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a b s t r a c t

Neuropsychological and neuroimaging studies have indicated that motor knowledge is one potential
dimension along which concepts are organized. Here we present further direct evidence for the effects
of motor knowledge in accounting for categorical patterns across object domains (living vs. nonliving)
and grammatical domains (nouns vs. verbs), as well as the integrity of other modality-specific knowledge
(e.g., visual). We present a Chinese case, XRK, who suffered from semantic dementia with left temporal
lobe atrophy. In naming and comprehension tasks, he performed better at nonliving items than at living
items, and better at verbs than at nouns. Critically, multiple regression method revealed that these two
categorical effects could be both accounted for by the charade rating, a continuous measurement of the
significance of motor knowledge for a concept or a semantic feature. Furthermore, charade rating also
predicted his performances on the generation frequency of semantic features of various modalities. These
findings consolidate the significance of motor knowledge in conceptual organization and further high-
lights the interactions between different types of semantic knowledge.

� 2010 Elsevier Inc. All rights reserved.
1. Introduction

One type of critical findings that advanced our understanding of
the semantic system is that brain-damage may impair different
categories of knowledge disproportionately, such as living things
vs. nonliving things (Warrington & McCarthy, 1983; Warrington
& Shallice, 1984; see Capitani, Laiacona, Mahon and Caramazza
(2003), for a review), or objects/nouns vs. actions/verbs (Laiacona
& Caramazza, 2004; Miceli, Silveri, Nocentini, & Caramazza,
1988; see Shapiro and Caramazza (2003), for a review). One influ-
ential notion motivated by such observations assumes that seman-
tic memory is (at least partially) distributed in subsystems
corresponding to different modality-specific types of knowledge
(e.g., visual, motor, tactile, function, etc., Bird, Howard, & Franklin,
2000; Cree & Mcrae, 2003; Martin, Ungerleider, & Haxby, 2000;
Vigliocco, Vinson, Lewis, & Garrett, 2004; Warrington & Shallice,
1984). Furthermore, the significance of a certain knowledge type
varies across different semantic/grammatical categories of con-
cepts. Therefore, selective impairment or preservation of certain
types of knowledge may lead to categorical effects.
ll rights reserved.
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should be considered co-first
In this article, we present evidence for the significance of one
specific modality of semantic feature (knowledge) – motor knowl-
edge – in the representation of concepts and other semantic fea-
tures. The importance of motor knowledge in the representation
of object concepts, especially manipulable objects, has been re-
ported in both neuropsychological and brain imaging research.
Warrington and McCarthy (1987) reported a case Y.O.T., who was
significantly more impaired in the comprehension of small manip-
ulable objects (e.g., fork, shoe) than large artifacts (e.g., ship,
house), living things and foods. The authors attributed this dissoci-
ation to the difference between the weights of motor (i.e., action
derived) knowledge in these classes of objects. Complimentary to
this pattern, later studies reported the association between better
performance on manipulable objects than non-manipulable ones
and the preservation of motor knowledge (Magnie, Ferreira, Giusi-
ano, & Poncet, 1999; Sirigu, Duhamel, & Poncet, 1991). In a group
study, Buxbaum and Saffran (2002) showed that apraxic patients
were more impaired with tools than with animals and with manip-
ulation knowledge than with function knowledge. The non-apraxic
patients exhibited the opposite pattern. These results indicated the
greater significance of motor knowledge for tool concepts than for
other non-manipulable objects (e.g., animals and large artifacts).

The association between tool concepts and motor knowledge is
further observed on the anatomical level. Patients showing tool-
specific impairment tended to have lesions encompassing brain re-
gions associated with motor and visual-motion processing, such as
the left fronto-parietal and posterior middle temporal regions
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Fig. 1. (A) A T1-weighted fluid attenuated inversion recovery (FLAIR) MRI image of XRK. (B) T2-weighted fast-spin echo (FSE) MRI images of XRK. (C) SPECT images of XRK.
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relevant action, can explain XRK’s dissociations in object and ac-
tion naming. One motivation to do this analysis is the observation
that he tended to describe the related manipulations and motions
in picture-naming tests as described above. Furthermore, XRK’s
atrophy was most apparent in the left temporal regions, leaving
parietal and frontal regions relatively intact. Given that motor-re-
lated knowledge is assumed to be processed by the parietal and
frontal regions (Gainotti et al., 1995; Pulvermüller, 2005; Tranel
et al., 2003), the potential motor-knowledge advantage might be
able to explain the categorical dissociations we observed earlier.
Note that we did not carry out similar analyses on the non-naming
tasks because in those tasks usually multiple items are involved
(e.g., picture associative matching) and it is difficult to estimate
the effective index for the motor knowledge relevance.



