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Abstract

In this comment on a recent paper by Thompson-Schill et al. (1999) I argue that the authors failed to consider important
empirical facts that are at variance with their favored theory of the causes of semantic category-speci®c de®cits. I also argue that
the predictions they make about fusiform gyrus activation on the basis of the interactive modality-speci®c hypothesis of

semantic organization do not obviously follow from that model. I point out that simulations are needed in order to derive
predictions from the model. Finally, I argue that the fMRI results they obtained are not obviously relevant to our
understanding of the causes of semantic category-speci®c de®cits. 7 2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction

In a recent issue of Neuropsychologia, Thompson-
Schill et al. [22] (1999) report having carried out a test
of a `` . . . model of how damage to interactive, mo-
dality-speci®c neural regions might give rise to [seman-
tic] categorical impairments''. These are impairments
in which certain semantic categories are disproportio-
nately impaired relative to other categories. The most
frequently investigated categorical distinction is that
between living and non-living things, but other cat-
egory-speci®c de®cits have been reported (see [2,8] for
brief reviews). Thompson-Schill et al. used functional
MRI to determine whether the left fusiform gyrus
responds di�erentially during retrieval of visual and
non-visual knowledge about living and non-living
things. They found increased fusiform activity, relative

to a baseline, for visual and non-visual knowledge of
living things; they also found increased fusiform ac-
tivity for visual knowledge of non-living things but not
for non-visual properties. These results were inter-
preted as providing support for the interactive, mo-
dality-speci®c account of semantic category-speci®c
de®cits proposed by Farah and McClelland [7]. How-
ever, I will argue that there is a substantial body of
data that is highly problematic for Thompson-Schill
et al.'s modality-speci®c account of category-speci®c
de®cits. I will further argue that it is not at all obvious
that the predictions they derive from Farah and
McClelland's computational version of the modality-
speci®c hypothesis follow from that model. Finally,
I will argue that the fMRI results reported could as
easily be interpreted to re¯ect imagery processes
involved in solving di�cult semantic judgment tasks
of the sort used in their study, and they may have
nothing to say about the causes of category-speci®c
semantic de®cits or the organization of the semantic
system.
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2. The modality-speci®c hypothesis and category-speci®c
de®cits: what are the `facts'

The interactive, modality-speci®c hypothesis is a var-
iant of the sensory/functional theory of semantic or-
ganization, which was originally proposed by
Warrington and Shallice [25] to account for the exist-
ence of semantic category-speci®c de®cits.1 In a semi-
nal paper, Warrington and Shallice described four
brain-damaged patients who named living things far
worse than non-living things. They argued that a poss-
ible basis for their patients' disproportionate di�culty
in naming (and recognizing) living things was because
they had sustained damage to the visual component of
the semantic system. Warrington and McCarthy
[23,24] further argued that the disproportionate di�-
culty observed in some patients in naming non-living
things re¯ects damage to the functional/associative
component of the semantic system. The sensory/func-
tional theory makes two crucial assumptions about
the organization of the semantic system and the
structure of semantic categories. One assumption is
that the semantic system is organized into modality-
speci®c components, of which the most important are
the visual and the functional/associative components.
The other assumption is that visual and non-visual
properties are di�erentially important in determining
the meaning of living and non-living things: visual
properties are more important for living things and
non-visual properties are more important for non-liv-
ing things. Given these assumptions, we would expect
that damage to visual semantics would result in dis-
proportionate di�culty for living things, while
damage to functional/associative semantics would
result in disproportionate di�culty for non-living
things.

