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In this article the authors describe a patient (J.P.) whose category-specific naming deficit
eluded the classical dichotomies between living versus nonliving items or visual versus
functional attributes. At age 22, he had herpes simplex encephalitis followed by a left
temporal lobectomy. J.P. was tested on measures of visual perception, category naming,
fluency, and name–picture matching. He showed a severe impairment naming and identifying
fruits, vegetables, and musical instruments. His performance with animals and birds was
spared inconsistently, meaning that even the preserved categories were, at some point,
affected. J.P.’s unusual deficit supports the hypothesis that semantic knowledge is organized
in the brain on the basis of object properties, which can cut across the living–nonliving
categorical distinction.

Evidence from patients with focal brain lesions indicates
the presence of category-specific impairments in naming

and identifying entities belonging to selective semantic cat-
egories. The first detailed investigation (Warrington & Shal-
lice, 1984) described four patients at various stages of
recovery from herpes simplex encephalitis (HSE). All were
impaired on tests requiring naming or semantic knowledge
of living items (e.g., flowers, fruits, trees, vegetables, and
animals) but not nonliving items (e.g., clothing, furniture,
kitchen utensils, and vehicles). This observation has been
replicated in several studies (Basso, Capitani, & Laiacona,
1988; Farah, Hammond, Metha, & Ratcliff, 1989; Sartori &
Job, 1988; Sheridan & Humphreys, 1993), providing evi-
dence of a characteristic pattern of dissociation between
living and nonliving items. Although it is more common to
find natural items impaired and artifactual objects pre-
served, some patients show the reverse pattern, suggesting a
double dissociation (Hillis & Caramazza, 1995; Moss &
Tyler, 2000; Sacchett & Humphreys, 1992; Warrington &
McCarthy, 1987). Nevertheless, the observation of patients
who show patterns of deficit that violate categorical distinc-
tions challenged any simple dichotomy, such as living–
nonliving or natural kinds versus artifactual items. For ex-
ample, case J.B.R. (Warrington & Shallice, 1984) was im-
paired on biological categories (i.e., fruits, vegetables, fish,
and flowers) as well as on some nonbiological categories
(i.e., metals, clothes, and precious stones). Similarly, both
J.B.R. and the patient studied by Silveri and Gainotti (1988)
were impaired on the living categories but not on body
parts, which are certainly not artifactual.

Evidence of impairments that violate the dichotomy of
living versus manufactured objects led some authors (War-
rington & McCarthy, 1983, 1987; Warrington & Shallice,
1984) to propose reductionist accounts for category-specific
deficits. All the different variants of this class of accounts
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(called the sensory/functional theory; Caramazza & Shel-
ton, 1998) focus on the differential role that sensory and
functional properties play in identifying members of living
and nonliving categories, and on the fact that the organiza-
tion of conceptual knowledge is based on sensory modality
(visual, olfactory, tactile, motor) rather than category. Ac-
cording to this view, damage to a particular semantic sub-
system results in a selective impairment for items for which
processing is highly dependant on that modality. Damage to
the visual semantic subsystem, for example, will result in
impairment in those categories for which items are primar-
ily distinguished by their visual properties. A prediction of
such a view is that some categories are compromised to-
gether because they are distinguished primarily by visual
properties (e.g., musical instruments are affected with fruits,
vegetables, plants, and animals). Impairment in the func-
tional semantic subsystem results in a selective deficit in
categories that are distinguished by functional characteris-
tics (e.g., furniture, vehicles, and tools).

In addition to the broad dissociation between natural and
manufactured objects, finer dissociations have been uncov-
ered. Patient M.D. (Hart, Berndt, & Caramazza, 1985) had
a selective deficit in naming items in the categories of fruits
and vegetables, whereas he was unimpaired in processing
items belonging to other natural categories (animals). In
contrast, patient E.W. (Caramazza & Shelton, 1998) was
severely impaired in visual and auditory recognition as well
as in naming and answering questions about members of
this category, whereas his performance with other living
categories (fruits and vegetables) and nonliving objects was
normal. Evidence that the category of animals can be af-
fected independently from the categories of fruits, vegeta-
bles, and plants conflicts with the sensory/functional theory
because one of the theory’s assumptions is that certain
semantic categories (e.g., fruits, vegetables, and animals)
are impaired together because of their common dependency
on a semantic subsystem.

The fractionation of deficits present in the literature has
led some researchers to reject the idea of a modality orga-
nization of the semantic system in favor of a domain-
specific theory in which the semantic system is categorically
organized according to evolutionary salient principles. This
view permits a limited number of dissociations (e.g., ani-
mals and plants vs. artifacts) and rejects the possibility of
finer-grained dissociations (e.g., fruits, kitchen items) (Car-
amazza, Hillis, Rapp, & Romani, 1990; Hillis, Rapp, &
Caramazza, 1995; Rapp & Caramazza, 1993); it is consis-
tent with results showing that category-specific deficits are
not necessarily modality specific. In fact, not all patients
who have deficits in living items show a disproportionate
impairment in the visual attributes of objects, which would
be expected from selective damage to the visual semantic
subsystem (Laiacona, Barbarotto, & Capitani, 1993; Sheri-
dan & Humphreys, 1993).

Another account has been proposed by Tyler and Moss
(2001) on the basis of a connectionist model of conceptual
structure. They propose a unitary, distributed system in
which concepts are defined in terms of properties with
different degrees of intercorrelation. The specific prediction
of this model is that severity of brain damage is a major

determinant of category specificity: Mild disorders should
be associated with living impairments, whereas nonliving
impairments should be observed only with diffuse, severe
damage. Additional predictions include the presence of
graded effects and interaction with task demands with more
severe impairment on tasks associated with the retrieval of
distinctive, rather than shared, features (Tyler & Moss,
2001).

To provide support for the theoretical positions men-
tioned above, investigators have conducted several func-
tional neuroimaging experiments. Although the presence of
different activation for living (especially animals) and non-
living (especially tools) concepts has been reported in nu-
merous studies (Cappa, Perani, Schnur, Tettamanti, & Fa-
zio, 1998; Chao, Haxby, & Martin, 1999; Damasio,
Grabrowski, Tranel, Hichwa, & Damasio, 1996; Martin,
Wiggis, Undergerleider, & Haxby, 1996; Mummery, Patter-
son, Hodges, & Price, 1998; Perani et al., 1995, 1999), the
results are inconsistent. Recent data from a series of func-
tional magnetic resonance imaging (fMRI) and positron
emission tomography (PET) experiments (Devlin, Moor, et
al., 2002) have been taken to indicate that conceptual
knowledge activates a large, common neural network
(mostly in the left hemisphere) that extends from the infe-
rior and middle temporal gyri and the anterior temporal pole
to the inferior frontal cortex, without a functional segrega-
tion for specific semantic categories or domains. In contrast,
a meta-analysis conducted on data from seven PET exper-
iments (Devlin, Russell, et al., 2002) suggested that the
category effect is reliable but depends on task demands.
Specific activation for tools in the left posterior middle
temporal gyrus was found only when participants performed
semantic-related tasks (e.g., semantic decision and word
retrieval). Bilateral activation of the anterior temporal poles
for living items was found when participants were engaged
in tasks requiring integration of semantic information (e.g.,
identification and semantic decision). This study illustrates
a task-dependent double dissociation between living and
man-made items, a finding inconsistent with theories that
claim an undifferentiated organization of semantic knowl-
edge (as proposed by Tyler, Moss, Durrant-Peatfield, &
Levy, 2000). Such results are also inconsistent with the idea
of a neural specialization for different categories as pro-
posed by Caramazza and Shelton (1998) for animals and
tools.

In this article, we report a case of a young patient (J.P.)
who shows a complex pattern of dissociations in conceptual
knowledge that does not fit easily in any of the patterns
predicted by the main theories summarized above. We also
present neuroanatomical data from a high-resolution MRI
scan to describe the anatomical substrate associated with his
selective semantic deficit.

Case Report

Participant

In September 1995, J.P., a 22-year-old, right-handed col-
lege student, was admitted to the Berkshire Medical Center
with increasing confusion and speech difficulty. He had a
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2-week history of severe nausea, vomiting, and diarrhea.
Two days prior to admission, he had a temperature of 101°
and was confused; his speech revealed word finding errors
and paraphasias. A computerized tomography (CT) scan
showed a left temporal lobe lesion. MRI confirmed this
abnormality and also showed a possible right temporal lobe
abnormality. At this time, the patient was still confused and
disorientated, with increasing language difficulties and poor
comprehension. A lumbar puncture revealed a cerebral spi-
nal fluid pressure of 22 cm of water with 19 polymorpho-
nuclear leukocytes, 63 monocytes, glucose 88, protein 42,
and no red cells. He was diagnosed with HSE, and treatment
with Acyclovir was started. On September 9, 1995, he was
transferred to the Massachusetts General Hospital. An MRI
scan with contrast revealed an increased T2-weighted signal
with a mass effect in the uncus, hippocampus, and parahip-
pocampal gyrus. An electroencephalograph (EEG) showed
abnormality in the left temporal lobe region. Despite the
treatment with Acyclovir, his condition worsened, and he
became increasingly confused and lethargic. A repeat EEG
showed left temporal epileptiform lateralizing discharges,
consistent with hemorrhagic herpes encephalitis. A new CT
scan revealed hemorrhage in the left anterior temporal lobe
with uncal and subfalcian herniation. Because of the pro-
gression of the herniation, an emergency left temporal lo-
bectomy with resection of the hematoma was performed.
After the operation, J.P.’s condition improved gradually. He
was discharged from the hospital on October 14, 1995, and
was transferred to a rehabilitation center for cognitive re-
habilitation. At that time, his deficits were largely confined
to the cognitive domain and, according to a clinical report,
included “expressive language disturbance, retrograde
memory loss for one year before the illness, as well as a
memory deficit for recent events.”