Table 1
Tests of XRK’s living–nonliving and noun–verb dissociations.

Tests XRK Controls p value (C&G)

Percentage (correct/all) p value (v2) Mean percentage (SD) N

Living–nonliving dissociation
Living Nonliving Living Nonliving

Snodgrass picture naming 18% (13/73) 45% (71/159) <.001 96% (3.0%) 97% (3.1%) 9 <.001
Mahon picture naming 20% (4/20) 28% (17/60) n.s. – – – –
Object decision 79% (41/52) 92% (35/38) 0.09 95% (3.9%) 94% (4.5%) 15 <.05
Attribute judgement 79% (130/164) 89% (140/158) <.05 95% (2.9%) 95% (2.5%) 15 <.01

Noun–verb dissociation
Noun Verb Noun Verb

Object/action picture naming I 46% (22/48) 74% (25/34) <.05 90% (6.0%) 91% (5.6%) 16 <.01
Object/action picture naming II 25% (15/59) 55% (32/58) <.01 – – – –
Picture–word verification 74% (119/162) 85% (41/48) 0.09 95% (3.0%) 93% (3.2%) 14 <.05
Picture associative matching 60% (31/52) 62% (32/52) n.s. 81% (5.0%) 83% (8.9%) 6 n.s.
Word associative matching 54% (28/52) 83% (43/52) <.01 – – – –

Note: ‘‘P value (C&G)”: statistical results derived from the program developed by Crawford and Garthwaite (2005); ‘‘n.s.”: no significance; ‘‘–”: not be tested.
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3.2.1. Charade effect and living–nonliving dissociation
To elucidate whether XRK’s living/nonliving dissociation in ob-

ject naming could be accounted for by the charade effect, we car-
ried out a binary logistic regression analysis on his performance
on the Snodgrass picture-naming test. The dependent variable
was XRK’s score for each item (‘‘1” for correct, ‘‘0’ for incorrect).
Two critical predictors were the charade rating (Magnie et al.,
2003) and semantic domain (living/nonliving), as we were most
interested in whether the charade rating can fully explain the ef-
fect of semantic domain on XRK’s performances. We further in-
cluded several predictors to partial out potentially confounding
variables (see Funnell and Sheridan (1992), Magnie et al. (2003)
and Stewart, Parkin and Hunkin (1992)): word frequency (Sun,
Huang, Sun, Li, & Xing, 1997), familiarity and visual complexity
(Shu et al., 1989). No pair-wise correlation of predictors was higher
than .70, ruling out the potential multicollinearity problems fol-
lowing the rule generally adopted for regression studies (Baayen,
Feldman, & Schreuder, 2006).

We developed the following two types of regression models. In
the first set of regression models, we included the nuisance predic-
tors and the ‘‘semantic domain” predictor, but not the charade-rat-
ing predictor. In the second model set, we additionally included the
charade-rating predictor. The critical question is whether any sig-
nificant effect of semantic domain in the first model set would still
survive after the inclusion of charade rating in the second model
set. Specifically, in both sets of models, we used two types of enter-
ing methods to consolidate the unique contributions of each pre-
dictor: simultaneous entering and two-step hierarchical methods.
In the simultaneous entering method, all predictors were simulta-
neously introduced into regression model. In the two-step hierar-
chical method, separate models were developed for each
predictor (e.g., semantic domain), such that all other predictors
(word frequency, familiarity, visual complexity, etc.) were entered
in the first step, and then the predictor of interest (semantic do-
main) entered in the second step. In this way, the unique contribu-
tion of the predictor in the second step was illustrated. The results
from these regression methods are shown in Table 2. As can be
seen under the ‘‘regression without charade rating” heading, be-
sides word frequency and familiarity, semantic domain had signif-
icantly predictive power in XRK’s naming performance, using both
the simultaneous entering method and the hierarchical method.
Critically, when charade rating was included as a predictor, seman-
tic domain no longer had significant effect. The naming perfor-
mance was significantly predicted by charade rating, word
frequency and familiarity.

To examine whether the charade effect was mainly driven by
items in one particular domain, we further carried out analyses
within the two semantic domains (living and nonliving) separately.
Charade effect was significant within the living domain (ps < .005
for both entering methods) and was marginally significant for
the nonliving items (ps < .1 for both entering methods), indicating
that charade rating was a significant predictor of naming perfor-
mance for all items.

