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Recent electrophysiological studies have investigated the time course of semantic, syntactic,
and phonological encoding in European language spoken production, such as English or
Dutch. The present study investigated the time course of tonal and orthographic encoding
during Chinese word production. Participants were shown pictures and carried out a dual-
choiceGo/noGodecision based on tonal information (whether a picturenamewas tone 1 or 2,
or tone 3 or 4) or orthographic information (whether or not the picture namewaswrittenwith
a left–right structure character). Analyses of N200 effects and LRPs (lateralized readiness
potentials) indicated that tonal informationwas retrieved prior to orthographic information.
These results imply that orthographic codes are unlikely to contribute to phonological
encoding in spoken word production. Furthermore, a late effect for the N200 in the Go/
noGo=tone condition was observed, which may be related to internal self-monitoring of
suprasegmental information.
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1. Introduction

A central issue in language production concerns the time
course of semantic, syntactic, and phonological information.
Tomaintain fluency in speaking, the retrieval of thesedifferent
types of information has to be orchestrated with millisecond
precision. Behavioral data suggest that a word's conceptual/
semantic and syntactic properties are retrieved before its
phonological form is available (e.g., Dell andO'Seaghdha, 1991,
1992; Levelt et al., 1991; Peterson and Savoy, 1998; Schriefers
et al., 1990). Electrophysiological studies on language produc-
tion in European languages using the lateralized readiness
potential (LRP) and the N200 have provided converging evi-
ogy, Chinese Academy o
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dence supporting this information retrieval sequence (Rodri-
guez-Fornells et al., 2002; Schmitt et al., 2000, 2001; van
Turennout et al., 1997, 1998). In the current study, we in-
vestigated spoken production in Chinese speakers and specif-
ically aimed to track the time course of two aspects related to
phonological encoding in speaking, namely access to (i) tonal
information and (ii) orthographic representations.

Much recent research has been devoted to elucidating the
characteristics of phonological encoding in spoken produc-
tion. A central issue concerns how information about phono-
logical segments and their respective order is combined with
suprasegmental codes, such as stress. Based on amultitude of
empirical sources of evidence, Levelt et al. (1999) proposed a
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fine-grained model of phonological encoding, termed WEAV-
ER (word form encoding by activation and verification). The
WEAVER model, in agreement with behavioral (Meyer, 1990,
1991;Wheeldon and Levelt, 1995;Wheeldon andMorgan, 2002)
and electrophysiological data (van Turennout et al., 1997),
assumes that segmental encoding proceeds in an incremental
fashion from the beginning of a word to its end. Furthermore,
according to WEAVER, segmental encoding (the retrieval of a
word's phonological segments and their respective order) and
metrical encoding (access to a word's metrical frame, i.e., at
least the number of syllables and the location of lexical stress)
occur in parallel. Relatively few studies have been devoted to
the investigation ofmetrical encoding in language production.
Only two studies have investigated metrical stress encoding
in internally generated speech; both behavioral data (Schiller
et al., 2006) and ERP data (Schiller, 2006) indicate that par-
ticipants are able to carry out a lexical stress decision on object
names significantly faster when the picture name is stressed
on the initial, than on the final, syllable. These two studies
suggest that metrical encoding, much like segmental encod-
ing, is an incremental process.

1.1. Tonal information in Chinese spoken production

In stress languages such as English and Dutch, stress position
of a word is fixed, and hence stress is typically not lexically
distinctive. For example, “cognition” is stressed at the second
syllable. No other word exists in English which has the same
segments and order, but is stressed at the first or the last
syllable. By contrast, in tonal languages such as Mandarin
Chinese, it is tone which is lexically distinctive (Chen et al.,
2002): a large number of monosyllabic words exist with the
same segments but different tones. For example, hu3 (rise
falling tone, “tiger”) and hu2 (low rising one, “lake”) represent
two different words with distinct meaning in Chinese. There-
fore tone is extremely important for distinguishing word
meaning. Both tone and stress are considered suprasegmen-
tal types of representations. Chen et al.'s (2002) study sug-
gests that tone in Chinese functions much like stress in
English during speech production. Hence, if one wants to
express oneself fluently in Chinese, retrieval of tone infor-
mation is centrally important in speaking. Yet, despite its
importance, only very few studies have investigated the role
of tonal codes in Chinese spoken production. This makes an
investigation into the temporal aspects of access to tonal
information in spoken word production imperative. Indefrey
and Levelt (2004) estimated a critical time window of between
275- and 400-ms post stimulus onset for access to segmental
information; assuming that segmental and suprasegmental
properties of words are accessed in parallel, we predict in-
formation about tone to be available roughly in the same time
window.

