
Researchstructurec,�CenterPeking U
A R T I C L E I N F O
ReportMultiple constraints: ERP evidence from Germafor Brain and Cognitive Sciniversity, Beijing 100871, Ch
A B S T R A C T
Article history:
Accepted 27 June 2011
Available online 4 July 2011
A recent ERP study on Chinese demonstrated dissociable neural responses to semantic
integration processes at different levels of syntactic hierarchy (Zhou et al., 2010). However, it
is unclear whether such findings are restricted to a non-case marked language that relies
heavily on word order and semantic information for the construction of sentence
representation. This study aimed to further investigate, in a case-marked language, how
on semantic intenYang Zhangaaences and Depaina
 gration in a hierarchicalba,rtment of Psychology, Peking University, Beijing 100871, ChinabInstitute for Behavioral Sciences Research on Learning and Instruction, ETH Zurich, Zurich 8092, SwitzerlandcKey Laboratory of Machine Perception and Key Laboratory of Computational Linguistics, Ministry of Education,

http://dx.doi.org/10.1016/j.brainres.2011.06.061
mailto:xz104@pku.edu.cn
http://dx.doi.org/10.1016/j.brainres.2011.06.061


combining the meanings of sentence constituents in local,
lower-level hierarchy (e.g., das dünne Papier) and by combining
the meanings of sentence constituents in a higher level of
hierarchy (e.g., schneidet das Papier).

As shown in Fig. 1





represented correctly for obtaining the whole meaning of the
utterance (Hagoort, 2003; Molinaro et al., 2008).

Based on previous studies involving the local semantic
violation (Friederici and Frisch, 2000; Hagoort, 2003; Hahne
and Friederici, 2002; Jiang et al., 2009; Li et al., 2006; Martín-
Loeches et al., 2006; Zhou et al., 2010), we predicted a N400
effect on the object noun for the local, adjective–noun
mismatch, as compared with the baseline condition. We also
predicted an N400 effect plus a late positivity on the noun for
the higher-level, verb–noun mismatch condition based on
Zhou et al. (2010) and studies on German which manipulated
compatibility between verb and noun separated by a prepo-
sitional phrase structure (Gunter et al., 1997) or between verb
and noun within a object complement clauses (Friederici and
Frisch, 2000).

Crucially, we predicted an N400 effect plus a late positivity
on the noun for the condition with combined violations
involving both adjective–noun mismatch and verb–noun
mismatch. According to Hald et al. (2007) and Zhou et al.
(2010), we expected the combined violations to engender an
equally large or larger N400 effect as compared with adjective–
noun mismatch or verb–noun mismatch. If semantic process-
es at different levels of syntactic hierarchy interact or act in
concert, the N400 effect for the combined condition would be
smaller or larger than the sum of the two single mismatches.
Moreover, according to Zhou et al. (2010), we expected a larger
late positivity for the combined violations than for the verb–
noun mismatch condition. This result could indicate that the
semantic integration process at the higher level (i.e., between





verb–noun congruency and topographic variables, F(2, 34)<1,
suggesting that this positivity effect was broadly distributed.

There was no significant interaction between lower-level
adjective–noun congruency and higher-level verb–noun con-
gruency in this window either, F(1, 17)<1, suggesting that two
congruency effects were additive in the double mismatch
condition. It appeared also on Fig. 2 that the onset of the late
positivity effect for the double mismatch condition was about
50 ms earlier and was larger in magnitude than the effect for
either of the two single mismatch conditions. Moreover, it
appeared that the late positivity effect lasted longer for the
adjective–noun mismatch and double mismatch than for the
verb–noun mismatch. However, given that words after the
critical object-noun were not matched across conditions, we
did not carry out further analysis.
3. Discussion

