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a b s t r a c t

An event-related potential experiment was conducted to investigate the temporal neural dynamics of
animacy processing in the interpretation of classifier–noun combinations. Participants read sentences
that had a non-canonical structure, object noun + subject noun + verb + numeral-classifier + adjective. The
object noun and its classifier were either (a) congruent, (b) incongruent, but matching in animacy, or
(c) incongruent, mismatching in animacy. An N400 effect was observed for both incongruent conditions,
but not for additional mismatch in animacy. When only data from participants who accepted the non-
canonical structure were analyzed, the animacy mismatch elicited a P600 but still no N400. These find-
ings suggest that animacy information is not used immediately for semantic integration of nouns and
their classifiers, but is used in a later analysis reflected by P600. Thus, the temporal neural dynamics
of animacy processing in sentence comprehension may be modulated by the relevance of animacy to the-
matic interpretation.

� 2011 Elsevier Inc. All rights reserved.
1. Introduction

Things in the world, such as humans, animals, and artifacts, and
nouns denoting them, can differ in animacy. The human brain also
appears to honor the property of animacy. For example, brain-
damaged patients with category-specific semantic deficits can be
disproportionately impaired for living things compared with non-
living things, or the reverse: disproportionate impairment for
non-living things compared with living things (for reviews and
theoretical discussion, see Capitani, Laiacona, Mahon, & Caramaz-
za, 2003; Caramazza & Mahon, 2003; Mahon & Caramazza,
2009). In addition, evidence from functional neuroimaging studies
indicates that there are distinct regions of the brain involved to the
response to animals and tools, the typical living and non-living
things, respectively (e.g., Chao, Haxby, & Martin, 1999; see Martin
(2007) for review).

During the past decades, numerous studies have investigated
the role of noun animacy during on-line sentence comprehension,
by examining both the processing of complex or syntactically
ambiguous sentences and the processing of simple, syntactically
ll rights reserved.
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unambiguous sentences. For example, some eye-tracking studies
(e.g., Clifton et al., 2003; Ferreira & Clifton, 1986; Trueswell, Tanen-
haus, & Garnsey, 1994) have demonstrated the influence of the ani-
macy of sentence-initial noun phrase on the resolution of local
syntactic ambiguity between main verb and reduced relative con-
structions, as in the sentence The defendant/evidence examined by
the lawyer turned out to be unreliable, although the exact time
course of the use of the animacy information remains a matter of
debate (see Hsieh, Boland, Zhang, & Yan, 2009 for the use of noun
animacy in revolving local ambiguity between two more complex
syntactic interpretations).

By measuring eye movements, some other studies have demon-
strated that syntactic complexity effects, that is, object-relative
clauses being harder to process than subject-relative clauses, can
be modulated by the animacy of the sentential subject and the
noun within the relative clause (e.g., Mak, Vonk, & Schriefers,
2002, 2006; Traxler, Morris, & Seely, 2002; Traxler, Williams, Blo-
zis, & Morris, 2005). Specifically, the difficulty associated with
(complex) object relatives was reduced or even eliminated when
the sentential subject was inanimate and the noun within the rel-
ative clause was animate, as in the sentence The movie that the
director watched received a prize at the film festival.

Recently, two claims have been made about the role of anima-
cy in sentence comprehension. One is that animacy information
may be used in a heuristic way sometimes, resulting in a purely

http://dx.doi.org/10.1016/j.bandl.2011.10.007
mailto:yxzhang@pku.edu.cn
http://dx.doi.org/10.1016/j.bandl.2011.10.007
http://www.sciencedirect.com/science/journal/0093934X
http://www.elsevier.com/locate/b&l
Administrator
高亮

Administrator
高亮



2 Szewczyk and Schriefers (2011) argued that in their study the animate/inanimate
distinction has no consequences for thematic processing. However, in the example for
animacy violations just described, the object noun ‘‘employee” contained an animacy
violation not only in terms of discourse context, but also in terms of thematic
constraint, since the main verb ‘‘knitted” requires an inanimate noun as its object
argument. Thus, thematic processing was actually involved, though the extent is not
very clear.

3 Among the quite small number of classifiers that can occur with animate nouns,
about half of them (pi, zhi, tiao, dai, and wei) can also occur with inanimate nouns and
thus are ambiguous in terms of animacy. For example, the classifier pi goes with both
horse and cloth, zhi with both tiger and boat and tiao with both snake and trousers.
For this reason, only unambiguous, inanimate classifiers were used in the present
study.

322 Y. Zhang et al. / Brain & Language 120 (2012) 321–331
animacy-based assignment of thematic roles (Hoeks, Stowe, &
Doedens, 2004; Kuperberg, Kreher, Sitnikova, Caplan, & Holcomb,
2007; Kuperberg, Sitnikova, Caplan, & Holcomb, 2003). The evi-
dence for this claim comes mainly from event-related brain po-
tential (ERP) studies showing that animacy-related thematic
role violations, in which a verb that required an animate agent
was actually preceded by an inanimate subject noun phrase, as
in the sentences The meal was devouring. . . (Kim & Osterhout,
2005) and At breakfast the eggs would plant. . . (Kuperberg et al.,
2007), elicited P600 effects but no N400 effects (see Kuperberg
(2007) for a review of studies observing such a pattern). The
P600 effects were interpreted as probably reflecting the conflict
between the output of the animacy heuristic and the output of
the syntactic analysis (for discussion, see Kuperberg, 2007;
Kuperberg et al., 2007).

The other claim is even stronger, in which animacy functions as
a type of prominence information that influences the establish-
ment of interpretive relations between agent/actor and patient/
undergoer arguments even in simple, syntactically unambiguous,
and both syntactically and semantically well-formed sentences
(e.g., Philipp, Bornkessel-Schlesewsky, Bisang, & Schlesewsky,
2008; Roehm, Schlesewsky, Bornkessel-Schlesewsky, Frisch, &
Haider, 2004; see Bornkessel-Schlesewsky and Schlesewsky
(2009) for review). For example, Philipp et al. (2008) found a larger
N400 for an inanimate agent argument compared to an animate
agent argument when they were encountered after an animate pa-
tient argument during Chinese sentence comprehension (see Roe-
hm et al., 2004 for the same N400 effects in German). The authors
also provided further evidence suggesting that these N400 re-
sponses are not due to lexical difference between animate and
inanimate nouns. Instead, they have been taken as reflecting the
computation of thematic relationship between arguments (see
Frisch & Schlesewsky, 2001 for N400 effects reflecting how anima-
cy and case markings interact in the thematic interpretation of
German embedded structures).

Note that the animacy N400 reviewed above has suggested a
rapid use of animacy information in thematic processing, includ-
ing both the assignment of thematic roles for nouns and the
establishment of thematic relationships between verbs and their
arguments (see Bornkessel-Schlesewsky & Schlesewsky, 2009;
Kuperberg, 2007 for a brief review of how noun animacy influ-
ences case markings of a specific noun according to its thematic
role in the grammar of some languages). For thematic processing,
there is typically a close link between the animacy of a noun and
the thematic role that the noun plays: the agent/actor tends to be
high and the patient/undergoer low in animacy (see Bornkessel-
Schlesewsky & Schlesewsky, 2009). This may be the reason why
animacy information has been shown to be used very rapidly
for sentence interpretation (determining ‘‘who does what to
whom”).

