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An ERP experiment was conducted to explore semantic and syntactic processes as well as
their interplay in Chinese sentence comprehension. Participants were auditorily presented
with Chinese ba sentences, which were either correct, semantically incorrect, syntactically
incorrect, or both semantically and syntactically incorrect. The syntactic violation, which
was created by eliminating the object-noun phrase from a preposition-object phrase
structure, elicited an early starting anterior negativity which merged into a sustained
negativity over anterior sites and a temporally limited centro-parietal negativity. The
semantic violation elicited an early starting N400 effect. The combined violation in which
the syntactic phrase structure violation and the semantic violation were crossed elicited an
early staring sustained anterior negativity similar to the pure syntactic effect, and a centro-
parietal negativity which was more negative than those of the syntactic condition and the
semantic condition. No P600 was obtained neither for the syntactic nor for the combined
condition. The results suggest that the syntactic processes (at about 50 ms) appear earlier
than the semantic processes (at around 150 ms). They are independent from each other in
the early time window (150–250 ms) but interact in a later processing phase (250–400 ms)
during Chinese ba sentence comprehension. The broadly distributed negativity, which
occurred during the N400 latency range observed in the three violation conditions, is
thought to reflect thematic integration processes in the sentence-final position.
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1. Introduction

Language is a system that combines of vocal sounds and
meaning. Such a system is used for the expression or com-
munication of thoughts and feelings (Hu, 2001). Although
listening to and understanding connected speech are effort-
less tasks in daily life, it is not well understood how the
human language comprehension system processes and inte-
grates a wide range of linguistic information within
milliseconds.
ology, Peking University,
ou).
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With respect to syntactic and semantic processing in sen-
tence comprehension, two main classes of psycholinguistic
models have been proposed to account for the behavioral data:
modular, syntax-first models, and interactive models. Syntax-
first models (Fodor, 1983; Frazier and Fodor, 1978) assume that
the parser initially builds a syntactic structure on the basis of
word category information independent of lexical–semantic in-
formation and that thematic role assignment takesplace during
a secondstage. If the initial syntactic structure and the thematic
structure cannot be mapped onto one another, reanalysis is
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needed in the final phase. Interactive models (Bates and Mac-
Whinney, 1987; MacDonald et al., 1994; Marslen-Wislon and
Tyler, 1980; Taraban and McClelland, 1988) claim that syntactic
and semantic processes already interact at an early stage. De-
spite the agreement that syntactic and semantic information
has to be integrated within a short period of time, the two
classes of psycholinguistic models differ in their views on the
temporal structure of the integration processes.

Recent brain image research provides support of an integra-
tive view that syntax-first aspects of language processing take
place in an early time window and the interactive aspects of
language processing happen in a late time window. For exam-
ple, Friederici and Kotz (2003) reported a series of studies that
used similar stimulus materials and applied different techni-
ques such as functional magnetic resonance imaging (fMRI),
event-related potentials (ERP), and magnetoencephalography
(MEG) to both healthy subjects and different groups of lesion
patients. The combined findings led to a brain-based model
(Friederici, 2002), in which language comprehension is subdi-
vided into three functionally and temporally separable proces-
sing steps: initial local structure building in the first phase,
lexical–semantic and thematic processes in the second phase,
and syntactic integration and revision in the third phase.

The present experiment investigated the processing of
word category information and semantic information by
means of ERP technique applied to a non-Indo-European lan-
guage, namely Chinese. As ERPs are sensitive to the time
course of sentence processing, this method most directly
shows participants' brain responses to different types of lin-
guistic information at the level of milliseconds. The different
patterns of brain activity that respond to different experimen-
tal manipulations are reflected by different polarities, laten-
cies, amplitudes, and distributions of ERPs.

One typical electrophysiological reflection of semantic pro-
cesses, the so-called N400 is a negative potential that peaks
approximately 400 ms after the target onset with a centro-pari-
etal distribution. It has been foundwith bothvisual presentation
(Kutas and Hillyard, 1980) and auditory presentation (McCallum
et al., 1984) in response to the semantically incongruent words
in sentences. In the latter presentationmode, the distribution of
the N400 is reported to be somewhat more anterior (Holcomb
and Neville, 1991). Since similar N400 effects have been shown
also in the processing of semantically possible, but unexpected
words in sentential context (Van Petten, 1993), it has been sug-
gested that the N400 is related to the semantic integration of a
word into the preceding context (Chwilla et al., 1995).

Furthermore, two types of ERP components have been inter-
preted as associating with two different types of syntactic pro-
cesses: a left-anterior negativity (LAN), which occurs during 100–
500 ms, and a late centro-parietal positivity (P600), which occurs
between 500 and 1000 ms. The LAN taking place in a very early
time window, termed also Early LAN (ELAN), has been observed
in connection with phrase structure and word category viola-
tions (Friederici et al., 1993; Gunter et al., 1999; Hahne, 2001;
Hahne and Friederici, 1999; Hahne and Jescheniak, 2001; Neville
et al., 1991). The LANwith peak latency between 300 and 500ms
has been observed in response tomorphosyntactic violations (in
English: Coulson et al., 1998; in Dutch: Gunter et al., 1997, 2000;
in Italian: De Vincenzi et al., 2003; and in Hebrew: Deutsch and
Bentin, 2001). The P600 was first found in the processing of
“garden-path” sentences (Osterhout and Holcomb, 1993), i.e.,
disprefered but grammatically well-formed constructions. How-
ever, it was also observed as a component following the ELAN or
LAN in sentences with outright syntactic violations, including
phrase structure violations, morphosyntactic violations, num-
ber agreement violations, and gender agreements violations
(Coulson et al., 1998; Friederici et al., 1996; Gunter et al., 1997,
2000; Hagoort et al., 2003).