The first formal neuropsychological evaluation was per-
formed on October 30, 1995. This examination revealed
“persisting language impairments and retrograde and an-
terograde memory deficit in both the visual and verbal
domain.” On the Boston Naming Test, he named 5 of 60
items correctly. Immediate memory was normal, as indi-
cated by a digit span of 7. On the Wechsler Adult Intelligent
Scale—Revised (WAIS–R; Wechsler, 1981), he obtained a
Verbal IQ of 86, a Performance IQ of 100, and a Full Scale
IQ of 91. On the Wechsler Memory Scale—Revised
(WMS–R; Wechsler, 1987), his scores were in the 12th and
42nd percentiles for immediate recall of visual and verbal
material, respectively. On 30-min delayed recall, he scored
in the 6th percentile for verbal and 5th percentile for visual
material. An evaluation 4 months later revealed an improve-
ment in the visual and verbal domains. On the WAIS–R, his
Verbal and Performance IQ scores were 94 and 125, respec-
tively, with a Full Scale IQ of 107. On the WMS–R, he
showed an improvement in the visual domain only (99th
percentile for immediate recall and 93rd percentile for de-
layed recall), whereas his performance in the verbal domain
was still severely impaired (7th percentile for immediate
recall and 1st percentile for delayed recall).

We first evaluated J.P. in April 1996. At that time, his
general clinical condition was good, except for a complete
anosmia and taste impairment. He and his family reported

continuing gradual improvement in cognition, although
word finding difficulties were still present. For the first time,
his family noticed that naming was impaired in a differential
way, with greater difficulty in naming items “that you can
buy at the supermarket.” In June 1997, he was sufficiently
improved to return to college. His language difficulties were
lessening, and only the naming impairment remained a
concern. Because of his memory deficit and his loss of
certain didactically acquired knowledge (e.g., the names of
chemical elements), he changed his major from chemical
engineering to electrical engineering. We saw him again in
July 1999. He had graduated from college the previous
month with a degree in electrical engineering and was about
to start a new job. His spontaneous speech was fluent, well
articulated, and without any sign of difficulty. In August
2001, his recent memory had improved significantly, but he
still had difficulties in, for example, taking telephone mes-
sages and remembering proper names. When asked about
his inability to name vegetables and fruits, he answered that
he did not care about food because “I can’t taste food
anymore, and I’m not interested in it.”

We tested J.P.’s cognitive abilities in three different test-
ing sessions over a span of 6 years, from April 1996 to
August 2001. In the following text, we report his perfor-
mance during the most recent testing session, which was
carried out from July 1999 to August 2001. The complete
longitudinal data set is provided in Appendixes A–H. J.P.’s
performance was compared with that of 20 healthy volun-
teers (HVs), male college students between the ages of 18
and 24 years (M � 22.3). All participants were native
English speakers and right handed. They completed all
tasks, except that only 10 of the 20 performed the real and
unreal test and the visual and functional questionnaire; 5
participants completed the two most recent naming tests.

Assessment of Overall Cognitive Abilities

Despite a general cognitive improvement over time (Ap-
pendix A), J.P. remained impaired in the general memory,
verbal memory, and delayed recall subtests of the WMS–R
(Wechsler, 1981). He also performed below normal on the
Boston Naming Test (Kaplan, Goodglass, & Weintraub,
1983) and Recognition Memory Test (Warrington, 1984).

J.P.’s visual acuity and depth perception were investi-
gated with the following tests: Snellen Acuity Test (Key-
stone View, Reno, NV), Randot Stereo Acuity Test (Stereo
Optical, Chicago, IL), and Vistech Contrast Sensitivity Test
(Vistech Consultant, Dayton, OH). He showed normal per-
formance on these tests, and he also completed four tests of
color vision without error: City University Color Vision
Test (Fletcher, 1980), Ishihara Test for Color Blindness
(Ishihara, 1964), Farnsworth Dichotomous Test for Color
Blindness (Farnsworth, 1947), and Lanthony Color Test
(Lanthony, 1978). His score on the Benton Facial Recog-
nition Test (Levin, Hamsher, & Benton, 1975) was normal
compared with that of the HVs (J.P.’s score � 45, HV
M � 47.76, SD � 3.57), as were his scores on the Hidden
Figures Test (Thurstone, 1944), on which he achieved 25
out of 27 correct for Part I, 7 of 7 for Part II, 6 of 7 for Part
III, and 10 of 10 for both Parts IV and V, all within the time
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limits. A neuro-ophthalmological examination revealed a
modest refractive error in the left eye, correctable with
pinhole to better than 20/20. Acuity in the right eye was also
better than 20/20. The only possible afferent abnormality
was detected in the visual field in the right homonymous
superior quadrant. According to the report of the neuro-
ophthalmologist, this deficit “was subtle . . . and should not
be disruptive for any visual tests.” A neurological exami-
nation performed on the same date was normal.

Category-Specific Impairment

Here we report the results of nine experimental tasks we
administered to J.P. (Table 1). The rationale for our inves-
tigation was the following: First, we wanted to assess the
presence of category-specificity in his impairment by asking
him to name items from a broad range of different semantic
categories. In addition, we administered identification tasks
to exclude the possibility that his deficit was at a general
language level (e.g., anomia) and to assess the presence of
a semantic disturbance. Second, we wanted to rule out the
possibility that category-specific deficits were artifactual,
attributable to variations in item familiarity and visual com-
plexity. We also wanted to rule out the possibility that J.P.’s
naming deficit was due to other variables, such as a visual–
perceptual impairment. Once we had demonstrated that the
deficit shown by J.P. had the characteristic of a semantic
deficit, we investigated whether he showed any dissociation
in the knowledge about perceptual and functional attributes
of objects. This issue is relevant for the interpretation of his
deficit in light of current theories of the organization of
semantic knowledge.1

Results

Picture Naming and Category Identification

On the naming task, J.P. was impaired relative to HVs on
fruits, vegetables, birds, insects, musical instruments, toys,
and kitchen items. His naming ability was normal for the
categories of animals, parts of the human body, tools, cloth-
ing, vehicles, and furniture (Table 2). On the category
identification task, he did not make any errors (100% correct
responses), even in the categories where he made naming
errors. HVs achieved the same ceiling performance. A post
hoc analysis of three impaired categories (fruits, vegetables,
and musical instruments) and three preserved categories
(animals, furniture, and vehicles) with items matched for
familiarity and visual complexity (Appendixes B and C)
showed that his naming impairment in the categories of
fruits, vegetables, and musical instruments was not artifac-
tual. The ratings of familiarity and visual complexity were
obtained from Snodgrass and Vanderwart (1980) norms and
ranged from 1 (low) to 5 (high) (Appendix H). Items were
matched across groups so that mean scores for each cate-
gory matched. Results of two sample t tests showed no
significant differences in familiarity, t(11) � –0.82, p �
.429, or visual complexity, t(11) � –0.22, p � .843, be-
tween spared and impaired items. We also tested statisti-
cally the differences between the proportion of correct re-

sponses for spared and impaired categories over the three
different testing sessions. Results from a proportion test
(Newcombe, 1998) showed a significant difference between
impaired and spared categories when items were matched
for familiarity (z � 8.8, p � .001) and for visual complexity
(z � 9.5, p � .001). Because of the low number of items in
each category, we could not perform a logistic regression
analysis.

Although the pattern of performance in categories of
insects, kitchen items, tools, and toys was inconsistent over
time, J.P.’s performance on fruits, vegetables, birds, and
musical instruments was consistently impaired over the
three testing sessions (Appendix B), suggesting, at least for
those categories, the presence of a genuine semantic deficit.

To rule out the possibility that J.P.’s naming deficit for
fruits, vegetables and musical instruments was an artifact
because of the limited number of stimuli in each category in
the previous naming test (n � 8), we introduced a more
demanding naming test with a more extended set of pictures
(Dell’Acqua, Lotto, & Job, 2000). Moreover, we wanted to
eliminate the ceiling effect shown by HVs in the previous
naming test. As reported in Table 3, J.P. performed below
chance in the categories of fruits, vegetables, birds, flowers,
and musical instruments. However, his performance was
also below the HV range for items belonging to other
categories: For vehicles, furniture, tools, clothing, and ani-
mals, his performance was worse than his previous perfor-
mance for the same categories, where he was considered
spared. To assess direct differences between categories, we
conducted a series of pairwise logistic regression analyses
comparing each category against the others. We entered
naming accuracy as the dependent variable and name fre-
quency, concept familiarity, typicality, age of acquisition,
name agreement, and visual complexity as the independent
variables along with category membership (entered last into
the analysis). The results showed that, once possible con-
founding variables have been taken into account, the cate-
gories of fruits and vegetables significantly differed from
any of the following categories: animals (W � 5.08, p �
.05), tools (W � 6.98, p � .001), kitchen items (W � 3.75,
p � .05), clothing (W � 3.75, p � .05), buildings
(W � 4.44, p � .05), vehicles (W � 5.68, p � .05), and
furniture (W � 3.89, p � .05). No significant differences
were found between fruits and vegetables compared with
birds, flowers, and musical instruments. Flowers were also
significantly different from tools (W � 4.58, p � .05) and
vehicles (W � 5.03, p � .05). Musical instruments were
significantly different from vehicles (W � 4.16, p � .05).
No significant differences between other variables were
found.

