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performance of the 7 control participants, his
impairment for inanimate objects was still highly
significant, XY'(1) = 24.37, p <.0001, but not for
animate objects, XY (1) = 1.40, p = .24. When we
compared Z.B.L.’s performance on animate and
inanimate objects directly, the correct proportion
of inanimate objects was significantly lower than
the correct proportion of animate objects (119/
143 vs. 115/158), x*(1) = 4.72, »<.05.
Furthermore, there was a marginally significant
trend for his performance on nonvisual features
to be better than his performance on visual fea-
tures, x*(1) = 3.77, p=.0522. The difference
was carried mainly by the inanimate objects:
animate items, }*(1) = 1.26, p = .26; inanimate
items, }*(1) = 3.23, p = .07.

Semantic categories: Discussion

For pictures of animate and inanimate items that
were matched on frequency, familiarity, word
length, and imageability, Z.B.L. correctly named
more animate than inanimate items. The same
pattern was also observed in an attribute judge-
ment task that tapped knowledge about visual
and nonvisual features of animate and inanimate
concepts. This confirms the view that the
reverse-animacy effect observed in picture
naming has, at least in part, a conceptual origin.
For inanimate items, the performance of Z.B.L.
was significantly worse than both that of the
control participants and his own performance on
animate items. Furthermore, contrary to the pre-
dictions derived from the SFT (and ESFT),
Z.B.L. was not worse at verifying nonvisual (func-
tional) attributes than at verifying visual (sensory)
attributes. If anything, he showed a near-
significant trend of being better with nonvisual
features than visual features for inanimate
objects. In sum, Z.B.L’s performance directly
challenges ESFT’s assumptions that dispropor-
tionate noun (object) impairment is due to
selective sensory feature deficit, which would also
cause an animacy effect.

Before discussing the implication of our data
for other featural theories of the noun/verb dis-
sociation, we consider whether Z.B.L. performed
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better with verbs (actions) simply because he was
better at processing abstract things. In a study of
semantic jargon, Marshall and colleagues (1996a,
1996b) reported a case (R.G.) showing an associ-
ation between a reverse concreteness/imageability
effect (better with abstract things than concrete
things) in noun processing and better performance
with verbs, leading the authors to propose that
concepts are represented in “distributed semantic
networks” (Allport, 1985), where the relative
sparing of verbs over nouns could be explained
by the relative sparing of certain kinds of abstract
properties that are more crucial to verbs. We
carried out post hoc analyses of Z.B.L.’s perform-
ance on the Snodgrass and Vanderwart (1980)
picture-naming task to test this possibility.
Among the 232 items he was asked to name, 86
of the erroneous items and 90 of the correct
items have imageability and concreteness ratings
in the MRC Psycholinguistic =~ Database
(Coltheart, 1981; Wilson, 1988). Contrary to
Marshall and colleagues’ prediction, positive ima-
geability and concreteness effects were observed.
Mean imageability ratings for correct and erro-
neous items were 603 and 594, respectively,
#174) = 2.41, p < .05, and concreteness ratings
were 607 (correct) and 597 (erroneous), (174) =
2.69, p < .01. Therefore the relative preservation
of verb naming in Z.B.L. cannot be explained
by the factor concreteness (see Bedny &
Thompson-Schill, 2006, for convergence neuro-
imaging evidence).

Can the results reported here be explained
by the featural and unitary semantic space
(FUSS) theory? We noted in the Introduction
that this theory assumes two levels of represen-
tations where the noun/verb (object/action)
effects could be located: the conceptual system
that is organized by feature types (e.g., visual per-
ceptual, nonvisual perceptual, motoric) and the
lexical semantic system that is organized by
feature properties (e.g., shared, correlated, or dis-
tinctive). At the conceptual level, damage to one
type of feature (e.g., visual) would be expected to
affect differentially nouns and verbs in proportion
to the importance of that feature type for a given
grammatical category. To test this prediction, we
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pulled together all the items that Z.B.L. named
across repeated administrations (478 nouns/
objects and 98 verbs/actions) and classified them
into 17 categories according to FUSS. Most
items were in the set reported in Vinson and col-
leagues (2003); those items not in their set (13%)
were classified using their criteria. We then corre-
lated Z.B.L.’s correct naming percentages on these
17 categories (e.g., tool action: 38%) with the pro-
portion of weighted visual features in that category
(tool action: 11.7) reported by FUSS. Z.B.L’s
naming performance did not correlate with the
proportional weights of visual feature in these cat-
egories (visual: R =—.19, p = .48), or with any
other feature types’ proportional weights
(Rs < .2; ps>.5). Interestingly though, when we
looked at only the nouns (objects) pictures,
Z.B.L’s naming performance correlated with the
“other perceptual” feature weights negatively
(r=—284, p<.05) and the motoric feature
weights positively (r= .83, p <.05). This effect
is consistent with the hypothesis that the
sensory/motor feature composition differences
underlie the categorical representations of nouns
(objects) concepts and that Z.B.L.s worse per-
formance with certain categories of nouns
(objects) can be explained by a selective impair-
ment for nonvisual perceptual features. Note that
there was no correlation between noun (object)
naming performance and the proportion of
“visual” features (r=.24, p=.61), consistent
with the result of our Experiment 2 (see
Table 5). Crucially, no such trends were observed
on verb (action) items (rs < .22; ps > .5). That is
to say, while featural type composition of object
concepts seemed to play a role in Z.B.L.’s categori-
cal effects on noun (object) naming, such dimen-
sions cannot explain Z.B.Ls performance on
verbs (actions).