Hahne and Friederici's (2002) ERP research examined the
temporal relationship of syntactic phrase structure processing
and semantic integration processing in German auditory sen-
tence comprehension. In their Experiment 1, participants
judged the correctness of sentences which were either correct,
semantically incorrect, syntactically incorrect, or both seman-
tically and syntactically incorrect. Passive sentenceswereused
as stimuli so that the violating word was always the sentence
final verb participle. In the semantic condition, the verb could
not be integrated into the preceding sentence context due to a
violation of its selectional requirements (e.g., Der Vulkan
wurde gegessen. [The volcano was eaten.]). In the syntactic
condition, a phrase structure violation was realized by elimi-
nating the noun phrase required by the preceding preposition
(e.g., Das Eis wurde im gegessen. [The ice cream was in-the
eaten.]). In the combined condition, a semantic and a syntactic
violation both occurred with the same critical verb (Das
Turschloß wurde im gegessen. [The door lock was in-the
eaten.]). The result revealed an N400 component elicited by
the semantic violations and an early anterior negativity fol-
lowedby a P600 elicited by the syntactic phrase structure viola-
tions. The combined incorrect condition elicited the same ERP
pattern as the pure syntactic condition. Since there was no
N400 observed for the combined condition, the authors sug-
gested that semantic processes normally reflected by the N400
are influenced by early syntactic processing, and initial phrase
structure building associatedwith the early anterior negativity
occurs independent of semantic information.

However, focusing on ERP components related to semantic
and syntactic processes in Japanese, Takazawa et al. (2002)
found no early negativity in their syntactic violation condition,
although they did not test phrase structure violations as
Hahne and Friederici (2002) did. In their syntactic condition, a
syntactic anomaly was due to an interrogative phrase (i.e., a
wh-phrase) that was followed by a sentence-final confirma-
tivemarker (e.g., doobutsuen-de nani-omi-ta-yo. [sawwhat at
the zoo.]) rather than a sentence-final interrogative marker
(the syntactic correct condition, e.g., doobutsuen-de nani-o
mi-ta-ka. [What did (you) see at the zoo?]). In their semanti-
cally condition, the semantic error was realized by violating
the dependency of selectional restriction between a verb (in
the third phrase) and the arguments (in the second phrase) it
took (e.g., Taro-ga jisho-ni dekake-ta. [Taro set out on a dictio-
nary.]), while in the semantic correct condition, the argument
satisfied the selectional restriction the verb imposed (e.g.,
Taro-ga ryoko-ni dekake-ta. [Taro set out on a journey.]). All
test sentences consisted of three phrases and were presented
visually one phrase after another. The semantic violation eli-
cited an N400 and the syntactic violation elicited a P600 with-
out any preceding early syntactic negativity.

The absence of the early negativity in response to syntactic
violations could have several reasons. It could have been



Table 1 – Experimental conditions and example
sentences with approximate literal translations in
parenthesis (the critical word is in italic)

188 B R A I N R E S E A R C H 1 0 7 1 ( 2 0 0 6 ) 1 8 6 – 1 9 6
caused by the mode of presentation, as presenting the sen-
tences visually phrase-by-phrase could have affected early
automatic processes as reflected by the early anterior nega-
tivity in particular. The absence could also be due to differ-
ences between typologically different languages, or to the
difference in syntactic violation types used to examine the
different languages.

The contrast between the absence of early ERP components
in Japanese as compared to the presence of early ERP compo-
nents in German and other Indo-European languages in re-
sponse to syntactic violations motivated the present study, in
whichwe tested the effects of semantic and syntactic violations
in Mandarin Chinese. The Chinese language has some unique
structural properties which will be briefly presented below.
These allow us to test the ERP effects of semantic and syntactic
violations in particular sentential structures.

First, Mandarin has a formal syntactic structure called the
ba structure that makes it relatively easy to draw a contrast
between syntactic and semantic violations. This is because in
the ba structure, the NP following the particle ba is required to
be definite (e.g., Lü, 1985; Zhang, 1999), and also because only
verbs with specific syntactic and semantic properties are
allowed to appear in the ba structure (e.g., Cui, 1995; Jin, 1997;
Lü, 1985; Wang, 1943). Both of these conditions are easily ma-
nipulated to construct syntactic vs. semantic violations. Sec-
ond, Mandarin generally lacks grammatical inflections that
serve to indicate either word category or those that serve to
mark grammatical relations such as case, gender, number,
person, and so forth. This property allows us to ask the ques-
tion whether an ELAN regarded as reflecting the detection of
word category violation would appear when the parser pro-
cesses Mandarin Chinese, a language that generally does not
use affixation to overtly mark word category, or whether typo-
logically different languages lead to different parsing effects.

