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Objective: To see whether action and object processing across different tasks and modalities differs in
brain-injured speakers of Chinese with varying fluency and lesion locations within the left hemisphere.
Method: Words and pictures representing actions and objects were presented to a group of 33 participants
whose native and/or dominant language was Mandarin Chinese: 23 patients with left-hemisphere lesions
due to stroke and 10 language-, age- and education-matched healthy control participants. A set of 120
stimulus items was presented to each participant in three different forms: as black and white line drawings
(for picture-naming), as written words (for reading) and as aurally presented words (for word repetition).
Patients were divided into groups for two separate analyses: Analysis 1 divided and compared patients
based on fluency (Fluent vs. Nonfluent) and Analysis 2 compared patients based on lesion location
(Anterior vs. Posterior). Results: Both analyses yielded similar results: Fluent, Nonfluent, Anterior, and
Posterior patients all produced significantly more errors when processing action (M � 0.73, SD � 0.45)
relative to object (M � 0.79, SD � 0.41) stimuli, and this effect was strongest in the picture-naming task.
Conclusions: As in our previous study with English-speaking participants using the same experimental
design (Arévalo et al., 2007, Arévalo, Moineau, Saygin, Ludy, & Bates, 2005), we did not find evidence
for a double-dissociation in action and object processing between groups with different lesion and fluency
profiles. These combined data bring us closer to a more informed view of action/object processing in the
brain in both healthy and brain-injured individuals.
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Differential processing of action and object concepts has long
been a topic of investigation—as well as controversy—in the
literature. One question driving this line of inquiry is whether
inherent differences in action versus object concepts result in the
recruitment of distinct cortical regions. Specifically, it has been
suggested that since anterior cortex houses motor functions, the
processing of action concepts might recruit more anterior regions,

while posterior, more sensory regions would support the process-
ing of object concepts. These dissociations have been tested fre-
quently in neurologically impaired patients by assessing their
ability to use the verbs and nouns that represent action and object
concepts. Results of these studies have been equivocal. Some
report a dissociation of worse performance on verbs in patients
with anterior lesions and worse performance on nouns in posterior-
lesioned patients; other studies do not find this dissociation, but
rather, find that action/verb processing is more difficult in all
brain-injured patients.

One opportunity to test the reliability of purported action-object
dissociations is to examine them in brain-injured individuals
across different modalities (e.g., picture naming, word reading, or
word repetition) as well as across different languages and cultures.
In a previous study conducted in English (Arévalo et al., 2005,
2007), patients performed significantly worse at processing actions
versus objects in the picture-naming task only, regardless of lesion
location or aphasia classification.

The tendency to represent actions and objects as verbs and
nouns has often created confusion in the literature, as the terms
have often been used interchangeably. Verbs and nouns, in fact,
contain an added processing dimension over actions and objects—
grammaticality—that may add to the complexity of the relation-
ship between these two types of stimuli. In their seminal review
paper, Bird, Howard, & Franklin (2003) considered several earlier
studies reporting noun/verb dissociations and argued that semantic
differences were the real cause behind those dissociations, even in
cases where the authors themselves suggested grammatically
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based distinctions. They based this argument on the observation
that these very dissociations can be eliminated by controlling for
the semantically driven variable of imageability (for other reports
on how matching for specific variables affects word category
dissociations see Allport & Funnell, 1981; Bird, Howard, & Frank-
lin, 2000; Jonkers & Bastiaanse, 1998; Luzzatti et al., 2002). Bird
et al. emphasized the fact that verbs and nouns have distinct types
of semantic representations, and that the semantic relations be-
tween verbs are not as straightforward as those for nouns. Finally,
they suggested using single words to test these distinctions, rather
than words presented in a sentence context. Here we review
work that used both approaches to study the word category dis-
tinction, even though the present study did not expressly test the
grammatical distinction. Rather, our tasks were designed to spe-
cifically target the conceptual/semantic differences between ac-
tions and objects.

Over the last few decades, interesting patterns of impairment
(and/or recovery) in action versus object naming and comprehen-
sion have been reported for several populations of brain-injured
patients, including patients with Alzheimer’s disease (AD; e.g.,
Cappa et al., 1998), frontotemporal dementia (FTD), cortico-basal
dementia (CBD; e.g., Silveri & Ciccarelli, 2007; Cotelli et al.,
2006; Silveri, Salvigni, Cappa, Della Vedova, & Puopolo, 2003;
Rhee, Antiquena, & Grossman, 2001), as well as aphasia (e.g.,
Arévalo et al., 2007; Aggujaro, Crepaldi, Pistarini, Taricco, &
Luzzatti, 2006; Daniele, Giustolisi, Silveri, Colosimo, & Gainotti,
1994; De Renzi and Di Pellegrino, 1995). In aphasia, it has been
reported that whereas nonfluent (e.g., Broca’s) patients tend to
display difficulty in processing actions (or verbs) relative to ob-
jects (or nouns), fluent (e.g., Wernicke’s, anomic) patients display
the reverse pattern of impairment (Damasio & Tranel, 1993; Dan-
iele et al., 1994; Zingeser & Berndt, 1990). However, these reports
often pertain to single-case studies. A significant number of studies
(some with larger patient groups) have instead reported greater
difficulty with actions (verbs) relative to objects (nouns) regardless
of aphasia type or lesion site (e.g., Arévalo et al., 2005, 2007;
Collina, Marangolo, & Tabossi, 2001; De Bleser & Kauschke,
2003; Han, Bi, Zhou, & Shu, 2007; Kambanaros, 2008; Rhee et al.,
2001). In a study using Voxel-based Lesion Symptom Mapping
(VLSM, Bates et al., 2003) with left-hemisphere stroke patients,
Piras and Marangolo (2007) reported that the anatomical substrate
subserving noun and verb naming is represented by a continuous
frontotemporal network rather than by segregated modules. It
should be noted that across all of these studies, it is almost never
the case that patients display a complete loss of function for one
category over the other. Reported deficits are almost always of a
relative, rather than absolute, nature.

While some English-language fMRI studies targeting the gram-
matical distinction have reported discrete activations for noun
versus verb processing (Shapiro, Moo, & Caramazza, 2006; Tyler,
Randall, & Stamatakis, 2008), most studies (in English as well as
in other languages) testing either distinction (nouns/verbs and/or
objects/actions) have reported mostly shared, overlapping net-
works for the two categories (e.g., Perani et al., 1999; Siri et al.,
2008; Sörös, Cornelissen, Laine, & Salmelin, 2003; Tyler, Russell,
Fadili, & Moss, 2001; Tyler et al., 2003; Vigliocco et al., 2006;
Warburton et al., 1996). Li, Jin, & Tan (2004) used fMRI to test
lexical decision in Chinese and found that nouns and verbs acti-
vated a wide range of overlapping brain areas in distributed net-

works, in both the left and right hemispheres. In another fMRI
study with healthy participants testing both the noun/verb and
action/object distinctions in English, Tyler et al. (2008) found that
noun/verb homophones resulted in differential activation only
when they were presented in noun or verb phrases (which elicit the
words’ functional linguistic role), but not when presented as single
stems. The authors suggested that differential activations may
therefore be a direct result of grammatical complexity and not
semantic or conceptual differences. In another study by Siri et al.
(2008), Italian participants were presented with three types of
stimuli: infinitive verbs, inflected verbs and action nouns. Activa-
tion overlapped for all three stimulus types in the left inferior
frontal gyrus, and greater relative activation was associated with
increasing linguistic and/or general processing demands: from
highest to lowest, the most activation was observed for action
nouns, followed by inflected verbs and finally by infinitive verbs.
These last two studies suggest that there is considerable overlap in
the cortical regions recruited to process action and object concepts,
and that differential activations result when there is a difference in
relative grammatical and/or general processing demands between
stimulus categories. This difference across stimulus categories
may be enhanced by the choice of task or simply by an inherent
difference in conceptual complexity (as suggested by Bird et al.,
2003, see above).