1.2. Orthographic effects in spoken production

The spoken production of a word involves the retrieval of
phonological representations. A few behavioral studies have
recently explored the possibility that literate speakers may
also mandatorily co-activate a different representational for-
mat, namely orthographic information. This claim is some-
what counterintuitive as spelling codes would prima facia
appear irrelevant for phonological encoding. It is motivated by
the observation that in language comprehension, rather than
production, there is substantial and growing evidence for the
co-activation of orthographic codes (e.g., Chéreau et al., 2007;
Dijkstra et al., 1995; Donnenwerth-Nolan et al., 1981; Hallé
et al., 2000; Jakimik et al., 1985; Muneaux and Ziegler, 2004;
Racine and Grosjean, 2005; Seidenberg and Tanenhaus, 1979;
Taft and Hambly, 1985; Ventura et al., 2004; Ziegler and
Ferrand, 1998; Ziegler et al., 2004). These findings suggest a
high degree of interconnectedness of linguistic codes in dif-
ferent formats in the mental lexicon, with access to phonolog-
ical representations entailingparallel access to theorthographic
format.

If so, then it is not implausible that a similar process
should take place in spoken production as well. At present,
empirical evidence that would speak to the issue of co-acti-
vation between phonological and orthographic codes in this
domain is limited. Gaskell et al. (2003) studied the fact that the
definite article “the” is typically pronounced as “thee” when
occurring before a noun starting with a vowel, and as “thuh”
otherwise. Participants were auditorily presented with nouns
and were asked to shadow them together with the determin-
er. It was shown that the chosen form of the determiner
depended not only on the pronunciation and stress of the
target word, but crucially also on its spelling. For instance,
despite the fact that “union” and “yellow” both begin with the
same phoneme, “union”wasmore likely to be preceded by the
article “thee”, presumably because the first letter of “union”,
but not of “yellow”, corresponds to a vowel. Wheeldon and
Monsell (1992) investigated long-lasting priming in language
production, and specifically explored whether production of a
word in a study phase (e.g., in response to a definition) can
facilitate production of a form-related word in a subsequent
test phase (e.g., in a picture naming task). They showed that
the production of homographic homophones (bat), but not
heterographic homophones (sun-son), yielded facilitatory
effects over substantial periods of time. The fact that long-
term facilitation of responses primed by homophones
depends on the presence or absence of spelling overlap un-
derscores the potential importance of orthographic codes in
spoken production. Damian and Bowers (2003) used a form
preparation paradigm in which a small number of responses,
typically elicited by prompt words, are produced repeatedly
within an experimental block, and the presence or absence of
form overlap between the responses is manipulated. They
replicated previous studies in showing a reliable priming ef-
fect in the homogenous condition in which all response words
shared initial sound and spelling (e.g., “camel”–“coffee”–“
cushion”), compared to a heterogeneous condition in which
this was not the case (e.g., “camel”–“gypsy”–“cushion”).
Crucially, no priming effect was obtained in an inconsistent
condition inwhich all responsewords shared initial sound, but
differed in spelling (e.g., “camel”–“kayak”–“kidney”). Hence,
when retrieving the phonological codes of the response
words, although information about spelling is irrelevant to
the speaking process, orthographic codes may nevertheless
be activated.

On the other hand, some studies have suggested that
effects of orthography in spoken production may perhaps
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not be as automatic as hypothesized. Subsequent studies
with the paradigm used by Damian and Bowers (2003), but
conducted with Dutch (Roelofs, 2006; see also Schiller, 2007)
and French (Alario et al., 2007) speakers, failed to replicate
the originally reported effect, warranting caution about the
claim that orthographic activation is mandatory in spoken
production, and highlighting the need for further studies in
order to clarify the role of orthography in speech production
(and perception).

The aim of the study belowwas to assess the time course of
access to orthographic information in Chinese speakers. The
orthographic system of Chinese consists of a number of levels:
strokes, radicals, characters, and words. A character is com-
posed of one or more radicals, which, in turn, are composed
of one or more strokes. Modern Chinese characters can be
broadly differentiated into two categories (Li, 1993): simple
and complex. Most complex characters consist of a semantic
radical on the left and a phonetic radical on the right. For
example, (/bai3/, cypress) is composed of a semantic radical
( , /mu1/, wood) on the left, and a phonetic radical ( , /bai2/,
white) on the right. Such a Chinese character can be said to
have a left–right structure. A radical can appear in different
positions within a complex character. For example, is at the
top of (/zao4/, soap), at the bottom of (/jie1/, all), to the left
of (/ai2/, pure white), and to the right of (adopted from
Ding et al., 2004). Increasing evidence from a range of para-
digms suggests that reading a complex character involves the
processing of its radicals and their positional relationship
(Ding et al., 2004; Taft et al., 2000, 1999), hence a character's
structural information is an important element of the mental
representation of orthography.