The purpose of the present study was to investigate the
time course of semantic and syntactic processes in Chinese
auditory sentence comprehension. To accomplish this, an ERP
experiment was conducted with Chinese stimulus materials
(Table 1) as comparable as possible to those in German study
by Hahne and Friederici (2002). We used the ba structure to
construct sentences ending in a verb plus the completive
aspect marker -le. Schematically, the structure contrasts the
usual SVO order into form S ba OV. That is, a ba sentence has a
subject (NP1), followed by the particle ba and the object (i.e.,
NP2, the NP obligatorily directly following the ba), and finally a
VP consisting of a verb and some X constituent (in our case,
the aspect marker -le) (e.g., Cui, 1995; Jin, 1997; Lü, 1985; Wang,
1943; Zhang, 1999; for reviews, see Liu, 2001).

The sentence verb served as the crucial word on which an
error became overt (see Table 1). In the semantic condition (2),
the verb (e.g. cai) could not be semantically integrated into
the prior sentential context (the first clauses) due to a viola-
tion of its selectional requirement. In the syntactic condition
(3), the ba was immediately followed by a verb, thus inducing
a phrase structure violation given that the following NP object
required by bawas missing. In the combined condition (4), the
semantic and syntactic violations were realized on the same
word. That is, the verb was not only directly following the ba
without the intermediate NP, but also could not be semanti-
cally integrated into the preceding sentential context.
In addition to the semantic rating of semantically incorrect
sentences, two semantic ratings were applied to the material
to ensure that the combined condition was really different
from the syntactic condition, i.e., to ensure that the verb in
the former condition was less likely to be integrated into the
preceding sentential context than the verb in the latter con-
dition. The first semantic rating tested the degree of semantic
acceptability of the verb. The second rating was done to test to
what extent the final NP of the first clause and the verb was
semantically related. For the first semantic rating, we pre-
dicted that the verb in the syntactic condition could be com-
bined with the first clause while the verb in the combined
condition could not. For the second semantic rating, we pre-
dicted that compared with the verb in the combined condition
the verb in the syntactic condition was less likely to correlate
with the final NP of the first clause.

Based on Hahne and Friederici (2002), for the pure syntactic
condition, we expected to find an early anterior negativity
followed by a P600. For the semantic condition, we expected
an N400. There are three possibilities for the combined condi-
tion. (a) If semantic and syntactic processes are totally inde-
pendent and operated in parallel, there may be a summation
of all three ERP components: an early anterior negativity, an
N400 and a P600; (b) if syntactic phrase structure building is
independent of semantic processing but not vice versa, we
might expect a biphasic pattern similar to the syntactic condi-
tion observed in Hahne and Friederici (2002), i.e., an early
anterior negativity followed by a P600; (c) if semantic and
syntactic processes interact in later processing steps, we
might expect the N400 and/or P600 to be affected in someway.
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2. Results

2.1. Behavioral data

Accuracy was high in each condition: 88% in the correct con-
dition (SD = 5.9%), 92% in the semantic condition (SD = 5.8%),
97% in the syntactic condition (SD = 3.9%), and 99% in the
combined condition (SD = 2.0%). Statistical analyses of accu-
racies in the delayed response task revealed significant main
effects of Syntax, F(1,44) = 29.10, MSE = 0.00, P b 0.01, and
Semantics, F(1,44) = 4.88, MSE = 0.00, P b 0.05. However, the
Syntax * Semantics interaction did not reached significance,
F b 1. That is, sentences with semantic or/and syntactic viola-
tions were easier to be correctly judged.

2.2. ERP data

On average, there were 69% (SD = 15%) artifact-free segments
in the correct condition, 70% (SD = 11%) in the semantic con-
dition, 76% (SD = 13%) in the syntactic condition, and 78%
(SD = 14%) in the combined condition.

ERPs for the critical verb in four conditions are displayed in
Fig. 1. Semantic violations elicited an early starting, widely
distributed N400 effect. Syntactic violations elicited an early
anterior negativity merging into a sustained anterior negativ-
ity lasting up to 1000 ms and a broadly distributed negativity
in the classic N400 time window (300–500 ms). The brain
response for combined violations showed an ERP pattern sim-
ilar to that of the syntactic condition between 50 and 250 ms
and also the sustained anterior negativity, but showed a
Fig. 1 – Grand average ERPs for the target verb in the semantic v
combined condition as opposed to the correct condition. Particip
origin of the x-axis corresponds to the onset of the target verb an
somewhat larger negativity in the 250–400 range. Unexpect-
edly, neither the syntactic nor the combined condition
demonstrates reliable positivity in the late time window 500–
1000 ms post-onset. The descriptive observations were sup-
ported by the subsequent analyses.