In a very recent ERP study in Polish, a language in which the ani-
mate/inanimate distinction is reflected in the inflectional morphol-
ogy of nouns, Szewczyk and Schriefers (2011) directly compared
the ERP effects of animacy and semantic violations. The animacy
violations were realized by a conflict between the actual animacy
value of the object noun and the expected animacy value based
on the preceding context, as in the Polish version of Although it
was late autumn and bitter cold, little John was running in the back-
yard with his neck bare. His worried grandma prepared some wool
and knitted an employee for her grandson. For the semantic viola-
tions, the object noun was semantically incongruent with the pre-
ceding context, but there was no conflict of animacy, as in ‘‘. . .
knitted a medicine for her grandson”. Although the N400 effects
did not differ between the two types of violation, a larger P600
was observed for animacy violations compared to semantic viola-
tions. It was therefore concluded that animacy and other ‘‘non-
grammaticalized”, semantic features are processed differently.2

So far, however, little has been known about whether, as a basic
semantic feature, animacy is used immediately in real time process-
ing of word combinations in which one word modifies another, but
without thematic processing being involved. It should be if animacy
information is invariably prominent in real time combination of
individual words in a sentence, regardless of the nature of the role
it plays.

In the present study, we investigated the role of animacy in pro-
cessing Chinese classifier–noun combinations, which do not in-
volve thematic role assignments or the establishment of thematic
relationships. In Chinese, a classifier language, noun classifiers con-
ceptually classify the referent of the noun according to its semantic
features, such as animacy, shape (length, roundness, etc.), and size.
A noun classifier is obligatory when the noun is counted or is used
in a demonstrative structure (Li & Thompson, 1981; also see Saal-
bach & Imai, 2007). In other words, nouns cannot be directly mod-
ified by numerals or demonstratives. Instead they are modified by
a numeral-classifier combination, similarly to the way mass nouns
are quantified in English, as in the Chinese numeral classifier–noun
combination san liang qiche (three CL-liang [classifier indicating
ground vehicles] cars, ‘three cars’) or na liang qiche (that CL-liang
car, ‘that car’) (for a detailed description of Chinese classifier sys-
tem, see Gao & Malt, 2009; Zhang, 2007).

In linguistic theory, there is a debate as to whether noun classi-
fiers are functional elements (e.g., Cheng & Sybesma, 1999, 2005;
Muromatsu, 1998) or semantic elements (e.g., Wu & Bodomo,
2009). According to the former view, noun classifiers in Chinese,
a language that has no articles/determiners, carry out some of
the functions of determiners that exist in other languages, includ-
ing a deictic function. In contrast, according to the latter view,
noun classifiers are contentful, rather than functional, morphemes
indicating the semantic classes of nouns; hence, they impose selec-
tional restrictions on the scope of the noun and help to disambig-
uate word meaning ambiguity (also see Saalbach & Imai, 2007). In
other words, meaningfulness is one of the defining properties of
noun classifiers, as suggested by Wu and Bodomo (2009).

Chinese have hundreds of noun classifiers, most of which are
used with more than one noun. In addition, often several different
classifiers can go with the same noun. More relevant to the present
study, some classifiers are used with inanimate nouns only, such as
liang [classifying ground vehicles] and ben [classifying objects that
are bound into a book-like form], although others are used with
both animate and inanimate nouns, such as tiao, which classifies
long things and goes with both some animal nouns (snake, fish,
dog, etc.) and some artifact nouns (rope, towel, trousers, etc.). In
addition, the number of classifiers that can be used with animate
(human and animal) nouns is about 10, which is much less than
the number of classifiers that can go with inanimate nouns (see
Gao & Malt, 2009).3

Although a few studies have investigated the nature of mental
representation and/or non-linguistic cognitive consequences of
Chinese noun classifiers, including the influence on categorization,
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Table 1
Design and sentence examples for all three critical conditions. Examples are given in Chinese, with English literal glosses and translations. The critical words are in bold and
underlined.

Condition Example

Congruent (a) 汽车/赵庆丰/看见/一辆/黑色 Car/Qingfeng Zhao/had seen/one CL-liang (classifying ground vehicle)/black. (Qingfeng Zhao had seen a
black car.)

Incongruent, Animacy-
Match

(b)台灯/赵庆丰/看见/一辆/便宜 Desk lamp/Qingfeng Zhao/had seen/one CL-liang (classifying ground vehicle)/cheap. (Qingfeng Zhao had
seen a cheap desk lamp.)

Incongruent, Animacy-
Mismatch

(c)海豹/赵庆丰/看见/一辆/笨拙 Seal/Qingfeng Zhao/had seen/one CL-liang (classifying ground vehicle)/clumsy. (Qingfeng Zhao had seen
a clumsy seal.)
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similarity judgment, inductive reasoning, and organization of
information in memory (e.g., Gao & Malt, 2009; Saalbach & Imai,
2007), there have been very few studies examining how classi-
fier–noun combinations are processed during on-line sentence
comprehension (Zhou et al., 2010). In a very recent ERP study, Zhou
et al. (2010) provided evidence for the rapid use of the semantic
information embodied in noun classifiers during the processing
of classifier–noun combination. They found that compared with
the nouns that were congruent with their classifiers, as changyi
(‘chair’) in yi zhang changyi (one CL-zhang [classifying flat objects
or things with a flat surface] chair, ‘a chair’), the nouns that were
incongruent with their classifiers, as changyi (‘chair’) in yi tai
changyi (one CL-tai [classifying machines, electric appliances, and
performances] chair), elicited a larger negativity (N400) with a
broad distribution in the 300–500 ms time window, followed by
a late (550–800 ms) anterior negativity. The N400 was interpreted
as reflecting semantic integration between nouns and their classi-
fiers and the late anterior negativity as reflecting either a semantic
reinterpretation or a heavy memory load caused by the semantic
incongruence or both. However, note that Zhou et al. did not spe-
cifically manipulate animacy congruency between nouns and their
classifiers: both the nouns and their classifiers were always
inanimate.

The present study aimed at investigating whether animacy
information is used immediately in real time combination of Chi-
nese nouns and their classifiers. We used three types of sentences,
like (1a)–(1c) in Table 1, as the critical items. These sentences con-
tained a structure of object noun + subject noun + verb + numeral
classifier + adjective, in which the object nouns were modified both
by the numeral classifiers and by the adjectives, with the numeral
classifiers serving as the critical words in the ERP experiment. Gi-
ven the quite small number of the classifiers that go with animate
nouns only (about 5; see above and Footnote 3), we used only
unambiguous, inanimate classifiers. These classifiers can go with
some artifact nouns, but not any animate nouns. For example,
liang, a classier classifying ground vehicles, can modify qiche
(‘car’), but not artifact nouns like taideng (‘desk lamp’) or animate
nouns like haibao (‘seal’).