As suggested by the studies reviewed thus far, the noun-verb or
action-object dissociation has been investigated in several different
languages, for example, Chinese (e.g., Bates, Chen, Tzeng, Li, &
Opie, 1991; Chen & Bates, 1998; Li et al., 2004; Lu et al., 2001),
English (e.g., Arévalo et al., 2005; Caramazza & Hillis, 1991;
Damasio & Tranel, 1993; De Renzi and Di Pellegrino, 1995),
German (e.g., De Bleser & Kauschke, 2003), Greek (e.g., Kam-
banaros, 2008), and Italian (e.g., Miceli, Silveri, Villa, & Cara-
mazza, 1984; Perani et al., 1999; Piras & Marangolo, 2007),
among others. Clearly, the study of any type of semantic and/or
grammatical distinction is greatly enhanced by the cross-linguistic
perspective offered by studying languages which are structurally
distinct from one another (Gentner, 2006; Kemmerer & Eggleston,
2010). In cross-linguistic aphasia research, several studies by
Bates and others (Bates & Wulfeck, 1989; Bates, Friederici,
Wulfeck, & Juarez, 1988; Bates, Friederici, & Wulfeck, 1987a,
1987b) have found that the same aphasic syndrome or classifica-
tion may look quite different from language to language, and that
a patient’s performance will seem more similar to that of healthy
speakers of his or her language than that of aphasic patients from
another language group (Tzeng, Chen, & Hung, 1991). In other
words, evidence suggests that language-specific information is
well-preserved in aphasia, making brain-behavior relations even
more intriguing and cross-linguistic comparisons highly valuable.

The principal motivation of our group for conducting studies
across languages is the fact that results obtained only in one
language do not allow us to make proper inferences about brain-
behavior correlations and language processing in general, since we
cannot rule out the possibility that our observations are language-
specific. Only by creating versions of our tests which are appro-
priately adapted to different languages and cultures can we begin
to tease apart the specificity versus the universality of these ob-
servations. This is especially the case when testing languages that
are very distant from each other, as is the case of English versus
Mandarin Chinese.
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Chinese offers a particularly interesting linguistic case in that its
grammar does not include verb conjugation or noun declension,
phenomena which have previously been used to explain category
differences in other languages such as English (e.g., Bates et al.,
1991; Gentner, 1982). Another unique quality of Chinese is that
many words are compound words, consisting of two or more
sublexical items which may each belong to a different lexical
category. For example, the noun “penguin” can be classified as a
VN (verb-noun) noun, since it consists of two sublexical units: the
verb “stand” and the noun “goose”; likewise, the verb “to smoke”
is a VN verb, formed by the verb “light” and the noun ‘fire.’ Chen
and Bates (1998) and Bates et al. (1991) tested this distinction and
found some support for a double-dissociation across patients with
different types of aphasia at the sublexical level (but see Zhou et
al., 1993 and Bates et al., 1993 for relevant critiques and re-
sponses).

The sublexical distinction was not tested in the current study,
but this unique feature of Chinese, together with the language’s
unique script and grammatical rules, highlight just a few of the
reasons the Chinese language offers a valuable cross-linguistic
contribution to this line of research. Finding dissociation patterns
in Chinese which differ from those previously seen in English
would naturally lead us to search for the explanation among these
cross-linguistic differences. On the other hand, similar perfor-
mance patterns across such markedly different languages would
point to higher-level (i.e., conceptual) variables rather than sur-
face-level features (e.g., grammar), which we would conclude are
common even across highly different languages.

Historically, aphasia researchers have described the action ver-
sus object distinction both in terms of patients’ lesion location (i.e.,
lesions affecting anterior, motor-related regions vs. lesions in
posterior, sensory-related regions) as well as in terms of relative
fluency (as implied by their aphasia classification). Some studies
have confounded lesion site and fluency status by assuming that
nonfluent aphasia is invariably associated with anterior lesions,
while fluent aphasia always results from posterior lesions. How-
ever, clinical and neurological evidence has shown this not to be a
reliable assumption. Thus, in an attempt to best answer the key
questions raised by this line of research, we chose to group the
patients and analyze their performance according to both fluency
and lesion location. Specifically, we asked whether fluent and
nonfluent patients would show different patterns of performance
for objects versus actions across the three tasks. Similarly, we
asked whether lesions in different cortical regions (anterior vs.
posterior) would result in different patterns of performance on
action versus object stimuli across tasks. In a previous study
conducted in English (Arévalo et al., 2005, 2007), patients per-
formed significantly worse at processing actions versus objects in
the picture-naming task, regardless of lesion location or aphasia
classification.

The current study is unique in that we tested the same group of
participants on a highly controlled set of stimuli across three
different tasks: picture naming, reading, and repetition. If action
versus object processing is truly linked to a patient’s fluency status
or lesion location, then at least one of the tasks in this multidi-
mensional study should uncover this putative double-dissociation.
If instead we observe no category dissociations (or a unidirectional
dissociation) across tasks, this would suggest that actions and
objects are processed at least by partially overlapping networks.

Finally, if any observed dissociations vary significantly across
tasks, we would suggest that relative degrees of action versus
object processing are best explained by the nature of the particular
task(s) (e.g., level of semantic difficulty) rather than by category
membership per se.

This last point highlights the importance of testing stimuli
across different tasks in order to tease out task-dependent effects
from the real question of category differences. The three tasks
assessed in this experiment have commonly been used in neuro-
psychological and neuroimaging experiments and involve different
degrees of processing complexity as well as different processing
modalities (i.e., visual and auditory). For this reason, the stimulus
items used here were previously normed across languages and
populations in all three tasks, and are contained in the larger corpus
of stimuli used by our lab and others (CRL-IPNP1, Bates et al.,
2000, 2003).