An interesting property of the Chinese orthographic sys-
tem is that it is very “deep”, i.e., the correspondences between
spelling and sound are weak. Recently the argument has been
raised that automatic orthographic effects in spoken produc-
tion may be stronger in languages with deep than with
shallow orthographies. The argument is based on the finding
that effects from English speakers originally reported by
Damian and Bowers (2003) did not replicate easily in a
language such as Dutch which has a shallower orthographic
transparency. Roelofs (2006) pointed out that “cross-linguistic
differences in the degree to which orthography and phonology
interact in speech production (are) perhaps related to differ-
ences in orthographic depth between languages”. If true,
studies conducted on Chinese speakers should be particularly
likely to demonstrate automatic orthographic effects.

In the study reported below, we assess the time course of
access to orthographic information about an object name,
and contrast it with the time course for tonal representa-
tions. Specifically, we will assess electrophysiological mar-
kers – outlined below – for each type of code regarding their
time of availability. The relative timing of markers for the
two types of codes may enable us to distinguish mandatory
from strategic, or task-dependent, retrieval modes: a rela-
tively similar time course for tonal and orthographic retriev-
al may imply that both codes are centrally involved in lexical
retrieval, whereas a substantial delay of access to ortho-
graphic, relative to tonal, codes would suggest that spelling
properties are only accessed in a processing step subsequent
to lexical access proper.
1.3. Electrophysiological markers of the time course of
spoken production

The relative time course of tonal versus orthographic encod-
ing in Chinese word production was investigated by using the
N200 and LRP components, which in previous studies have
been shown to be informative in constraining theoretical
models (e.g., Levelt et al., 1999; Schiller, 2006). A tone decision
task was used to examine the stage of suprasegmental
encoding during language production, whereas an ortho-
graphic decision task was used to investigate access to spell-
ing properties of object names.

The N200 is a negative-going waveform. In a Go/noGo
task, participants are asked to respond to one type of stimuli
and to withhold response for another type. Compared to the
waveform on the Go trials, an ERP component, namely N200,
is typically observed on the noGo trials. It is visible at a
fronto-central region occurring between 100 and 300 ms
after stimulus onset (Jodo and Kayama, 1992; Sasaki et al.,
1993; Simson et al., 1977). It has been suggested that the
amplitude of the N200 is a function of neural activity re-
quired for response inhibition. Hence, the emergence of
N200 suggests that the information which is used to deter-
mine whether or not a response is to be given must have
been encoded. The peak latency of the N200 can therefore be
used to determine the moment in time at which this infor-
mation has become available. Note that the N200 occurs
later in time when it is related to language processing (see
Kutas and Schmitt, 2003).

As is the case for N200, the LRP (lateralized readiness
potential) has been proved a sensitive index for estimating the
timing of information processing (e.g., Rodriguez-Fornells et al.,
2002; Schmitt et al., 2000; vanTurennoutet al., 1997). It isderived
from the readiness potential, which is a slow, negative-going
potential that starts to develop about 0.5 s before the execution
of a voluntary hand movement and reaches its maximum just
after the response is initiated. A series of studies (i.e., Kutas and
Donchin, 1980) have shown that the LRP can be used as an index
for exact response preparation prior to an overt Go response, or
in the absence of any overt response. The LRP is computed
according to the following equation:

LRP ¼ right handðC3� C4Þ � left handðC3� C4Þ
The electrode sites C3 and C4 are located above the left and

the right motor cortices, respectively. The LRP yields largest
amplitudes at the motor cortices contralateral to the response
hand.

Thepresent studyusedadual-choiceGo/noGo taskadopted
from pioneering work by van Turennout et al. (1997, 1998).
Participants were asked to perform a dual decision along two
dimensions, tone and orthography. The tonal decision was to
determine whether the name of the depicted object was of
one tone type (tone 1 or tone 2) or the other (tone 3 or tone 4),
while the orthographic decision was to decide whether or not
the picture's written name consisted of a left–right structure
character.

In the experiment, the instruction was, for example, “press
the left button if the picture's name is a left–right structure
character (i.e., , /gou3/, dog), and the right button if the
picture's name is not a left–right structure character (i.e., , /



237B R A I N R E S E A R C H 1 1 8 4 ( 2 0 0 7 ) 2 3 4 – 2 4 4
yu2/, fish). However, respond only if the picture's name has
tone 1 or tone 2, and not if the picture's name has tone 3 or
tone 4.” Thus, depending on the tonal and orthographic cha-
racteristics, a response was given with either the left or right
hand, or no response at all.

Theexperimental design consistedof twoconditions. In one
half of the experiment, the respondinghandwas contingent on
tonal information (hand=tone) and the Go/noGo decision on
orthographic information (Go/noGo=orthography). In the
other condition, the response contingencies were reversed,
i.e., the responding hand was contingent on orthographic
information (hand=orthography) and the Go/noGo decision on
tonal information (Go/noGo=tone). The logic of varying re-
sponse contingencies, again adopted fromvanTurennout et al.
(1997) and subsequent studies, is as follows: if information
associated with the response hand dimension (e.g., tone) is
available before information associated with the Go/noGo
dimension (e.g., orthography), thenonnoGo trials, thenegative
deflection typical of the LRP should be observed, which reflects
a – eventually abandoned – response preparation. Crucially,
given the assumptions about relative timing of the two
dimensions, an LRP should not be observed on noGo trials
when the response dimensions are reversed (i.e., hand=ortho-
graphy;Go/noGo=tone). AnLRP shouldbeobservedonGo trials
in both conditions.