As shown in Table 1, within each triplet, the three types of sen-
tence differed in the object noun and sentence-final adjective only.
In the Congruent condition, the object noun, which was inanimate,
was congruent with the classifier. For the two incongruent condi-
tions, the object noun was incongruent with the classifier. More
importantly, whereas the object noun was an inanimate, artifact
noun and thus matched with the classifier in animacy for the
Incongruent, Animacy-Match condition, the object noun was an
animate, animal noun and thus did not match with the classifier
in animacy for the Incongruent, Animacy-Mismatch condition.4
4 Since the subject noun was human, the object noun for the Animacy-Mismatch
condition was designed to be an animal noun, rather than a human one, to induce
animacy differences between the subject and object arguments and reduce the degree
of processing difficulty.
The reason why the construction of object noun + subject noun
+ verb + numeral-classifier + adjective, a grammatical but non-
canonical structure, was used is to have the numeral-classifier
rather than the object noun as the critical word. The canonical
counterpart of the structure we employed is subject noun + verb
+ numeral-classifier + adjective + object noun. If using such a canon-
ical structure, one would have to use the object noun as the critical
word. In that case, in order to avoid the influence of lexical differ-
ence between animate and inanimate nouns on the ERP effects of
interest, one would have to manipulate the animacy of classifiers,
which, however, is difficult for an ERP experiment given that there
are only about five classifiers that can go with animate nouns, as
mentioned earlier. While the findings from non-canonical struc-
tures have limited generalizability, they do provide valuable in-
sight into how and when various types of information are used
in the establishment of syntactic dependencies, as noted by many
previous studies (e.g., Aoshima, Phillips, & Weinberg, 2004; Dickey
& Thompson, 2004; Felser, Clahsen, & Münte, 2003; Phillips,
Kazanina, & Abada, 2005; Schriefers, Friederici, & Kühn, 1995).

We expect a larger N400 at the numeral classifiers for the two
incongruent conditions compared to the Congruent condition,
based on the previous study that observed an N400 response for
the classifier–noun mismatch (Zhou et al., 2010). Such an N400
would support the linguistic hypothesis that Chinese noun classifi-
ers are semantic elements, imposing selectional restrictions on the
scope of the noun (e.g., Wu & Bodomo, 2009). More importantly,
the numeral classifiers would evoke a larger N400 in the Incongru-
ent, Animacy-Mismatch condition than in the Incongruent, Anima-
cy-Match condition, if the animacy information embodied in the
classifiers and object nouns is used immediately during the seman-
tic processing of classifier–noun combinations. The reason why
such a prediction can be made is that N400 amplitude has been
amply demonstrated to be highly sensitive to varying degrees of
semantic relationships (e.g., Federmeier & Kutas, 1999a, 1999b;
Li, Shu, Liu, & Li, 2006; for review, see Kutas & Federmeier,
2000). For example, using Chinese verb–noun pairs as stimulus,
Li et al. (2006) manipulated semantic fitness between object nouns
and their preceding verbs that required human nouns as their ob-
jects, as guyong (‘hire’). In the Congruent condition, the object
nouns were perfect objects of the verbs, as baobiao (‘bodyguard’).
For the incongruent conditions, the object nouns were incongruent
with the verbs either in terms of specific semantic features only, as
yinger (‘baby’), or in terms of both specific and broader (humanness
and animacy) semantic features, as muji (‘hen’) and dianxian
(‘wire’). Compared with the congruent object nouns, the incongru-
ent nouns elicited a larger N400. More importantly, the additional
incongruence in humanness or in both humanness and animacy re-
sulted in a further increase of N400 amplitude (for findings of N400
amplitude varying with the fitness between words and their sen-
tence context, see Federmeier & Kutas, 1999a, 1999b).

It seems reasonable to hypothesize a rapid evaluation of anima-
cy congruency between nouns and their classifiers, resulting in an
N400, if animacy indeed has an invariable prominence for real time
combination of individual words in a sentence, especially for
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Table 2
Mean frequencies (per million words) and number of strokes of the object nouns and
adjectives, acceptability scores of the sentences, and congruence scores of the noun–
numeral classifier pairs for all three critical conditions.

Congruent Incongruent,
Animacy-
Match

Incongruent,
Animacy-
Mismatch

Object noun
Frequency 18.80 (88.85) 10.62 (20.29) 5.52 (16.53)
Number of strokes 17.62 (5.98) 15.58 (6.47) 19.41 (5.85)
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Chinese, a language in which animacy is a relatively strong cue to
the identification of the agent of a sentence (Li, Bates, & MacWhin-
ney, 1993) and sentence comprehension has been assumed to rely
on semantic analyses to a relatively large degree (e.g., Xu, 1997; for
evidence supporting this conjecture, see Li, 1998; Yu & Zhang,
2008; Zhang, Yu, & Boland, 2010). Alternatively, instead of an
N400, an ERP response reflecting a later analysis would occur, if
the use of animacy information is merely restricted to the later
stage of classifier–noun combinations.
Adjective
Frequency 8.64 (16.47) 13.87 (25.95) 12.48 (22.75)
Number of strokes 23.98 (4.87) 24.18 (4.85) 24.17 (5.07)
Acceptability score of

sentence
5.22 (1.06) 3.23 (1.22) 2.57 (1.15)

Congruence score of
noun–numeral
classifier pair

6.19 (0.57) 1.82 (0.52) 1.38 (0.37)
2. Methods

2.1. Participants

Thirty healthy students gave informed consent to participate in
the experiment (mean age 22 years, range: 19–25; 15 females). All
participants were native speakers of Mandarin Chinese, right-
handed and had normal or corrected-to-normal vision. They were
paid a nominal sum for their participation. The experiment was ap-
proved by the Academic Committee of the Department of Psychol-
ogy, Peking University.
2.2. Materials and normative measures

The critical materials consisted of 120 triplets of Chinese sen-
tences (see Table 1 for examples). These sentences were assigned
to three experimental lists using a Latin square procedure. In order
to counterbalance the number of correct and incorrect sentences in
the experiment and offset the sentence structure used in the criti-
cal items, in each list, the 120 items were mixed with 280 filler
sentences. One-hundred and twenty of the fillers were critical
items of an unrelated experiment and were of a structure of sub-
ject–verb–object (SVO) (two-third of them contained an anomaly
of verb transitivity or a semantic incongruence between verb and
its object). The other fillers consisted of 40 correct subject–verb
sentences and 120 sentences having the same construction as the
critical items (60 of them were correct and began with an animal
noun, 20 of them were correct and began with an artifact noun,
and 40 of them contained a semantic incongruence between verb
and animal or artifact object noun).

As mentioned earlier, the numeral classifiers served as the crit-
ical words in the ERP experiment. Totally 59 classifiers were used,
with most (45/59 or 76%) of them being from a classifier list devel-
oped by Gao and Malt (2009). We did not use any ambiguous clas-
sifiers that can modify both artifact and animal nouns, such as tiao
[classifying slender, long-shape things].