In decreasing order of difficulty, we rank the three tasks as (a)
picture-naming, (b) word repetition, and (c) word reading. Specif-
ically, picture-naming involves the greatest amount of semantic
processing, since it requires one to accurately recognize the picture
and retrieve the word most commonly associated with it. This
process is highly complex and involves several processing stages
(e.g., Kambanaros, 2008; Laine & Martin, 1996). Relative to
generation tasks such as picture-naming, word repetition is a less
demanding procedure (Péran & Démonet, 2008), and, just like
reading, mostly requires the knowledge and ability to process
letter-sound association rules. Relative to reading, however, repe-
tition is arguably more demanding, since the lack of visual input in
this task requires one to retain the word in memory (albeit briefly)
before producing it. Thus, the current design provides ample
opportunity to detect any dissociations that might exist between
patient groups on processing actions versus objects and also pro-
vides an important cross-linguistic comparison to the work previ-
ously conducted in English.

Method

Participants

We report data obtained from 33 individuals: 23 individuals
with left-hemisphere injury due to stroke and 10 age- and educa-
tion-matched healthy control participants. Patients were included
in the final analyses only if they could complete at least 25% of the
task (i.e., accurately respond to at least 30 out of 120 items across
all tasks) to ensure adequate levels of comprehension. Four addi-
tional patients were tested but did not meet the criteria and were,
therefore, excluded from the analyses.

Patients were referred to the experimenters by licensed speech
therapists at three hospitals in Taiwan (Shin Kong Wu Ho-Su
Memorial Hospital, Taipei Veterans General Hospital, and Hsin
Chu General Hospital) and underwent a screening interview. They
included only right-handed nondemented individuals with a single,
identifiable infarct confined to the left hemisphere (as assessed by
the neurologist from each patient’s MRI and/or CT scan). They

1 CRL-IPNP: the Center for Research in Language-International Picture
Naming Project, University of California, San Diego (Bates et al., 2003,
2000).
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were nine females and 14 males with a mean age of 53 and an
average of 12 years of education (see Table 1 for patient informa-
tion).

All control participants were right-handed and neurologically
intact, with no history of dementia or substance abuse. They
included six females and four males with a mean age of 49 and a
mean education level of 12 years. The patient and control groups
were matched on both age, t(31) � �1.16, p � .25, and education,
t(29) � 0.30, p � .76. All participants had normal or corrected-
to-normal vision, and were screened for hearing impairment with
a standard questionnaire and/or with an audiometer. Reimburse-
ments for travel expenses were provided.

In Taiwan, the national language is Mandarin Chinese, yet most
people also speak one or more other languages, of which Taiwan-
ese and Hakka are the most common. All participants in our
sample reported Mandarin as their native and/or dominant lan-
guage.

Groups for Analysis

Aphasia classifications for this group of patients were based on
a modified Chinese-language version of the Western Aphasia
Battery (Kertesz, 1979) developed by the second author, who is a
linguist and a native of Taiwan. Because the criteria used to
classify patients using this battery in other languages (e.g., Eng-
lish) relies on behavioral characteristics that are not observable in
Chinese (e.g., agrammatism in Broca’s aphasics), the classifica-
tions generated by this test are not applicable to this group of
patients. Therefore, for our first set of analyses, patients were

divided according to fluency status, resulting in the following
groups: Nonfluent patients (n � 12; with a mean fluency score
of 4.3 out of 10) and Fluent patients (n � 11; with a mean fluency
score of 8.7 out of 10).

For our second set of analyses, we analyzed patient performance
based on lesion location, which was determined based on neuro-
imaging data collected at the time of testing. We chose only to
include those patients who had cortical lesions, in order to speak to
theories that suggest that category dissociations result from lesions
affecting anterior (i.e., frontal lobe) versus posterior (i.e., temporal
and/or parietal) regions of cortex. We were not able to obtain
lesion information for four of the patients. One other patient had a
subcortical lesion, and another group of eight patients had lesions
spanning both anterior and posterior cortical regions. Behavioral
results are reported for all 23 patients in Table 1, but the word
category x lesion location interaction was restricted to the 10
patients whose lesions were either anterior (n � 6) or posterior
(n � 4).

Stimuli

The stimuli included 120 black and white line drawings repre-
senting actions (both transitive and intransitive presented in the
infinitive form (n � 60) and objects (n � 60), as well as their
corresponding written and aurally presented words. These stimuli
were drawn from a larger corpus of 795 items (the Center for
Research in Language-International Picture Naming Project, CRL-
IPNP, Bates et al., 2000; http://crl.ucsd.edu/�aszekely/ipnp/). All
picture and word items were normed with healthy, young speakers

Table 1
Patient Demographic Information and Individual Scores Across Word Categories and Tasks

PtID Sex Age TPO Edu F LL PNA PNO WRA WRO WRPA WRPO

1 M 57 16 9 NF B 47% 78% 95% 93% 100% 100%
2 M 36 24 9 F P 47% 68% 90% 87% 100% 98%
3 M 37 20 9 F A 20% 55% 90% 80% 87% 78%
4 M 46 55 9 F P 48% 55% 52% 75% 100% 97%
5 M 41 27 18 F A 67% 88% 100% 100% 100% 100%
6 M 56 84 16 NF B 10% 33% 52% 62% 83% 92%
7 F 36 27 19 NF B 32% 42% 77% 62% 98% 100%
8 F 55 23 9 F B 60% 73% 87% 88% 93% 90%
9 F 60 12 12 F B 67% 72% 100% 98% 97% 100%

10 M 45 27 9 NF P 10% 37% 57% 62% 90% 92%
11 M 49 101 14 F B 37% 50% 88% 93% 100% 100%
12 M 73 13 6 NF A 0% 30% 8% 28% 38% 50%
13 F 50 59 9 NF A 52% 80% 88% 90% 97% 95%
14 M 59 8 9 NF A 25% 63% 83% 97% 98% 98%
15 F 56 107 16 NF NI 65% 58% 93% 88% 100% 92%
16 M 48 59 NI F P 73% 80% 98% 97% 98% 100%
17 M 65 34 12 NF B 52% 47% 92% 83% 92% 98%
18 M 67 111 9 F B 75% 87% 100% 100% 97% 100%
19 F 58 49 16 F SC 85% 92% 100% 98% 98% 100%
20 F 51 44 6 NF A 57% 72% 85% 92% 80% 92%
21 F 48 14 14 F NI 62% 67% 100% 98% 100% 100%
22 M 63 20 12 NF NI 50% 50% 88% 92% 100% 100%
23 F 73 8 NI NF NI 2% 5% 23% 30% 82% 92%

Note. PtID � Patient Identification Number; Sex � M(ale) or F(emale); Age � Patient’s age at time of testing; TPO � Time Post Onset (time since stroke
at time of testing, in number of months); Edu � Patient’s education, in number of years; F(Fluency classification) � NF (Non Fluent) or F(Fluent); LL
(Lesion Location) � A (Anterior), P (Posterior), B (Both anterior and posterior) and SC (Subcortical); PNA � Accuracy on picture naming actions; PNO �
Accuracy on PN objects; WRA � Reading actions; WRO � Reading objects; WRPA � Repetition actions; WRPO � Repetition objects; NI � No
Information was available for this cell.
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of Mandarin Chinese in Taiwan prior to the current experiment,
and accuracy and response times from these norms determined
item selection for the current study, as described below (for more
details, see Bates et al., 2003). Items were presented to each
participant in prerandomized orders across the three production
tasks.