At the lexical semantic level—the binding site
of the distributed conceptual features to linguistic
information—FUSS is no different from other
feature-distance theories such as Organized
Unitary  Conceptual ~ Hypothesis  (OUCH,;
Caramazza, Hillis, Rapp, & Romani, 1990).
Here nodes cluster together in proportion to the
degree of feature overlap (weighted by the relative
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importance of a given feature in distinguishing
among concepts), resulting in what Caramazza
et al. (1990) referred to as “lumpy” semantic
space. Proponents of FUSS have argued that this
level of representation corresponds to the “conver-
gence zones” in the model proposed by Damasio
et al. (Damasio & Damasio, 1994; Damasio
et al., 2001). Based on featural norm analyses
object nouns were found to cluster away from
action nouns and action verbs, with the last two
clustered together. It is then possible to lesion
the lexical semantic space such that object nouns
are affected more than action verbs and action
nouns (see Vinson & Vigliocco, 2002). However,
because FUSS was not the focus of the current
article, items in the various categories sanctioned
by this theory were not matched on any potentially
confounding variables, such as word frequency and
naming agreement, and therefore the results do
not provide conclusive evidence for or against the

theory.

GENERAL DISCUSSION

We reported a case showing a pattern of perform-
ance that is inconsistent with expectations derived
from the ESFT, a theory that assumes that the
noun/verb (object/action) dissociation emerges
from a particular way of damaging the conceptual
system. To recapitulate, the model makes the fol-
lowing assumptions: (a) Concepts are represented
in the brain by different types of features, such as
sensory and functional features; (b) certain classes
of concepts (animate things, artifacts, action
verbs) rely more heavily on certain types of features
than do other classes; and (c) such a distribution of
teature types is adequate to explain observed cat-
egory-specific semantic deficits (in animate
things or artifacts) and noun-specific deficits.
The model predicts that if a patient is more
impaired for nouns than for verbs, he will also be
more impaired for animate than for inanimate
objects. However, Z.B.L., who showed a reverse-
animacy effect (better with animate things than
inanimate things), was worse at naming nouns
(objects) than verbs (actions), providing a clear
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challenge to the theory’s assumption about how
noun/verb (action/object) naming dissociations
emerge from the proposed conceptual organiz-
ation. It is not obvious how the other featural
theory briefly considered here, FUSS, can
account for the performance of our patient, if
only a conceptual deficit is assumed.

Of course, given that Z.B.L. is impaired both at
the conceptual level and at the (output) lexical
level, it is possible that the animacy effect and
the noun/verb effect originate from two separate
levels of deficit. His performance could then be
explained by theories that assume that noun/verb
differences are captured at least partly by the
lexical system (e.g., FUSS; Caramazza & Hillis,
1991). Be this as it may, the crucial point here is
whether there exist theories about the conceptual
representations of inanimate and animate objects
and actions that can account for Z.B.L.’s poor per-
formance with artifacts compared to animate
objects and actions at one level of deficit—the con-
ceptual level. The failure of one particular concep-
tual theory (ESFT) to account for the data does
not mean that the pattern shown by Z.B.L. is
not conceptually based. Without positive evidence
showing that Z.B.L. is indeed more impaired with
grammatical processing of nouns (for instance,
morphosyntactic operations’), we cannot claim
that the noun/verb (object/action) difference is
really lexical and/or grammatical in origin and
that it is not rooted in some type of impairment
in the conceptual system. As Langacker (1999)
states, “it is utterly implausible to suppose that
something as fundamental and universal as the
noun and verb classes would not reflect a rudimen-
tary conceptual distinction” (p. 9). Z.B.L.s per-
formance may be consistent with other
conceptual (and/or lexical-semantic convergence
zones) accounts that do not describe the categories
of animate objects, inanimate objects, and verbs in
terms of distributions of conceptual features.

