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a b s t r a c t

Studies of alphabetic language have shown that orthographic knowledge influences phonological pro-
cessing during spoken word recognition. This study utilized the Event-Related Potentials (ERPs) to differ-
entiate two types of phonology-to-orthography (P-to-O) mapping consistencies in Chinese, namely
homophone density and orthographic consistency. The ERP data revealed an orthographic consistency
effect in the frontal-centrally distributed N400, and a homophone density effect in central-posteriorly
distributed late positive component (LPC). Further source analyses using the standardized low-
resolution electromagnetic tomography (sLORETA) demonstrated that the orthographic effect was not
only localized in the frontal and temporal-parietal regions for phonological processing, but also in the
posterior visual cortex for orthographic processing, while the homophone density effect was found in
middle temporal gyrus for lexical-semantic selection, and in the temporal-occipital junction for ortho-
graphic processing. These results suggest that orthographic information not only shapes the nature of
phonological representations, but may also be activated during on-line spoken word recognition.

� 2016 Elsevier Inc. All rights reserved.

1. Introduction

The abilities to speak and read are two important evolutionary
endowments of human beings. Compared to reading acquisition,
speech has primacy both in the history of humankind and in an
individual’s lifetime, and can be acquired without explicit instruc-
tion. Acquiring spoken language primarily involves mastering the
linkage between phonology and semantics, while learning to read
aims to develop efficient mapping of visual symbols (orthography)
onto phonological and semantic representations. However,
phonology plays a critical role in visual word recognition. For
example, heterographic homophones are generally harder to rec-
ognize than non-homophonic words (Ferrand & Grainger, 2003;
Pexman, Lupker, & Jared, 2001; Xu, Pollatsek, & Potter, 1999) and
are more prone to semantic confusion (Tan & Perfetti, 1997; Van
Orden, 1987). These homophone disadvantages support the com-
petition driven by mandatory phonological processing during
visual word recognition.

Since phonology mediates the establishment of mapping
orthography and semantics during literacy acquisition, the auto-
matic phonological activation during visual word recognition is
expected. However, it seems absurd to ask whether orthographic
word forms would be activated while listening to a spoken word,
since there is no obvious benefit in activating orthography at that
moment. Nevertheless, an increasing number of studies show that
knowledge of orthography influences spoken word recognition. For
example, Seidenberg and Tanenhaus (1979) showed that when
determining whether two spoken words share the same rhyme,
the rhymes with identical spelling (e.g., PIE-TIE) were easier to
match than the rhymes with different spelling (e.g., RYE-TIE). Sim-
ilarly, priming effects across two auditory words were only found
to be robust when the phonological overlap also involved an ortho-
graphic overlap (Slowiaczek, Soltano, Wieting, & Bishop, 2003).
However, the strongest evidence for orthography influencing spo-
ken word recognition comes from studies involving the manipula-
tion of the orthographic consistency of spoken words, which is
defined as the degree of mapping consistency from phonology to
orthography (P to O). For example, in English, orthographic consis-
tency can be measured by whether a spoken word contains a
rhyme that can be spelled in multiple ways (i.e., /ʌk/ is consistent
in that it is always spelled -UCK, while /ip/ is inconsistent since
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it could be spelled either -EEP or -EAP). The orthographic
consistency effect during spoken word recognition has been found
in different languages, including Portuguese (Ventura, Kolinsky,
Pattamadilok, & Morais, 2008; Ventura, Morais, Pattamadilok, &
Kolinsky, 2004), French (Pattamadilok, Morais, Ventura, &
Kolinsky, 2007; Ziegler, Petrova, & Ferrand, 2008), Thai
(Pattamadilok, Kolinsky, Luksaneeyanawin, & Morais, 2008), and
English (Chereau, Gaskell, & Dumay, 2007; Miller & Swick, 2003;
Taft, Castles, Davis, Lazendic, & Nguyen-Hoan, 2008). Collectively,
these studies report that auditory lexical decisions toward incon-
sistent orthographic words (whose rhyme could be spelled in mul-
tiple ways) were slower than decisions toward orthographically
consistent words (whose rhyme could be spelled only one way),
and therefore support the concept that orthographic information
influences on-line spoken word recognition. However, there are
ongoing debates regarding when the orthographic consistency
occurs within the time course of spoken word recognition, and
how the orthographic information affects spoken word recognition.