Several authors have written about the difficulties of matching
noun and verb names on a number of key variables, such as word
frequency, age of acquisition, imageability, and naming difficulty
(Bird et al., 2000; Frattali, 2005, and Székely et al., 2005). Spe-
cifically, matching them on any one of these variables inevitably
results in a mismatch on at least one of the other variables. Bird et
al. (2000) have even suggested that there are insufficient (if any)
verbs that are as highly imageable as the kinds of nouns found to
be impaired in these types of studies, making controlled/matched
testing virtually impossible.

Variable values for the items that make up the CRL-IPNP have
been calculated as part of the project and are available on the
CRL-IPNP website (http://crl.ucsd.edu/�aszekely/ipnp/). Those
pertaining to the subset of items utilized in the current study
are listed in Appendix A and include the following: mean reaction
time (RT) for the dominant response on previous norming studies
using the same stimuli and tasks; frequency counts obtained from
the Word List with Accumulated Word Frequency (which in-
cludes 80,000 words), published by The Association for Compu-
tational Linguistics and Chinese Language Processing, based on
the text corpus collected by the Institute of Information Science,
Academia Sinica, Taiwan; objective visual complexity (OVC) for
the picture itself, based on the size of the digitized stimuli picture
files (for more details, see Szekely & Bates, 2000); and an objec-
tive measure of age of acquisition (AoA) collected from 884
Chinese families in Beijing (Hao, Shu, Xing, & Li, 2008) and
modeled on the MacArthur Communicative Development Inven-
tories, or CDI (Fenson et al., 1994). The CDI is collected from
parents in a recognition-memory format with a large checklist of
words that are likely to be acquired between eight and 30 months,
and yields a simple 3-point scale: 1 � words acquired (on aver-
age) between 8 and 16 months; 2 � words acquired (on average)
between 17 and 30 months; 3 � words that are not acquired in
infancy (�30months). Finally, imageability ratings were obtained
from the MRC Psycholinguistic Database (http://www.psy.uwa
.edu.au/mrcdatabase/mrc2.html).

In addition, the IPNP includes a difficulty parameter which was
determined from the RTs of healthy, college-aged Taiwanese
control participants on norming studies using the same stimuli and
tasks. We took advantage of this difficulty distinction in order to
select a well-balanced set of items based on actual subject re-
sponses (mean RT for actions (30 easy/30 difficult): M � 1,142
ms; mean RT for objects (30 easy/30 difficult): M � 1,108 ms;
F(1, 1) � 0.37, p � .54. We first “bracketed” the set of possible
pictures using response accuracy: here, chosen items needed to
have an accuracy score of at least 60% (although most items had
an accuracy score above 80%). A subset of these items were then
assigned to difficulty bins, where all items with mean RTs of at
least two standard deviations above the grand mean were classified
as ‘difficult,’ and items with RTs at least two standard deviations
below the mean were classified as ‘easy.’ Thus, for each group of
stimuli (actions vs. objects), we included an equal number of easy
and difficult items. As mentioned above, the methodology mir-

rored that of the English language version of this task (for more
details, see Arévalo et al., 2005). Appendix B lists the means and
standard deviations of the distribution of each of these variables in
actions versus objects, as well as the t and p values for the
comparisons of these variables across the two categories.

Procedure

For the picture naming (PN) condition in the current study, the
picture items were presented one at a time on the computer screen;
for the word reading (WR) condition, each target name2 for the
selected pictures was presented as a static word on the computer
screen, and for the word repetition (WRP) condition, the same
target words were presented aurally via two small speakers at-
tached to the testing computer while the screen remained blank.
Because action and object stimuli were presented in mixed order,
each item was preceded by either the word (“action”) or

(“object”), in order to indicate the type of item participants
were required to produce.

Each participant was instructed to sit in front of the computer
and attend to the stimuli, which were presented one at a time in
separate lists of 40 items (each list included stimuli from one
condition only). Participants first saw the lead-in word and were
then required to name the picture, read or repeat the word (de-
pending on the session) that was presented to them. They were
asked to respond as accurately as possible into a microphone
placed in front of them as each stimulus was presented. They were
told that some stimuli would represent objects and others actions,
and that these would be in random order. They were also asked to
provide their best guess when not sure of the answer.

Three blocks of trials were presented. For each block, partici-
pants were presented with 40 items in one condition (e.g., PN),
then 40 in another (e.g., WR), and the final 40 in the last condition
(e.g., WRP). The lists of 40 were rotated for the second and third
blocks, respectively, such that across all three blocks, each partic-
ipant viewed or heard all 120 items three times, with each item
being presented once in each of the three conditions. The order of
lists and blocks was prerandomized so that different randomly
selected groups experienced different trial orders.

The task was presented using PsyScope (Cohen, MacWhinney,
Flatt, & Provost, 1993) and was experimenter-controlled (i.e., the
experimenter manually advanced each trial). Three practice items
were incorporated at the beginning of each list in order to acquaint
participants with the task. If no response was given on a particular
trial, an “X” would appear on the screen above the trial number,
and the experimenter would then move on to the next trial. Breaks
were provided as needed.

Scoring

Accuracy was recorded by the experimenter, who manually
wrote down the examinees’ responses during the experiment,
while response times were automatically recorded by PsyScope.
Responses were later verified using tape recordings from each
session. Due to a large number of false starts with the brain-injured

2 Target names are the dominant responses elicited by healthy partici-
pants for the same picture stimuli on previous object-only and action-only
PN norming tests.
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individuals, RT data were not deemed reliable, and were, there-
fore, excluded from the analyses. Phonological variations of the
target response were considered correct if similar enough to the
target word. Specifically, we applied the method used by Martin,
Dell, Saffran, & Schwartz (1994): if at most only two incorrect
phonemes were produced and the answer was identifiable by the
experimenter, the answer was considered correct.

Results

Analysis 1: Performance According to Fluency

For our analysis based on patients’ fluency status, we conducted
an analysis of variance within each of the three tasks (PN, WR,
WRP), with Group (Fluent, n � 11 vs. Nonfluent, n � 12 versus
Controls, n � 10) as a between-subjects variable and Category
(actions vs. objects) as a within-subjects variable. As mentioned
above, although response times were recorded, these measures
were extremely variable and unreliable in the patient groups.
Therefore, the dependent variable in this study was accuracy.

Picture Naming (PN)

Within PN, a significant main effect of Group (Non-Fluent,
Fluent, Controls; F(2, 30) � 12.61, p � .0001) was found, with
Controls displaying the best performance (M � 0.76, SD � 0.09),
followed by the Fluent group (M � 0.65, SD � 0.16) and then the
Non-Fluent group (M � 0.41, SD � 0.21). There was also a
significant main effect of word category, F(1, 30) � 41.56, p �
.0001, which revealed that all groups produced significantly more
errors when processing action relative to object stimuli (actions:
M � 0.53, SD � 0.24; objects: M � 0.66, SD � 0.21).