One example is a proposal by McCarthy and
Warrington  (1985)  that the noun/verb

GRAMMATICAL- AND SEMANTIC-CATEGORY DEFICITS

dissociation reflects a dissociation between con-
ceptual representations of objects and actions.
Because this proposal does not commit to any
specific claim about the organization of the
object/action conceptual representations, it could
accommodate our case if it is further assumed
that, within the concrete object domain, organiz-
ation of concepts is sensitive to the animate/inan-
imate distinction. In this case, the conceptual
representation of inanimate objects might be selec-
tively impaired while the conceptual represen-
tation of animate concepts and action concepts is
spared. By the same token, our data can also be
explained by the convergence zones theory
(Damasio & Damasio, 1994; Damasio et al.,
2001), which assumes that concepts are realized
through the “convergence zones” that bind distrib-
uted information together. If it is further assumed
that the convergence zones for verbs (actions) are
different from those of nouns (objects), Z.B.L.’s
performance might be the result of disproportion-
ate impairment to the noun convergence zones.
In accordance with the object/action hypoth-
esis, recent research with brain-imaging tech-
niques and lesion analyses has shown that
naming and processing actions may involve brain
areas (premotor/prefrontal, parietal, and posterior
middle temporal) distinct from those involved in
processing concrete entities (inferior temporal;
e.g., Tranel, Adolphs, Damasio, & Damasio,
2001; Tranel, Kemmerer, Adolphs, Damasio, &
Damasio, 2003). Some of the studies show,
however, that compared to the neural systems acti-
vated for “person concepts”, the neural systems
activated most for “action” stimuli overlap with
the activation for “tool” stimuli, especially in the
vicinity of the middle temporal area. It has been
proposed (e.g., Martin & Chao, 2001) that such
overlap occurs because “motion” (or “manipu-
lation”) features are crucial for both action con-
cepts and tool concepts (and other manipulable
objects). On the other hand, there are also findings

in the literature reporting dissociations between

! In Mandarin Chinese, morphological inflection is virtually absent; nouns and verbs do not undergo morphological changes in
different syntactic/semantic contexts. It is thus difficult to construct tasks that explicitly test morphological operations in Chinese.
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tools and actions. For instance, in a lesion study,
Tranel and colleagues (2003) reported that
among 26 patients with impaired action concepts,
only 6 also had impairment with tool concepts.
Our finding that Z.B.Ls artifact naming is
worse than naming of both animate items and
actions further confirms that “tool”/“manipulable
artifacts” and “action” are not necessarily associ-
ated. From the literature it can be gleaned that
the left posterior middle temporal gyrus (area
MT) plays an interesting role in this context. Of
the 6 patients in Tranel et al.’s (2003) study who
showed a deficit of both action knowledge and
tool knowledge, 4 had lesions that included left
MT. Many functional neuroimaging studies have
found activation in and around left MT during
tasks requiring the processing of tool knowledge
(e.g., Boronat et al, 2005; Chao, Haxby, &
Martin, 1999; Kellenbach, Brett, & Patterson,
2003; Martin, Wiggs, Ungerleider, & Haxby,
1996; for review, see Devlin et al., 2002). Tranel
and colleagues (Tranel, Martin, Damasio,
Grabowsk, & Hichwa, 2005) observed in a posi-
tron emission tomography (PET) study that left
MT had significantly greater activation when
noun—verb homophones (e.g., comb) were used
as verbs to name the static pictures of actions
than when they were used as nouns to name
objects in the same pictures. Unfortunately,
however, we lack the precise lesion data on
whether Z.B.L.s left MT was affected by brain
damage, and therefore we cannot draw further
conclusions from our case regarding the lesion—
behaviour correlation for animate, tool, and
action concepts. It should also be noted that
Tranel and colleagues’ (2003) study, in which 20
out of 26 patients had impaired action concepts
but intact tool concepts, does not speak directly
to the ESFT. This is because the ESFT assumes
that verb (action) deficits are by-products of an
imageability effect and do not necessarily associate
with tool deficits. However, these data, together
with our results, add further weight to theories
that propose that tool concepts and action con-
cepts can be damaged independently.

Nouns and verbs might differ conceptually in
other ways as well. From a cognitive-linguistics
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perspective, it is proposed that verbs designate
“events”, whereas nouns designate both “entities”
and “events” (consider, for example, the word
“exploration”). Is it possible that Z.B.L.s better
verb performance is due to better preservation of
his conceptual representation of “events”® This
hypothesis could be tested by looking at his per-
formance on nouns that designate “events”. If he is
still better at producing verbs than “eventual”
nouns, this particular hypothesis would not hold.
From a language acquisition point of view, it could
be assumed that the earliest acquired nouns refer
to concrete objects, and verbs refer to actions, and
that they are represented in neural area specified in
processing prototypical objects and actions, respect-
ively. On the further assumption that nouns and
verbs acquired later tend to be represented close to
the earlier acquired prototypical nouns and verbs,
respectively, segregation by grammatical category
would result (Caramazza, 1994).