Although the dual-choice Go/noGo task can be criticized
on the basis that is does not constitute a “pure” instance of
language production, it has been productively used to examine
various aspects of language production in a number of pre-
vious studies (Rodriguez-Fornells et al., 2002; Schmitt et al.,
2000, 2001; van Turennout et al., 1997). In our procedure par-
ticipants were trained to name pictures in the practice session
before the main session, and the results indicated that they
used the intended picture names. It is worth noting that the
assumption that overt and covert spoken production involves
very similar cognitive and cortical processes receives some-
whatmixed support in the literature. For instance, Palmer et al.
(2001) demonstrated in an fMRI study that regions active dur-
ing overt speaking were similar to those active during covert
taskperformance,with the additionof certain regions typically
associated with motor aspects of spoken production. On the
other hand, Christoffels et al. (2007) compared overt and covert
picturenaming inDutchand found –amongother differences –
different activation patterns in the insula during overt and
covert naming.
2. Results

2.1. Pre-experiment

The aim of this pre-test was to measure mean reaction times
on the target stimuli for simple tonal and orthographic
decision tasks, respectively (i.e., without the dual-task para-
digm). The results were taken to indicate how long it takes in
general to perform a simple tone decision (i.e., if the tone of a
picture name is tone 1 or tone 2, press the left button, if tone 3
or tone 4, press the right button) or orthographic decision task
(if a picture name is a left–right character, press the left button,
if not, press the right button). Thirteen native Chinese
speakers from Beijing Forestry University participated in the
pretest. Errors and reaction times deviating more than 3
standard deviations (SD) from the mean were excluded from
the data analysis. For the orthographic decision, the mean
reaction time was 1314 ms (SD=431 ms), with a mean error
rate of 5.23%. For the tone decision, the mean reaction time
was 1318 ms (SD=395 ms), with a mean error rate of 7.36%. A
paired t-test showed that the two conditions did not differ
significantly from each other on reaction times or error rates
(both ts<1). The very similar time for participants to accom-
plish these two simple decision tasks suggests comparable
degrees of difficulty.

2.2. Push-button reaction times

One participant was excluded from all further analyses due to
high error rates (N35%). Incorrect responses and reaction times
longer than 2000 ms were excluded from data analysis. These
criteria accounted for 23.3% of the data. The number of
rejections was not significantly different for the two response
contingency conditions. The mean reaction times for correct
Go responseswere averaged across left and right responses for
the remaining 15 participants. The mean reaction time was
1369 ms (SD=101 ms) and 1406 ms (SD=142 ms) for the Go/
noGo=tone (hand=orthography) and Go/noGo=orthography
(hand=tone) condition, respectively. A paired sample t-test of
the reaction times for the two conditions showed no sig-
nificant difference (t(14)=1.60, n.s.). Likewise, the error rates
were not significantly different between the two response
conditions: Go=tone: 13.3%, Go=orthography: 15.8% (t(14)=
1.43, n.s.); NoGo=tone: 0.6%, NoGo=orthography: 0.4% (t(14)=
2.03, p<0.06).

2.3. N200 analysis

Three participants were excluded from the analysis due to
no significant amplitude difference between Go and noGo
average waves generated in both conditions. The electrophys-
iological signals were averaged separately for the Go and noGo
trials. The N200 effect was obtained by subtracting waveforms
on noGo trials from those on Go trials in the different Go/noGo
contingency conditions (tone versus orthography). The max-
imum number of trials per condition per individual was 144.
On average, the number of accepted trials for both conditions
was 111. The minimum number of accepted trials was 86 in
the go=tone (hand=orthography) and 94 in the go=orthogra-
phy (hand=tone) condition. Fig. 1 shows grand average ERP
waveforms on the Go and noGo trials in the Go/noGo=tone
and orthography condition for the 12 participants at midline
sites (Fz and FCz). Both response contingency conditions
showed clear evidence of N200 effects (see arrows in Fig. 1).
Waveforms on noGo trials weremore negative than on Go trials
in both conditions, and this tendency occurred visibly earlier in
theGo/noGo=tonecondition than in theGo/noGo=orthography
condition.