The sentence-final adjectives were always congruent with the
object nouns and were matched across conditions for written word
frequencies and number of strokes (see Table 2). The ANOVA per-
formed on the mean word frequencies did not reveal an effect of
condition, F(2,357) = 1.805, p = 0.166, MSE = 487.33, nor did the
ANOVA performed on the mean number of strokes, F < 1.

In addition, the sentence-initial object nouns were matched
across conditions for written word frequencies, but not for number
of strokes (see Table 2). The ANOVA performed on the mean word
frequencies did not reveal an effect of condition, F(2,357) = 1.88,
p = 0.154, MSE = 2859.70, although the ANOVA performed on the
mean number of strokes did, F(2,357) = 3.53, p = 0.03,
MSE = 37.30. The unmatched number of strokes was not consid-
ered a problem because the sentence-initial noun was the third
segment before the critical word (numeral classifier, see Table 1).

In order to evaluate the degree of sentence acceptability, we
conducted a sentence acceptability survey, in which a separate
group of 30 participants was asked to judge the acceptability of
each sentence on a 7-point scale, with ‘1’ indicating that the sen-
tence was completely unacceptable and ‘7’ completely acceptable.
One-hundred and twenty triplets of sentences were assigned to
three experimental lists by using a Latin square procedure, with
120 sentences each. In each list, the 120 items were presented in
a pseudo-random order, such that at most three trials with the
same condition occurred consecutively. For each list, another ver-
sion with a reverse order was formed to further counterbalance
the order effects. Each participant received only one of the six
experimental lists. Table 2 shows the rating results for the 120 trip-
lets of items used in the ERP experiment. An analysis of variance
(ANOVA) performed on the acceptability scores revealed a main ef-
fect of condition [by subjects, F1(2,58) = 147.47, p < 0.0005,
MSE = 0.38; by items, F2(2,357) = 519.48, p < 0.0005, MSE = 0.44].
Post-hoc Newman–Keuls comparisons showed that the congruent
sentences were rated more acceptable than both types of incongru-
ent sentences (ps < 0.01). In addition, the sentences were more
unacceptable in the Incongruent, Animacy-Mismatch than in the
Incongruent, Animacy-Match condition (ps < 0.01).

Note that the acceptability score was not very high even for the
congruent sentences, due to the non-canonical structure (object
noun + subject noun + verb + numeral classifier + adjective) used for
these sentences (for a graded effect of word order on sentence
acceptability ratings, see Friederici, Fiebach, Schlesewsky, Bornkes-
sel-Schlesewsky, & von Cramon, 2006). In addition, although the
sentences were more unacceptable in the Incongruent, Animacy-
Mismatch than in the Incongruent, Animacy-Match condition,
there are two alternative explanations for such a difference. First,
the classifiers were more incongruent with the object nouns for
the Incongruent, Animacy-Mismatch compared to the Incongruent,
Animacy-Match condition, due to the additional mismatch in ani-
macy. Second, there was a difference in the animacy hierarchy be-
tween the two conditions. For the Incongruent, Animacy-Match
condition, the subject and object were animate and inanimate
nouns, respectively. In contrast, for the Incongruent, Animacy-Mis-
match condition, both the subject and object were animate nouns,
resulting in the sentences being more unacceptable.

In order to justify the graded difference in the degree of mean-
ing congruence of the object nouns and their classifiers between
the three conditions, we conducted a meaning congruence survey,
in which a separate group of 30 participants was asked to judge the
meaning congruence for each noun–numeral classifier pair, as
qiche – yi-liang (car – one CL-liang [classifying ground vehicles]),
on a seven-point scale, with ‘1’ indicating that the two words with-
in a pair were completely incongruent and ‘7’ completely congru-
ent. One-hundred and twenty triplets of noun–numeral classifier
pairs were assigned to three experimental lists by using a Latin
square procedure, with 120 word pairs each. In each list, the 120
critical word pairs were pseudo-randomly mixed with 150 verb–
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noun pairs (filler items), such that at most three critical trials oc-
curred consecutively. For each list, another version with a reverse
order was formed to further counterbalance the order effects. Each
participant received only one of the six experimental lists.

Table 2 shows the rating results for the critical word pairs used
in the ERP experiment. An analysis of variance (ANOVA) performed
on the congruence scores revealed a main effect of condition [by
subjects, F1(2,58) = 1173.23, p < 0.0005, MSE = 0.28; by items,
F2(2,357) = 2698.93, p < 0.0005, MSE = 0.31]. Post-hoc Newman–
Keuls comparisons showed that the noun–numeral classifier pairs
were rated more congruent in the Congruent condition than in the
incongruent conditions (ps < 0.01). In addition, the word pairs were
more incongruent in the Incongruent, Animacy-Mismatch than in
the Incongruent, Animacy-Match condition (ps < 0.01), suggesting
that the participants’ ratings were sensitive to whether or not there
was a mismatch in animacy between nouns and their classifiers.

2.3. Procedure

Participants were seated in a comfortable chair approximately
1 m from the computer screen in a dimly lit and sound-attenuated
room. They read the sentences sequentially, as each word (or
sometimes a short phrase) appeared in the center of the screen.
Each trial started with a central fixation cross presented for
800 ms, followed by a 500 ms blank screen. Each word or short
phrase was presented for 400 ms, with an additional 100-ms in-
ter-stimulus interval.5 After the presentation of the last segment
of the sentence there was an 800-ms blank, followed by a row of
question marks (‘?????’) reminding participants to judge the overall
(syntactic and semantic) acceptability of each sentence by pressing
one of two buttons (half of the participants pressed the ‘‘YES” button
with their left index finger and the other half with their right index
finger). This cue remained on the screen until the participant had re-
sponded or for maximum 3 s. Prior to the experimental blocks, par-
ticipants received a practice block of 24 trials. The experimental
session lasted about 1 h.