Farah and McClelland [7] implemented a compu-
tational version of Warrington, Shallice, and
McCarthy's sensory/functional theory. The model con-
sists of three sets of units: semantic, visual (picture
inputs or outputs) and verbal (word inputs or outputs)
units. The semantic units were further subdivided into

visual and functional units, with bi-directional connec-
tions among units both within and between com-
ponents. Two crucial representational assumptions
were implemented in the model: (1) There were many
more visual than functional units (a ratio of 3:1); and
(2) the ratio of visual to functional features for living
and non-living things was set at 16.1:2.1 and 9.4:6.7,
respectively. When the visual semantic component of
the model was `lesioned', the model produced far
worse performance in naming living than non-living
things. Conversely, when the functional semantic com-
ponent of the model was lesioned, the model per-
formed worse in naming non-living than living things.
Thus, as expected, category-like naming de®cits can be
obtained by damaging a semantic system that is not
organized categorically.2

Farah and McClelland also tested their model's per-
formance in `answering' questions about visual and
functional properties of living and non-living things.
This test was carried out in order to determine whether
lesioning the visual component of the semantic system
would result in impaired access to both visual and
functional information about living things, as had
been found for patients with category-speci®c impair-
ments. As expected, the simulations clearly showed
that lesions to the visual component resulted in
impaired access to both visual and functional proper-
ties of living and non-living things, and that the extent
of di�culty in retrieving functional properties of living
things was greater than for non-living things. The
basis for this result was attributed to a property of the
parallel distributed processing (PDP) principles that
characterize their computational model. The principle
in question involves the fact that in such models the
units in each semantic component interact with the
units in other components so that the activation integ-
rity of the semantic representation in one component
depends on the activation integrity in other com-
ponents. Extensive damage to one component
adversely a�ects the activation integrity of units in
other components, resulting in the observed behavior
of the model.

The simulation experiments carried out by Farah
and McClelland also showed, however, that the
model's di�culty in accessing visual properties of liv-
ing things was greater than its di�culties in accessing
functional knowledge. The authors put it thus:
``Although damage to visual semantic memory impairs
retrieval of functional knowledge of living things, it
a�ects functional knowledge of living things less than
visual knowledge . . . This pattern is consistent with
the behavior of the patients reviewed earlier, whose
impairments in knowledge of living things tend to be
more obvious in the visual than in the functional
domain'' (p. 348). The simulation results that led to
this conclusion are shown in Fig. 1, which shows the

1 Another empirical fact cited in support of the sensory/functional

theory is the performance of so-called optic aphasics who present

with di�culties only in naming stimuli in the visual modality ([14]

but see [3,9], and [18] for critical assessments of the role of such evi-

dence in informing theories of semantics).
2 Several variants of the basic model were tested and various

lesioning experiments were carried out. In almost all cases, selective

damage to either the visual or the functional semantic component

resulted in category-like de®cits. Note, however, that this is a very

weak test of the sensory/functional theory. It is hardly surprising

that category-like de®cits would result from damage to a component

that is disproportionately necessary for the representation of a con-

cept.
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model's performance in accessing visual and functional
knowledge of living things.3 It can be readily seen that
performance in accessing visual semantic knowledge is
more severely impaired than performance in accessing
functional semantic knowledge. This result was con-
sidered to be consistent with the performance of
patients with category-speci®c de®cits for living things.

In short then, Farah and McClelland's model
shows three important behaviors when it is lesioned.
First, selective damage to the visual semantic com-
ponent results in disproportionate di�culty in nam-
ing living things. Second, such damage results in
di�culties in accessing both visual and functional
knowledge of the items in this category, as well as
items in the category of non-living things. And,
third, it results in greater di�culty in accessing
visual than functional semantic knowledge about liv-
ing things (see Fig. 1). Farah and McClelland
argued that these three features of the model's
behavior are consistent with the performance of
patients with semantic category-speci®c de®cits and,

therefore, that the simulation results provide support
for the sensory/functional theory of semantic organ-
ization. They further claimed that their results sup-
port a particular variant of this theory Ð an
interactive version based on parallel distributed pro-
cessing (PDP) principles, which Thompson et al.
refer to as the interactive, modality-speci®c hypoth-
esis (IMSH).