Fig. 2 shows the grand average of difference waves (noGo
minus go) for the Go/noGo=tone and orthography conditions
at Fz and FCz sites. It is clear that the difference wave in the
Go/noGo=tone condition is bimodal, with a first peak at
around 300 ms and a second peak at around 600 ms, whereas



Fig. 1 – Grand average ERP waveforms on the Go and noGo trials in the Go/noGo=orthography or tone condition for 12
participants at Fz and FCz sites.
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the difference wave in the Go/noGo=orthography condition
exhibits only a single peak, around 500 ms. To estimate the
onset latency of the difference wave and determine the time
window of data analysis, serial t-tests at Fz and FCz sites in
the time window 200–800 ms after picture onset were per-
formed in both conditions. The time intervals after picture
onset in which the difference wave significantly (p<0.05,
Fig. 2 – Grand average difference waves (noGo/Go) for the Go/
one-tailed) diverges from the zero baseline are shown in
Table 1.

Based on the above t-tests analysis, peak latencies and
peak amplitude of the difference waves were analyzed for
each participant in the time window in the Go/noGo=tone
condition (200–450 ms after picture onset), as well as in the
time window in the Go/noGo=orthography condition (400–
noGo=orthographic or tone conditions at Fz and FCz sites.



Table 1 – Time intervals of significant divergence (p<0.05)
of the difference wave from zero baseline in the time
window 200–800 ms after picture onset

Contingency
conditions

Different time intervals (ms) of
significant t tests in the time window
of 200–800 ms after picture onset at

Fz and FCz sites

Fz FCz

Tone 236–438 234–440
−1.87< t(11)<−2.04 −1.84< t(11)<−1.82
598–610 584–616
−1.80< t(11)<−1.81 −1.85< t(11)<−1.84

Orthography 450–600 470–540
−1.85< t(11)<−1.83 −1.82< t(11)<−1.81
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700 ms). Omnibus ANOVAs were computed on the N200 peak
latencies and peak amplitudes of the first early component
with two within-participant variables: contingency condition
(Go/noGo=tone versus orthography) and electrode site (Fz
and FCz). Greenhouse–Geisser correction was used when
appropriate.

2.3.1. Peak latency of the first early component
The main effect of contingency condition was significant
(F(1,11)=53.580, p<0.001), reflecting a difference in peak la-
tencies of the N200. When the Go/noGo decision was con-
tingent on orthographic information, the mean peak latency
of the N200 effect was 571 ms (SD=89 ms), whereas it was
301 ms (SD=88 ms) when contingent on tonal information.
Neither the main effect of electrode site (F<1), nor the
interaction between contingency condition and electrode
site (F(1,11)=1.284, n.s.), was significant. Fig. 3 shows the
scalp distribution of the N200 effects for the Go/noGo=tone
condition (mean amplitude of the time window 280–330 ms
after picture onset) and for the Go/noGo=orthography con-
Fig. 3 – Scalp distribution of the N200 effects for the Go/noGo=to
280–330 ms) and the Go/noGo=orthography condition (mean am
dition (mean amplitude of the time window 550–600 ms),
respectively. It is observed that the first early components
of the difference waves have a similar scalp distribution
in both conditions, i.e., it is generated by the same neural
populations. Although the peak amplitude of the first early
negative component in the Go/noGo=orthography is larger
than in the Go/noGo=tone condition, both are distributed
largely in frontal and central regions.

2.3.2. Peak amplitude of the first early component
Neither the main effect of contingency condition (F<1), the
main effect of electrode site (F<1), nor the interaction between
condition and electrode site (F<1) were significant. The mean
amplitude difference (across both electrode sites) of the two
N200 effects was very small (0.15 μν).

2.3.3. Onset latency of the first early component
Following Schmitt et al. (2000), the onset latency of the dif-
ference wave was defined as the point at which four con-
secutive t-tests yielded significant results (in the same
direction). Based on the above t-tests analysis, the mean
onset latencies of the first component at the two electrode
sites were 235 ms and 460 ms in the Go/noGo=tone and
orthography, respectively.

2.4. LRP analysis

Four stimulus-locked LRP average waveforms for each par-
ticipant were calculated: (1) hand=tone, Go=orthography,
(2) hand=tone,noGo=orthography, (3) hand=orthography,Go=
tone, (4) hand=orthography, noGo=tone. The maximum num-
ber of trials per condition per individual was 72.

In order to assure that LRP results refer to the same sam-
ple as the N200 results, we restricted analysis to those 12
participants used in the N200 analysis. On average, the
number of accepted trials for Go and noGo LRPs in the
hand=tone condition was 51 and 63, respectively, and the
ne condition (mean amplitudes of the time window
plitudes of the time window 550–600 ms).



Fig. 4 – Grand average of Go and noGo LRP in the hand=tone
(top panel) and the hand=orthography (bottom panel)
condition.
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hand=orthography condition was 53 and 66, respectively.
There was no significant difference on the number of ac-
cepted trials between Go and noGo LRPs in both conditions.
The minimum number of accepted trials for Go and noGo
LRPs in the hand=tone condition was 43 and 55, respec-
tively, and the hand=orthography was 43 and 50, respec-
tively. Fig. 4 shows the grand average of Go and noGo LRPs
for the response contingency conditions: hand=tone (top
panel), and hand=orthography (bottom panel) at the motor
cortex sites (C3 and C4). The typical LRP patterns for Go re-
sponses were obtained under both the hand=tone or hand=
orthography conditions.