2.3. Effects of the syntactic violation

The omnibus ANOVA revealed the significant main effect of
Syntax beginning in the 50–100 ms interval, for midline, F
(1,11) = 12.14, MSE = 10.17, P b 0.01, for lateral, F(1,11) = 5.28,
MSE = 64.09, P b 0.05, and ending in the 450–500ms interval, for
midline, F(1,11) = 4.06, MSE = 27.48, P = 0.07, for lateral, F
(1,11) = 7.01, MSE = 145.15, P b 0.05 (for all intervals between
150 and 400ms, Ps b 0.01; for the 400–450 interval, P b 0.05). The
significant main effect of Syntax was obtained in none of the
50 ms-intervals during 500–1000 ms time window. Additional-
ly, therewas significant two-way interaction of Syntax * Region
in the 100–200 ms, for midline, F(2,22) = 16.42, MSE = 0.47,
P b 0.01, for lateral, F(2,22) = 6.82, MSE = 3.55, P b 0.01, and
500–1000 ms range, for midline, F(2,22) = 16.00, MSE = 2.88,
P b 0.01, for lateral, F(2,22) = 21.76, MSE = 14.18, P b 0.01 (for
intervals between 500 and 700 ms, Ps b 0.01; for intervals be-
tween 700 and 1000 ms, Ps b 0.05). From 50 to 500 ms post-
onset, the syntactic negative effect was larger over anterior (for
midline, F(1,11) = 62.51, for lateral, F(1,11) = 67.85) compared to
central (for midline, F(1,11) = 47.21, for lateral, F(1,11) = 55.52)
and posterior sites (for midline, F(1,11) = 41.39, for lateral, F
(1,11) = 42.63). In the 500–1000 ms time range, further analyses
revealed the significantmain effect of Syntax over left anterior,
F(1,11) = 6.74, MSE = 50.11, P b 0.05, and right anterior sites, F
iolation condition, the syntactic condition, and the
ants judged the ba sentences for overall correctness. The
d the negative voltage is plotted upwards.
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(1,11) = 7.01, MSE = 42.37, P b 0.05, which indicated that the
syntactic and the combined conditions were more negative
over lateral anterior sites. However, there was no any reliable
main effect of Syntax over central or posterior sites: for left and
midline central, F b 1, for right central, F(1,11) = 1.50,
MSE = 44.26, P = 0.25, for right and midline posterior, F b 1, for
left posterior, F(1,11) = 1.38, MSE = 32.62, P = 0.27.

In sum, for both the syntactic and the combined condition,
syntactic violations elicited an early negativity which
appeared first in the 50–100 ms interval and merged into an
anterior sustained wave up to 1000 ms and a widely distrib-
uted negativity over central and posterior sites in the classic
N400 time window (300–500 ms). But neither the pure syntac-
tic nor the combined condition was more positive over central
and posterior scalp sites after 500 ms post-onset.

2.4. Effects of the semantic violation

The ANOVA results indicated that the significant main effect of
Semantics occurred as early as in the 150–200 ms interval, for
midline, F(1,11) = 6.52, MSE = 13.79, P b 0.05, for lateral, F
(1,11) = 7.33, MSE = 72.92, P b 0.05, and lasted until the 350–400
ms interval, for midline, F(1,11) = 5.65, MSE = 7.43, P b 0.05, for
lateral, F(1,11) = 6.61, MSE = 31.98, P b 0.05 (for all intervals
between 200 and 350 ms, Ps b 0.01). In addition, there was a
significant interaction of Semantics * Region, for midline, F
(2,22) = 5.59, MSE = 0.65, P b 0.05, for lateral, F(2,22) = 5.20,
MSE = 4.98, P b 0.05. However, neither themain effect of Seman-
tics, formidline, F(1,11) = 2.16, MSE = 20.18, P = 0.17, for lateral, F
(1,11) = 1.83, MSE = 137.73, P = 0.20, nor the interaction of
Semantics * Region, for midline, F b 1, for lateral, F(2,22) = 2.68,
MSE = 10.82, P = 0.11, was significantly observed from 400 to
1000 ms. Furthermore, in the time range of 150–400 ms, the
semantic effects were larger over central sites (for midline, F
(1,11) = 45.83, for lateral, F(1,11) = 53.65) compared to anterior
(for midline, F(1,11) = 36.99, for lateral, F(1,11) = 36.95) and pos-
terior sites (formidline, F(1,11) = 34.56, for lateral, F(1,11) = 32.79).

In summary, in the 150–400 time range, the semantic viola-
tions elicited broadly distributed negativities peaking over anteri-
or and central scalp sites,whichwere consideredas anearlyN400.

2.5. The interaction of syntax and semantics

The significant interaction of Syntax * Semantics was only
obtained between 150 and 250 ms for both midline, F
(1,11) = 18.11, MSE = 6.76, P b 0.01, and lateral electrodes, F
(1,11) = 17.95, MSE = 32.22, P b 0.01. Analyses put on the
syntactic and combined condition revealed neither significant
main effect of Condition (syntactic vs. combined), F b 1, nor
significant interaction of Condition * Region, F b 1, for midline
and lateral electrodes in the same time range. In a later 250–
400 ms time range, even though the negative shift
corresponding to the combined condition was found to be
marginally larger than the pure syntactic negative effect, for
midline, F(1,11) = 4.39, MSE = 9.96, P = 0.06, for lateral F
(1,11) = 3.15, MSE = 47.62, P = 0.10, it was not completely
additive of the pure syntactic and semantic conditions.

