes and this requires that parts of objects must be bound into
global wholes. The paradigm most often exploited to study the ability to
deal with elements and wholes is modelled afier that of Navon (1977) in
which hierarchical stimuli are used and in which the local elements may
or may not be consistent with the global item. For example, stimuli may
consist of a global letter H made up of small letter Hs or small letter S.
Whereas the former are consistent, the latter are not (see figure 11.13).
Such stimuli are useful in order to examine whether global identity can
be derived and whether local information interferes with this derivation
or vice versa. It is generally thought that the local elements are grouped
to form the global shape and grouping of the elements may be based, for
example, on proximity, similarity of luminance or shape, or good conti-
nuity (Han & Humphreys, 2002).
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In one block of trials, subjects report the identity of the global letter
and in a second, they report the identity of the local letters. Typically,
normal observers exhibit a global advantage such that the global item is
identified more rapidly than the local items (the so-called forest-before-
the-trees effect; Navon, 1977; Yovel, Yovel & Levy, 2001). Additionally,
global interference is observed such that in cases where the local and
global information are inconsistent, there is interference from the global
identity onto naming the local item but not vice versa. Much recent re-
search has been concerned with identifying the neural substrate that me-
diates the processing of the local and global elements. One result from
this research is that the right hemisphere appears to be biased for global
processing whereas the left hemisphere appears to be biased for local
processing (Fink et al, 1996), although these hemispheric asymmetries
may be relative rather than absolute (Polster & Rapcsak, 1994).

Given the compositional nature of the stimuli and the tendency of pa-
tients to oversegment, one would predict that the integrative agnosic pa-
tients would be easily captured by local elements or parts and would then
have difficulty deriving unified wholes from the input. This is precisely
the case for patients RN (Behrmann & Kimchi, 2003a, 2003b) and CR
Behrmann and Kimchi, 2003¢). Figure 11.14 below shows the data from
the control subjects as well as from three patients (we return to a discus-
sion of SMI shortly). As is evident from this figure, the normal control
subjects show the expected global advantage and a trend toward global-
to-local interference (under foveal presentation with unlimited exposure
durations, one does not always obtain a strong interference effect). Of
particular interest are the data from RN and CR, which contrast with the
normal subjects and in which there is local dominance; performance is
faster for local than global shapes and there is interference from local to
global in the inconsistent case. These findings strongly support the claim
that the patients’ processing is directed toward the elements rather than
the configuration per se.

But this pattern of local capture is not seen in all integrative agnosic
patients. This pattern was not observed in HJA nor in patient SMI. Let
us consider HJA first: he responded more quickly to global than to local
stimuli (roughly 300 ms difference). His responses to global letters were
relatively normal and it was his response to local letters that was slowed,
although he showed no impairment when the local elements were pre-
sented in isolation (Riddoch & Humphreys, 1987). However, unlike nor-
mal subjects, he showed no interference from global to local identification
{although, as we see above, even the normal subjects do not always show
this and it is paradigm-dependent). The explanation offered for HJA’s pat-
tern is that there i1s separate and independent processing of global and
local forms (Humphreys, 1999) and this is supported by the presence of
a global advantage without global-to-local interference. The idea is that
global shape can be derived by HJA but is not embellished with more
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FIGURE 11.14. RT performance of control subjects (above) and three patients
with integrative agnosia in a global/local letter identification task.

detailed local information and so the two forms are not synthesized. To
denive sufficient local information for object identification, HJA may then
have to process the parts serially, and this may lead to the segmental.
piecemeal performance. This explanation is consistent with the data from
Boucart and Humphreys (1992) mentioned above revealing his sensitivity
to global shape despite the inability to exploit the collinearity of the frag-
mented elements. It also meshes well with his ability to derive form from
the global outline of the silhouette in the absence of the internal features.

But not all the data seem compatible with this explanation. For ex-
ample, HIA’s ability to match and identify objects appears not to be greatly
influenced by the global properties of objects under some conditions. For
example, when an object is foreshortened and the global shape altered.
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his performance is not greatly affected. Also surprising is that his perfor-
mance appears to be more reliant on local distinctive features of an object;
when a primary distinctive feature is no longer salient in an image, per-
formance is adversely affected (Humphreys & Riddoch, 1984), But HJIA
is not the only IA patient exhibiting global precedence and no interference;
this 1s the pattern shown by SM1 too (see figure 11.14). SM1’s ability to
derive the global configuration is particularly puzzling as he has a clear
unilateral right-hemisphere lesion and in terms of hypotheses about right-
hemisphere tuning for global properties of stimuli, he should be dramat-
ically impaired.