The LRPs were measured by mean amplitudes relative to
the pre-stimulus baseline (−200 to 0 ms before picture onset).
The onset latency of the LRP was measured by one-tailed
serial t-tests between 300 and 1200 ms after picture onset
against a zero mean. The t-tests were carried out stepwise
with a step size of 2 ms. As in the analysis on the N200, the
onset latency of the LRPwas defined as the point at which four
consecutive t-tests yielded significant results (in the same
direction).

The mean onset latency for the Go LRP in the hand=tone
condition was 766 ms (from that time all t (11)<−1.850 all
p<0.05, one-tailed), while Go LRP in the hand=orthography
condition was 1314 ms (from that time all t (11)<−1.825, all
p<0.05, one-tailed).When compared via a paired sample t-test,
the two Go LRP onset latencies were significantly different. No
significant difference from baseline was obtained for the noGo
LRP in both conditions.
3. Discussion

The present experiment investigated the time course of
tonal and orthographic encoding in spoken Chinese word
production with high temporal resolution electrophysiolog-
ical methods. N200 and LRP data were used to examine the
absolute and relative time course of access to tone and or-
thography during implicit picture naming. The N200 analysis
is based on the assumption that increased negativity on the
noGo trials in comparison with the Go trials reflects the
moment in time at which the relevant information neces-
sary to withhold a response must have been encoded, while
the LRP reflects the moment in time at which the relevant
information is available for response preparation. The N200
and LRP data showed that tonal information was encoded
substantially prior to orthographic information in Chinese
spoken word production.

Two different aspects of the N200 effect were examined:
(1) peak latency and (2) onset latency. The peak latency of the
N200 effect provides an upper limit on the time by which
information about whether an actual response needs to be
made or withheld must have become available. In terms of
temporal course of information processing, the onset of the
effect might be as relevant as its peak (see Schmitt et al., 2000).
The mean peak latency of the N200 effect was 270 ms earlier
when the Go/noGo decisions were contingent on tonal, com-
pared to when they were contingent on orthographic infor-
mation; the mean difference in the onset latencies was
225 ms. Both peak latency and onset latency data therefore
suggest considerable differences between the Go/noGo=tone
and orthography conditions, suggesting that tonal informa-
tion was available prior to orthographic information.

In the Go/noGo=tone condition, ERP waveforms of Go
and noGo responses diverged between 235 and 440 ms after
picture onset. This interval falls nicely within the time
window of phonological encoding (275–400 ms) estimated by
Indefrey and Levelt (2004). We therefore suggest that the
peak latency (310 ms) of this first component reflects the
moment in time at which tonal information must have been
encoded to withhold a response. Note that it is likely that
there is a delay of some time between the retrieval and
availability of the information and the generation of the
N200 peak. In contrast, in the Go/noGo=orthography condi-
tion, the ERP waveforms of Go and noGo responses diverged
only between 460 and 600 ms after picture onset. This
interval is very likely beyond the time window of phonolog-
ical encoding in picture naming. Assuming that the peak
latency of this component in the Go/noGo=orthography
condition reflects the moment in time at which orthographic
information was available, spelling properties are activated
with substantial delay relative to tonal representations and
are likely accessed too late to contribute to lexical access in
spoken word production. This conclusion casts doubt on
earlier claims (e.g., Damian and Bowers, 2003; Gaskell et al.,
2003) that for literate speakers, access to orthographic
representations may constitute a mandatory component of
phonological encoding — if true, a relatively similar time
course for the two types of information would have been
predicted. Indeed, we believe that our data should be inter-
preted as positive evidence against the claim that orthogra-
phic codes impact on phonological encoding. Speakers, when
required to gain access to orthographic codes in order to
carry out an orthographically based decision task, do so
apparently only in a processing step subsequent to phono-
logical encoding. This in turn suggests that orthographic
access is either optional and dependent on task require-
ments or so late that it is unlikely to be relevant for lexical
access in spoken production.
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The serial t-tests reported in Table 1 indicate that in the Go/
noGo=tone condition, there is a second, andmuch later, effect
between 580 and 620 ms after picture onset. Similar findings
have been previously reported by Schiller et al. (2003). They
investigated the time course of segmental and metrical
encoding in Dutch speech production and found a late effect
between 610 and 640 ms after picture onset in the Go/noGo=
metrical condition. Because an effect occurring at such a late
point past target onset is likely beyond the time window of
phonological encoding, it was suggested that internal self-
monitoring of to-be-generated speech was the underlying
cause. In our data, the late effect is similarly unlikely to reflect
phonological encoding proper, and hence it is possible that
beforeparticipants decidewhether to carry out or towithholda
response in the Go/noGo=tone condition, they undergo a pro-
cess of first generating the picture name, and then subse-
quentlymonitoring it for tonal information. On the other hand,
in the Go/noGo=orthography condition, no late effect was
observed. If the self-monitoring hypothesis used to explain the
late effect in the tone condition is correct, it would follow that
no such monitoring is present in the access to orthographic
codes, which could be taken as additional evidence that access
to orthography is not an essential part of phonological en-
coding in spoken production.