2.4. ERP recording

The EEG was recorded from 62 Ag/AgCl electrodes mounted in
an elastic cap (Quik-Cap, NeuroScan Inc., Herndon, Virginia, USA).
The electrodes were placed in the following sites: AF7, AF3, FP1,
FPz, FP2, AF4, AF8, F7, F5, F3, F1, Fz, F2, F4, F6, F8, FT7, FC5, FC3,
FC1, FCz, FC2, FC4, FC6, FT8, T7, C5, C3, C1, Cz, C2, C4, C6, T8,
TP7, CP5, CP3, CP1, CPz, CP2, CP4, CP6, TP8, P7, P5, P3, P1, Pz, P2,
P4, P6, P8, PO7, PO5, PO3, POz, PO4, PO6, PO8, O1, Oz, and O2.
Recordings were referenced to the left mastoid, but re-referenced
5 In order to avoid some peculiar processing strategies being induced by a relatively
slow presentation rate, we used the relatively fast presentation rate (500 ms/word).
Note that reliable N400 and P600 effects were observed in ERP studies of sentence
processing using a presentation rate of 500 ms/word (e.g., in German: Friederici &
Frisch, 2000; Friederici, Steinhauer, & Frisch, 1999; Frisch, Hahne, & Friederici, 2004;
in English: Ledoux, Gordon, Camblin, & Swaab, 2007; in Polish: Szewczyk & Schriefers,
2011; in Chinese: Yu & Zhang, 2008; Zhang et al., 2010). However, one might still be
concerned about the overlap of ERPs between successive words and the possibility
that the baseline for the ERPs of the critical words (the numeral classifiers) contained
overlapping activity from the immediately preceding words (the verbs). Therefore, we
analyzed the mean amplitudes of ERPs in the interval from 300 to 500 ms after the
onset of the verbs. As expected, the results revealed neither a main effect of Condition
nor any interaction involving Condition, suggesting that there were no systematic ERP
activity differences across conditions in the baseline prior to the onset of the critical
words. Thus, even if there was an overlap from the verbs, the overlap had the same
influence on the ERPs to the critical words for each of the three conditions (see Luck,
Woodman, & Vogel, 2000 for the subtraction procedure being used both to eliminate
overlap and to isolate specific ERP components such as N400). In addition, we also
analyzed the ERPs elicited by the adjectives, the words immediately following the
critical words, to address the overlap from these words (for the results, see
Section 3.2.2).
to linked mastoids offline. The horizontal electrooculogram (EOG)
was recorded from electrodes placed at the outer canthus of each
eye and the vertical EOG was recorded from electrodes placed
above and below the participants’ left eye. Electrode impedances
were kept below 5 kX. The EEG and EOG were amplified with a
band-pass from DC to 70 Hz and recorded continuously with a dig-
itization rate of 500 Hz.6 ERPs were additionally filtered off-line
with 30 Hz low pass for the plots only. All statistical analyses were
performed on the original data.
2.5. ERP data analysis

ERPs time-locked to the critical words (the numeral classifiers)
were computed for each participant, condition, and electrode site.
A detrending algorithm was applied to correct for a common linear
component caused by the slow voltage shifts that are common for
DC EEG recordings. We used a 15 s time interval, ranging from the
onset of the critical words to 15 s after them, to estimate the linear
component of any slow voltage shifts (for the use of a similar pro-
cedure, see Angrillia, Dobel, Rockstroh, Stegagno, & Elbert, 2000;
Fiebach, Schlesewsky, & Friederici, 2002; Phillips et al., 2005;
Zhang et al., 2010). The subsequent analyses were based on
1200 ms epochs, ranging from 200 ms before the onset of the crit-
ical words to 1000 ms after them. We used a 200-ms pre-stimulus
baseline. All epochs were evaluated individually for EOG or other
artifacts. Epochs with amplitudes exceeding ±100 lV were ex-
cluded from the averages through artifact rejection. The overall
rejection rate was 5.7%, equal for all three conditions (Congruent:
5.5%; Incongruent, Animacy-Match: 6.1%; and Incongruent, Anima-
cy-Mismatch: 5.6%).

Two time windows were chosen on the basis of visual inspec-
tion and earlier studies: 300–550 ms for N400 effects and 600–
1000 ms for possible P600 effects. All statistical analyses were
performed on the mean amplitudes in the selected time windows.
ERPs were analyzed separately for midline and lateral electrodes.
From the 62 electrodes, we first selected the three most often re-
ported midline electrodes Fz, Cz, and Pz. Omnibus ANOVAs for
midline electrodes included two within-subject factors: Electrode
(Fz/Cz/Pz) and Condition (Congruent/Incongruent, Animacy-
Match/Incongruent, Animacy-Mismatch). In order to cover distri-
butional differences in both the left–right and anterior-to-poster-
ior dimensions, we selected 36 lateral electrodes and formed six
lateral regions of interest, with six electrodes each, by crossing
Hemisphere (Left/Right) and Region (Anterior/Central/Posterior),
similar to what has been done in some previous studies (e.g.,
Friederici & Frisch, 2000; Yu & Zhang, 2008; Zhang et al., 2010):
left anterior (F3, F5, F7, FC3, FC5, and FT7); left central (C3, C5,
T7, CP3, CP5, and TP7); left posterior (P3, P5, P7, PO3, PO7, and
O1); right anterior (F4, F6, F8, FC4, FC6, and FT8); right central
(C4, C6, T8, CP4, CP6, and TP8); and right posterior (P4, P6, P8,
PO4, PO8, and O2). Omnibus ANOVAs for lateral electrodes in-
cluded three within-subject factors: Hemisphere, Region, and
Condition (Congruent/Incongruent, Animacy-Match/Incongruent,
Animacy-Mismatch).

Only effects involving the factor Condition are reported. Post-
hoc Newman–Keuls comparisons were performed only when the
ANOVA revealed a significant effect of Condition. In addition, the
Greenhouse–Geisser correction was applied when evaluating ef-
fects with more than one degree of freedom in the numerator. In
6 In order to observe any possible slow potentials, the DC recording was used. A
detrending algorithm was correspondingly used to correct for the possible slow drift
caused by the DC recording (see Section 2.5). Reliable N400 and P600 effects have
been observed in previous ERP studies employing the DC recording (e.g., Friederici &
Frisch, 2000; Friederici et al., 1999; Ledoux et al., 2007; Phillips et al., 2005; Yu &
Zhang, 2008; Zhang et al., 2010).
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these cases, the original degrees of freedom and the corrected MSE
and probability levels are reported.
3. Results

3.1. Behavioral data

As expected, compared with the two types of incongruent sen-
tences, the congruent sentences were judged to be both syntacti-
cally and semantically acceptable more frequently (Congruent:
56.58%, SD = 44.95%; Incongruent, Animacy-Match: 17.50%,
SD = 24.77%; Incongruent, Animacy-Mismatch: 9.98%,
SD = 21.84%), yielding a main effect of Condition, F(2,58) = 34.93,
p < 0.0005, MSE = 0.05. These results suggest that the congruence
between the classifier and object noun resulted in the sentences
in the Congruent condition being more acceptable. Note that, mir-
roring the findings in the off-line sentence acceptability survey, in
the ERP experiment, the congruent sentences were not judged to
be acceptable very frequently and there were large individual dif-
ferences in the judgment, due to the grammatical but non-canon-
ical structure used in these sentences.

In order to determine whether or not participants read the sen-
tences attentively, we computed the average accuracy of the
acceptability judgments for the 120 correct or incorrect filler sen-
tences that were critical items of an unrelated experiment and had
a canonical structure (subject–verb–object). For these sentences, a
correct response was the judgment of ‘‘acceptable” for the correct
sentences and ‘‘unacceptable” for the incorrect sentences. The
average accuracy was 94.89% (SD = 4.69%), suggesting that partici-
pants read the sentences attentively.
3.2. ERP data

Fig. 1 shows grand average ERPs elicited by the numeral classi-
fiers for all three critical conditions at eleven representative
electrodes.