1 According to the literature, some patients with an impairment
for living items show problems on tasks involving visual features
for living and nonliving objects, although this is not always the
case. Other patients are equally impaired in visual and functional
knowledge for living and nonliving entities (Barbarotto, Capitani,
Spinnler, & Trivelli, 1995), whereas others have a selective im-
pairment for visual features but only for living entities (Forde,
Francis, Riddoch, Rumiati, & Humphreys, 1997; Hart & Gordon,
1992).
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Table 1
Category-Specific Impairment: List of Tasks and Procedures

Task name Aim of the task Procedure

Picture naming Evaluate J.P.’s naming abilities
with items belonging to
different semantic categories to
establish whether he had a
category-specific naming
impairment.

Participants viewed 104 pictures from Snodgrass and
Vanderwart (1980) on a computer screen and were
asked to name them. The size of the picture was
approximately 2 � 2 in. We selected 8 items from
each of 13 categories (animals, birds, insects, fruits,
vegetables, musical instruments, kitchen items,
vehicles, furniture, toys, tools, clothing, and parts of
the human body).

Category identification Evaluate whether his deficit is at a
level of superordinate categories
or in the recognition of items
belonging to the same category.

Participants viewed 72 Snodgrass and Vanderwart (1980)
pictures on a computer screen. The categories included
vegetables, fruits, birds, insects, animals, parts of the
body, tools, toys, furniture, kitchen items, and vehicles.
Each picture appeared with a choice of 4 categories.
Participants were asked to indicate the category to
which the item belonged.

Picture matching with a larger
set of stimuli

Show that the restricted naming
deficit for the categories of
fruits, vegetables, and musical
instruments was not an artifact
due to the limited number of
stimuli in each category in the
previous naming test (n � 8).
Eliminate the ceiling effect in
the HV scores.

Participants viewed 230 black-and-white drawings of
objects belonging to 11 different semantic categories:
fruits and vegetables (n � 35), animals (n � 22), tools
(n � 35), vehicles (n � 24), clothing (n � 25),
musical instruments (n � 15), birds (n � 20), furniture
(n � 15), buildings (n � 16), kitchen items (n � 11),
and flowers (n � 12).

Color naming and color object
identification

Evaluate his ability to name
colors. Evaluate his knowledge
about object color, which is
considered a particular type of
semantic knowledge. Assess
differences between categories.

Participants viewed 28 black-and-white pictures on a
computer screen, one at a time. The pictures belonged
to different categories: fruits (n � 9), vegetables (n �
9), animals (n � 7), insects (n � 2), plus 1 bird
(penguin). Participants were asked to name the color in
which each object appeared most commonly. The
computer recorded errors and response times.

Word–picture matching Evaluate his ability to recognize in
a nonverbal task items
belonging to different
categories. Rule out the
possibility that his deficit was at
a lexical–retrieval level.

Stimuli were the same as in the category identification
task. Pictures were presented on the screen in groups of
four. Before each item appeared, the experimenter
named the item aloud. Then four pictures appeared and
participants were asked to press a key on the computer
keyboard corresponding to the position of the item
named by the experimenter. The computer recorded
response times. The 72 stimuli were divided into three
conditions, with 24 presentations for each condition:
same category (target stimulus and distractors
belonging to the same semantic category, e.g., fruits),
same class (target and distractors belonging to the same
class, e.g., living things), and balanced (two living and
two nonliving items).

Verbal fluency Evaluate effortful lexical retrieval
for items belonging to different
semantic categories.

Participants were asked to name in 1 min as many items
as possible from each of 13 categories (animals, birds,
insects, fruits, vegetables, musical instruments, kitchen
items, vehicles, furniture, toys, tools, clothing, and
parts of the human body). Responses were tape-
recorded. The order of presentation of the categories
was randomized on two different forms. Half of the
HVs received Form 1 and half Form 2. J.P. completed
both forms in different sessions.

Identification of real and unreal
objects

Evaluate visual–perceptual abilities
and ability to discriminate
between real and unreal objects.
Rule out the possibility that
J.P.’s naming deficit was due to
a general visual perceptual
deficit with complex visual
stimuli or to a loss of structural
knowledge.

Participants viewed 72 pictures from Snodgrass and
Vanderwart (1980) on a computer screen. The pictures
included 24 from each of the following three
categories: objects, fruits and vegetables, and animals.
For each category, half of the pictures were real objects
and half were unreal objects. Pictures of unreal objects
were created by assembling parts of real objects.
Participants were asked to say whether the picture was
a real or unreal object and whether it was an animal,
fruit, vegetable, or artifact. They were not asked to
name the object.
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Previous studies showed that a series of factors, such as
name frequency, concept familiarity, typicality, age of ac-
quisition, name agreement, and visual complexity can affect
naming accuracy. In particular, concept familiarity and age
of acquisition are well-established predictors of naming
accuracy and have been shown to affect the performance of
patients with semantic dysfunction (Lambon Ralph, Patter-
son, & Hodges, 1997; Lanthony, 1978). To ensure that

J.P.’s performance was not influenced by these stimulus
variables, we performed a logistic regression analysis by
entering naming accuracy as the dependent variable and
domain membership (living vs. nonliving) together with
another factor (i.e., name frequency, concept familiarity,
typicality, age of acquisition, name agreement, and visual
complexity) as the independent variables. The results from
this analysis showed that only category membership
(W � 11.19, p � .001) and age of acquisition (W � 4.56,

Table 1 (continued)

Task name Aim of the task Procedure

Property verification Verify whether there was equally
impaired processing of
perceptual and functional
features of objects belonging to
living and nonliving categories.

Participants viewed a list of 52 object names on the left
side of a page and a list of their definitions, in random
order, on the right side. We selected 4 object names
from each of 13 categories: animals, birds, insects,
fruits, vegetables, musical instruments, kitchen items,
vehicles, furniture, toys, tools, clothing, and parts of
the human body. In the visual condition, definitions of
the words were based on visual characteristics of the
objects (e.g., couch was defined as “It is long and soft
with four legs and cushions”; cow was defined as “It
has horns and an udder”). In the functional condition,
definitions were given according to functional
characteristics of the objects (e.g., the definition of
banana was “It can be peeled, sliced, and eaten with
cereal”; the definition of pumpkin was, “One can make
a face in it on Halloween”). The participants’ task was
to match each object with the appropriate definition.

Visual and functional
questionnaire

Assess his knowledge about visual
and functional features of items
belonging to categories in which
he showed a naming
impairment.

This questionnaire assessed J.P.’s knowledge about visual
and functional characteristics of items belonging to the
categories in which he was impaired on naming,
recognition, and fluency tasks (i.e., fruits and
vegetables). The list of 80 questions assessed
knowledge about visual and functional characteristics
of fruits and vegetables. Participants heard 10 names of
fruits and 10 names of vegetables. For each word, four
questions were asked: two about visual attributes (e.g.,
“Is the shape of a pear round or oblong?”) and two
about functional characteristics (e.g., “Does a pineapple
grow in warm or cold countries? Do you need a fork to
eat a cherry?”).

Note. HV � healthy volunteer.

Table 2
Picture Naming Task: Percentage of Correct Responses
to 104 Pictures in 13 Categories

Category
HV range
(N � 20) J.P.

Living
Fruits 100 50
Vegetables 100 50
Birds 87.5–100 50
Insects 75–100 62.5
Animals 100 100
Human body parts 87.5–100 100

Nonliving
Musical instruments 75–100 37.5
Tools 75–100 75
Toys 75–100 50
Kitchen items 87.5–100 75
Clothing 87.5–100 100
Vehicles 100 100
Furniture 87.5–100 100

Note. HV � healthy volunteer.

Table 3
Picture Naming Task: Percentage of Correct Responses
to 230 Pictures in 11 Categories

Category

HV (N � 5)

J.P.M SD Range

Living
Fruits and vegetables 86.6 4.8 82.5–94.2 34.3
Birds 82 5.7 75–90 45
Animals 100 0 100 81.2
Flowers 83.3 5.9 75–91.6 8.3

Nonliving
Musical instruments 97.3 3.6 93.3–100 36.4
Tools 95.2 3.35 91.2–100 80
Kitchen items 100 0 100 91
Clothing 99.2 1.8 96–100 92
Buildings 98.75 2.8 93.7–100 68.8
Vehicles 99.1 1.9 95–100 79.2
Furniture 100 0 100 93.3

Note. HV � healthy volunteer.
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p � .05) affected naming performance. Naming accuracy
was not predicted by frequency, concept familiarity, typi-
cality, name agreement, or visual complexity. The signifi-
cant effect shown by the living factor was due to the
severely defective performance with items belonging to the
categories of fruit, vegetables, birds, and flowers, even after
frequency, familiarity, typicality, age of acquisition, name
agreement, and visual complexity were taken into account.
Thus, whereas age of acquisition had an influence on nam-
ing accuracy, it cannot by itself account for the domain
effect.

Identification of Object Color and Color Naming

J.P. performed below the HV range in identifying the
real-life color of black-and-white line drawings of objects
(J.P.’s score � 20/29, HV M � 27.8, SD � 0.41). All his
errors were for items in impaired categories: fruits (cherry/
orange, lemon/orange), vegetables (carrot/red, pumpkin/
purple, pepper/white), and insects (spider/brown, bee/don’t
know). To rule out the possibility that his poor performance
in naming the color of objects was due to a general impair-
ment in color naming, we asked J.P. to name the colors of
colored circles. A series of 20 colored circles was presented
one at a time on the computer screen. As expected, he
performed at the level of the HVs (score 100%), indicating
that his deficit extends to accessing semantic information
about objects (i.e., knowledge about object color).