We have previously offered an explanation for SM1’s apparent success
with these Navon figures. We have shown, for example, that when a hi-
erarchical stimulus is presented for a brief exposure duration (uniike the
unlimited duration used for presenting the Navon figures), SM1 no longer
performs as well as normal controls in deriving the global configuration
(Behrmann & Kimchi, 2003a). Additionally, under more challenging con-
ditions, such as when there are few, rather than many, local elements that
need to be grouped, SM1 does not derive the global form from the ele-
ments. These findings suggest that SM1 1s indeed impaired at grouping,
although his impairment might not be as severe as that of the other pa-
tients. Under the appropriate testing conditions, however, the deficit is
easily revealed. This explanation might also apply to HJA but whether it
does is not known at present.

Recent findings from the study of normal perceptual organization sug-
gests that the impairment in deriving the global configuration may be a
direct consequence of weakened grouping. For example, Han, Humphreys,
& Chen, (1999) have proposed that there is an interaction between per-
ceptual organization based on Gestalt laws and that based on hierarchical
processing (see also Han & Humphreys, 1999). In their experiments, they
required subjects to discriminate stimuli at the local or global level and
manipulated the strength of grouping by including background distractors.
When the grouping between local elements was weakened, the perception
of global structure was impeded (Han & Humphreys, 1999), manifest as
a reduction in the global advantage. These findings are relevant for 1A
and suggest that a reduction in grouping ability, as in CR and RN, directly
results in the local advantage.

One other issue that may help us resolve and understand the relation-
ship between hierarchical processing and grouping, as well as other forms
of perceptual organization, is that of the microgenesis or detailed time
course of these different processes. Recent studies by Kimchi (Kimchi,
1998, 2000) with normal subjects have revealed a change in the represen-
tation derived from the stimulus as a function of time. Whereas early on
in the course of processing, subjects appear to represent the clements, later
on at longer durations, the configuration is represented and this is the
source of the global advantage. We have begun exploiting this method for
more detailed analysis of the patients’ performance in an attempt to un-
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cover the mechanisms mediating the denvation of global configuration
(Behrmann & Kimchi, 2003b). One possible explanation for the apparent
differences observed across patients is that all integrative agnosic patients
are impaired at deriving global configuration—however, with enough
time, some of them (such as SM1 and HJA) may eventually succeed. Only
a detailed analysis of the time course of processing in the patients can
resolve this.

Taken together, the findings clearly indicate some pattern of impairment
in grouping processes in almost all patients, although the vagaries of the
studies and patients do not allow us to make good comparisons between
the patients. This domain clearly requires further exploration.

Caveats and Qualifications

The focus of this chapter has been on a select subgroup of individuals
with visual perceptual deficits acquired in adulthood. These patients ex-
hibit integrative agnosia, a deficit in which they appear to have the build-
ing blocks of perception available to them but are unable to use them to
configure shapes. We have deliberately excluded other types of patients
(apperceptive agnosic, associative agnosic, attentional deficits) as well as
integrative agnosic patients who meet our criteria but for whom insuffi-
cient detail is available. Before concluding, however, there is one other
group of patients whom we have not discussed but deserves to be con-
trasted with 1A patients and these are individuals with simultanagnosia. In
some ways, IA and simultanagnosia are very similar and so comparing
them is important.