As shown in Fig. 1, compared with the Congruent condition,
both incongruent conditions elicited a larger negativity with a
broad distribution in the 300–550 ms time window, with no differ-
ence between the two incongruent conditions. In addition, there
were no very apparent effects in the 600–1000 ms window. These
Fig. 1. Grand average ERPs time locked to the onset of the numeral classifiers for al
representative electrodes for all three critical conditions.
observations were statistically verified by ANOVAs performed on
the mean amplitudes in the 300–550 ms and 600–1000 ms time
windows, respectively. The results of the global ANOVAs are shown
in Table 3.
3.2.1. The 300–550 ms time window
The global ANOVA revealed a main effect of Condition at both

the midline and the lateral electrodes. Post-hoc Newman–Keuls
comparisons revealed a larger negativity (N400) for the two incon-
gruent conditions compared to the Congruent condition (ps < 0.01),
with no difference between the two incongruent conditions
(ps > 0.10).

In order to determine if the 300–550 ms ERP effects of Condi-
tion were modulated by whether or not participants accepted the
non-canonical structure used in the critical sentences, we divided
participants into two groups, with 15 participants each, according
to the percentage of judging the congruent sentences as both syn-
tactically and semantically acceptable. Table 4 shows the percent-
age of judgments of ‘‘syntactically and semantically acceptable” for
the sentences in each of the three critical conditions for the Accept-
ing and Not Accepting group, respectively.

The ANOVA performed on the percentage of ‘‘acceptable” judg-
ments revealed a Condition � Group interaction, F(2,56) = 36.16,
p < 0.0005, MSE = 0.04. This interaction was due to a larger effect
of Condition for the Accepting group [F(2,28) = 86.74, p < 0.0005,
MSE = 0.05] than for the Not Accepting group [F(2,28) = 5.24,
p = 0.034, MSE = 0.03]. Post-hoc Newman–Keuls comparisons re-
vealed a higher percentage of ‘‘acceptable” judgments for the Con-
gruent condition compared to the two incongruent conditions for
both the Accepting group (ps < 0.01) and Not Accepting group
(ps < 0.05). In addition, the percentage was marginally higher for
the Incongruent, Animacy-Match condition compared to the Incon-
gruent, Animacy-Mismatch condition for the Accepting group
(0.05 < p < 0.10), but it did not differ significantly between the
two incongruent conditions for the Not Accepting group (p > 0.10).

Figs. 2 and 3 show grand average ERPs elicited by the numeral
classifiers for all three critical conditions for the Accepting and Not
Accepting group, respectively. As shown in Fig. 2, for the Accepting
group, there was a larger negativity with a broad distribution in the
300–550 ms time window (N400) for both incongruent conditions
compared to the Congruent condition, with no difference in N400
l participants (n = 30). This figure and the subsequent ones display ERPs over 11
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Table 3
Overall analyses of variance in two time windows (in milliseconds) over midline and lateral electrodes, for amplitude data from all 30 participants.

Source dfs 300–550 600–1000

F p MSE F p MSE

Midline electrodes
Condition 2, 58 14.73 <0.0005 5.88 <1
Condition � Electrode 4, 116 <1 2.82 0.041 2.88

Lateral electrodes
Condition 2, 58 15.68 <0.0005 6.21 <1
Condition � Region 4, 116 <1 6.51 0.002 2.72
Condition � Hemisphere 2, 58 <1 <1
Condition � Region � Hemisphere 4, 116 <1 2.11 0.096 0.39

Table 4
Mean percentage of judgments of ‘‘acceptable” for the sentences in all three critical conditions for the Accepting and Not
Accepting group. Values in the parentheses indicate standard deviations.

Group Condition

Congruent Incongruent, Animacy-Match Incongruent, Animacy-Mismatch

Accepting 97.17% (2.29%) 31.17% (28.56%) 18.80% (28.57%)
Not Accepting 16.00% (25.53%) 3.83% (7.43%) 1.17% (2.29%)

Fig. 2. Grand average ERPs time locked to the onset of the numeral classifiers for participants judging the congruent sentences as acceptable (n = 15).
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amplitude between the two incongruent conditions. In contrast, as
shown in Fig. 3, for the Not Accepting group, the N400 amplitudes
were apparently larger for the Incongruent, Animacy-Mismatch
condition, but not for the Incongruent, Animacy-Match condition,
compared to the Congruent condition. These observations were
statistically verified, as described below.

The ANOVA with the factors of Group, Condition, and Electrode
(for midline sites) or Region and Hemisphere (for lateral sites) for
the mean amplitudes revealed a Condition by Group interaction
that was significant at the lateral sites, F(2,56) = 3.43, p < 0.05,
MSE = 5.59, and almost reached significance at the midline sites,
F(2,56) = 2.94, p = 0.06, MSE = 5.41.

Separate analyses limited to each group revealed an effect of
Condition at both the midline and lateral sites for both groups
(Accepting group: midline, F(2,28) = 14.11, p < 0.0005, MSE = 1.74,
lateral, F(2,28) = 15.87, p < 0.0005, MSE = 0.99; Not Accepting
group: midline, F(2,28) = 5.13, p < 0.05, MSE = 2.01, lateral, F
(2,28) = 5.11, p < 0.05, MSE = 1.10). Post-hoc Newman–Keuls com-
parisons for the Accepting group revealed a larger negativity
(N400) at both the midline and lateral sites for both incongruent
conditions than for the Congruent condition (ps < 0.01), with no
difference between the two incongruent conditions (ps > 0.10).
For the Not Accepting group, in contrast, at both the midline and
lateral sites, compared with the Congruent condition, the Incon-
gruent, Animacy-Mismatch condition elicited a larger negativity
(ps < 0.05), but the Incongruent, Animacy-Match condition did
not (ps > 0.10). In addition, the Incongruent, Animacy-Mismatch
condition was marginally more negative than the Incongruent,
Animacy-Match condition at both the midline and lateral elec-
trodes (0.05 < ps < 0.10).
3.2.2. The 600–1000 ms time window
Although the global ANOVA revealed an interaction of Condi-

tion by Electrode and Condition by Region, separate analyses lim-
ited to each midline electrode or lateral region did not reveal any
reliable effect of Condition (Fz, F(2,58) = 3.13, p = 0.055,
MSE = 3.26; Cz and Pz, Fs < 1; anterior, F(2,58) = 2.93, p = 0.063,
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Fig. 3. Grand average ERP time locked to the onset of the numeral classifiers for participants judging the congruent sentences as unacceptable (n = 15).
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MSE = 1.61; central, F < 1; posterior, F(2,58) = 2.90, p = 0.07,
MSE = 2.12).

As shown in Fig. 2, for the Accepting group, in the 600–1000 ms
time window, there was a larger anterior negativity for both incon-
gruent conditions and an apparently larger posterior positivity
(P600) for the Incongruent, Animacy-Mismatch condition only,
both compared to the Congruent condition. In contrast, as shown
in Fig. 3, for the Not Accepting group, there were no apparent ef-
fects in this late time window.

Again, in order to statistically determine if the ERP effects of
Condition in this time window were modulated by whether or
not participants accepted the non-canonical structure used in the
critical sentences, we performed an ANOVA with Group, Condition,
and Electrode (for midline sites) or Region and Hemisphere (for lat-
eral sites) as factors. The results revealed a Condition � Elec-
trode � Group interaction at the midline sites, F(4,112) = 2.73,
p < 0.05, MSE = 2.67, and a Condition � Region � Group interaction
at the lateral sites, F(4,112) = 7.48, p < 0.0005, MSE = 1.89.