Word–Picture Matching Task

J.P. made seven errors, six in the same category condition
and one in the balanced condition. Errors were one each in
the categories of vegetables, animals, insects, musical in-
struments, and furniture and two in the category of birds.
The HVs performed this task without errors. Overall J.P.’s
reaction times (M � 785.23 ms, SD � 177.77) were faster
than HVs (M � 879.5, SD � 58.18). This result suggests
that J.P. was focused on the task and that he invested
considerable effort in performing. If we consider single
category reaction times, however, he was slower than HVs
on birds (HV M � 944.2, SD � 269.5; J.P. � 1,118.83),
musical instruments (HV M � 851.14, SD � 225.4; J.P. �
948.33), and vegetables (HV M � 975.33, SD � 319.8; J.P.
� 1,049.33).

Verbal Fluency Task

We considered J.P. to be impaired when he performed
two standard deviations or more below the HV mean score.
Using this definition, we identified impairment in the fol-
lowing categories: fruits, vegetables, insects, musical instru-
ments, and clothing (Table 4). The results from this fluency
test, together with the results from previous tasks, show a
consistent pattern of impairment.

Identification of Real and Unreal Pictures

Some of the patients with a category-specific deficit for
living things reported in the literature showed impaired
performance on tasks where they were asked to distinguish

between real and unreal stimuli (Sartori & Job, 1988).
However, not all cases of category-specific deficits for liv-
ing things were impaired in object decision tasks (Laiacona,
Capitani, & Barbarotto, 1997; Sheridan & Humphreys,
1993). Like these unimpaired cases, J.P. performed at the
level of the HVs on all categories tested (91.6%, 95.83%,
and 100% correct responses for fruit and vegetables, ob-
jects, and animals, respectively). This result confirms that
J.P.’s impairment in recognition and naming is not due to a
deficit in processing complex visual stimuli, and that an
explanation in terms of visual impairment cannot account
for his semantic deficit.

Property Verification

In matching an object with its functional definition, J.P.
performed below the HV group in the categories of fruits
(J.P. M � 50, HV � 100) and vegetables (J.P. M � 50, HV
� 100). All the other categories were spared (100%). When
matching an object with its visual definition, he was below
the HV range only for fruits (J.P. M � 0, HV range �
75–100), whereas he performed at ceiling for all other
categories (Table 5). Considering the average of the scores
of three testing sessions across all categories (Appendixes G
and H), we calculated J.P.’s z score based on the distribution
of the HV scores (for functional matching, J.P. M � 47.67,
HV M � 51.65; for visual matching, J.P. M � 41.67, HV
M � 50.9). The results showed that J.P. was impaired in
functional (z � 4.26, p � .0001) and visual (z � 5.49, p �
.0001) conditions.

Visual and Functional Questionnaire

Compared with 10 HVs, J.P. scored below their mean in
answering questions regarding visual and functional prop-
erties of fruits and vegetables. His score on the visual task
was 70% for fruits and 75% for vegetables (HV range �
95%–100% for both). On the functional task, he achieved
85% correct for fruits and 65% for vegetables (HV range �
95%–100% for both).

Table 4
Verbal Fluency: Number of Items in Each Category

Category

HV (N � 20)

J.P.M SD

Living
Fruitsa 16 4.8 4
Vegetablesa 15.05 3.34 4
Birds 17.1 4.85 9
Insectsa 13.1 2.95 6
Animals 18.89 4.82 13
Human body parts 28.5 7.45 25

Nonliving
Musical instrumentsa 19.1 4.47 6
Tools 14.35 5.60 6
Toys 14.1 4.25 5
Kitchen items 23.45 6.82 13
Clothinga 21.15 4.92 11
Vehicles 15.05 3.9 9
Furniture 13.7 3.74 8

Note. HV � healthy volunteer.
a J.P.’s score was 2 SDs below the HV mean.
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Lesion Analysis

J.P. received an MRI scan on July 9, 1999, in a 3.0 Tesla
Signa System Scanner (General Electric, Milwaukee, WI) at
the Massachusetts General Hospital Nuclear Magnetic Res-
onance Center. The anatomical protocol included a series of
T2-weighted axial images acquired with a 7-mm-slice thick-
ness and no gap between slices. The anatomical boundaries
of the lesion were defined using a series of T1 high-resolu-
tion axial images (TR 2500; TE 30), with 18 slices that were
acquired with a 7-mm-slice thickness and no gap between
slices and were aligned such that slices were parallel to an
imaginary line drawn between the anterior and posterior
commissures. We also acquired 60 sagittally oriented Signa
slices with a 2.8-mm thickness and no gap between slices.
Images were analyzed using Cardviews (Radermacher,
Galaburda, Kennedy, Fillipek, & Caviness, 1992), a soft-
ware that reconstructs dynamic orthogonal images into the
cardinal viewing planes (coronal, sagittal, axial; Appendix I).

The combined result of the encephalitic process and the
surgical resection, performed to control intracranial pres-
sure, was an area of damage largely confined to the temporal
lobes (with the exception of an extension into the insula on
the left side). The temporal lobe lesion was characterized by
severe damage to the anterior parts and was much more
extensive on the left side. In particular, the left temporal
pole was resected, and the right temporal pole appeared
atrophic. The medial temporal region was affected bilater-
ally. The presence of extensive bilateral temporal lobe in-
volvement is consistent with lesion studies describing the
neural substrates of lexical–semantic deficits. For example,
semantic dementia, which is characterized by severe seman-
tic impairment, is typically associated with atrophy of the
temporal pole bilaterally as well as left amygdala, parahip-
pocampus gyrus, fusiform gyrus, and inferior and middle
temporal gyri (Graham & Hodges, 1997; Hodges, Patterson,
Oxbury, & Funnell, 1992). Further, many patients with
category-specific disorders affecting living items have a

diagnosis of HSE and associated bilateral damage to the
medial and inferior temporal lobes (Gainotti, 2000).

Discussion

The investigation of patients with category-specific dis-
orders of naming and identification has provided important
insights about the organization of the semantic system. In
particular, the observation of different patterns of impaired
and spared performance with specific categories has re-
sulted in the proposal of several models. Our participation in
the discussion stems from an investigation of a college
student, J.P., who was diagnosed with HSE in 1995. The
following paragraphs relate the findings with J.P. to theories
about the organization of semantic knowledge in the brain.
We refer both to theories based on data from patients with
focal brain lesions or degenerative diseases and to recent
theories derived from feature types and feature correlational
models.

The most evident characteristic of J.P.’s naming impair-
ment was that he was consistently impaired in the categories
of fruits, vegetables, birds, and musical instruments, regard-
less of the task or the set of stimuli used.2 His naming
performance with insects, tools, kitchen items, toys, and
vehicles was inconsistent across tasks and testing sessions,
probably because of the limitations in the test materials,
including a small number of items in some categories (e.g.,
toys), and difficulty in matching for important variables,
such as familiarity (e.g., insects). His naming performance
with animals was spared on most of the tasks (Snodgrass
picture naming, functional and visual matching, fluency),
but in a more demanding naming task with a larger set of
pictures (Dell’Acqua et al., 2000), he performed below the
HV range and worse than he performed previously. J.P.’s
performance in the category of human body parts and fur-
niture was always spared. Results from a property verifica-
tion task showed that fruits and vegetables were impaired
both in functional and visual modalities, whereas his per-
formance in all the other categories was at the level of HVs.

Although it is clear that J.P. had a consistent impairment
for the categories of fruits, vegetables, musical instruments,
and birds, he also showed some degree of impairment in
other categories, depending on the set of stimuli and task
demands. Such a finding challenges an interpretation of his
deficit in terms of a pure categorical distinction of the
knowledge in separate semantic domains, as suggested by
Caramazza and Shelton (1998) in their evolutionary ac-
count, unless we assume the contemporary presence of
damage to more than one specific semantic system. By this
view, J.P.’s pattern of impairment would represent a balance
of damage to each of the specific semantic systems. How-

2 In August 2000, J.P. performed a naming task using colored
pictures instead of black-and-white drawings (Bunn et al., 1998).
Results from this naming task were consistent with those of the
previous tasks. His performance with vegetables, fruits, birds,
insects, and musical instruments was below chance (correct re-
sponses were, respectively, 22.7%, 30%, 40%, 41.6%, and 33.3%).
His performance with tools, vehicles, and furniture was without
errors (100%). Percentage of correct responses for animals
was 84.2.

Table 5
Property Verification Task With 13 Semantic Categories:
Percentage of Correct Responses

Category

Functional
matching

Visual
matching

HV range
(N � 20) J.P.

HV range
(N � 20) J.P.