In sum, during the time range of 150–400 ms, the brain
potential corresponding to the combined condition was not
the sum of pure syntactic and semantic effect.
3. Discussion

The aim of the present experiment was to examine the tem-
poral coordination of syntactic and semantic processes in au-
ditory Chinese comprehension. Sentences with either a
semantic violation, syntactic violation, or combined semantic
and syntactic violation were auditorily presented and ERPs
elicited by the critical verb in the three types of incorrect sen-
tences were recorded. In the syntactic condition, the phrase
structure violation elicited an early anterior negativitymerging
into a sustained anterior negativity and a broadly distributed
negativity in the N400 time window (300–500 ms), but no P600.
In the semantic condition, we observed an early starting N400
which was significant in the time window 150–400 ms. In the
combined condition, the analyses revealed an ERP pattern
which was similar to that of the syntactic violation, but dem-
onstrated a larger negativity in the 250–400 time window.

3.1. Syntactic processing

The ERPs for the simple syntactic violation condition partly
replicated previous results using similar stimulus materials in
other languages (for English, see Neville et al., 1991; for Ger-
man, see Friederici et al., 1993; Hahne and Friederici, 2002; for
Dutch, see Hagoort et al., 2003). The phrase structure violation
elicited an early anterior negativity starting at about 50 ms,
which was followed by a sustained anterior negativity and a
broadly distributed negativity in the N400 time window.

Early and sustained anterior negativities were observed for
English (Neville et al., 1991), and German (Friederici and Kotz,
2003; Friederici et al., 1993). So, a similar broadly distributed
negativity in the N400 time window was only observed for
syntactic violations when these appeared in clause modifying
the subject (Schirmer et al., 2005). In the present stimulus
material, the subject and the critical verb phrase carrying the
violation are separated by a subject-modifying verb phrase.
Thus, this broadly distributed negativity for syntactic viola-
tionsmay be dependent upon the particular information struc-
ture of the sentence inwhich the syntactic violation is realized.
As an alternative interpretation, the present negativity in the
N400 time window may be due to sentence-final wrap up
processes (for a discussion of this alternative, see below).

Unexpectedly, no significant P600 effect was observed.
Thismay be due to a possible overlap of the largely distributed
later negativity and the P600.

With respect to the lack of early components in syntactic
processing in Japanese, the result may be due to the fact that
the syntactic type in Takazawa et al.'s (2002) experiment includ-
ed neither phrase structure violations nor morphosyntactic vio-
lations, but rather, involved a the violation of the dependency
between an interrogative phrase (their Phrase 1 of each sen-
tence) and the sentence-final marker (always included in Phrase
3). So, these violations of agreement were not equivalent to
phrase structure violations. And so far, only local violations are
known to elicit early syntactic ERP components.

Our results provide cross-linguistic evidence for a similar-
ity in the processing of phrase structure during the initial
processing phase which so far has been mainly reported for
Indo-European languages such as German, English, and
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Dutch. Our results indicate that even though Mandarin Chi-
nese is a language lacking affixation indicating word category,
the parser could clearly processes word category information
in a very short time. Later processing phases appear to be
influenced by the type of syntactic structure the violation is
presented in as evident in the absence/presence of the broadly
distributed negativity and by the modulation of the P600 (for
the latter see also Gunter et al., 2000).

3.2. Semantic processing

Our semantic violations elicited a central N400 already in a
very early time window (150–400 ms) prior to the classical
N400 time window (300–500 ms). Although the onset of the
N400 is generally reported to be earlier in the auditory domain
than in the visual domain (Holcomb et al., 1992), the earliness
of the present effect deserves some discussion. The fact that
our results do not exactly match the timing of the N400
reported by earlier auditory comprehension work using simi-
lar stimulus materials in English (Holcomb and Neville, 1991),
in Dutch (Hagoort et al., 2003), and German (Friederici et al.,
1993), may be partly due to characteristics of the Chinese
language and the stimuli we had used in this study.

It may be that the monosyllabic verbs we chose for the
present study allowed semantic processes to be early, because
it takes less time to process the semantic information
encoded in monosyllabic than that contained in polysyllabic
words. This view is supported by a recent auditory study in
Cantonese in which one-syllable semantically incongruous
words elicited an N400-like effect with amaximum over front-
al sites at 300 ms following word onset (Schirmer et al., 2005).

It is also possible that our early onset of the semantic effect
results from the considerable context dependency inherent in
our materials. As the first clauses of our experimental sen-
tences provided top-down context information, the semantic
expectation of a particular wordmay be formed on the basis of
the preceding context. The incoming phonological informa-
tion may have been matched against the phonological tem-
plate of the expectedword. In such a condition, the recognition
of the incongruent verb may be influenced by the preceding
sentence context (the first clause), that is, the recognition of
the word is faster in context than in isolation. Connolly and
Phillips (1994) reported thatwords deviating from the expected
word in initial phonemes1 elicited an early negativity peaking
between 270 and 300 ms, which was named Phonological Mis-
match Negativity (PMN) and interpreted as reflecting the mis-
match of the initial phonemes of the comingword and these of
the expected word. On the other hand, the earlier N400 may
also reflect the greater context dependency of Chinese as com-
pared with Indo-European languages. Given that a single Chi-
nese syllable usually corresponds to a several homophonic
morphemes, the disambiguation of homophonic morphemes
is facilitated when theymay be ambiguous for listeners unless
Chinese monosyllabic words appear in sentences. Thus, cor-
rect word selection requires context for successful sentential
integration, and this stronger context dependency of Chinese
1 We re-analyzed experimental sentences and found 93.3% (56/
60) semantically incorrect verbs differed from their counterparts
in the correct condition in initial phonemes.
may result in an earlier effect of preceding context on the
processing of the incoming verb (also see Schirmer et al.,
2005). Of course, the early effect we observed could be also
due to a combination of these two reasons. Further experi-
ments are needed to disentangle these possibilities.