At the midline sites, separate analyses restricted to each elec-
trode and each group revealed an effect of Condition at Fz for the
Accepting group (Accepting: Fz, F(2,28) = 8.93, p < 0.01,
MSE = 2.69; Cz, F < 1; and Pz, F(2,28) = 2.71, p = 0.09, MSE = 4.82;
Not Accepting: Fz, F < 1; Cz, F(2,28) = 2.49, p = 0.11, MSE = 3.83;
and Pz, F(2,28) = 2.00, p = 0.15, MSE = 1.89). At the lateral sites,
separate analyses restricted to each region and each group re-
vealed an effect of Condition at anterior and posterior sites for
the Accepting group (Accepting: anterior, F(2,28) = 9.25, p < 0.01,
MSE = 1.42; central, F(2,28) = 1.79, p = 0.20, MSE = 2.11; and pos-
terior, F(2,28) = 5.83, p < 0.05, MSE = 2.50; Not Accepting: anterior,
F(2,28) = 2.11, p = 0.14,MSE = 1.54; central, F(2,28) = 2.81, p = 0.08,
MSE = 1.24; and posterior, F(2,28) = 1.40, p = 0.26, MSE = 1.24).
Post-hoc Newman–Keuls comparisons showed that the effects of
condition observed in the Accepting group were mainly due to a
larger anterior (including Fz) negativity for both incongruent con-
ditions and a larger lateral posterior positivity (P600) for the Incon-
gruent, Animacy-Mismatch condition only, both compared to the
Congruent condition (ps < 0.01) (see Fig. 2). In addition, for the
Accepting group, the Incongruent, Animacy-Mismatch condition
was also marginally more positive than the Incongruent, Anima-
cy-Match condition at the lateral posterior sites (0.05 < p < 0.10).

In order to ascertain whether the 600–1000 ms positivity spe-
cific to the Animacy-Mismatch condition was indeed a P600 elic-
ited by the numeral classifiers or merely early ERP effects elicited
by the upcoming adjectives, given the relatively fast presentation
rate (500 ms/word), we analyzed the ERPs elicited by the adjec-
tives. Fig. 4 shows the grand average ERPs for all three critical con-
ditions at eleven representative electrodes.

As shown in Fig. 4, in the interval from 100 to 500 ms after the
onset of the adjectives (corresponding to the interval from 600 to
1000 ms after the onset of the numeral classifiers), although both
incongruent conditions elicited a positivity with a centro-parietal
distribution, there were no differences in ERPs between the two
incongruent conditions. These observations were statistically veri-
fied by ANOVAs performed on the mean amplitudes in this inter-
val. The results revealed a Condition � Electrode interaction at
the midline sites, F(4,56) = 12.69, p < 0.0005, MSE = 1.29, as well
as a Condition � Region interaction at the lateral sites, F(4,56)
= 25.03, p < 0.0005, MSE = 1.24.

At the midline sites, separate analyses restricted to each elec-
trode revealed an effect of Condition at Cz and Pz (Fz, F < 1; Cz, F
(2,28) = 6.10, p = 0.01, MSE = 4.80; and Pz, F(2,28) = 18.93,
p < 0.0005, MSE = 3.44). At the lateral sites, separate analyses re-
stricted to each region revealed an effect of Condition at central
and posterior sites (anterior, F(2,28) = 1.94, p = 0.17, MSE = 1.38;
central, F(2,28) = 16.39, p < 0.0005, MSE = 1.92; and posterior, F
(2,28) = 27.23, p < 0.0005, MSE = 2.01). Post-hoc Newman–Keuls
comparisons showed that these effects of condition were due to
a larger positivity for both incongruent conditions compared to
the Congruent condition (Cz: ps < 0.05; the other sites: ps < 0.01).
The larger positivities most likely reflect more attention triggered
by the anomalous classifiers, given that the adjectives were con-
gruent with the object nouns. More importantly, there were no dif-
ferences in ERPs between the two incongruent conditions
(ps > 0.10). Thus, the 600–1000 ms positivity revealed by the anal-
ysis of the numeral classifiers, which was specific to the Incongru-
ent, Animacy-Mismatch condition, cannot be accounted for by
early ERP effects elicited by the adjectives. Instead, it must contain
a P600 elicited by the numeral classifiers.
4. Discussion

The goal of the present study is to investigate whether animacy
information is used immediately during the real-time semantic
combination of Chinese nouns and their classifiers. For this pur-
pose, we compared three types of sentences in which the classifiers
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Fig. 4. Grand average ERP time locked to the onset of the adjectives for participants judging the congruent sentences as acceptable (n = 15).
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and the sentence-initial object nouns were either (a) congruent, (b)
incongruent, but matching in animacy, or (c) incongruent, mis-
matching in animacy. The analysis of data from all participants
showed that compared with the congruent classifiers, the incon-
gruent classifiers elicited a larger N400, mirroring the N400 effects
evoked by object nouns that were incongruent with their preced-
ing classifiers (Zhou et al., 2010). More importantly, by comparing
the Incongruent, Animacy-Mismatch condition with the Incongru-
ent, Animacy-Match condition, we found no increase in N400
amplitude for additional mismatch in animacy.

Considering the fact that a non-canonical structure (OSV) was
used in the critical sentences and the effects of Condition may be
modulated by whether or not participants accepted such a non-
canonical structure, we divided participants into the Accepting
and Not Accepting group. We found that the factor of Group did
modulate the condition effects, both in the N400 and in the late
(600–1000 ms) time window, suggesting that whether or not par-
ticipants accepted the non-canonical structure is not simply a mat-
ter of individual differences in response criterion. For the Accepting
group, both types of incongruent classifiers evoked a larger N400
than the congruent classifiers, reflecting difficulty in semantic inte-
gration (Kutas & Federmeier, 2000), or semantic implausibility that
had essential consequences on the acceptability judgment (more
NO responses made for the incongruent conditions compared to
the congruent condition). More importantly, the additional mis-
match in animacy did not result in an increase in N400 amplitude,
which was the same as that observed when the data from all par-
ticipants were analyzed, suggesting that animacy information is
not used during semantic integration between the object nouns
and their classifiers, no matter whether or not data from partici-
pants who did not accept the non-canonical structure were
excluded.

In addition, the N400 effect observed for the Accepting group
was followed by a P600 effect for the Incongruent, Animacy-Mis-
match condition but not for the Incongruent, Animacy-Match con-
dition. As that the amplitude of P600 has been shown to be
sensitive to plausibility or acceptability (van de Meerendonk, Kolk,
Vissers, & Chwilla, 2010), and that the Animacy-Mismatch condi-
tion was indeed less acceptable than the congruent condition,
one might question whether the P600 reflects just the unaccept-
ability of the sentences in the Animacy-Mismatch condition. This
explanation, however, is highly unlikely because compared with
the congruent condition, the Incongruent, Animacy-Match condi-
tion was also highly less acceptable, but no P600 response was ob-
served for this condition.