Living
Fruit 100 50 75–100 0
Vegetables 100 50 50–100 75
Birds 75–100 100 100 100
Insects 100 100 100 100
Animals 75–100 100 75–100 100
Human body parts 100 100 100 100

Nonliving
Musical instruments 100 100 100 100
Kitchen items 100 100 50–100 75
Tools 100 100 50–100 100
Toys 75–100 100 75–100 100
Clothing 100 100 100 100
Vehicles 100 100 100 100
Furniture 75–100 100 100 100

Note. HV � healthy volunteer.
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ever, as Rogers and Plaut (2002) pointed out, as the number
of cases showing a narrow category-specific deficit in-
creases, the risk is a proliferation of the number of evolu-
tionary motivated modules, as suggested by Shelton, Fouch,
and Caramazza (1998), to account for a selective sparing of
body parts. A more parsimonious explanation for such
mixed patterns of impairment focuses on properties (fea-
tures) of the objects. According to such a view, featural
representations are the building blocks of conceptual knowl-
edge; different patterns of category-specific deficits result as
a consequence of damage to specific types of features (Car-
amazza et al., 1990; McRae, de Sa, & Seindenberg, 1997;
Tyler et al., 2000). We discuss the importance of these
models later.

Our results rule out impaired visual perceptual capacities
as an explanation for J.P.’s deficit. The neuro-ophthalmo-
logical examination did not show any visual defects that
would interfere with performance on visual tests. His per-
formance on tests of visual acuity and depth perception was
perfect. In fact, he achieved normal scores on all the tests of
complex visual abilities (Hidden Figures Test, Benton Fa-
cial Recognition Test), and he had no problem determining
whether an object was real or unreal, even when the objects
represented items he was unable to name (e.g., fruits or
vegetables). This finding is in agreement with results from
studies with semantic dementia patients who show the same
neuropsychological profile, that is, profound deficit on se-
mantic tasks coupled with unimpaired performance on
visuoperceptual and visuospatial tasks (Galton et al., 2001).
We conclude that J.P.’s difficulty identifying items pre-
sented visually was due to a genuine deficit in knowledge of
members of specific semantic categories.

Impairment in the categories of fruits, vegetables, and
musical instruments was evident even when items were
matched for familiarity and visual complexity, indicating
that his deficit in these categories was not due to the effect
of confounding variables. Moreover, results from a logistic
regression analysis across categories showed that variability
in factors like familiarity, visual complexity, name agree-
ment, and typicality did not influence his performance. The
only factors affecting naming performance were age of
acquisition and domain (living–nonliving) membership.
Age of acquisition has been found to affect naming perfor-
mance also in patients with semantic dementia (Lambon
Ralph, Graham, Ellis, & Hodges, 1998), a pathology that
leads to an inexorable loss of knowledge about concepts and
objects. Age of acquisition, however, cannot alone explain
the pattern shown by J.P. In fact, previous studies found that
age of acquisition is generally lower for animate items than
for objects (Morrison, Chappell, & Ellis, 1997; Nickels &
Howard, 1995). Thus, patients are expected to show better
performance on animate kinds because they are acquired
earlier. The effect of domain membership is the reflection of
J.P.’s severely defective performance in the categories of
fruits, vegetables, birds, and flowers. For the categories of
birds and insects, even HVs made numerous errors. More-
over, birds and insects differ from other categories in fa-
miliarity and could not be used in the analysis because of
their low familiarity. In other categories, such as vehicles,
toys, buildings, tools, and kitchen items, J.P.’s performance
was variable over time and across the different task and
stimulus sets. Thus, for these categories, the presence of a

specific impairment should be considered with caution.
How, then, can J.P.’s category-specific disorder be inter-
preted within the framework of current theories about the
organization of semantic knowledge in the brain? We con-
sider in turn the leading classes of interpretations that have
been proposed to account for semantic category effects.

Sensory Versus Functional Knowledge

Our data do not support the explanation of J.P.’s deficit as
an impairment on items whose processing is based on their
visual attributes. According to this sensory/functional the-
ory (Warrington & Shallice, 1984), fruits, vegetables, mu-
sical instruments, and animals should be impaired together
because their processing depends more on visual than on
functional–associative characteristics. J.P., however, did not
show consistent difficulty in processing animals. This result
is in agreement with other evidence showing that the cate-
gories of fruits, vegetables, and animals can be damaged
selectively (Caramazza & Shelton, 1998; Hart et al., 1985).

The sensory/functional theory predicts that patients with
a greater impairment on living things will be more impaired
in processing visual attributes for living as well as for
nonliving items because of damage to a visual semantic
subsystem. Like other patients described in the literature
(Laiacona et al., 1993), J.P. did not show a significantly
greater impairment in processing visual attributes of living
and nonliving items as compared with functional attributes.
On a matching task, his performance with visual and func-
tional definitions was impaired as was his performance in
answering questions about visual and functional character-
istics of fruits and vegetables. Thus, on the basis of these
two results, a dissociation between perceptual and func-
tional attributes cannot provide an adequate explanation of
his deficit.

Category-Specific Knowledge

The presence of a dissociation within the category of
living items rules out the interpretation of J.P.’s deficit as a
categorical distinction between knowledge of living and
nonliving things. Like other cases described in the literature
(Warrington & McCarthy, 1987), he showed a deficit not
only on some living categories, such as fruits, vegetables,
and (marginally) birds, but also on musical instruments.
Further, he was frequently unimpaired on animals and was
consistently unimpaired on parts of the human body, which
are considered to belong to the category of living entities.
According to Caramazza and Shelton (1998), semantic
knowledge is organized categorically in the brain, and this
organization reflects an evolutionary pressure that led some
neural mechanisms to be specialized for recognition of
certain stimuli. According to this domain-specific knowl-
edge hypothesis, a distinction exists between animate (ani-
mals) and inanimate entities, such as plants and artifacts,
because recognition of these categories of stimuli had an
evolutionary value. Whereas the dissociation between ani-
mals and plants is fully compatible with the categorical
account, inanimate entities such as musical instruments are
not related to any evolutionarily relevant distinction and
thus do not fit this explanation.
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Featural Properties-Based Models

Recent accounts have stressed the importance of featural
properties in the structure of semantic knowledge. A pre-
cursor of this approach is the featural model called orga-
nized unitary content hypothesis (OUCH; Caramazza et al.,
1990). According to this hypothesis, certain properties that
define objects are strongly intercorrelated and are dispro-
portionally distributed in different categories, whereas liv-
ing things share a greater quantity of more highly correlated
properties than those of nonliving items. This heteroge-
neous representation of semantic properties in the brain
allows for different patterns of category-specific defects,
each reflecting the distribution of the damage in semantic
space. Thus, the occurrence of category-specific deficits is
possible without postulating a categorical organization of
semantic knowledge.

A normative study by McRae et al. (1997) in which
people were asked to list features for natural items and for
artifacts provided support for this hypothesis. Statistical
analysis demonstrated that features listed for living items
(birds, mammals, fruits, and vegetables) were more highly
correlated with one another than those listed for nonliving
items (clothing, furniture, kitchen items, tools, vehicles, and
weapons); unfortunately, musical instruments were not in-
cluded among their stimuli. On the basis of the results of
McRae et al.’s normative study, Devlin and collaborators
(Devlin, Gonnerman, Andersen, & Seidenberg, 1998) pro-
posed an intercorrelational account for category-specific
deficits. Performing lesion simulations, they found that high
correlations between features are “protective” from the ef-
fect of “random damage” to the neural network supporting
these representations. Conversely, such random damage
may affect distinctive features, which are more informative,
less correlated, and particularly prominent in the case of
artifacts. According to the model, they proposed that in the
case of patients with a degenerative disease, such as Alz-
heimer’s disease (AD), damage in the early stage can be
considered “random” and may result in defective naming
for nonliving concepts. With progression, the increasing
extent of brain abnormality leads to compromise of the
highly correlated categories. Empirical support for Devlin’s
model comes from a longitudinal study with AD patients
(Gonnerman, Andersen, Devlin, Kempler, & Seidenberg,
1997), where mild dementia patients were more impaired on
artifacts than on living items, whereas patients at a more
advanced stage of dementia showed a defect in naming
living entities in addition to artifacts. This study, however,
included only a small number of patients; other studies with
more AD patients reported a significant advantage for arti-
fact naming (Gainotti, Silveri, Daniele, & Giustolisi, 1995;
Mazzoni, Moretti, Lucchini, Vista, & Muratorio, 1991).

Other proposals have stressed the differential contribu-
tion of correlated and distinctive features across concepts.
Like OUCH, the model put forward by Tyler and colleagues
(Tyler & Moss, 2001; Tyler et al., 2000) recognizes the
importance of shared features—and the correlation between
features—and stresses the association between functional
and perceptual features. According to the model, living
things are characterized by a large number of densely cor-
related shared features (e.g., have legs, have eyes) and by

weakly correlated distinctive features. Conversely, artifacts
are characterized by fewer, weakly correlated shared prop-
erties, while distinctive properties are strongly correlated
(e.g., form with function). Living and nonliving things
differ also in terms of associations between perceptual and
functional features. For living things, correlated perceptual
features are associated with biological functions (e.g., “have
eyes” and “seeing”), whereas distinctive features are not
(e.g., “have stripes” and “tiger”). For artifacts, instead, the
association is between distinctive perceptual features and
functional or perceptual features (e.g., “have a sharp edge”
and “cutting”). Three predictions stem from this model:
First, diffuse, random damage is expected to affect living
entities earlier than nonliving entities because their distinc-
tive features are only weakly correlated with other proper-
ties; second, distinctive features are more vulnerable than
correlated features in the case of deficits for living entities;
and third, deficits for artifacts arise only when the semantic
impairment is severe because the high correlation between
perceptual distinctive features and function would render
this semantic field more resistant to damage. This last pre-
diction is supported by data from patients with semantic
dementia (Moss & Tyler, 2000) but has not been confirmed
by three studies with two separate groups of AD patients
(Garrard et al., 2001). Predictions are less clear in the case
of focal lesions. Tyler and Moss (2001) have tested the
hypothesis that distinctive properties should be more af-
fected than shared ones, independent of their functional or
perceptual nature. This result was found for animal stimuli
in four out of five patients. It seems that in order to explain
this effect, some local effect “over and above the general
pattern of robustness/vulnerability” is needed (Tyler &
Moss, 2001, p. 250). This account does not hold for patients
showing the reverse pattern (e.g., impairment for nonliving
items and normal scores for living items in the context of a
mild impairment). However, it predicts so-called across-
categories effects, whereby fruits and vegetables are partic-
ularly vulnerable to damage because they have few weakly
correlated distinctive properties. This prediction is in agree-
ment with the pattern shown by J.P. and by other patients
who also show disproportionate impairment for fruits and
vegetables compared with animals (Bunn, Tyler, & Moss,
1998; Laiacona et al., 1997).