The effects in the classical N400 time window were
obtained for the sentence-final verbs regardless of whether
the incorrectness was caused by semantic violations, word
category violations, or crossed semantic–syntactic violations.
This may be a consequence of the preceding processing prob-
lem (no matter whether the problem is semantic or syntactic
in nature) as well as the failure of the overall integration of
sentential information (Hagoort, 2003). Hagoort (2003) tested
ERPs related to the semantic violation, and the number/gen-
der disagreement as well as the combined violation, and
reported a similar widely distributed N400 effect within the
300–500 ms latency range for all three types of violations
when these violations came out in the sentence-final position
rather than the sentence-internal position. Additionally, our
finding also replicated Hagoort's (2003) ERP results that the
increase of the amplitude in the combined condition relative
to the semantic condition was most significant over anterior
scalp sites. These N400-like effects were attributed to the
downstream effect of local violations, or to processing pro-
blems in matching preceding sentential context to sentence-
final words (Hagoort, 2003).

Even though N400-like effects showing up in our results for
all three violation types aremost likely due to sentence “wrap-
up” response effects (Hagoort, 2003), the large number of
homophones in Chinese may be another possible reason why
N400-like effects occurred in both syntactic and combined
condition. One syllable may correspond to several Chinese
morphemes, some of which are nouns. Participants may try
to find grammatically acceptable noun candidateswhich share
the same syllable with the critical verb for the object position,
with the subsequent incongruence eliciting N400-like effects
in both the syntactic and combined condition. With respect to
the anterior distribution of this N400-like effect, it is likely that
the overlap of the early syntactic or/and semantic effect and
the later semantic effect cause the anterior maximum and
contributed to the distribution in all three violated conditions.

3.3. Interplay between semantic and syntactic processing

Different from the results in German (Friederici et al., 2004;
Hahne and Friederici, 2002) in which the combined violation
elicited a biphasic pattern similar to the syntactic violation,
we observed an early anterior negativity merging into a sus-
tained anterior negativity and an N400-like effect, but no pos-
terior P600. The N400-like negative effect elicited by the
combined violation was stronger than either the syntactic
violation or the semantic violation over anterior sites (250–
400 ms). The early anterior negativity, however, did not differ
between the syntactic and the combined condition (150–250
ms). This pattern suggests that in the combined condition
semantic information and syntactic information are pro-
cessed in parallel in an early phase of comprehension, but
interact later in the N400 time window.

The amplitude increase of the combined violation com-
pared with the pure semantic and syntactic violation suggests
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that both semantic and syntactic processing problems induce
integration difficulties in the N400 time window. The absence
of the P600 in the combined condition may be caused by a
component overlap between the posterior positivity and the
broadly distributed negativity in the N400 time window,
which was enlarged by the wrap-up effect (Hagoort, 2003).

The parallel and independent processing pattern of the
early syntactic and semantic processes and the absence of
the P600 in the combined condition were similar to effects
reported by Gunter et al. (1997, 2000). Gunter et al. (1997) ob-
served an N400 and a LAN (between 300 and 500 ms) followed
by a reduced P600 whenmorphosyntactic and semantic viola-
tions were crossed in the combined condition as compared to
themorphosyntactic condition. In a recent study, Gunter et al.
(2000) conducted a reading experiment crossing a gender vio-
lation with the semantic predictability (cloze probability) of
noun targets. A LAN and an N400 were obtained as a result
and these two components did not affect each other. Further-
more, the subsequent P600 was influenced by the syntactic as
well as the semantic variable. In this case, semantic and syn-
tactic processes showed a parallel pattern and the two parallel
processes might influence late integration processes.
4. Conclusion

The present results lead to a conclusion that semantic and syn-
tactic processes appear to be independent in an early time win-
dow and interact in a late processing phase in Chinese
comprehension. Our data demonstrated that both semantic
and syntactic processes start early in Chinese auditory sentence
comprehension but are independent from each other, that se-
mantic integration takes place between 150 and 400ms after the
onset of the sentence-final word, and that syntactic and seman-
tic processes already interact during this time window.