Of most interest, the Group x Category interaction did not reach
significance, F(2, 30) � 1.04, ns, as all groups showed the same
pattern of ‘actions worse than objects’ processing, with no evident
dissociation among groups. Figure 1 depicts action versus object
processing in PN for all three groups, and the group averages are
listed in Table 2a.

Since the Control group also showed a deficit in action- relative
to object-naming, we conducted an additional set of analyses in
which we first adjusted the patients’ scores to the control perfor-

mance. We did this by creating z-scores: from each patient’s
average score on actions or objects, we subtracted the mean score
for controls and divided the result by the standard deviation of the
control score. There was a significant main effect of Group (Non-
Fluent, Fluent; F(1, 30) � 15.06, p � .0003), with the Fluent
group (M � �0.96, SD � 0.52) performing better than the
Non-Fluent group (M � �4.32, SD � 5.39). The main effect of
word category was no longer significant, F(1, 30) � 0.95, ns. Of
most interest, the new Group (Fluent, Nonfluent) x Category
(actions, objects) interaction remained not significant, F(1,
30) � 0.63, ns, confirming that different fluency ratings do not
result in different (i.e., opposite) action versus object naming
dissociation patterns. Table 2a also lists the adjusted scores for
action versus object naming in Fluent versus Nonfluent patients.

Word Reading (WR)

Within WR, there was also a significant main effect of Group
(Nonfluent, Fluent, Controls; F(2, 30) � 6.58, p � .004), with
Controls displaying the best overall performance (M � 0.97,
SD � 0.04), followed by the Fluent group (M � 0.92, SD � 0.11)
and then the Nonfluent group (M � 0.72, SD � 0.26). Unlike in
the PN condition, there was no main effect of word category (F(1,
30) � 1.63, ns), as participants did not differ on their reading of
action versus object words.

As in the PN condition, the Group x Category interaction for
WR was also not significant, F(2, 30) � 0.27, ns, indicating that
fluency groups and controls did not differ on their ability to read
words from one category versus the other. Figure 2 depicts action
versus object processing in WR for all three groups, and the group
averages are listed in Table 2a.

Adjusting patients’ reading scores did not change the outcome:
there was a main effect of Group, F(1, 30) � 10.96, p � .0019,
with the Fluent group (M � �1.14, SD � 2.52) performing better
than the Nonfluent patients (M � �5.87, SD � 6.24). The main
effect of category was once again not significant, F(1, 30) � .84,
ns, and the groups did not differ from each other on action versus
object performance pattern (Fluency x Category: F(1, 30) � 0.34,
ns). Table 2a lists the adjusted scores for action versus object word
reading in Fluent versus Nonfluent patients.

Word Repetition (WRP)

Finally, within WRP, the main effect of Group did not reach
significance (Nonfluent, Fluent, Controls; F(2, 30) � 2.06, ns),
revealing that overall performance on WRP did not differ signif-
icantly across groups. As in the PN condition, there was a main
effect of word category, F(1, 30) � 6.75, p � .01, revealing that
category (action vs. object) influenced how items were repeated.
However, as in both PN and WR, the Group x Category interaction
for WRP was not significant, F(2, 30) � 2.91, ns, indicating that
the pattern of action versus object item repetition did not differ
across groups. Figure 3 depicts action versus object processing in
WRP for all three groups, and the group averages are listed in
Table 2a.

The main effect of Group (Fluent, Nonfluent) remained not
significant, F(1, 30) � 3.15, ns. As was the case for the adjusted
picture naming scores, adjusting patients’ repetition scores against
controls eliminated the category effect, revealing that patients did

Figure 1. Analysis 1: Groups based on fluency in picture naming (PN),
action/object processing for controls (n � 10) and groups based on fluency
(12 Nonfluent and 11 Fluent). All groups were less accurate at processing
action pictures relative to object pictures, and the group x category inter-
action was not significant, F(2, 30) � 1.04, ns. Error bars represent
standard error of the mean (SEM).
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not differ on their repetition of actions versus objects, F(1,
30) � 1.69, ns. As in the original analysis, the groups did not differ
from each other (Fluency x Category: F(2, 30) � 0.02, ns).
Table 2a lists the adjusted scores for action versus object word
repetition in Fluent versus Nonfluent patients.

Analysis 2: Performance According to Lesion Location

For our second set of analyses, we compared performance in
patients with anterior cortical lesions (Anterior group, n � 6)
versus those with posterior cortical lesions (Posterior group, n �
4). As in Analysis 1, Group (Anterior vs. Posterior) was the
between-subjects variable and Category (actions vs. objects) the
within-subjects variable.

Picture Naming (PN)

Within PN, there was no main effect of Group, F(1, 8) � 0.12,
ns, but there was a significant main effect of word category, F(1,
8) � 52.77, p � .0001, showing that both groups produced
significantly more errors when naming action relative to object
pictures (actions: M � 0.41, SD � 0.26; objects: M � 0.62,
SD � 0.20).

Of most interest, the Group x Category interaction did not reach
significance, F(1, 8) � 4.46, ns, revealing that both lesion groups
showed the same pattern of ‘actions worse than objects’ process-
ing. Figure 4 depicts action versus object processing in PN for both
anterior and posterior lesion groups, and the group averages are
listed in Table 2b.

With adjusted scores, the main effect of Group (Anterior, Pos-
terior) remained not significant, F(1, 8) � 0.0001, ns, and the
patients were no longer significantly worse on action-naming, F(1,
8) � 0.008, ns. Also, the new Group (Anterior, Posterior) x
Category (actions, objects) interaction was also not significant,

F(1, 8) � 0.34, ns, confirming the finding that different lesion
locations do not result in different (i.e., opposite) action versus
object naming dissociation patterns. Table 2b lists the adjusted
scores for action versus object naming in Anterior versus Posterior
patients.

Word Reading (WR)

Within WR, there was no main effect of Group, F(1, 8) � 0.007,
ns, or Category F(1, 8) � 2.36, ns, and the Group x Category
interaction also did not reach significance, F(1, 8) � 0.006, ns,
indicating that lesion location did not influence patients’ overall
performance or their ability to read words from one category
versus the other. Figure 5 depicts action versus object processing
in WR for both groups, and the group averages are listed in
Table 2b.

Adjusting patients’ reading scores did not change the outcome:
patients did not differ on their reading of actions versus objects,
and the groups did not differ from each other on their performance
pattern: Group: F(1, 8) � 0.01, ns; word category: F(1, 8) � 0.15,
ns; Lesion x Category: F(1, 8) � 0.00, ns. Table 2b lists the
adjusted scores for action versus object word reading in Anterior
versus Posterior patients.