Neural Substrate

As underscored by Gainotti (2000), the models discussed
above are associated with a different set of predictions about
the underlying neurological substrates. In particular, the
sensory–functional account predicts that damage to high-
order visual processing areas should be associated with
impairment for living entities; featural (intercorrelation) ac-
counts emphasize the importance of extent of brain damage,
and the domain-specific hypothesis suggests a link between
deficits in evolutionary salient categories and limbic lesions.
The availability of high-resolution structural imaging of
J.P.’s brain allowed us to consider the possible relation
between the locus and extent of lesion and the pattern of
cognitive impairment. In J.P., the temporal lobe lesions
appeared to be relatively selective, that is, mostly anterior,
with a left-sided predominance. Other investigations have
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reported impaired naming for living items after anterior
temporal lobectomy (Tippett, Glosser, & Farah, 1996). In a
recent study with 79 patients, Strauss et al. (2000) found
that left anterior temporal lobectomy affected naming abil-
ity for living things but not nonliving things. In Gainotti’s
(2000) detailed review, bilateral damage to the anteromesial
and inferior temporal lobes was consistently associated with
semantic impairments for living entities, whereas a selective
lexical disorder for the plant category was found in patients
with unilateral damage to the left inferomesial temporo-
occipital areas. Tranel and colleagues (Tranel, Damasio, &
Damasio, 1997) found defective knowledge about animals
after medial occipitotemporal lesions, with a greater deficit
in right-sided cases. In a PET investigation using a matching
task, Perani et al. (1995) found that recognition of animals
was associated with activation of occipitotemporal areas
bilaterally. This finding was confirmed in other imaging
experiments using naming tasks (Damasio et al., 1996;
Martin et al., 1996). On the basis of these reports, defective
naming and identification of living items could be expected
in the present case. J.P. was impaired in several biological
entities, but in the category of animals, his disorder was
restricted to birds and insects. The apparent sparing of right
hemisphere medial temporo-occipital areas in his brain may
be responsible for this unusual pattern. It must be noted,
however, that a fine-grained correlation between locus of
damage and pattern of semantic impairment may be mis-
leading. An area that may appear structurally preserved on
MRI may be functionally disconnected and inactive; even
the application of quantitative lesion analysis methods, such
as voxel-based morphometry (Gitelman, Ashburner, Fris-
ton, Tyler, & Pice, 2001), cannot solve this problem. J.P.’s
preserved performance with tools is consistent with lesion
and imaging data. Defective knowledge about tools was
associated with lateral temporo-parieto-occipital lesions
(Tranel et al., 1997) and defective tool naming with lesions
in posterolateral inferior temporal cortex and the tem-
poroparietal junction (Damasio et al., 1996). Three PET
studies (Damasio et al., 1996; Martin et al., 1996; Perani et
al., 1995) reported activation in the left middle temporal
gyrus and in the left dorsolateral prefrontal cortex for
artifacts.

A large body of evidence indicates that the middle fusi-
form gyrus plays a crucial role in the perception of human
faces (Haxby, Hoffman, & Gobbini, 2000; Kanwisher, Mc-
Dermott, & Chun, 1997; McCarthy, Puce, Gore, & Allison,
1997). This area is spared in J.P., and he had no deficit in the
recognition of unfamiliar faces. In contrast, he showed a
severe impairment in knowledge about people, both from
faces and from proper names (detailed findings will be
reported in another article). This deficit is in good agree-
ment with his lesion; the crucial anatomical correlate of
disorders of knowledge about people is the right temporopo-
lar area (Tranel et al., 1997), and knowledge of proper
names has been proposed to depend on the left temporal
pole (Damasio et al., 1996). Further, a recent PET study has
provided evidence for the role of the anterior temporal lobe
in supporting knowledge about people (Gorno-Tempini et
al., 1998).

It is noteworthy that more fine-grained distinctions than
the living–nonliving dichotomy have been tested using
fMRI. Two recent investigations of ventral temporal cortex
(Chao et al., 1999; Ishai, Ungerleider, Martin, Schouten, &
Haxby, 1999) indicated that different ventral cortical re-
gions responded preferentially to specific categories. Bio-
logical entities (faces and animals) were associated with
greater activation in the lateral fusiform gyrus. Activation
areas for tools and houses were more medial, whereas the
inferior temporal gyrus responded maximally to chairs.
These studies, however, showed that responses to a specific
object category were not restricted to the region that re-
sponded maximally for that category, but that all categories
activated, to different degrees, a broad region of the ventral
temporal cortex. One may conclude from these studies that
the representation of properties of objects within the ventral
temporal cortex is organized according to object features
clustering together, rather than to semantic categories cor-
responding to specific and anatomically segregated brain
areas. Chao and colleagues (Chao et al., 1999) observed two
other differences in activation on the lateral temporal sur-
face: superior temporal sulcus activation for biological en-
tities and middle temporal gyrus activation for tools. The
former may be related to motion processing, which is spe-
cific for animate entities, whereas the latter may be related
to the manipulation activity related to tools (Perani et al.,
1995). Thus, in the case of J.P., the lesion may be consid-
ered to affect areas that play an important role in supporting
knowledge for entities that share common processing
features.

Conclusion

The unusual semantic dissociation shown by J.P. is more
consistent with the presence of a so-called graded impair-
ment rather than an all-or-none deficit—for example, his
deficit seems to affect some categories more severely than
others, but the effect of the damage extends beyond seman-
tic category boundaries. In fact, his naming performance,
even if consistently more impaired in some specific catego-
ries, is not perfect in the “preserved” categories. This pat-
tern is difficult to explain in light of a categorical organi-
zation of semantic knowledge; conversely, it is more com-
patible with models in which conceptual knowledge is
organized on the basis of integration between feature types
and feature properties because these models, as previously
pointed out, predict the presence of cross-category effects.
In particular, his disproportionate impairment on fruits and
vegetables is due to the specific conceptual structure that
items belonging to those categories have, for example,
distinctive properties that tend to be weakly correlated with
other properties and so are vulnerable to the brain lesion.
J.P.’s impairment on musical instruments can be interpreted
on the basis of the close relatedness of musical instruments
and living things, as proposed by Dixon, Piskopos, and
Schweizer (2000, p. 160): Items that share many semantic
attributes and visual features are “stored close together” in
semantic space.

With respect to the anatomical substrates, the locus of
J.P.’s lesion predicts preserved visuoperceptual functions
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(related to sparing of part of the ventral temporal cortex)
and impaired knowledge about people (related to bilateral
temporal polar damage). Both of these predictions were
confirmed. For the other categories, it is difficult to com-
ment on lesion correlations because too little is known about
the neural substrate of the categories impaired in J.P. (fruits,
vegetables, birds, and musical instruments).

Until now, theories that have tried to account for cate-
gory-specific semantic deficits have failed to explain un-
usual patterns of impairment because they have focused on
predetermined categorical distinctions. It is possible that
different impairments in semantic knowledge are due to
focal lesions affecting representations that share feature
types as well as degrees of feature correlation, and that these
features result in differential anatomical clustering, proba-
bly in the ventral temporal cortex. It is also possible that
other factors, such as the individual’s level of expertise,
may affect anatomical localization.

References

Barbarotto, R., Capitani, E., Spinnler, H., & Trivelli, C. (1995).
Slowly progressive semantic impairment with category speci-
ficity. Neurocase, 1, 107–119.

Basso, A., Capitani, E., & Laiacona, M. (1988). Progressive lan-
guage impairment without dementia: A case with isolated cat-
egory specific semantic deficit. Journal of Neurology, Neuro-
surgery, and Psychiatry, 51, 1202–1207.

Bunn, E., Tyler, L. K., & Moss, H. E. (1998). Category-specific
deficits: The role of familiarity reexamined. Neuropsychol-
ogy, 12, 367–379.

Cappa, S. F., Perani, D., Schnur, T., Tettamanti, M., & Fazio, F.
(1998). The effects of semantic category and knowledge type on
lexical–semantic access: A PET study. Neuroimage, 8, 350–
359.

Caramazza, A., Hillis, A. E., Rapp, B. C., & Romani, C. (1990).
The multiple semantic hypothesis: Multiple confusions? Cogni-
tive Neuropsychology, 7, 161–189.

Caramazza, A., & Shelton, J. R. (1998). Domain-specific knowl-
edge system in the brain: The animate–inanimate distinction.
Journal of Cognitive Neuroscience, 10, 1–34.

Chao, L. L., Haxby, J. V., & Martin, A. (1999). Attributed-based
neural substrates in temporal cortex for perceiving and knowing
about objects. Nature Neuroscience, 2, 913–919.