An alternative explanation for the late effect in the tone
condition hinges on the fact that the categories for the tone
decision each comprised two tones (see Section 1.3). As a
consequence, the task likely required participants to first
retrieve individual tones, and then consciously to classify
them into the two response categories. For this reason, the
first peak in the wave forms may be related to phonological
encoding proper, whereas the second peak may reflect a
decisional categorization process.1 Both accounts of the late
effect in the tone condition are at present speculative, and
further empirical evidence is required to resolve the issue.

The onset latency of the LRPs was also examined. The
results indicated that the onset latencies of Go LRPs were 766
and 1314 ms in the hand=tone and orthography condition,
respectively, which also reflects a sequence of availability of
tonal and orthographic information. Note that the onset of the
Go LRP was later than the peak latency of the N200 in both
conditions, whichmay relate to the fact that they are different
ERP components and represent different respective cognitive
processes. In the literature, it is hypothesized that the N200
reflects response inhibition, whereas the LRP reflects response
preparation in a dual-choice Go/noGo task. Fuster (1997)
argued that retrieved information is evaluated by the frontal
cortex, reflected by N200 effects. The evaluated information is
then transmitted to the motor cortex, reflected by the LRPs.
According to Fuster's account, the peak latency of the N200
effect should appear earlier than the onset latency of LRP in
the same contingency condition. This is indeed what we ob-
served in the present study. However, the exact relationship
between N200 and LRP remains tentative and in need of
further investigation (Schmitt et al., 2000).

Somewhat disappointingly, we failed to obtain evidence for
LRPs onnoGo trials. To reiterate, adopting the logic pioneered by
1 We would like to thank an anonymous reviewer for pointing
out this possibility.
vanTurennout et al. (1997) andassuming a relative difference in
the availability of tonal and orthographic information, a noGo
LRP would have been predicted in the hand=tone/respon-
se=orthographycondition, butnot viceversa.Wecanatpresent
only speculate on why we did not find this pattern. Note that
one previous study that adopted this approach (Rodriguez-
Fornells et al., 2002) also failed to obtain interpretable noGo
LRPs. There is one possible reason for the absence of LRPs on
noGo trials: the respective N200 effects have onsets/peaks that
precede the onsets of the go-LRPs by quite some time; this early
inhibitory information – if used – might have prevented motor
preparation on noGo trials. Despite the absence of the predicted
effect in our data, we believe that the N200 results speak rather
clearly to the central research issue, namely the time course of
orthographic and tonal information.

The results from the pretest showed that there was no
significant difference with respect to reaction times and error
rates on the two simple decision tasks, which suggests com-
parable task difficulty. In addition, it has been suggested that
the magnitude of the N200 is a function of the neural activity
required for response inhibition (Jodo and Kayama, 1992;
Sasaki and Gemba, 1993), and that it is sensitive to task diffi-
culty not only inmonkeys (Gemba and Sasaki, 1989) but also in
priming task in humans (Kopp et al., 1996). The insignificant
difference between the two peak amplitudes of the two N200
effects in the present study also implies comparable task dif-
ficulty of orthographic and tonal decisions. Thus, the results of
theN200 and the LRP should not be attributed to task difficulty,
but rather reflect the order of information availability during
language production.

One possibility that deserves further investigation in future
research is that the pattern of orthographic activation fol-
lowing the availability of phonological codes in word produc-
tion may to some extent be specific to the target language
Chinese. It could be argued that the ideographic nature of
Chinese characters favors a holistic retrievalmode, whereas in
languages with alphabetic scripts, it is not impossible that
partial orthographic codes can be activated based on partial
availability of phonological codes, simply because both codes
map onto each other sublexically. Future experiments should
therefore check whether the pattern shown in our data
replicates in languages with alphabetic scripts.

Studies that adopt the dual-choice Go/noGo methodology
introduced by van Turennout and colleagues use meta-lin-
guistic tasks to assess the properties of spoken production:
rather than naming objects, participants perform tasks which
tax properties of the codes retrieved in response to pictorial
stimuli. It is worth pointing out that previously published
work using this approach (see Introduction) investigated
access to information (e.g., semantic, syntactic, phonological)
which is mandatory in speaking. By contrast, retrieval of the
codes necessary to carry out the orthographic task in our study
is not strictly speaking necessary for object naming per se; for
this reason it could be argued that the observed differences in
N200 peak latencies between tonal and orthographic access
may be rather large. On the other hand, our study was
designed to evaluate the possibility that literacy makes access
to orthographic codes a central (yet of course not mandatory)
component of lexical access in speaking. If so, then orthogra-
phy and phonological form should be co-activated and
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modulate each other, resulting in similar time courses of
respective access. This does not seem to be the case, which
suggests that orthographic access is not a component of
phonological encoding in spoken production.