Simultanagnosia is the term applied to those patients who, following
lesions to the junction of parietal and occipital regions bilaterally, may be
able to detect or identify individual visual objects or their features but may
be unable to process muiltiple objects simultaneously. These patients may
also exhibit a host of other impairments including spatial disorientation,
abnormal eye movements, and inaccurate visually guided reaching (Balint,
1909), but our focus here is on the apparent problem in perceptual orga-
nization and its relationship to integrative agnosia. The simultanagnosic
deficit has been labeled “dorsal simultanagnosia” to differentiate it from
the impairment in interpreting visual arrays that occurs with letter-by-letter
reading (Farah, 1990). This latter impairment occurs following lesions to
more ventral areas, typically in the left hemisphere. Of relevance to us
here, however, is that there are aspects of the performance of dorsal si-
multanagnosic patients that resemble the patterns described above in re-
lation to visual agnosia. The striking feature of dorsal simultanagnosia is
that the patient’s visual experience becomes captured by a local detail or
individual object, to the exclusion of all other aspects of the scene (Coslett
& Saffran, 1991; Rafal & Robertson, 1995).
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Some recent case reports highlight the perceptual difficulties of these
patients. For example, patient KB (Karnath, Ferber, Rorden, & Driver,
2000) could recognize a square or circle drawn on paper but when they
overlapped, she was unable to identify both. She was able to identify only
individual objects in a visual scene and was unable to recognize the gen-
eral theme of the picture. The pathological visual capture of local elements
was so striking that she was virtually unable to identify a global shape
using Navon hierarchical stimuli even when the stimulus exposure dura-
tion was unlimited. Although she identified the local letter correctly on
91% of the trials, she managed to name the global letter on only 5 out of
96 trials and, on the incorrect trial, she gave the local letter as a response
on 77 of the incorrect trials. This local capture resembles the pattern re-
ported for the integrative agnosic patient, RN, reported above. It is inter-
esting to note that KB was slowed in reporting the local letter when it
was inconsistent with the global letter, revealing evidence for some proc-
essing of the global letter albeit insufficient for it to reach threshold for
overt identification. One possible explanation is that local capture is not
diagnostic of a particular perceptual problem. Indeed, similar, albeit milder
impairments in selectively identifying the global hierarchical letter has
been reported in patients with unilateral right-hemisphere lesions around
the temporo-parietal junction (Doricchi & Incoccia, 1998; Robertson,
Lamb, & Knight, 1988) and for patients with degenerative disorders and
diffuse cortical atrophy (Coslett, Stark, Rajaram, & Saffran, 1995; Stark,
Grafman, & Fertig, 1997).

Although there is some similarity between simultanaganosic and inte-
grative agnosic patients, there are also major differences. Integrative ag-
nosic patients do not show spatial disorientation, do not bump into objects,
and do not exhibit optic ataxia. Moreover, they do not appear to be limited
in their ability to report the presence of multiple objects even if they
cannot identify them all correctly. Humphreys (1999) suggests that the
distinction between the two phenomena is best characterized as a differ-
ence between spatial representation between parts of a single object (in-

tegrative agnosia) versus spatial representation between objects (simultan-
agnosia).

Conclusion

This chapter has been concerned with a specific subpopulation of patients
who are unable to bind contours into wholistic shapes despite the apparent
availability of the contours (as is known for some cases) and other low-
level features of the image. Because these patients appear to have the
building blocks for perception but cannot derive the final shape, they may
provide some insight into normal mechanisms of perceptual organization.
We examined the performance of these patients in relation to three main
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processes of perceptual organization: figure-ground segregation, visual in-
terpolation, and grouping. The study of these patients offers much poten-
tial for understanding perceptual organization.

A review of the findings from 7 patients all of whom have been tested
relatively extensively leads to a few general conclusions. As a group, the
patients appear to be impaired in the three processes we have dealt with.
It is the case, however, that detailed examination of the individual patients
does not reveal uniformity across the patients. Three of the patients are
clearly impaired at figure-ground organization, while three patients are
reasonably good and there are no persuasive data from the final patient,
Five patients are impaired at amodal completion and one is reasonably
good. There is similar discrepancy on some of the other dimensions. It is
the case, however, that all patients are impaired on at least one of the
organizational processes.

A critical question is where does the variability come from and is it
informative? At this stage it is difficult to answer either question. The
variability might emerge from the fact that patients may differ in severity.
For example, whereas patients HJA and CK appear to be impaired on all
processes, RN is impaired on only a subset. Degree of deficit may provide
an explanation but it is not clear how to validate this claim. Additional
testing with some means of external validation for these processes is
clearly needed. A second explanation for the variability might be the lesion
site and qualitative, not quantitative, differences between the patients.
Again, this is notoriously difficult to nail down in a neuropsychological
population because of the extent of the lesion site and so we cannot reach
any definitive conclusions about lesion site and overt behavioral deficit.
What is clear from all this is that much remains to be done to develop a
further understanding of the relationship between neural mechanisms and
perceptual organization but also to understand how the different perceptual
processes are related to each other and to other forms of visual processing
such as object discrimination and identification.

At this stage, suffice it to say that the available data are rich and in-
teresting and provide clear suggestions for future research and clarification.
We expect that these ongoing neuropsychological investigations, in con-
junction with the emerging data from other methods such as single neuron
recordings, functional imaging, and detailed behavioral studies with not-
mal subjects, will help clarify the mechanisms, both psychological and
neural, that mediate the organization of the chaotic input to the visual
system.

Notes
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