The main purpose of this study was to investigate neural
responses to multiple constraints in semantic integration
processes at different levels of a hierarchical structure during
German sentence comprehension. In sentences with the
structure “subject noun+verb+article/determiner+adjective
+object noun+prepositional phrase”, the object noun was
constrained simultaneously by adjective at the lower level or
by verb at the higher level. The semantic congruency between
adjective and object noun and between verb and object noun
were manipulated. Results demonstrated that, as compared
with the baseline condition, all mismatch conditions elicited
an N400 effect followed by a late positivity effect. The N400
effect for the double mismatch condition was larger than the
effect for either the adjective–noun or the verb–noun mis-
match condition but was smaller than the sum of the effects
for two single mismatch conditions. The late positivity effect
was also larger in the double mismatch than in either of the
single mismatch conditions. These findings, partially repli-
cating the previous study on Chinese (Zhou et al., 2010), may
be taken as evidence for a general mechanism for semantic
integration of target words constrained simultaneously by
sentence constituents at different levels of syntactic hierar-
chy. In the following paragraphs, we will focus on two issues:
1) the N400 effect and semantic integration at different
hierarchical levels; and 2) the late positivity effect and the
coordination process across syntactic levels.

3.1. The N400 effect and semantic integration at different
hierarchical levels

Consistent with the previous finding of an N400 effect for the
violation of a lower-level constraint between adjective and the
object noun (Hagoort, 2003; Martín-Loeches et al., 2006), a
significant N400 was found in the comparison between the
adjective–noun mismatch and the baseline conditions. Al-
though previousstudies (e.g. Filik and Leuthold, 2008;Nieuwland
and Van Berkum, 2006) on semantic constraints at different
representation levels demonstrated that the N400 effect for the
local semantic incongruence could disappear when the dis-
course (global) context is strongly supportive, this study, by
manipulating semantic constraints at different levels of syntac-
tic hierarchy, demonstrated that semantic mismatch at the
lower level still elicited an N400 effect even when the verb and
the object noun at the higher level was congruent, replicating
our previous study on Chinese (Zhou et al., 2010) where the lower
level incongruence between classifier and noun led to a N400
effect irrespective of the congruency at the higher level.
Similarly, consistent with our previous study (Zhou et al.,
2010), the incongruence between verb and noun at the higher
level also engendered an N400 effect, despite the fact that the
object noun was embedded in a local, coherent phrase. This
finding suggests that the effect of semantic mismatch at either
level cannot be overridden by the process at the other level. In
other words, the disruption of one semantic process at a level of
syntactic hierarchy cannot block completely the process at
another level. Importantly, the N400 effect (and sentence
acceptability rating) showed a statistical interaction between
the adjective–noun congruency at the lower level and the verb–



word as a potential continuation of the sentence fragment) than
on the expected ones. However, results were less consistent for
semantically associated individual words. A group of works
revealed reduced N400 for lexical associates embedded in
sentence-like but meaningless word strings (After fixing the
movie she found they should have killed left instead of right at the pot.
Schwartz, et al., 2003; Van Petten, 1993; Van Petten, et al., 1997),
but such a reduction in N400 could be absent when the lexical



et al., 2007). Three accounts have been offered to explain the
semantic P600. The first account argued that the semantic P600
reflected continued processing after detecting a conflict be-
tween competing semantic representations derived from the
rule-based and the heuristics-based (or thematic-based) ana-
lyses (see Kuperberg, 2007



are other types of semantic processes that may have different
neuro-cognitive mechanisms (e.g., the semantic composition-
al operations; Pylkkänen et al., 2004; 2009). Further studies are
needed to investigate how other types of semantic process
would manifest in multiple constraints during sentence
comprehension.
4. Conclusion

By using German sentences with a hierarchical structure
“subject noun + verb + article/determiner+ adjective + object
noun+prepositional phrase” and by recording ERP responses
to the object noun which matched or mismatched the
preceding adjective and/or the verb, a biphasic pattern of an
N400 effect followed by a late positivity effect was observed for
sentences with either lower- or higher-level mismatch or with
double mismatches compared with correct sentences. Both
the N400 effect and the late positivity effect were larger for the
double mismatch condition than for either of the single
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