Although the mechanisms of Z.B.L.’s selective
noun deficit (especially the deficit for inanimate
concepts) may have a conceptual origin, we con-
clude here that a model such as ESFT, which attri-
butes noun-processing deficits to impairment of
sensory-feature processing in the conceptual
system, does not adequately account for such def-
icits. Appealing as such reductionism might seem,
this particular theory is undermined by a diverse
range of phenomena, including the evidence pre-
sented here.
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BIET AL.

Stimuli in Noun/Verb Naming 1: Matched object/action pictures

APPENDIX A

Noun Verb
Target Meaning Pronunciation Target Meaning Pronunciation
L cow /niu2/ FF open /kail/
& fish Jyi2/ % press Jand/
U pear Ji2/ b4 rub /chal/
+ book /shul/ 15 insert /chal/
RE bear /xiong2/ % sew /feng2/
£ clock /zhongl1/ B stir /jiao3/
i drum /gu3/ iz saw 4/
BE deer /lud/ o3 cry /kul/
1 tree /shu4/ e climb /pa2/
b cup /beil/ i run /pao3/
11 mouth Jzui3/ i) build /qi4/
] door /men2/ i pinch /qial/
B foot Jjia03/ = sweep /sa03/
A bag /baol/ b comb /shul/
T light /dengl/ )i brush /shual/
g5 shrimp /xial/ i slip /sil/
3 pig /zhul/ b lift /tai2/
£ pen /bi3/ i1 feed Jwei4/
I flower /hual/ = smell /wen2/
R bowl /wan3/ & point /zhi3/
RIE crane /diao4chel/ =TT water /jiaolhual/
B scarf /wei2jinl/ iR cook /zuo4fand/
T patch /budding1/ BBk kick-ball /tilqiu2/
EIpl! scissors /jian3dao1/ Bk ice-skating /hua2bing1/
By slide /hua2til/ R smoke Jchoulyan1/
B abacus /suan4pan2/ g 7K drink /helshui3/
B3 iron /yunddou3/ el fence Jjiljiand/
7248 handbag /ti2baol/ Bkim rope skipping /tiaodsheng2/
(Continued overleaf’)
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(Appendix A Continued)

GRAMMATICAL- AND SEMANTIC-CATEGORY DEFICITS

Noun Verb
Target Meaning Pronunciation Target Meaning Pronunciation
e sucker /xilguan3/ BE ski /hua2xue3/
e drawer /choulti4/ B Er shoot /shedjian4/
b plug /chaltou2/ H#E weight lifting /ju3zhong4/
B gown /shuidyil/ 2R row /hua2chuan2/
HEEE slipper /tuolxie2/ EFPH read /kan4shul/
[ 4 clock /nao4zhongl/ =4 bike riding /qi2chel/
APPENDIX B
Stimuli in Noun/Verb Naming II: Objects and actions in the same pictures
Noun Verb
Target Meaning Pronunciation Target Meaning Pronunciation
H leaf /ye4/ iy blow /chuil/
BT box /xiang1zi0/ 2 carry /bao4/
iR pot /guol/ iR cook /zuo4fand/
BE;H tear /yan3lei4/ £ cry /kul/
+ scissors /jian3zi0/ cut /jian3/
&t shovel /qiul/ 1z dig Jwal/
kGt swimming pool /you2yong3chi2/ Bk dive /tiao4shui3/
[T} picture /huad/ x draw /huad/
car chel rive ailchel
% Jehel/ i d Jiailchet
sandwic mian4baol eat chil
dwich b h
[ ower ual (7 water 1a01shui3
fl h ek j hi
¥ s cradle a02lan2 2 roc 202
& dl yao2l = k y:
= ir niao3 eil
bird fly fe
7] door /men2/ 3 knock /qiaol/
4 candle /la4zhu2/ B dot /dian3/
orange u2zi0 Tl ce ol
] g j peel b
+ book /shul/ EPH read /kan4shul/
7k water /shui3/ g drink /hel/
(Continued overleaf’)
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BIET AL.

(Appendix B Continued)

Noun Verb
Turget Meaning Pronunciation Target Meaning Pronunciation
=) horse /ma3/ % ride /qi2/
£ bell /ling2/ b rock /ya02/
&t needle /zhen1/ o] sew /feng2/
@l a7 razor /gualhu2daol/ | shave /gualhu2zio/
% gun /qiang1/ g5 shoot /she4jil/
T chair /yi3z10/ A sit /zu04/
8 rope /sheng2/ Bk skip /tiao4/
73 bed /chuang2/ Fi\91 sleep /shuidjiao4/
Kth sink /shui3chi2/ Vi wash /xi3/
a1 TV /dian4shi4/ E watch /kan4/
FF scale /cheng4/ Fr weight /chengl/
Ik ball Jqiu2/ s join Jjiel/
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