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An event-related potential (ERP) experiment was conducted to explore the differences
between Chinese-speaking dyslexic children and normal school children in orthographic
and phonological processing during Chinese sentence reading. Participants were visually
presented with sentences, word-by-word and were asked to judge whether the sentences
were semantically acceptable. The crucial manipulation was on the sentence-final two-
character compound words, which were either correct or incorrect. For the incorrect
compounds, the second characters of the base words were replaced by homophonic or
orthographically similar characters. It was found that, for the normal controls, the
orthographic and phonological mismatches elicited more negative ERP responses, relative
to the baseline, over a relatively long time course (including the time windows for P200 and
N400) at the central–posterior scalp regions. In contrast, the dyslexic children in general
showed no differences between experimental conditions for P200 and N400, although the
more detailed time course analyses did reveal some weak effects for the N400 component
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Breznitz, 2005b; Molfese et al., 2006; Schulte-Körne et al., 2004;
Taylor and Keenan, 1990, 1999; Wimmer et al., 2002). With some
exceptions (see below), few studies have investigated whether
dyslexic children have deficits in processing various kinds of
linguistic information of the upcoming word and integrating
them into prior sentential context and how these deficits would
manifest in the event-related brain potentials. The main
purpose of this ERP research is to examine the neural makers
of orthographic and phonological processing deficits in reading
Chinese sentences. Before we make an introduction to the
Chinese writing system and the experimental design of this
study, we first present a brief review of the earlier studies on



orthographic skills and in rapid naming. At the neurophysiolog-
ical level, Meng et al. (2005) showed that Chinese dysle-
xic children have smaller mismatch negativities (MMNs)
than normal controls to auditory stimuli deviating in initial
consonants or vowels from the standard syllables and to stimuli
deviating in temporal information.

In order to investigate the neurophysiological markers of
the potential deficits in processing orthographic and phono-
logical information in sentence reading, we recorded ERPs
when Chinese-speaking dyslexic children and the matched
normal controls were presented, word-by-word, with sen-
tences that ended with the critical two-character compound
words. The crucial manipulation was on the second characters
of these compounds (see Table 1), such that the correct
characters were replaced by characters which were ortho-
graphically similar to, but phonologically different from the
base characters (in the orthographic condition), or by char-
acters which were homophonic to, but orthographically
different from the base characters (in the homophonic
condition). This manipulation resulted in sentences ending
with compound nonwords. Although the incorrect input
characters by themselves would be able to access the
corresponding morphemic representations in the lexicon
(Zhou and Marslen-Wilson, 2000a; Zhou et al., 1999), the
combinations of the first, correct characters and the second,
incorrect characters in the homophonic and orthographic
conditions could not activate strongly the semantic represen-
tations of the base words in the lexicon and this would result in
difficulties in integrating the current input with the prior
sentential context. Moreover, because the base words, the
morphemes corresponding to the input characters and the
morphemes corresponding to the replaced critical characters
in the base words were all nouns (see the Method section), the
morphological processes involved in processing the com-
pound nonwords in the homophonic and orthographic condi-
tions should be similar and any differential ERP effects
between the conditions could only be attributed to the impact
of orthographic and phonological mismatches between the
input characters and the base words upon semantic processes.
Given the previous studies concerning the processing of
semantically incongruent words in Western languages or
scripts for dyslexics or language-impaired individuals (e.g.,
Helenius et al., 1999; Neville et al., 1993; Robichon et al., 2002;
Sabisch et al., 2006) and given the findings in Liu et al. (2003)
and Valdes-Sosa et al. (1993) for Chinese orthographic and
phonological processing in individually presented words, we
predicted that, for both the dyslexic and the normal partici-
pants, the N400 component for the critical stimuli should be
more negative-going for the orthographic and homophonic
conditions than for the baseline condition. Importantly,
depending on whether the orthographic or phonological
information is used predominantly to constrain access to
lexical semantics (Zhou and Marslen-Wilson, 1999, 2000b), the
orthographic or phonological mismatch between the input
words and the base words could elicit differential N400 effects
between the experimental conditions for the two groups of
participants. There could also be differences in the P200
component between the conditions and between the partici-
pant groups.
2. Results

2.1. Behavioral data

For reaction times (RTs) and error rates (see Table 2) in the
semantic acceptability judgment task, 2 (dyslexic vs. nor-
mal)×3 (orthographic vs. homophonic vs. baseline) ANOVAs
were conducted. For RTs, the main effect of participant group
was significant,



Fig. 1 – Grand average ERPs for the two participant groups at 15 exemplar electrodes. The solid line represents the orthographic
condition, the grey line for the homophonic condition and the broken line for the baseline condition.
the dyslexic children had higher error rates than the normal
controls in the orthographic (pb0.01) and the homophonic
( pb0.01) conditions, but not in the baseline condition.
Moreover, while the error rates did not differ between the
three experimental conditions for the normal controls
(pN0.1), the error rates in the orthographic and homophonic
conditions were significantly higher than in the baseline
condition (pb0.05) for the dyslexic children. These findings





baseline condition (−0.39 μV). The main effect of anterior/
posterior location was significant, F







homophonic condition, which had the orthographic mismatch.
This dissociation suggests that, comparatively, the dyslexic
children had less severe deficits in phonological processing than
in orthographic processing. Moreover, in a later time window of
531–676 ms, the homophonic condition was actually less
negative-going than the orthographic condition for the dyslexic
children, suggesting that the phonological information
concerning the base characters provided by the input characters
in the homophonic condition helped the dyslexic children to
access the semantics of the base words and hence to reduce the
magnitude of the negativity in the later time window.

The present findings of weak negative effects (e.g., N400) for
the homophonic and orthographic conditions for the dyslexic
group than for the control group appear to be inconsistent with
previous studies on dyslexics in alphabetic scripts. Using rhyme
judgment tasks, a number of studies (e.g., Ackerman et al., 1994;
Lovrich et al., 1997; McPherson et al., 1996, 1998) observed
stronger N400 components for the dyslexics than for the controls
(but see Lovrich et al., 2003). However, the apparent inconsis-
tency was likely to be caused by the experimental tasks which
tap into different levels of lexical processing. On the other hand,
in sentence comprehension, Robichon et al. (2002) found that
the semantically incongruent words elicited larger N400 com-
ponents and a larger N400 effect for dyslexics than for the
controls (also Neville et al., 1993 for language-impaired children;
but see Helenius et al., 1999), suggesting that dyslexic readers
have difficulties in integrating word meaning into sentence



t-tests to examine the possible gender differences in Raven,
reading fluency and vocabulary tests and found no differences
between the dyslexic girls and the dyslexic boys (pN0.1) or
between the normal control girls and the control boys (pN0.1).

4.2. Stimuli

4.2.1. Stimuli and design
The experiment had three conditions: the orthographic



canthi. The linked bilateral mastoids served as reference points
and the AFz electrode on the cap served as ground. Electrode
impedance was kept below 5 kΩ. The EEG was amplified (band
pass 0.05–
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