The P600 may be partly related to the acceptability judgment
task used and may reflect a continued combinatorial analysis dri-
ven by a conflict between the output of the computation of phrase
structure based on syntactic category information (noun and clas-
sifier) and the output of the animacy processing that does not per-
mit such a combination of noun and classifier (for a summary and
discussion of the triggers of P600, see Bornkessel-Schlesewsky &
Schlesewsky, 2008; Kuperberg, 2007). One might question whether
the P600 reflects animacy violations per se. This possibility, how-
ever, is unlikely because no P600 effects were observed for anima-
cy violations in a study that used a probe (word) verification
instead of a sentence acceptability task (Li et al., 2006). We also ob-
served a late (600–1000 ms) anterior negativity for the two incon-
gruent conditions, which may reflect secondary semantic
integration (for similar negativities, see Friederici et al., 1999;
Zhang et al., 2010; Zhou et al., 2010).

Leaving aside the Animacy-Mismatch condition that was not in-
cluded in the Zhou et al. (2010) study, the ERP (N400 and late ante-
rior negativity) effects we observed among the participants who
accepted the non-canonical structure were completely the same
as those observed in the Zhou et al. study, in which the sentences
had a canonical structure (SVO), with classifiers occurring before
object nouns (the critical words). As that an N400 response is be-
lieved to reflect meaning processing (see Kutas and Federmeier
(2011), for a recent review), the N400 effects observed both in
the present study and in the Zhou et al. study provide evidence
supporting that Chinese noun classifiers are semantic elements,
imposing selectional restrictions on the scope of the noun, as sug-
gested by some linguists (e.g., Wu & Bodomo, 2009).

For the participants who did not accept the non-canonical
structure, we observed an N400 effect at the numeral classifiers
for the Incongruent, Animacy-Mismatch condition but not for the
Incongruent, Animacy-Match condition, although there was signif-
icant difference in the off-line judgment of overall (syntactic and
semantic) acceptability of sentences between the latter condition
and the Congruent condition. The discrepancy between the behav-
ioral and ERP findings for the Incongruent, Animacy-Match condi-
tion may reflect the possibility that whereas the integration of
more specific or concrete semantic information between the object
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nouns and classifiers did not occur when the numeral classifiers
were read, resulting in the absence of N400 effects, it did occur la-
ter when the whole sentence had been read, as indicated by the
higher percentage of ‘‘unacceptable” judgments for this condition
compared to the Congruent condition. Such an absence of an
immediate semantic integration may be either due to the possibil-
ity that the limited resource was completely occupied by the diffi-
cult word order processing, or due to a difficult or even failed word
order processing that might temporally block the integration of
specific semantic information (but see Yu & Zhang, 2008; Zhang
et al., 2010 for evidence for the occurrence of semantic integration
in the face of unsuccessful syntactic processing). Either way, when
the word order cue appears not work well, such as in the case that
the non-canonical structure is not acceptable, animacy cue be-
comes prominent, resulting in the N400 effects reflecting the inte-
gration of animacy information between the object nouns and their
classifiers.

In sum, our results suggest that whereas more specific or con-
crete semantic information, such as functional semantic features
of artifact nouns like qiche (‘car’) or taideng (‘desk lamp’), is used
during semantic integration of nouns and their classifiers, animacy,
as a broader dimension of semantic information, is not used in this
processing stage but is used in a later analysis reflected by P600,
unless the word order is considered unacceptable and thus may
not be an effective cue for sentence interpretation.

The time course of the use of animacy information in processing
classifier–noun combinations in the case that the non-canonical
structure is acceptable, as revealed in the present study, appears
to significantly differ from that in the processing of thematic role
or thematic relationships revealed by previous studies. As we men-
tioned at the outset, a previous study (Li et al., 2006) has demon-
strated that in the case that there is already a mismatch in
specific semantic features between Chinese verbs and their objects,
an additional mismatch either in humanness only or in both
humanness and animacy can result in a further increase of N400
amplitude, suggesting a rapid use of broader semantic information
like humanness during semantic integration of verbs with their ob-
jects. In addition, there have been some ERP studies demonstrating
the rapid use of animacy information in thematic role assignments
in the N400 time window (e.g., Philipp et al., 2008; Roehm et al.,
2004).

What, then, are we to make of the difference in the presence/ab-
sence of an N400 for animacy mismatch between the processing of
classifier–noun combinations and the processing of thematic role
or thematic relationships? No thematic processing being involved
in classifier–noun combinations might be one property that is rel-
evant. As we noted at the outset, for thematic processing, there is a
typical connection between the animacy of a noun and the the-
matic role that the noun plays, such as agent/actor and patient/
undergoer. Such a connection may be crucial for the immediate
use of animacy information, resulting in an N400, for thematic pro-
cessing (determining ‘‘who does what to whom”). For the process-
ing of classifier–noun combinations, however, no such connection
exists, which may be the reason why animacy information appears
not to be used very rapidly, for example, in the N400 time window.

If the explanation above is correct, there should be no N400 ef-
fects to be evoked by animacy mismatch that occurs in other types
of combinations not involving thematic processing, such as adjec-
tive–noun combinations. We look to future research to assess this
admittedly speculative hypothesis. In addition, it is not clear
whether the results of the present study can be generalized to sen-
tences with canonical word order. Further studies are clearly
needed, probably using other classifier languages.

Finally, in the present study, animacy level was manipulated
between animal and artifact domains. Interestingly, no N400 ef-
fects were observed for this manipulation, although evidence from
brain-damaged patients with category-specific semantic deficits
suggests a clear dissociation between animal and artifact domains
(for reviews, see Capitani et al., 2003; Caramazza & Mahon, 2003;
Mahon & Caramazza, 2009). However, it should be noted that com-
pared with animal, human is higher on the animacy hierarchy,
although both are animate. Future studies are necessary to deter-
mine whether the same results can be observed when animacy le-
vel is manipulated in other ways, for example, between human and
artifact categories.

What can be concluded from the present study is that the ani-
macy information encoded in animal and artifact nouns and their
classifiers is normally not used very rapidly, say, in the N400 time
window, during the computation of classifier–noun combinations
that do not involve thematic processing, at least in non-canonical
sentences. Instead, the animacy information is merely used at the
later stage of classifier–noun combinations, resulting in both the
P600 effects in the ERP experiment and the difference in the rating
scores between the two incongruent conditions in the survey of
meaning congruence of noun–numeral classifier pairs. Thus, the
temporal neural dynamics of animacy processing in sentence com-
prehension may be modulated by whether or not animacy is rele-
vant to thematic interpretation.

The conclusion above also has important implications for
understanding/limiting the extent to which semantic cues like ani-
macy are prominent for Chinese sentence comprehension, espe-
cially when considering that in Chinese, animacy has been shown
to be a relatively strong cue to sentence comprehension, such as
the identification of the agent of a sentence (Li et al., 1993), and
sentence comprehension has been assumed to rely on semantic
analyses to a relatively large degree (e.g., Xu, 1997; see Li, 1998;
Yu & Zhang, 2008; Zhang et al., 2010).
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