Friederici (1995, 2002) suggested a three-stage processing
model in which the ERP effects are distinguished according to
the time domain in which they become evident: an initial
phase of structure building, an intermediate phase where
semantic and thematic relations are assigned (N400, LAN),
and a final phase during which integration takes place
(P600). The results of the present experiment support the
idea that language processing can be subdivided into different
steps, and that syntactic and semantic processes are parallel
and independent during an initial processing step. However,
we found that in Chinese semantic processes can take place in
an early time window and lead to an interaction of syntax and
semantics during the intermediate phase. This may provide
some substance to the widely-held conjecture that sentence
comprehension in Chinese relies more on contextual seman-
tic processes than Indo-European languages (e.g., Xu, 1997).
5. Experimental procedures

5.1. Participants

14 right-handed undergraduate students of China Agricultural Uni-
versity (9 females, age range 20–24 years, mean 21 years) participated
voluntarily. All of them were native speakers of Mandarin Chinese
and had no known hearing deficit. They were paid for their partici-
pation. ERP data of two participants were excluded from statistical
analyses because of their low rate of artifact-free segments.

5.2. Materials

Sixty different monosyllabic verbs (frequency: mean = 502 per
million, SD = 972 per million) (Institute of Language Teaching
and Research, 1986) were chosen from Dictionary of Verbs in
Contemporary Chinese (Lin et al., 1994) to serve as critical words
in all experimental conditions. For each verb, four different types
of sentences were created according to the schema presented in
Table 1, thus resulting in 240 experimental sentences (see Appen-
dix A for the complete list of stimuli).

As a syllable in Chinese usually corresponds to several homo-
phonic morphemes or words, each of the critical verbs used in the
experiment may have several other homophonic morphemes,
some of which are nouns or adjectives. This may create ambigu-
ities for the critical syllables with respect to the word category.
However, analyses showed that, (a) for all the critical words used
in the experiment, 78% of them shared syllables (with the right
lexical tones) with other verbs and only 35% shared syllables with
nouns and 18% shared syllables with adjectives; (b) one syllable
(with tonal information) corresponds to 1.78 (SD = 0.96) homopho-
nic verbs (frequency: mean = 225 per million, SD = 498 per million),
0.40 (SD = 0.76) homophonic nouns (frequency: mean = 82 per
million, SD = 239 per million), and 0.18 (SD = 0.54) homophonic
adjectives (frequency: mean = 17 per million, SD = 63 per million)
(Institute of Language Teaching and Research, 1986). These anal-
yses indicated that the critical syllables were more likely to be
interpreted as verbs rather than nouns or adjectives. Moreover, at
the position after the object, the syntax in Chinese demands a
verb, which would force the listener to perceive the syllable as
representing a verb.

The experimental sentences were obtained using the follow-
ing constraints. (a) The completive aspect marker -le was suffixed
to each verb. It marks the completion of verbal action while not
affecting the semantic and syntactic violation under investiga-
tion. (b) The subject was always the agent of the verb and the ba
NP was always the patient of the verb. All patients were inani-
mate. (c) Only declarative sentences were used.

Additionally, 120 correct filler sentences (60 ba sentences and
60 SVO sentences) were included to equate the numbers of correct
and incorrect sentences. As a result, the number of sentences in
each condition received by each participant was as follows: 60 in
the correct condition, 60 in the semantic condition, 60 in the
syntactic condition, 60 in the combined condition, and 120 correct
fillers. The average length of correct sentences and semantically
incorrect sentences was 11.25 words (SD = 0.99) while the average
length of syntactically incorrect sentences and combined incor-
rect sentences was 9.25 words (SD = 0.86).

These sentences were presented in a pseudo-randomized
order, which was obtained using the following constraints. (a)
Sentences from the same condition were not presented in more
than 3 consecutive trials. (b) No more than 4 correct or incorrect
sentences were presented in succession. (c) At least 30 trials in-
tervened between repetitions of the same critical verb.

Correct and semantically incorrect sentences were spoken
by a female native speaker of Mandarin Chinese and recorded
on digital audio-tape and sampled at 22.05 kHz with a 16-bit
resolution in mono-channel. As it is possible that having to
pronounce a syntactically ill-formed sentence may lead to
acoustic or prosodic anomalies, syntactically incorrect sen-
tences and combined incorrect sentences were created by
eliminating the direct object respectively from sound files of
correct sentences and those of semantically sentences in order
to prevent a unnatural acoustic transition due to coarticula-
tion differences. In addition, the onset of the critical verb was
marked to obtain a precise time lock between the stimuli and
the recorded ERPs.
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5.3. Semantic ratings

Forty subjects who did not participate in the ERP experiment per-
formed the two semantic ratings discussed above. Half of the sub-
jects filled out the first questionnaire in which the first clauses and
the verbs of syntactically incorrect sentences and the combined
incorrect sentences were printed in written form. Subjects were
instructed to indicate on a seven-point scale how compatible the
verb (the crucial word) waswith the first clause (1 = not compatible;
7 = highly compatible). The compatibility rating revealed that the
syntactic and the combined condition were significantly different
(mean rating: syntactic: 6.17 (SD = 0.58); combined: 2.64 (SD = 0.73); F
(1, 38) = 284.19, P b 0.01), indicating that verbs in the syntactic
condition were compatible with the preceding sentential context
while verbs in the combined condition were not.