Damasio, H., Grabrowski, T. J., Tranel, D., Hichwa, R. D., &
Damasio, A. R. (1996). A neural basis for lexical retrieval.
Nature, 380, 499–505.

Dell’Acqua, R., Lotto, L., & Job, R. (2000). Naming times and
standardized norms for the Italian PD/DPSS set of pictures:
Direct comparisons with American, English, French, and Span-
ish published databases. Behavior Research Methods, Instru-
ments, & Computers, 32, 588–615.

Devlin, J. T., Gonnerman, L. M., Andersen, E. S., & Seidenberg,
M. S. (1998). Category-specific semantic deficits in focal and
widespread brain damage: A computational account. Journal of
Cognitive Neuroscience, 10, 77–94.

Devlin, J. T., Moor, C. J., Mummery, C. J., Gorno-Tempini, M. L.,
Philips, J. A., Noppeneny, U., et al. (2002). Anatomic con-
straints on cognitive theories of category specificity. Neuroim-
age, 15, 675–685.

Devlin, J. T., Russell, R. P., Davis, M. H., Price, C. J., Moss, H. E.,
Fadili, M. J., & Tyler, L. K. (2002). Is there an anatomical basis
for category-specificity? Semantic memory studies in PET and
fMRI. Neuropsychologia, 40, 54–75.

Dixon, M. J., Piskopos, M., & Schweizer, T. A. (2000). Musical
instruments naming impairment: The crucial exception of the
living/nonliving dichotomy in category-specific agnosia. Brain
and Cognition, 43, 158–164.

Farah, M. J., Hammond, K. M., Metha, Z., & Ratcliff G. (1989).
Category-specificity and modality-specificity in semantic mem-
ory. Neuropsychologia, 27, 193–200.

Farnsworth, D. (1947). The Farnsworth Dichotomous Test for
Color Blindness. Panel D-15. New York: Psychological Corpo-
ration.

Fletcher, R. (1980). The City University Color Vision Tests (2nd
ed.). London: Keeler.

Forde, E. M., Francis, E. D., Riddoch, M. J., Rumiati, R. I., &
Humphreys, G. W. (1997). On the links between visual knowl-
edge and naming: A single case study of a patient with a
category-specific impairment for living things. Cognitive Neu-
ropsychology, 14, 403–458.

Gainotti, G. (2000). What the locus of brain lesion tells us about
the nature of the cognitive defect underlying category-specific
disorders: A review. Cortex, 36, 539–559.

Gainotti, G., Silveri, M. C., Daniele, A., & Giustolisi, L. (1995).
Neuroanatomical correlates of category-specific semantic disor-
ders: A critical survey. Memory, 3, 247–264.

Galton, C. J., Patterson, K., Graham, K., Lambon Ralph, G.,
Williams, G., Antoun, A., et al. (2001). Differing patterns of
temporal atrophy in Alzheimer’s disease and semantic dementia.
Neurology, 57, 216–225.

Garrard, P., Lambon-Ralph, M. A., Watson, P. C., Powis, J.,
Patterson, K., & Hodges, J. R. (2001). Longitudinal profiles of
semantic impairment for living and nonliving concepts in de-
mentia of Alzheimer’s type. Journal of Cognitive Neuro-
science, 13, 892–909.

Gitelman, D. R., Ashburner, J., Friston, K. F., Tyler, L. K., & Pice,
C. J. (2001). Voxel-based morphometry of herpes simplex en-
cephalitis. Neuroimage, 13, 623–631.

Gonnerman, L. M., Andersen, E. S., Devlin, J. T., Kempler, D., &
Seidenberg, M. S. (1997). Double dissociation of semantic
categories in Alzheimer’s disease. Brain and Language, 57,
254–279.

Gorno-Tempini, M. L., Price, C. J., Joseph, O., Vanderberghe, R.,
Cappa, S. F., Kapur, N., & Frackowiak, R. S. (1998). The neural
system sustaining face and proper-name processing. Brain, 121,
2103–2118.

Graham, K. S., & Hodges, J. R. (1997). Differentiating the roles of
the hippocampal complex and the neocortex in long-term mem-
ory storage: Evidence from the study of semantic dementia and
Alzheimer’s disease. Neuropsychology, 11, 77–89.

Hart, J., Berndt, R. S., & Caramazza, A. C. (1985). Category-
specific naming deficit following cerebral infarction. Nature,
316, 439–440.

Hart, J., & Gordon, B. (1992). Neural subsystems for object
knowledge. Nature, 359, 60–64.

Haxby, J. V., Hoffman, E. A., & Gobbini, M. I. (2000). The
distributed human neural system for face perception. Trends in
Cognitive Sciences, 4, 223–233.

Hillis, A. E., & Caramazza, A. C. (1995). Category-specific nam-
ing and comprehension impairment: A double dissociation.
Brain, 114, 2081–2094.

Hillis, A. E., Rapp, B., & Caramazza, A. C. (1995). Constraining
claims about theories of semantic memory: More on unitary
versus multiple semantics. Cognitive Neuropsychology, 12,
175–186.

Hodges, J. R., Patterson, K., Oxbury, S., & Funnell, E. (1992).
Semantic dementia: Progressive fluent aphasia with temporal
lobe atrophy. Brain, 115, 1783–1806.

641QUESTIONING THE LIVING/NONLIVING DICHOTOMY



Ishai, A., Ungerleider, L. G., Martin, A., Schouten, J. L., & Haxby,
J. V. (1999). Distributed representation of objects in the human
ventral visual pathway. Proceedings of the National Academy of
Sciences, USA, 96, 9379–9384.

Ishihara, S. (1964). Tests for Color-Blindness (11th ed.). Tokyo:
Kanehara Shuppan.

Kanwisher, N., McDermott, J., & Chun, M. M. (1997). The fusi-
form face area: A module in human extrastriate cortex special-
ized for perception of faces. Journal of Cognitive Neuro-
science, 17, 4302–4311.

Kaplan, E., Goodglass, H., & Weintraub, S. (1983). Boston Nam-
ing Test. Philadelphia: Lea and Febiger.

Laiacona, M., Barbarotto, R., & Capitani, E. (1993). Perceptual
and associative knowledge in category specific impairment of
semantic memory: A study of two cases. Cortex, 29, 727–740.

Laiacona, M., Capitani, E., & Barbarotto, R. (1997). Semantic
category dissociations: A longitudinal study of two cases. Cor-
tex, 33, 441–461.

Lambon Ralph, M. A., Graham, K. S., Ellis, W. A., & Hodges,
J. R. (1998). Naming in semantic dementia—what matters?
Neuropsychologia, 36, 775–784.

Lambon Ralph, M. A., Patterson, K., & Hodges, J. R. (1997). The
relationship between naming and semantic knowledge for dif-
ferent categories in dementia of Alzheimer’s type. Neuropsy-
chologia, 35, 1251–1260.

Lanthony, P. (1978). The new color test. Documents in Ophthal-
mology, 46, 191–199.

Levin, H. S., Hamsher, K., & Benton, A. (1975). Short form of the
test for facial recognition for clinical use. Journal of Psychol-
ogy, 91, 223–228.

Martin, A., Wiggis, C., Undergerleider, L., & Haxby, J. (1996).
Neural correlates of category-specific knowledge. Nature, 379,
649–652.

Mazzoni, M., Moretti, P., Lucchini, C., Vista, M., & Muratorio, A.
(1991). Category-specific semantic disorders in Alzheimer’s
disease. Nuova Rivista di Neurologia, 1, 77–85.

McCarthy, G., Puce, A., Gore, J. C., & Allison, T. (1997). Face-
processing in human fusiform gyrus. Journal of Cognitive Neu-
roscience, 9, 605–610.

McRae, K., de Sa, V. R., & Seindenberg, M. S. (1997). On the
nature and scope of featural representations of word meaning.
Journal of Experimental Psychology: General, 126, 99–130.

Morrison, C. M., Chappell, T. D., & Ellis, A. W. (1997). Age of
acquisition norms for a large set of object names and their
relation to adult estimates and other variables. Quarterly Jour-
nal of Experimental Psychology: Human Experimental Psychol-
ogy, 50(A), 528–559.

Moss, H. E., & Tyler, L. K. (2000). A progressive category-
specific semantic deficit for non-living things. Neuropsycholo-
gia, 38, 60–82.

Mummery, C. J., Patterson, K., Hodges, J. R., & Price, C. J.
(1998). Functional neuroanatomy of the semantic system: Di-
visible by what? Journal of Cognitive Neuroscience, 10, 766–
777.

Newcombe, R. G. (1998). Two-sided confidence intervals for the
single proportion: Comparison of seven methods. Statistics in
Medicine, 17, 857–872.

Nickels, L., & Howard, D. (1995). Aphasic naming: What matters?
Neuropsychologia, 33, 1281–1303.

Perani, D., Cappa, S. F., Bettinardi, V., Bessi, S., Gorno-Tempini,
M., Matarrese, M., & Fazio, F. (1995). Different neural systems
for recognition of animals and man-made tools. Neuroreport, 6,
1637–1641.

Perani, D., Cappa, S. F., Schnur, T., Tettamanti, M., Collina, S.,
Rosa, M. M., & Fazio, F. (1999). The neural correlates of verb
and noun processing: A PET study. Brain, 122, 2337–2344.

Radermacher, J., Galaburda, A. M., Kennedy, D. N., Fillipek,
P. A., & Caviness, V. S. (1992). Human cerebral cortex: Lo-
calization, parcellation, and morphometry with magnetic reso-
nance imaging. Journal of Cognitive Neuroscience, 4, 566–
587.