In conclusion, N200 and LRP components were used to
investigate the time course of orthographic and tonal encoding
in Chinese word production with a dual-choice Go/noGo task.
The results of the N200 effect and LRP indicate that tonal
encoding occurred earlier than orthographic encoding. Such a
pattern appears incompatible with the notion that ortho-
graphic access constitutes a mandatory component of phono-
logical encoding in spokenproduction. Furthermore, therewas
a late effect ondifferencewave forGo andnoGo trials in theGo/
noGo=tone condition, which we suggest may be related to
internal self-monitoring of phonological information.
4. Experimental procedures

4.1. Participants

Sixteen native Mandarin speakers participated in the experi-
ment (7 females and 9 males, with a mean age of 19.4 years;
range 18–21 years). All participants were right-handed, neuro-
logically healthy, with normal or corrected-to-normal vision
and normal hearing. They were paid for their participation.

4.2. Materials

Eighty target pictures with names corresponding to monosyl-
labic Chinese characters were selected from a database of
standardized pictures for picture naming tasks in Mandarin
production (Zhang and Yang, 2003). The stimuli included two
orthographic categories: half of the picture names were
written with left–right structure characters, and half of them
were not. Each of the two groups of pictures contained 20
pictures with tone 1 or tone 2, whereas the other 20 pictures
had tone 3 or tone 4. Eight pictures were used as practice
stimuli, the remaining 72 pictures as experimental stimuli (see
Appendix A).

4.3. Design

Each participant received eight different instruction sets. In
four experimental sets, the responding hand was contingent
on tonal information, and the Go/noGo decision was contin-
gent on orthographic information. In the other four sets, the
responding hand was contingent on orthographic information
and the Go/noGo decision was contingent on tonal informa-
tion. The left- and right-hand assignment, as well as the Go
and noGo responses, was counterbalanced for each picture.
Each picture was presented eight times to each participant,
i.e., once in each set. The presentation order of the eight sets
was systematically varied across participants.

4.4. Procedure

Participants were tested individually in front of a computer
screen in a soundproof chamber. At first, participants were
asked to familiarize themselves with the pictures and to me-
morize their corresponding name. Each picture was presented
in the center of a computer screen for 3 s, and the picture
name was shown below. Then each picture was presented
without the printed name, and participants were asked to
name the picture as correctly and fast as possible. If the par-
ticipant's response was other than the expected one, the ex-
perimenter would correct the participant, and the testing for
this itemwould be repeated. This procedure, typical of studies
that use object naming tasks to investigate spoken production,
guaranteed that each participant knew and used the intended
names of the pictures.

During the subsequent experimental session, participants
were asked to carry out a dual-choice Go/noGo task without
overtly naming the picture. Each set began with 16 practice
trials (2 pictures in each orthographic–tonal combination
category; each picture was presented two times in the practice
session), followed by 72 experimental trials (18 pictures in each
orthographic–tonal category). Each participant completed
8 sets in the experimental session, with each set consisting
of 72 trials.

Each trial was constructed as follows: a fixation cross
appeared in the center of the computer screen for 500 ms.
After a random interval of 600 to 1600 ms, the picture was
presented for 2000 ms. Then a blank screen appeared for
500 ms, followed by the next trial.

4.5. Apparatus and recordings

The electroencephalogram (EEG) was recorded with 64 elec-
trodes secured in an elastic cap (Electro cap International). The
vertical electro-oculogram (VEOG) was monitored with an
electrode placed above and below the left eye. The horizontal
EOG (HEOG) was recorded by a bipolar montage using two
electrodes placed on the right and left external cantus. The
bilateral mastoids served as reference points and the GND
electrode on the cap served as ground. Electrode impedances
were kept below 5 kΩ for the EEG and eye movement
recording.

The electrophysiological signals were amplified with a
bandpass from 0.05 to 70 Hz and digitized at a rate of 500 Hz.
Epochs of 2200 ms were obtained (−200 ms to 2000 ms)
including a 200 ms pre-stimulus baseline. The EEG and EOG
signals were filtered with a high-frequency cutoff point of
30 Hz. The artifact rejection criteria were from −100 μv to
100 μv. Push-button response latencies were measured from
picture onset, with a time-out point set at 2500 ms, i.e.,
responses given after 2500 ms were registered as missing.
Trials with time-outs and errors were excluded from the data
analysis. Hand responses were made by pressing either the
left buttonwith the left hand, or the right buttonwith the right
hand, on a hand-held button box.
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