Word Repetition (WRP)

Finally, within WRP, no main effects or interactions reached
significance: Group, F(1, 8) � 1.32, ns; Category, F(1, 8) � 0.19,
ns; Group x Category, F(1, 8) � 0.40, ns, revealing that lesion
location (anterior vs. posterior) did not differentially influence the
ability to repeat action versus object items. Figure 6 depicts action
versus object processing in WRP for both groups, and the group
averages are listed in Table 2b.

Table 2a
Average Group Accuracy Scores (With Standard Deviations) for Actions and Objects in Each Task for Control Participants and
Patients Grouped by Fluency. Adjusted Scores for the Patient Groups Are Also Presented (See Text for Details)

Group n PNA PNO WRA WRO WRPA WRPO

Controls 10 .71 (.45) .81 (.40) .96 (.20) .97 (.17) .96 (.20) .99 (.10)
Non-fluent 12 .33 (.47) .50 (.50) .70 (.46) .73 (.44) .88 (.32) .92 (.28)
NF adj �3.39 (2.07) �4.73 (3.39) �4.74 (5.32) �6.99 (7.10) �1.97 (4.50) �4.09 (7.61)
Fluent 11 .58 (.49) .72 (.45) .91 (.28) .92 (.27) .97 (.16) .97 (.18)
F adj �1.17 (1.68) �1.38 (2.19) �0.85 (2.61) �1.43 (2.52) 0.37 (1.06) �1.30 (3.79)

Note. PNA/PNO � Picture naming actions/objects; WRA/WRO � Reading actions/objects; WRPA/WRPO � Repetition actions/objects.

Table 2b
Average Group Accuracy Scores (With Standard Deviations) for Actions and Objects in Each Task for Control Participants and
Patients Grouped by Lesion Location. Adjusted Scores for the Patient Groups Are Also Presented (See Text for Details)

Group n PNA PNO WRA WRO WRPA WRPO

Controls 10 .71 (.45) .81 (.40) .96 (.20) .97 (.17) .96 (.20) .99 (.10)
Anterior 6 .37 (.48) .65 (.48) .76 (.43) .81 (.39) .83 (.37) .86 (.35)
Ant adj �3.09 (2.28) �2.42 (3.17) �3.70 (6.16) �4.68 (7.80) �3.23 (6.04) �7.51 (10.64)
Posterior 4 .45 (.50) .60 (.49) .74 (.44) .80 (.40) .97 (.17) .97 (.18)
Post adj �2.39 (2.33) �3.14 (2.85) �4.00 (4.30) �5.00 (4.40) 0.32 (1.24) �1.30 (2.01)

Note. PNA/PNO � Picture naming actions/objects; WRA/WRO � Reading actions/objects; WRPA/WRPO � Repetition actions/objects.
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As was the case for the adjusted reading scores, adjusting
patients’ repetition scores did not change the outcome: patients
still did not differ on their repetition of actions versus objects, and
the groups did not differ from each other: Group, F(1, 8) � 2.49,
ns; word category, F(1, 8) � 1.05, ns; Lesion x Category, F(1,
8) � 0.18, ns. Table 2b lists the adjusted scores for action versus
object word repetition in Anterior versus Posterior patients.

Unlike several early case studies, this study included a large
patient sample and we, therefore, focused primarily on group
averages. Along with their group averages, Luzzatti et al. (2002)
also conducted single case analyses in order to highlight the
presence of “dissociators” within their particular group of patients.
Here, we also assessed patients’ performance on a case-by-case
basis to see if any individuals might have shown dissociations. In
order to do this, we first computed the averages and standard
deviations for the control group scores within each of the three
conditions. Next, we identified those patients whose scores were
greater than two standard deviations from the mean in either
direction, as these represent patients showing true dissociations
(either for processing actions worse than objects or vice versa).

In picture naming, we identified nine ‘dissociators’, seven of
whom named actions worse than objects (patients 1, 3, 6, 10, 12,
13, and 14), in line with the group average, and two who named
objects worse than actions (15 and 17). Of the seven ‘actions worse
than objects’ dissociators, three were nonfluent with anterior le-
sions, one was nonfluent with a posterior lesion, two were nonflu-
ent with lesions spanning both anterior and posterior cortex, and
one was fluent with an anterior lesion. The two ‘objects worse than
actions’ dissociators, on the other hand, were both nonfluent; one
had a lesion in both anterior and posterior cortex, and lesion
information for the other patient was not available.

In word reading, we identified 10 dissociators, six of whom read
action words worse than object words (4, 6, 12, 14, 20, and 23),
and four who read object words worse than action words (3, 7, 15,
and 17). Of the six ‘actions worse than objects’ dissociators, three
were nonfluent with anterior lesions, one was nonfluent with a
lesion spanning both anterior and posterior cortex, one was non-
fluent with no lesion information, and one was fluent with a
posterior lesion. Of the four ‘objects worse than actions’ dissocia-
tors, two were nonfluent with lesions spanning both anterior and
posterior cortex, one was nonfluent with no lesion information, and
one was fluent with an anterior lesion.

Figure 2. Analysis 1: Groups based on fluency in word reading (WR),
action/object processing for controls (n � 10) and groups based on fluency
(12 Nonfluent and 11 Fluent). Groups did not differ on action versus object
word reading, and the group x category interaction was not significant, F(2,
30) � 0.27, ns. Error bars represent standard error of the mean (SEM).

Figure 3. Analysis 1: Groups based on fluency in word repetition (WRP),
action/object processing for controls (n � 10) and groups based on fluency
(12 Nonfluent and 11 Fluent). The group x category interaction was not
significant, F(2, 30) � 2.91, ns. Error bars represent standard error of the
mean (SEM).

Figure 4. Analysis 2: Groups based on lesion location. Action/object
processing for both lesion groups in picture naming (PN). Both groups
named action pictures less accurately than object pictures. The group x
category interaction was not significant, F(1, 8) � 4.46, ns. Error bars
represent standard error of the mean (SEM).

Figure 5. Analysis 2: Groups based on lesion location. Action/object
processing for both lesion groups in reading (WR). Neither group differed
in their reading of action versus object words. The group x category
interaction was not significant, F(1, 8) � 0.006, ns. Error bars represent
standard error of the mean (SEM).
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Finally, in word repetition, we identified seven dissociators,
three who repeated action words worse than object words, and four
who repeated object words worse than action words. All three
‘actions worse than objects’ dissociators were nonfluent; one had
an anterior lesion, one had a lesion that spanned both anterior and
posterior cortex, and one had no lesion information. Of the four
‘objects worse than actions’ dissociators, one was nonfluent with
no lesion information, one was fluent with an anterior lesion, one
was fluent with a posterior lesion, and one was fluent with a lesion
spanning both anterior and posterior cortex.

Thus, although we identified a number of patients who showed
dissociations in either direction in all three tasks, no consistent
pattern emerged to link specific brain regions or fluency profiles to
the processing of one conceptual category versus the other.