Rapp, B., & Caramazza, A. (1993). On the distinction between
deficits of access and deficits of storage: A question of theory.
Cognitive Neuropsychology, 4, 131–185.

Rogers, T. T., & Plaut, D. C. (2002). Connectionist perspectives on
category-specific deficits. In E. Forde & G. Humphreys (Eds.),
Category-specificity in brain and mind (pp. 251–284). Sussex,
United Kingdom: Psychology Press.

Sacchett, C., & Humphreys, G. W. (1992). Calling a squirrel a
squirrel but a canoe a wigwam: A category-specific deficit for
artifactual objects and body parts. Cognitive Neuropsychol-
ogy, 9, 73–86.

Sartori, G., & Job, R. (1988). The oyster with four legs: A
neuropsychological study on the interaction of visual and se-
mantic information. Cognitive Neuropsychology, 5, 105–132.

Shelton, J. R., Fouch, E., & Caramazza, A. (1998). The selective
sparing of body part knowledge: A case study. Neurocase, 4,
339–351.

Sheridan, J., & Humphreys, G. W. (1993). A verbal semantic
category-specific recognition impairment. Cognitive Neuropsy-
chology, 10, 143–184.

Silveri, M. C., & Gainotti, G. (1988). Interaction between vision
and language in category-specific semantic impairment. Cogni-
tive Neuropsychology, 5, 677–709.

Snodgrass, J. G., & Vanderwart, M. (1980). A standardized set of
260 pictures: Norms for name agreement, image agreement,
familiarity, and visual complexity. Journal of Experimental
Psychology: Human, Learning and Memory, 6, 174–215.

Strauss, E., Semenza, C., Hunter, M., Hermann, B., Barr, W.,
Chelune, G., et al. (2000). Left anterior lobectomy and category
specific naming. Brain and Cognition, 43, 403–406.

Thurstone, L. (1944). A factorial study of perception. Chicago:
University of Chicago Press.

Tippett, L. J., Glosser, G., & Farah, M. J. (1996). A category-
specific naming impairment after temporal lobectomy. Neuro-
psychologia, 34, 139–146.

Tranel, D., Damasio, H., & Damasio, A. R. (1997). A neural basis
for the retrieval of conceptual knowledge. Neuropsycholo-
gia, 35, 1319–1327.

Tyler, L. K., & Moss, H. E. (2001). Towards a distributed account
of conceptual knowledge. Trends in Cognitive Sciences, 5, 244–
252.

Tyler, L. K., Moss, H. E., Durrant-Peatfield, M. R., & Levy, J. P.
(2000). Conceptual structure and the structure of concepts: A
distributed account of category-specific deficits. Brain and Lan-
guage, 75, 195–231.

Warrington, E. K. (1984). Recognition Memory Test. Windsor,
United Kingdom: NFER-Nelson.

Warrington, E. K., & McCarthy, R. (1983). Category specific
access dysphasia. Brain, 106, 859–878.

Warrington, E. K., & McCarthy, R. (1987). Categories of knowl-
edge. Further fractionations and attempted integration. Brain,
110, 1273–1296.

Warrington, E. K., & Shallice, T. (1984). Category specific se-
mantic impairments. Brain, 107, 829–854.

Wechsler, D. (1981). Wechsler Adult Intelligence Scale—Revised
manual. New York: Psychological Corporation.

Wechsler, D. (1987). Wechsler Memory Scale—Revised manual.
San Antonio, TX: Psychological Corporation.

642 SIRI, KENSINGER, CAPPA, HOOD, AND CORKIN



Appendix A

J.P.’s Performance on Standardized Cognitive Tests Over Three Testing
Sessions Relative to Healthy Volunteers (HVs)

Test

HV (N � 20)

J.P. 1996 J.P. 1997 J.P. 1999M SD

WMS–R
General Memory 121.58 11.18 84 92 88
Verbal Memory 107.16 32.86 73 88 76
Visual Memory 128.75 8.56 128 101 133
Attention and Concentration 113.07 7.26 105 88 110
Delayed Recall 117.09 14.23 86 107 83

Boston Naming
Form I (42 items) 40.45 1.43 20 22 24
Form II (42 items) 39.42 1.86 16 20 20
Warrington Faces 43.57 3.80 37 40 44
Warrington Words 46.46 3.45 34 41 36

Note. WMS–R � Wechsler Memory Scale—Revised.

Appendix B

Picture Naming Task With 24 Pictures Matched for
Familiarity: Percentage of Correct Responses

Category J.P. 1996 J.P. 1997 J.P. 1999

Impaired categories
Fruits 0 25 25
Vegetables 50 25 25
Musical instruments 50 50 50

Preserved categories
Animals 75 100 100
Vehicles 100 100 100
Furniture 100 100 100

Appendix C

Picture Naming Task With 24 Pictures Matched for
Visual Complexity: Percentage of Correct Responses

Category J.P. 1996 J.P. 1997 J.P. 1999

Impaired categories
Fruits 0 25 25
Vegetables 25 0 25
Musical Instruments 50 50 50

Preserved categories
Animals 100 100 100
Vehicles 100 100 100
Furniture 100 100 100

Appendix D

Picture Naming Task: Percentage of Correct Responses to 104 Pictures in 13
Categories Over Three Testing Sessions

Category
HV range
(N � 20) J.P. 1996 J.P. 1997 J.P. 1999

Living
Fruits 100 20 50 50
Vegetables 100 25 50 50
Birds 87.5–100 37.5 62.5 50
Insects 75–100 62.5 75 62.5
Animals 100 75 100 100
Human body parts 87.5–100 100 100 100

Nonliving
Musical instruments 75–100 37.5 50 37.5
Tools 75–100 62.5 75 75
Toys 75–100 75 62.5 50
Kitchen items 87.5–100 75 100 75
Clothing 87.5–100 87.5 87.5 100
Vehicles 100 100 100 100
Furniture 87.5–100 100 100 100

Note. HV � healthy volunteer.
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Appendix E

Property Verification Task With Functional
Definition: Percentage of Correct Responses

Category
HV range
(N � 20)

J.P.
1996

J.P.
1997

J.P.
1999

Living
Fruit 100 50 50 50
Vegetables 100 100 75 50
Birds 75–100 50 100 100
Insects 100 100 100 100
Animals 75–100 100 100 100
Human body parts 100 100 100 100

Nonliving
Musical instruments 100 100 100 100
Kitchen items 100 100 100 100
Tools 100 100 100 100
Toys 75–100 100 100 100
Clothing 100 100 100 100
Vehicles 100 100 100 100
Furniture 75–100 100 100 100

M 99.32 92.30 94.23 92.30
SD 1.78 18.77 14.98 18.77

Note. HV � healthy volunteer.

Appendix F

Property Verification Task With Visual Definition:
Percentage of Correct Responses

Category
HV range
(N � 20)

J.P.
1996

J.P.
1997

J.P.
1999

Living
Fruit 75–100 0 0 0
Vegetables 50–100 75 0 75
Birds 100 100 75 100
Insects 100 100 75 100
Animals 75–100 100 100 100
Human body parts 100 100 100 100

Nonliving
Musical instruments 100 50 50 100
Kitchen items 50–100 75 50 75
Tools 50–100 75 100 100
Toys 75–100 100 100 100
Clothing 100 100 100 100
Vehicles 100 100 100 100
Furniture 100 50 100 100

M 95.57 78.84 73.06 88.46
SD 3.23 30.36 37.44 28.16

Note. HV � healthy volunteer.

Appendix G

Subset of Stimuli Matched for Familiarity and Visual Complexity in Each Category

Category Familiarity Visual complexity

Fruit strawberry, lemon, watermelon, cherry strawberry, lemon, watermelon, pineapple
Vegetable onion, corn, pumpkin, celery mushroom, pepper, pumpkin, celery
Animals dog, gorilla, turtle, camel dog, gorilla, turtle, camel
Musical instruments trumpet, violin, guitar, piano trumpet, violin, guitar, drum
Vehicles motorcycles, helicopter, airplane, bicycle truck, helicopter, airplane, bicycle
Furniture rocking chair, stool, table, desk rocking chair, dresser, table, desk

Appendix H

Ratings for Familiarity and Visual Complexity

Category Familiarity Visual complexity

Fruit 3.22 3.11
Vegetable 3.32 3.00
Animals 3.05 3.60
Musical instruments 3.07 3.64
Vehicles 3.34 3.40
Furniture 3.74 2.82
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Appendix I

Anatomical Boundaries of J.P.’s Lesions

Figure I1. A series of coronal sections (Signa images) arranged from caudal to rostral showing the
extent of J.P.’s lesion. In the left hemisphere (right side of image), the lesion invaded the insula,
hippocampus, amygdala, and parahippocampal gyrus. The lesion included the entire temporal pole
(the area of surgical resection) and extended to the anterior third of the superior temporal gyrus (a,
b, c). The middle temporal gyrus appeared to be damaged in its anterior half (a, b, c, d). The
posterior third of the inferior temporal and fusiform gyrus appeared to be relatively spared (e, f, g,
h). The left lateral ventricle was larger than the right. In the right hemisphere (left side of the image),
there was sulcal widening and an enlargement of the temporal horn, indicating shrinkage of the
anterior temporal lobe. Signal abnormality was also seen in the anterior fusiform gyrus (b, c, d) and
in the white matter just lateral to the temporal horn.
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