Another 20 subjects took part in a second questionnaire in
which the final NPs of the first clauses and the verbs were pre-
sented as a pair in written form. The subjects were asked to what
extent the final NP and the verb are compatible and to answer on
a seven-point scale (1 = not compatible; 7 = highly compatible).
The compatibility rating showed that the syntactic and the com-
bined condition were significantly different (mean rating: syntac-
tic: 4.84 (SD = 0.74); combined: 2.76 (SD = 0.87); F(1,38) = 66.19,
P b 0.01). The results of the two questionnaires demonstrated
that the verb in the combined condition was less likely to be
integrated into preceding sentential context than the verb in the
syntactic condition.

In addition, the mean semantic rating of semantically violated
sentences 2.33 (SD = 1.83) ensures the unacceptability of the se-
mantic condition (mean rating for correct sentences: 6.26
(SD = 0.48); F(1,20) = 474.45, P b 0.01).

5.4. Procedure

Participants sat in a comfortable chair approximately 60–70 cm in
front of a computer screen and listened to spoken sentences pre-
sented binaurally via headphones. A cross appeared on the com-
puter screen 500 ms before the auditory presentation started and
remained until 1500 ms after the end of the sentences. Then, a
response signal “?” appeared on the screen and lasted for 1000 ms.
Participants were instructed to focus on the cross avoiding blinks
and any other body movement. They were provided a keyboard
and asked to judge the overall correctness of sentences by press-
ing key “1” with the index finger and key “2” with the middle
finger of the right hand after the onset of the response signal.
Delayed judgment was used to prevent the ERP to the crucial word
from being affected by motor responses. The next trial started
after an inter-trial interval of 1000 ms. All experimental sentences
were presented in 6 blocks each containing 60 trials.

In the learning phase prior to the experimental blocks, 16
example sentences from the four conditions (four from each
type) were given for practicing. The experiment lasted 2 h in total.

5.5. ERP recording

ERP data were recorded and analyzed by NeuroScan 4.3.1. The EGG
was recorded with 63 electrodes secured in an elastic cap (Electro
cap International) localized in the following position: 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. The
vertical electrooculogram (VEOG) was recorded from electrodes
placed above and below the left eye. The horizontal EOG (HEOG)
was recorded from electrodes placed at the outer cantus of each
eye. The bilateral mastoids served as reference points and the
GND electrode on the cap served as ground. Electrode impedance
was kept below 5 kΩ. The biosignals were amplified with a band
pass from 0.05 Hz to 70 Hz and digitized at 500 Hz.
5.6. Data analysis

5.6.1. Behavioral data
Accuracy was computed as the percentage of correct responses
separately for each condition. A correct response was a judgment
of correct for experimental sentence type (1) and of incorrect for
sentence types (2), (3), and (4).

5.6.2. ERP data
Only trials with correct responses were analyzed. All raw EEGs
were evaluated for EOG or other artifacts and trials contaminated
by artifacts were excluded from the averaging procedure. As the
words immediately before the critical verbs in the correct and
semantic condition (i.e., nouns) were categorically different from
these in the syntactic and combined condition (i.e., always the
function word ba), ERPs were epoch from −1100 ms before the
critical verb to 1000 ms post-onset and put to the −1100 ms pre-
stimulus baseline, which contained the noun and the ba preced-
ing it for correct verbs and semantic violations, or the ba and the
noun before for syntactic and combined violations. Event-related
potentials were computed separately for each participant and
each experimental condition.

Mean amplitudes in 20 consecutive time-intervals of 50 ms
length were calculated for statistical analyses to ensure that no
possible effects may be overlooked. Omnibus ANOVAs were per-
formed on (a) ERP data from the midline electrodes with four
within-subject variables: Syntax (syntactically well-formed vs.
ill-formed), Semantics (semantically well-formed vs. ill-formed),
Region (anterior (Fz, FCz) vs. central (Cz, CPz) vs. posterior (Pz,
POz)), and Electrode (2 levels); (b) ERP data from lateral electrodes
with five within-subject variables: Semantics (semantically well-
formed vs. ill-formed), Region (anterior vs. central vs. posterior),
Hemisphere (left vs. right), and Electrode (8 levels). The variables
Region and Hemisphere were completely crossed yielding six
regions of interest (ROIs) containing four lateral electrodes each:
left anterior (F7, F5, F3, F1, FT7, FC5, FC3, FC1), right anterior (F8,
F6, F4, F2, FT8, FC6, FC4, FC2), left central (T7, C5, C3, C1, TP7, CP5,
CP3, CP1), right central (T8, C6, C4, C2, TP8, CP6, CP4, CP2), left
posterior (P7, P5, P3, P1, PO7, PO5, PO3, O1), and left posterior (P8,
P6, P4, P2, PO8, PO6, PO4, O2). Further comparisons were planed
for each ROI if interactions of Syntax/Semantics and hemisphere
or region reached significance. The Greenhouse–Geisser correc-
tion was applied when evaluating effects with more than one
degree of freedom in the numerator.
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Appendix A

All experimental sentences are listed below. The syntactically
incorrect sentences are created by eliminating the ba NP from
their correct counterparts. The critical verbs are marked with
a slash in each senctence, with the character just before the
slash representing the correct verb and the character just after
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the slash representing the semantically violated one. The
combined incorrect sentences are created by eliminating the
ba NP from their semantically counterparts.
(continued on next page)
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