The sensory/functional theory of category-speci®c
de®cits and the speci®c variant proposed by Farah and
McClelland have been criticized on both empirical and
theoretical grounds [4]. Of special relevance here is the
fact that a central prediction of the IMSH has been
shown to be wrong. The hypothesis predicts that
patients with category-speci®c de®cits for living things
should perform worse in accessing visual than func-
tional knowledge in this category (see Fig. 1). This pre-
diction has not held up. In a number of tightly
designed studies, it has been shown that patients with
category-speci®c de®cits for living things are equally
impaired in accessing visual and functional knowledge
of living things [4,11±13,17,19]. Furthermore, the stu-
dies that originally seemed to show that patients with
category-speci®c de®cits for living things had greater
di�culty in accessing visual than functional knowledge
[1,6,21] have been criticized on methodological
grounds [4]. Thus, there is no convincing evidence for
a central prediction of the IMSH and, in fact, there
are grounds for thinking that the prediction is discon-

Fig. 1. Performance of Farah and McClelland's basic model as measured by the dot product of the correct and the obtained overall and func-

tional-only semantic patterns for living things, following di�erent amounts of damage to visual semantic units. This ®gure was obtained by col-

lating parts of Figs. 7 and 12 from Farah and McClelland [7].

3 This ®gure was obtained by combining the results of Figs. 7 and

12, following Farah and McClelland's instruction that the contrast

between access to visual and functional properties can be seen `` . . .

by comparing Figs. 7±11, which show the dot products of the

obtained and correct pattern over all of semantics after visual seman-

tic damage, to Figs. 12 and 13, which show the dot products for

functional semantics in particular'' (p. 368).
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®rmed by the performance of an increasingly large

number of well-studied patients.4

Thompson-Schill et al., in motivating the fMRI

study they designed to test the IMSH, point out that

this hypothesis has been implemented in a compu-

tational model [7] and they go on to assert that `` . . .

[it] is consistent with neuropsychological data . . . '' (p.

672). The only studies cited are those that could be

considered to be unproblematic for their theory Ð

Farah et al. [6], Mehta et al. [16], Silveri and Gainotti

[21], and Warrington and Shallice [25]. They do not

cite the more numerous, more recent, and better-con-

trolled studies that are clearly inconsistent with their

hypothesis [4,11±13,17,19]. In fact, they fail to even

acknowledge that there is an issue here.5 Thus, when

they note that patients with category-speci®c de®cits

are impaired in accessing both visual and non-visual

knowledge of living things they cite ®ve studies: Cara-

mazza and Shelton [4], Farah et al. [6], Mehta et al.

[16], Silveri and Gainotti [21], and Warrington and

Shallice [25]. However, these studies report drastically

di�erent results, with clearly di�erent implications for

the IMSH. The study by Caramazza and Shelton

reports that their patient performed equally poorly in

accessing visual and non-visual semantic knowledge of

animals (the patient performed perfectly in naming

fruits and vegetables and in accessing visual and non-

visual semantic knowledge about these items!). By con-

trast the studies by Farah et al. and Silveri and Gai-

notti report that their patients performed worse in

accessing visual than non-visual knowledge about liv-

ing things (but these studies have been criticized on

methodological grounds [4]). And the study by Mehta

et al., if anything, found worse performance for non-

visual than visual knowledge of living things.6 Finally,
Warrington and Shallice did not explicitly test their
patients' ability to retrieve visual and non-visual
semantic properties of living things, and therefore this
study is irrelevant to the issues under consideration
here. It appears, then, that Thompson-Schill et al.'s
hypothesis is not motivated by the published facts.