3.2.2. Charade effect and noun–verb dissociation
We used the logistic regression methods identical to the ones

used in Section 3.2.1 here to examine the effects of grammatical
class (noun/verb) and charade rating in XRK’s picture naming per-
formance. To maximize the item number, we included all 511
items from the four picture naming tasks (Snodgrass picture nam-
ing; Mahon picture naming; Object/action picture naming II & I).
The dependent variable was still XRK’s score for each item (‘‘1”
for correct, ‘‘0” for incorrect). The predictors for this session were
charade rating, grammatical class, word frequency (Sun et al.,
1997), and familiarity. Visual complexity was not included in this
session because the rating was not available for many items and
that it did not yield any effect in the regression analyses above.

Because the charade rating in the literature (Magnie et al., 2003;
Mahon et al., 2007) were exclusively for nouns, we collected our
own ratings for the nouns and verbs in the current analyses. We
presented target words and adopted the instructions from Mahon
et al. (2007), which were applicable for both nouns and verbs:
‘‘Suppose you were playing charades, such that one person had
to identify a word based on how another person mimed various ac-
tions that might be associated with its meaning. You are asked to
rate, for the following words, how difficult it would be to play that
game with these items (1 = very difficult/impossible; 7 = very
easy)”. Sixteen naive undergraduate subjects were asked conduct
the rating on a 7-point scale. Another sixteen subjects participated
in the familiarity rating for the whole item set, presented with tar-
get words and instructions adopted from Shu et al. (1989). Our rat-
ing results were well correlated with those of previous studies
(Charade rating: Rcurrent-Magnie = .60, Rcurrent-Mahon = .71; familiarity
rating: Rcurrent-Shu = .67).

The regression results are displayed in Table 2. No pair-wise
correlation of predictors was higher than .70. The regression re-
sults without the charade rating as a predictor showed that gram-
matical class, in addition to word frequency and familiarity,
significantly predicted XRK’s naming performance. Critically, the
second analysis showed that once charade rating was included in
the regression model, it replaced grammatical class as a significant
predictor for XRK’s performance.

We also carried out logistic regression analysis for nouns and
verbs separately, using word frequency, familiarity, and charade



rating as predictors. Charade rating was a significant predictor for
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Our results consolidate the significance of motor knowledge in
concept representation, and are consistent with previous observa-
tions of the correlation between motor knowledge (measured by
object use ability) and conceptual tasks in semantic dementia cases
(Bozeat, Lambon-Ralph, Patterson, & Hodges, 2002; Hodges, Boz-
eat, Lambon-Ralph, Patterson, & Spatt, 2000). Our results indicated
that this correlation might (at least partly) be due to the predict-
ability of motor knowledge for conceptual tasks, as opposed to
what was proposed by the authors, who argued that the object
use ability was determined by the general conceptual knowledge.
Note that the current results do not speak to whether motor
knowledge is necessary for some concepts such as tools. Indeed,
ample neuropsychological evidence has shown that object recogni-
tion and naming can be achieved without corresponding motor
knowledge (for a review see Mahon and Caramazza (2007)).
Rather, we believe that motor knowledge (or any modality) sup-
ports the retrieval of the corresponding concepts, other types of
knowledge, and the object/action name retrieval.

Our results are in line with a wide range of theories assuming
modality-specific organization of conceptual knowledge (Allport,
1985; Bird, Lambon-Ralph, Patterson, and Hodges, 2000; Cree &
McRae, 2003; Mahon & Caramazza, 2009; Martin et al., 2000; Vig-
liocco et al., 2004), despite the variations among them in terms of
the modalities being incorporated and the distribution pattern of
modality-specific knowledge across categories. Furthermore, such
theories about the representation of object concepts have been ex-
tended to the domain of actions (Bird, Howard et al., 2000; Vig-
liocco et al., 2004), assuming the same organization principal for
objects and action concepts. The previously reported evidence for
this school of modality-specific representation theories mainly
come from observed associations between performances on motor
knowledge and on categories for which motor knowledge are as-
sumed important. Here by showing the significance predictability
power of charade rating on the patient’s performance, we provide
the empirical evidence for the significance of motor knowledge in
accessing concepts of various semantic categories (living things,
nonliving things, and actions). Furthermore, our finding of the pre-
dictability effect of motor knowledge on the patient’s performance
on other types of (e.g., visual) knowledge is also in accord with
semantic theories incorporating the interaction of features (Caram-
azza et al., 1990; Thompson-Schill, Kan, & Oliver, 2006; Tyler et al.,
2000; Vigliocco et al., 2004). Our results presented evidence for a
specific implementation of featural modulation.