Post Hoc Analyses

Finally, a set of post hoc analyses were conducted to assess
whether certain variables influenced participants’ performance on
the three tasks. These were word frequency and age of acquisition
(AoA) of the target words, and visual complexity of the pictures
(relevant for PN). When analyzed together, the only variable that
significantly influenced object versus action performance overall
(after all other variables were accounted for) was frequency. This
was also true when PN was analyzed separately. In WR, the most
important variable was AoA, followed by frequency. Finally, in
WRP, no one variable seemed to affect naming performance on the
different word types. Interestingly, the action stimuli chosen for
our sample were significantly more frequent than the object stim-
uli: actions 4.91; objects 3.72, F(1, 1) � 1542.61, p � .00001.
Therefore, high frequency did not seem to influence participants’
ability to process the actions, since these were consistently pro-
cessed less accurately than the objects. Finally, in order to measure
the impact of character complexity on the reading portion, we
compared the total number of strokes making up the characters for
the action and object words and found that the difference between
the two word types was significant: actions 12.25; objects 22.33,
t(118) � �8.29, p � .0001. Based on this difference we would
have expected object words to be read less accurately, yet once
again, this was not the case.

Discussion

Our main goal in this study was to test the notion that actions
and objects are processed by distinct brain regions. In order to do

this, we tested patients two different ways: (a) according to fluency
status (which is inconsistently associated with lesion location, but
has previously been used as a predictor of action/verb vs. object/
noun processing ability), and (b) by lesion location (lesions in
anterior vs. posterior regions of cortex). Our group previously
tested an English-language version of this study with American
participants and found that all patients, regardless of fluency or
lesion location, were worse at producing actions relative to objects
in the picture-naming task (Arévalo et al., 2005).

The current study tested Mandarin Chinese speakers and pro-
vided a valuable cross-linguistic comparison. Chinese offers a
particularly interesting cross-linguistic comparison due to its
unique lexical structure, script, and grammatical rules. The current
results revealed that, similar to the English-language results, nei-
ther fluency nor lesion status in Chinese patients predicted patterns
of action versus object processing. In fact, overall, all controls and
patient groups across both analyses (Fluent, Nonfluent, Anterior,
and Posterior) were significantly less accurate at naming action
pictures relative to object pictures. However, once patient scores
were adjusted to control scores, all dissociations were eliminated.
Most importantly, being fluent versus nonfluent or having an
anterior versus a posterior lesion did not result in opposite patterns
(i.e., double dissociations) of action versus object processing.
Group category differences were also not observed for the other
two tasks: reading and repetition.

We also searched for individual cases of dissociations in either
direction (see Luzzatti et al., 2002) within each of the three tasks.
Patients were considered “dissociators” if their scores were greater
than two standard deviations from the mean in either direction.

In picture-naming, we identified nine dissociators. The ‘actions
worse than objects’ group consisted of one fluent and six nonfluent
patients, as well as four anterior patients, one posterior patient and
one patient with a lesion in both anterior and posterior cortex. On
the other hand, the ‘objects worse than actions’ group included two
nonfluent patients, one of whom had a lesion spanning both ante-
rior and posterior cortex. Therefore, neither fluency status nor
lesion location reliably predicted naming performance on actions
versus objects.

In word reading, 10 dissociators were identified. The ‘actions
worse than objects’ group included one fluent and five nonfluent
patients, as well as four patients with anterior lesions, one with a
posterior lesion, and two with lesions in anterior and posterior
cortex. The ‘objects worse than actions’ group, on the other hand,
included three nonfluent patients, as well as one anterior patient,
and two patients with lesions in anterior and posterior cortex. Once
again, neither fluency status nor lesion location predicted perfor-
mance on reading action versus object words.

Finally, seven dissociators were identified in the word repetition
task. The ‘actions worse than objects’ group included three non-
fluent patients, one with an anterior lesion and one with a lesion in
both anterior and posterior cortex, while the ‘objects worse than
actions’ group included one nonfluent and three fluent patients, as
well as one patient with an anterior lesion, one with a posterior
lesion and one with a lesion in both anterior and posterior cortex.
Again, the inconsistency of the single-case analyses does not lend
support to the idea that action versus object processing can each be
linked to a specific cortical location or fluency profile.

The combined findings from the Mandarin Chinese and Amer-
ican English studies suggest that action/object dissociations may

Figure 6. Analysis 2: Groups based on lesion location. Action/object
processing for both lesion groups in repetition (WRP). Both lesion groups
followed the same pattern of action versus object word repetition. The
group x category interaction was not significant, F(1, 8) � 0.40, ns. Error
bars represent standard error of the mean (SEM).
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be specific to highly demanding word-retrieval tasks (i.e., picture-
naming) where the specific word to be produced is not visually or
aurally presented to the participant. Under such conditions, most
patients will experience difficulty with the category which is
conceptually more difficult and which may also be more difficult
to depict in certain modalities (e.g., static pictures). Among groups
of patients, one can also identify single cases that dissociate in the
opposite direction (i.e., objects worse than actions), but such
relative dissociations are not consistently linkable to specific brain
regions or fluency profiles. Most importantly, these patients do not
display a profile opposite that of the rest of the group, which would
constitute a double dissociation. Therefore, as suggested by Luz-
zatti et al. (2002; who also found dissociations at the group and
single case level) the data in this study indicate that category
dissociations cannot be taken as proof that actions and objects are
stored in functionally and anatomically distinct mental lexicons.

The present study in Chinese, coupled with our previous work in
English, provides action/object data for a large sample of patients
(n � 44) and healthy controls (n � 30) across two very different
languages and utilizing three different tasks. The sampling of a
large number of patients provides the unique perspective in which
both individual and group performance can be measured. Addi-
tionally, finding similar results across very different languages
suggests that the findings are not due to the specific lexical/
grammatical characteristics of any one given language. In these
two very different populations, opposite fluency and lesion loca-
tion profiles did not result in opposite action versus object pro-
cessing patterns in any of three diverse language tasks. These data
bring us closer to a more informed view of action/object process-
ing in the brain in both healthy and brain-injured individuals.

Conclusion

Differences in naming and comprehension of action and object
stimuli have been widely studied and reported in the neuropsycho-
logical literature. The classic notion of an action/object double-
dissociation in brain-injured patients has also been reported
throughout the years, yet not without controversy. This study
supports previous work showing that the complexity of action
(relative to object) concepts in tasks with higher processing de-
mands (such as picture naming) may be responsible for the unidi-
rectional dissociation (actions processed consistently worse than
objects) often observed in healthy as well as brain-injured popu-
lations belonging to various aphasia and lesion profiles. This work
also provides valuable cross-linguistic insight into a long-debated
question and paves the way for new and interesting ways of
investigating the processing of words and concepts.
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Appendix A