Recent studies have utilized event-related potential (ERP) tech-
niques, which measure the brain’s responses on a millisecond scale
and provide a set of ERP components that index various stages of
the cognitive process, to track the time course of the orthographic
consistency effect in a variety of tasks (lexical decision, semantic
categorization, rhyming judgment, etc.) (Pattamadilok, Perre,
Dufau, & Ziegler, 2009; Pattamadilok, Perre, & Ziegler, 2011;
Perre, Bertrand, & Ziegler, 2011; Perre, Pattamadilok, Montant, &
Ziegler, 2009; Perre & Ziegler, 2008). The most important issue
for these studies was to determine if the orthographic effect would
be found before, or at, the N400, an ERP component associated
with on-line lexical retrieval, or if the effect would be found at
the late positive component (LPC), which is sensitive to deliberate
memory retrieval and decision accuracy in the post-lexical stage
(Allan & Rugg, 1997; Paller & Kutas, 1992). For example, Perre
and Ziegler (2008) manipulated orthographic consistency in early
(the first syllable) or late (the second syllable) positions of the spo-
ken words in an auditory lexical decision task. They found that
inconsistent words elicited increased negativity than the consis-
tent words did in the 300–350 ms and 400–450 ms bins, at
central-posterior sites. Critically, the ERP differences between con-
sistent and inconsistent words were found long before the end of
the word and were time-locked to the ‘‘arrival” of the orthographic
inconsistency in the spoken word. Pattamadilok et al. (2009) also
demonstrated the same pattern of orthographic consistency effects
that were time locked to the position of orthographic inconsistency
(early consistency effect in 300–350 ms, and late consistency effect
in 400–425 ms and 450–700 ms) by using the semantic go/no go
task. These effects occurred before the onset of frequency and
the go/no-go effects, which have been used to index the moment
of lexical access and decision-making, respectively. Even so, the
orthographic consistency effects were found in frontal to central
sites, rather than central to posterior sites. Pattamadilok et al.
(2011) examined the orthographic consistency effect and fre-
quency effect with a rhyming judgment task. However, they could
not replicate the orthographic consistency effect in the same time
window of 300–350 ms, but rather found this effect in the 175–
250 ms time window, along with an effect in the 375–750 ms time
window in the frontal to central sites. Moreover, the consistent
words elicited increased negativities in the late and long lasting
later time window than did the inconsistent words, and the pattern
was opposite to that demonstrated by previous studies
(Pattamadilok et al., 2009; Perre & Ziegler, 2008; Perre et al.,
2009). Across these studies, although there are still some contro-
versies regarding the pattern and precise time windows of the
orthographic consistency effect, in general these findings support
that orthographic information is computed on-line, rather than

occurs post-lexically and/or at decisional stage during spoken
word recognition.

Another ongoing debate concerns how the orthographic consis-
tency effect emerges during literacy. Two explanations have been
proposed to explain the orthographic consistency effect in spoken
word recognition; one is the phonological restructuring account,
and the other is the on-line activation account (Perre et al.,
2009). The phonological restructuring account claims that learning
to read alters preexisting phonological representations, and that
orthographic consistency plays a major role during the restructur-
ing processes (Muneaux & Ziegler, 2004; Ziegler & Goswami, 2005).
To be more specific, the orthographically consistent words develop
finer phonological representations than do the orthographically
inconsistent words. Therefore, it predicts that the orthographic
consistency effect, that reflects the differences in the quality of
phonological representation, will be found in brain regions that
are responsible for phonological processing, such as the left inferior
frontal gyrus (IFG), insula, left superior temporal gyrus (STG), or
left supramarginal gyrus (SMG). Alternatively, the on-line activa-
tion account assumes that the orthographic information will be
activated on-line while processing the spoken words, due to the
strong and permanent associations between orthography and
phonology that develop through the processes of learning to read.
Therefore, the orthographic consistency effect should be found in
brain regions responsible for visual-orthographic processing, such
as the left ventral occipitotemporal cortex (vOTC) and visual word
form area (McCandliss, Cohen, & Dehaene, 2003), in addition to the
phonological regions.

Perre et al. (2009) applied the standardized low resolution elec-
tromagnetic tomography (sLORETA) to determine the cortical gen-
erators underlying the orthographic consistency effect in spoken
word recognition. They found that the orthographic consistency
effect was localized in a classic phonological area, left BA40, but
not in the posterior cortical areas for coding orthographic informa-
tion. Pattamadilok, Knierim, Kawabata Duncan, and Devlin (2010)
applied repetitive TMS over the left SMG and vOTC while partici-
pants performed an auditory lexical decision task in which the
orthographic consistency of the spoken words was manipulated.
The orthographic consistency effect disappeared only when the
stimulation was delivered to the SMG, but not to the vOTC. This
evidence supports the phonological restructuring hypothesis,
rather than the co-activation of orthographic codes. However,
other fMRI studies have found activation in the fusiform gyrus dur-
ing rhyming judgments for auditory words (Booth, Cho, Burman, &
Bitan, 2007; Booth et al., 2002; Cao et al., 2010; Cao et al., 2011).
Yoncheva, Zevin, Maurer, and McCandliss (2010) found that selec-
tively attending to speech, relative to selectively attending to mel-
ody, leads to increased activity in left inferior frontal regions,
specifically the left mid-fusiform gyrus near the visual word form
area (VWFA) and temporal areas. These findings serve as strong
support for the co-activation of orthographic information during
auditory lexical processing.

Chinese orthography is often described as a logographic writing
system. The basic written unit of Chinese is the character, which
consists of strokes or radicals that fit into a square-shaped space.
Chinese characters represent monosyllabic (and usually monomor-
phemic) forms, with the majority consisting of a consonant-vowel
(CV) structure. Given the relatively simple syllable structure, most
Chinese syllables may represent more than one morpheme, and so
are mapped onto more than one orthographic form (characters).
The pervasive homophony of Chinese implies that the orthographic
form is particularly important for selecting the meaning and escap-
ing homophony in Chinese. Thus, we may expect a greater impact
from orthography during spoken word recognition in Chinese than
in alphabetic writing systems.
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