
•fnhum-07-00753Ž „ 2013/11/21 „ 11:48 „ page 1 „ #1

ORIGINAL RESEARCH ARTICLE
published: 21 November 2013

doi: 10.3389/fnhum.2013.00753

fMRI evidence for the interaction between orthography and
phonology in reading Chinese compound words
Jiayu Zhan 1,2 , HongboYu 1,2 and Xiaolin Zhou 1,2,3,4,5 *
1 Department of Psychology, Peking University, Beijing, China
2 Center for Brain and Cognitive Sciences, Peking University, Beijing, China
3 Key Laboratory of Machine Perception (Ministry of Education), Peking University, Beijing, China
4 Key Laboratory of Computational Linguistics (Ministry of Education), Peking University, Beijing, China
5 PKU-IDG/McGovern Institute for Brain Research, Peking University, Beijing, China

Edited by:
Gui Xue, Beijing Normal University,
China

Reviewed by:
Suiping Wang, South China Normal
University, China
Leilei Mei, University of California
Irvine, USA

*Correspondence:
Xiaolin Zhou, Department of
Psychology, Peking University, 5
Yiheyuan Road, Beijing 100871, China
e-mail: xz104@pku.edu.cn

Compound words make up a major part of modern Chinese vocabulary. Behavioral studies
have demonstrated that access to lexical semantics of compound words is driven by
the interaction between orthographic and phonological information. H owever, little is
known about the neural underpinnings of compound word processing. In this functional
magnetic resonance imaging study, we asked participants to perform lexical decisions to
pseudohomophones, which were constructed by replacing one or both constituents of two-
character compound words with orthographically dissimilar homophonic characters. Mixed
pseudohomophones, which shared the “rst constituent with the base words, were more
dif“cult to reject than non-pseudohomophone non-words.This effect was accompanied by
the increased activation of bilateral inferior frontal gyrus (IFG), left inferior parietal lobule
(IPL), and left angular gyrus. The pure pseudohomophones, which shared no constituent
with their base words, were rejected as quickly as non-word controls and did not elicit any
signi“cant neural activation. The effective connectivity of a phonological pathway from
left IPL to left IFG was enhanced for the mixed pseudohomophones but not for pure
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information, such as orthography, phonology, and semantics,
converge and interact.Zhou et al. (1999)suggested that, in the
real-time processing of a Chinese compound word, both semantic
representation of the whole word and the semantic represen-
tations of its constituent morphemes are activated in parallel,
and that the semantic activation of constituent morphemes can
be consistent or in con”ict with the activation of the whole
word. It is plausible that the activation of the left angular gyrus
for mixed pseudohomophones may re”ect this parallel activa-
tion and integration. Further studies are needed to investigate
systematically the neural basis ofcompetition and collabora-
tion between semantic activation of whole words and constituent
morphemes.

Direct contrast between the pseudohomophone effects for the
mixed and pure pseudohomophones (i.e., the interaction analy-
sis) did not show any activation of language-related areas such
as the left IPL, IFG, and angular gyrus, although the interac-
tion wasfound in the ROI analysis for these regions. Instead,
the whole-brain interaction analysis showed the activation of
the anterior cingulate cortex and medial orbitofrontal gyrus.
These regions have long been associated with con”ict detec-
tion and cognitive control (van Veen et al., 2001; Milham et al.,
2003; Stephan et al., 2003; Ye and Zhou, 2009). It is possible
that a more effortful control process is needed when making
•noŽ responses to mixed pseud
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