3. The modality-speci®c hypothesis: fMRI predictions

Thompson-Schill et al. derive the following two
fMRI predictions from the IMSH:

There are two critical predictions of the interactive
modality-speci®c hypothesis which can be tested . . .
activity should be present in the left fusiform gyrus
during retrieval of non-visual information about liv-
ing things. This is a straightforward prediction of
the claim that visual knowledge is obligatory during
the retrieval of any information about living things.
Second, activity in the left fusiform gyrus should be
greater during retrieval of visual information rela-
tive to non-visual information for non-living things.
This prediction is based on the assumed (and
empirically-demonstrated Farah & McClelland [7])
di�erences in the proportion of visual knowledge in
the representations of living and non-living things
(p. 672).7

Thompson-Schill et al. found that for living things
comparable levels of activation were obtained regard-
less of whether the task required access to visual or
non-visual properties. By contrast, for non-living
things greater activation was found when answering
questions about visual than non-visual properties.
These results were interpreted as consistent with pre-
dictions derived from the IMSH. However, it is not at
all clear that the predictions derived by Thompson-
Schill et al. follow from Farah and McClelland's
model. Nor is it clear that the results are consistent
with those predictions even if they were to follow from
the model.

From our discussion of Farah and McClelland's
model thus far, we can infer that there should be acti-
vation of visual semantic units even when the task
only requires answering questions about non-visual
properties of living or non-living things. This predic-
tion follows from the interactivity assumption in the
model. That is, activation of either the visual or func-
tional properties of an object will result in the acti-
vation of that object's properties in the other network.
This means that independently of whether we are ask-
ing questions about the visual or the functional attri-
butes of an object, all the semantic attributes of the
object will be activated. As a consequence, the model

4 There are several other criticisms of the interactive, modality-

speci®c hypothesis proposed by Farah and McClelland. For

example, one criticism is that the theory cannot account for the

patterns of dissociations within the category of living things Ð

the fact that the category of animals can be damaged indepen-

dently of other living things (and vice versa). Furthermore, the

empirical basis for the claim that living things have many more

visual properties than functional/associative properties has been

shown to be inadequate [4].
5 More generally, the authors ignore a broad range of alternative

hypotheses about the possible causes for semantic category-speci®c

de®cits (e.g., [4,5,17]). Instead they discuss only their theory in any

detail.
6 Thompson-Schill et al. fail to mention that aspects of the results

reported by Mehta et al. are inconsistent with the IMSH. Contrary

to the predictions made by this hypothesis, patient MS performed

within the normal range in answering queries about visual and non-

visual properties of non-living things. However, as noted above, the

IMSH predicts impaired performance also for the category of non-

living things (see Figs. 3±5, 7±10, 12 and 13 in Farah and McClel-

land's original study).
7 The `empirically-demonstrated' di�erences the authors refer to

have not been replicated in more tightly controlled studies (see [4]).
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predicts equal visual activation whether we are query-
ing visual or functional attributes of an object. The
model further predicts that there should be greater
visual activation for the living than for the non-living
thing category since, by hypothesis, the former cat-
egory has relatively many more visual than functional
attributes. The results reported by Thompson-Schill et
al. are inconsistent with the set of predictions derived
here. The authors found equal visual activation for liv-
ing things but greater visual activation for non-living
things.

The ®rst set of predictions we derived from the
IMSH is clearly di�erent from the predictions derived
by Thompson-Schill et al. They claim that the IMSH
predicts that visual activation should be greater when
answering queries about visual than non-visual infor-
mation of non-living things. In order to derive this
prediction from the IMSH one would have to make
the additional (perhaps not implausible) assumption
that having subjects focus attention on a speci®c type
of attribute (say, visual) modulates the activation of
those attributes relative to other types of attributes.
With this additional assumption, we would expect that
probing visual properties of non-living things should
result in greater visual activation than when probing
functional properties of the same category. However,
we would also then expect that there should be greater
visual activation when answering queries about visual
than non-visual attributes of living things. This set of
predictions, too, is inconsistent with the results
reported by Thompson-Schill et al. Now the mismatch
occurs for the category of living things: the theory pre-
dicts greater visual activation for both living and non-
living things when querying visual as compared to
functional attributes but the results show greater visual
activation only for the non-living category.