List of all 120 Action/Object Target Names

Word Categ Eng Freq OVC AoA RT Imag

action drink 6.86 25613 1 924 553
action cut 4.043 15235 2 810 460
action blow 5.416 19790 1 905 458
action bite 5.004 24562 1 911 553
action brush 3.611 23911 2 958 570
action comb 2.89 16924 2 1000 n/a
action cry 5.796 22897 1 879 478
action drip 4.382 3918 3 955 n/a
action fish 3.045 12729 3 990 615
action fly 5.541 13178 1 978 582
action hug 5.677 16095 1 990 n/a
action kick 4.419 17222 1 842 551
action kiss 4.977 31961 1 1012 633
action kneel 3.689 14002 3 844 n/a
action lift 6.317 18073 3 931 482
action listen 7.549 37439 1 913 372
action pet 4.977 17815 1 914 589
action pinch 3.951 17920 3 1018 n/a
action push 4.997 22838 1 901 395
action row 3.401 31568 3 914 n/a
action run 6.174 17276 1 888 n/a
action salute 2.398 15575 3 1006 n/a
action shave 2.996 30336 3 969 n/a
action sing 6.107 23644 1 974 527
action sit 6.969 18449 1 873 487
action cut 4.554 24500 2 1010 460
action type 7.298 19194 1 898 395
action walk 7.592 14385 1 891 505
action wave 3.989 15853 3 991 542
action zip 5.762 24128 1 1013 n/a
action burn 5.176 31906 3 1381 541
action carve 5.13 36764 3 1358 n/a
action catch 5.927 15966 2 1212 n/a
action clap 5.897 27294 2 1188 n/a
action conduct 5.416 13067 3 1479 n/a
action dip 4.094 20402 3 1441 456
action eat 7.883 21812 1 1234 563
action fill 4.331 27175 3 1671 415
action iron 3.555 13323 3 1451 561
action knight 4.575 10071 3 1667 608
action knit 3.611 28962 3 1478 n/a
action lick 2.565 18076 2 1332 n/a
action relax 5.252 27671 2 1216 387
action light 5.004 20907 3 1356 542
action unlock 7.021 13709 1 1439 n/a
action massage 3.871 21386 3 1244 n/a
action milk 5.024 28992 3 1327 638
action bite 1.946 22192 3 1513 553
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Appendix A (continued)

Word Categ Eng Freq OVC AoA RT Imag

action pick 4.06 27082 2 1389 513
action fix 5.768 24690 2 1380 n/a
action save 5.451 42839 3 1245 365
action roast 4.663 33211 3 1196 n/a
action shake 4.533 21729 3 1197 n/a
action shine 5.849 34381 3 1275 n/a
action spray 4.511 23144 3 1497 559
action sunbathe 3.434 25963 3 1242 n/a
action swing 2.197 18530 3 1187 n/a
action vacuum 4.883 30285 3 1434 n/a
action watch 8.921 25732 1 1187 525
action water 3.434 32706 3 1201 632
object bottle 1.792 8529 3 816 619
object balloon 2.944 8767 1 824 583
object banana 4.754 13392 1 830 644
object butterfly 4.277 24645 1 717 624
object candle 2.996 8385 3 792 594
object chair 4.174 11238 1 740 610
object door 7.549 12638 1 782 599
object ear 4.277 9033 1 709 597
object eye 5.733 9104 1 686 603
object fan 2.639 35152 1 804 582
object fish 7.193 12019 1 827 615
object glass 3.555 14175 1 828 585
object glasses 5.226 11525 1 710 n/a
object glove 4.025 11509 2 796 596
object hat 4.5 8732 1 723 562
object key 4.779 7493 1 784 618
object moon 3.738 3730 1 758 585
object nose 4.263 4703 1 811 605
object piano 4.984 19570 3 831 630
object rabbit 2.565 11295 1 805 611
object refrigerator 4.615 7828 1 729 612
object scissors 3.584 13042 1 696 609
object shoe 4.543 14105 1 826 601
object snake 5.694 23761 1 824 627
object sock 3.178 8316 1 772 553
object sun 5.425 18102 1 765 639
object telephone 8.03 19758 1 704 655
object tire 5.088 14920 3 744 511
object turtle 4.025 14768 1 695 564
object umbrella 3.526 15140 1 773 592
object anchor 4.394 14010 3 1586 561
object beard 3.807 30362 3 1273 n/a
object cane 0 5668 3 1276 608
object cloud 7.386 11916 2 1281 595
object pillar 3.219 11413 3 1664 n/a
object cookie 3.638 7256 1 1477 n/a
object harp 2.079 14170 3 1371 621
object firehydrant 3.871 25793 3 1435 n/a
object jumprope 2.833 11207 3 1477 n/a
object lock 5.852 9706 3 1404 532

(Appendices continue)
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Appendix A (continued)

Word Categ Eng Freq OVC AoA RT Imag

object magnet 2.303 23234 3 1285 543
object microphone 4.844 9962 3 1432 n/a
object ostrich 2.303 13009 3 1507 n/a
object pizza 0 40526 3 1602 n/a
object radio 3.97 19880 1 1478 613
object razor 2.197 14404 3 1314 n/a
object saddle 2.833 10307 3 1403 578
object saw 0 11302 3 1349 531
object scorpion 0 13037 3 1309 596
object shark 2.89 14311 3 1254 602
object slingshot 1.609 25531 3 1403 n/a
object thread 8.542 13706 3 1499 568
object steeringwheel 3.434 21824 3 1337 n/a
object stocking 2.197 16152 3 1274 555
object taperecorder 2.773 35631 2 1884 n/a
object teepee 3.045 15294 3 1859 n/a
object vest 3.638 10103 1 1323 581
object wing 3.091 27747 3 1253 584
object yoyo 0 8066 3 1762 n/a
object zipper 2.485 5830 1 1607 632

Note. Word � Mandarin Chinese target name for each item; Categ � action or object; Eng � English
translation of the Chinese word; Freq � frequency of each written word in Mandarin Chinese; OVC � objective
visual complexity of each picture, measured by the number of pixels in each black and white line drawing
(relevant for Picture-Naming); AoA (Age of Acquisition) � age at which each word is normally acquired by
native speakers of Mandarin Chinese (1 � words acquired between 8 and 16 months; 2 � words acquired
between 17 and 30 months; 3 � words that are not acquired in infancy (� 30 months); RT � average response
times to target word by participants in an earlier norming study of healthy Mandarin Chinese speakers; Imag �
imageability rating of each word, acquired from the MRC Psycholinguistic database (http://www.psy.uwa
.edu.au/mrcdatabase/mrc2.html); all variables except for Imageability were collected as part of the Center for
Research in Language International Picture Naming Project (CRL-IPNP). More information can be found at
http://crl.ucsd.edu/�aszekely/ipnp/.

Appendix B

Distribution of Variables for Actions vs. Objects

Variable Actions Objects t value p value

RT 1142 (232) 1108 (364) 0.61 0.54
AoA 2.17 (0.91) 1.98 (0.98) 1.06 0.29
Imag 516 (77) 594 (31) �6.15 0.0001
Freq 4.91 (1.48) 3.72 (1.88) 3.86 0.0002
OVC 22450 (7522) 14779 (7816) 5.48 0.0001

Note. Means with standard deviations in parentheses are listed for each variable in actions vs. objects, as well
as the t and p values for the comparisons between the two word categories on each variable of interest.
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