While we have shown that the categorical differences in our pa-
tient can be explained by charade effect, we would not generalize
such findings to all observed categorical patterns. Categorical dis-
sociation in some cases is not likely to be reduced to the effect of
one semantic-feature dimension, such as the double-dissociation
patterns observed within one patient across different modalities
of processing (e.g., Rapp & Caramazza, 2002). However, our results
do suggest further scrutiny of some observations that were as-
sumed to support or challenge modality-specific theories. For in-
stance, some modality-specific theories assumed a general loss of
sensory (mainly visual) knowledge to explain the specific living
item impairment (e.g., Warrington & Shallice, 1984). This assump-
tion was then investigated using direct assessment of sensory and
non-sensory knowledge of individuals with or without category-
specific deficits for living things (e.g., Basso, Capitani, & Laiacona,
1988; Lambon-Ralph, Patterson, Garrard, & Hodges, 2003; for a re-
view see Caramazza and Shelton (1998)). Our results on the mod-
ulation effect between motor knowledge and visual knowledge,
however, demonstrated that the direct assessment of visual knowl-
edge might be contaminated by the effect of other modalities. In
fact, it has been explicitly proposed that predictability of visual fea-
tures from non-visual ones might be stronger for nonliving entities
relative to living entities (Thompson-Schill et al., 2006). Further
investigations of cross-modal interaction patterns for various cate-
gories are therefore warranted.

A final note is that an anatomical signature of semantic demen-
tia is the atrophy in the anterior temporal regions with the brain
areas for motor processing less affected. Consistent with this ana-
tomical pattern, our patient showed relatively preserved motor
knowledge, advantage of processing actions over objects, and non-
living things over living things. However, mixed results have been
widely reported in terms of SD’s behavioral patterns. Both direc-
tion of object-action dissociations have been reported (for
‘‘noun < verb” results see: Bak & Hodges, 2003; Bird et al., 2000;
Breedin, Saffran, & Coslett, 1994; Daniele, Silveri, Giustolisi, &
Gainotti, 1993; Papagno, Capasso, & Miceli, 2009; Silveri & Ciccar-
elli, 2007; Silveri, Perri, & Cappa, 2003; for ‘‘noun > verb” results
see: Reilly, Cross, Troiani, & Grossman, 2007; Rhee, Antiquena, &
Grossman, 2001; Yi, Moore, & Grossman, 2007), so have both direc-
tions of living–nonliving dissociations (for ‘‘living < nonliving”
cases see: Barbarotto, Capitani, Spinnler, & Trivelli, 1995; Cardebat,
Demonet, Celsis, & Puel, 1996; Lambon-Ralph et al., 2003; Papagno
et al., 2009; Zannino et al., 2006; for ‘‘living > nonliving” cases see:
Lambon-Ralph, Howard, Nightingale, & Ellis, 1998; Silveri et al.,
1997). Although the effects of nuisance variables might explain
some of these dissociation patterns, they seems insufficient to ex-
plain the contradictory observation within SD groups. For example,
Bird, Howard et al. (2000) and Bird, Lambon-Ralph et al. (2000)
attributed their ‘‘noun < verb” findings to the relatively lower fre-
quency of nouns, but the such pattern remained in other studies
when the frequencies were well matched (e.g. Silveri & Ciccarelli,
2007; Silveri et al., 2003). Similarly, it has been proposed that
the ‘‘noun > verb” pattern might be explained by the relatively
higher executive resource demands necessary for verb picture
naming (D’Honincthun and Pillon, 2008), but this explanation does
not applied to similar patterns using verbal stimuli (Reilly et al.,
2007; Yi et al., 2007). Given that individuals with semantic demen-
tia vary widely in terms of brain atrophy patterns, it is likely that
there is fine specificity for modality- or category- specific knowl-
edge within the temporal lobe (e.g., Bi et al., in press; Damasio, Tra-
nel, Grabowski, Adolphs, & Damasio, 2004; Miceli et al., 2001;
Simmons, Reddish, Bellgowan, & Martin, 2010), and it would be
premature to generalize the pattern reported here to the whole
clinical group.

To conclude, by using the charade rating as a measurement of
the significance of motor knowledge for a concept or a semantic
feature, we observed the effect of motor knowledge in predicting
the patient’s performance on semantic processing. These results
consolidate the role of motor knowledge, which is represented in
areas outside of the temporal regions, in the organization of the
conceptual system and underscore the importance of considering
cross-modal featural interactions in future studies.
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