The two sets of predictions discussed here were de-
rived without the bene®t of a simulation. They were
derived in the style used by Thompson-Schill et al., in
their paper. However, it is notoriously di�cult to
attempt to make predictions from complex interactive
model without the bene®t of simulations. Therefore it
is not impossible that the predictions derived here do
not correspond to those we would get by running
simulations with IMSH. Thus, we may have to with-
hold judgment on whether the results reported by
Thompson-Schill et al provide evidence against the
IMSH. At the very least, however, and contrary to
Thomson-Schill et al.'s claims, the results reported by
these authors do not provide support for the IMSH.

Leaving aside the fact that the fMRI predictions
derived by Thomson-Schill et al. do not obviously
follow from the model they wanted to test, there is
the question of whether their claim about the role
of the fusiform gyrus in explaining category-speci®c
de®cits makes sense in light of what we know

about these de®cits. Let us suppose for the sake of
argument that Thompson-Schill et al.'s predictions
from the IMSH were correct and that the fMRI
results are consistent with their predictions. What
could we conclude from such an outcome? The
authors argue that the results indicate that the fusi-
form gyrus plays a central role in the representation
of visual semantic knowledge. However, this con-
clusion is not consistent with the fact that many or
even most of the patients who present with cat-
egory-speci®c semantic de®cits for living things do
not have damage to the fusiform gyrus. This fact is
important because its recognition invites us to con-
sider alternative explanations for the results
obtained by Thompson-Schill et al.

The task used by Thompson-Schill et al. involved
di�cult perceptual/conceptual judgments, which may
have implicated imagery processes. This is most likely
to be the case for the visual questions in the task. To
answer questions such as ``Are both front and back
ends of a submarine approximately the same width?''
or ``Does a parrot have a curved beak?'' it may be
necessary to generate a visual image of the objects and
properties being queried. And it may also be the case
that visual imagery was involved in answering non-
visual questions (such as ``Are pandas found in
China?'' or ``Can headphones play stereo music?'')
although only in an ancillary and non-essential way.
That is, subjects may have generated images of the
objects queried (pandas and headphones) even though
these images played no direct role in answering the
questions. If such were the case, the fMRI results
obtained by Thompson-Schill et al. would re¯ect the
functioning of imagery processes rather than access to
semantic representations. And, in fact, the authors
provide evidence that at least for one of their subjects,
for whom they have data on both the semantic judge-
ment task and an imagery task, the same cortical
regions are involved in semantic judgment and visual
imagery tasks. However, they do not consider the
possibility that the visual processes they have studied
may involve retrieval of visual-structural represen-
tations and not visual-semantic representations (e.g.,
[3,10,20]). This last possibility is made the more prob-
able when we consider the fact (cited above) that in
many cases category-speci®c semantic de®cits for living
things are not associated with lesions to the fusiform
gyrus. Furthermore, these patients do not typically
present with generalized imagery processing di�culties
(e.g., [4]) as might be expected if access to visual infor-
mation were generally damaged.

4. Conclusion

In this commentary on a recent paper by Thomp-
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son-Schill et al. [22] I have argued that the authors
defend a theory of the causes of semantic category-
speci®c de®cits that is at variance with well-established
empirical facts. No attempt is made by the authors to
deal with these recalcitrant facts. I have also argued
(1) that the predictions they make about fusiform
gyrus activation on the basis of the IMSH do not
obviously follow from this model or are wrong, (2)
that simulations are needed to derive predictions from
the model, and (3) that the results may actually be in-
consistent with the IMSH. Finally, I also argued that
the fMRI results they obtained are not obviously rel-
evant to our understanding of the causes of semantic
category-speci®c de®cits.

There is a growing body of detailed and sophisti-
cated research on category-speci®c semantic de®cits
(see [4,8] for reviews). There is also a growing litera-
ture on neuroimaging studies that addresses the organ-
ization of conceptual knowledge in the brain [15]. The
value of experimental research is greatly enhanced
when its results are embedded in a rich network of
other constraining facts. All relevant facts must be
considered in developing or testing theories of cogni-
tive functioning. We are then much more likely to con-
verge on a reasonable theory of the organization of
conceptual knowledge in the brain.
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