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Electrophysiological evidence of
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effect on the recognition of real
Jaanoe Chinese characters
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Orthographic regularity is important for processing Chinese characters. However, the issues how
orthographic regularity influences the visual recognition of real Chinese characters and whether
common processes related to the potential effect exist between successive (SUCC) and concurrent
(CONC) conditions with asynchronous presentation of S1 and S2 are still unclear. In the current study,

. event-related potential (ERP) technique was adopted to investigate electrophysiological correlates of

. the orthographic regularity effect. Behaviorally, we found fewer errors and shorter response times for

. SUCC and CONC conditions compared to simultaneous (SIM) condition with synchronous presentation
and disappearance of S1 and S2, which demonstrates similarities between SUCC and CONC and their
differences from SIM. We found bilaterally smaller N170 responses for real Chinese characters preceded

. by false characters compared to real characters, demonstrating that orthographic regularity may inhibit

. the recognition of real Chinese characters. Additionally, the inhibition effect was present in SUCC and
CONC rather than SIM, which shows that smaller N170 responses may have been due to asynchronous
presentations of S1 and S2 and common inhibition processes in the SUCC and CONC conditions.

The English language relies more on mappings between orthography and phonology to access meaning, whereas
Chinese lacks transparency in its mapping to phonology. Orthographic information, such as orthographic reg-
ularity that heavily relies on the positional regularity of lexical radicals’, is critical for mastering character struc-
* tures®. When learning Chinese characters, students who fail to grasp the positional regularity of the lexical radical
: may create false Chinese characters. Therefore, orthographic regularity is important for correctly recognizing
© Chinese characters.
: What kind of impact does orthographic regularity have on real Chinese character processing? Neural adap-
. tation refers to a decrement in neural responses to a repeated stimulus category>*. For Chinese characters, some
. researchers have reported an adaptation effect as reflected by a smaller N170 component for the within-category
condition than the between-category condition (alternative presentation of Chinese characters and faces)®. All
radicals of a real Chinese character that conform to orthographic regularity are placed at legal positions, whereas
radicals in false characters are all placed at illegitimate positions"*%’. Additionally, a previous event-related poten-
. tial (ERP) study found that real Chinese characters and pseudo-characters only elicited larger N170 responses
. than false characters in the left hemisphere, suggesting that real and false characters seem to be processed as
different categories in the left posterior area®. Therefore, the orthographic (position) regularity of Chinese char-
. acters may be one of the potential factors that form different stimulus categories and produce an adaptation effect.
© We hypothesized that N170 changes may reflect the potential adaptation effect of orthographic regularity in real
. Chinese character processing.
: However, there may be other ways that orthographic regularity affects the recognition of real Chinese charac-
: ters. Using a picture-word paradigm, Zhang et al. (2009) found that compared with distractors that have different
. orthographies from the targets, those with orthographies similar to those of the targets facilitated performance
in a Chinese naming task. This suggests that orthographic similarity facilitates picture naming in Chinese®.
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Furthermore, some researchers found priming effects related to the position information of radicals of Chinese
characters®!®. Ding et al. (2004) reported that the prime Chinese characters only facilitated target (low-frequency
complex Chinese character) recognition when the same radicals of the primes and targets were in the same
positions rather than different ones®. Additionally, several researchers adopted ERP technique, which has a high
temporal resolution, to investigate the time course of the aforementioned priming effect'. Su et al. (2012) recently
used a masked priming paradigm and ERP technique to identify a priming effect due to graphical similarity
and its corresponding time course. This effect was reflected by smaller P1 and N400 for target characters when
positions of their radicals were the same as those of primes. Moreover, they used radicals with subordinate and
dominant positions to find a priming effect of radical position preference as reflected by stronger N170 and P200
for targets with radicals in their subordinate (non-preferred) positions!°.

Although prior studies have reported the facilitation effect of orthographic similarity®, the priming effect
when the same radicals of the prime and target were in the same positions”!® and the priming effect of radi-
cal position preference!?, the issue of whether orthographic regularity (position regularity) influences the visual
recognition of real Chinese characters remains unclear. As position information is important for activating rad-
ical (sublexical) information during Chinese character recognition'!, false and real characters with illegal and
legal radical positions, respectively, may have different impacts on the processing of real characters. Specifically,
because radical positions of real Chinese characters are legal whereas radical positions of false Chinese charac-
ters are illegal, real characters may facilitate the processing of other real characters whereas false characters may
inhibit the processing of real characters. Furthermore, the neural mechanisms of false and real character process-
ing can be differentiated based on N170 changes®. Therefore, we hypothesized that N170 changes may reflect the
potential facilitated orthographic regularity effect in real Chinese character processing.

For faces, several researchers used adaptation paradigm to find adaptation effect>'?-1* and some other
researchers adopted competition paradigm to find competition effect'®!”. Both of these two effects are reflected
by a reduction of N170 response to faces preceded by faces rather than non-face stimuli. In addition, Kovacs
et al. (2013) compared the face-related adaptation effect with competition effect by using the successive (SUCC,
in which S1 preceded S2 and disappeared when S2 appeared, similar to the adaptation paradigm of Kovacs et al.
(2006)), concurrent (CONC, in which S1 preceded S2 and they disappeared concurrently, similar to the compe-
tition paradigm of Jacques and Rossion (2007)) and simultaneous (SIM, in which S1 and S2 were synchronously
presented and disappeared) conditions. They reported reduced N170 responses for subsequently presented faces
(S2) when the first stimulus (S1) was a face but not a phase-scrambled face. This effect was present in both SUCC
and CONC conditions with asynchronous presentation of S1 and S2, but not in SIM condition with synchronous
presentation and disappearance of S1 and S2. These results show that the face N170 reduction effect results from
asynchronous presentation of S1 and S2 and from common adaptation processes of successive and concurrent
conditions, and that face-related adaptation and competition effects may involve the same neural mechanisms!®.
Thus, in the current study, we used SUCC, CONC and SIM conditions to explore the above potential adaptation
effect of orthographic regularity of Chinese characters. If an adaptation effect of orthographic regularity exists in
real Chinese character processing, we expect that common adaptation processes may be found between SUCC
and CONC conditions. Moreover, in previous studies related to facilitation effects of Chinese characters, the
distractor and target characters® were asynchronously presented, which is similar to the SUCC and CONC con-
ditions. Therefore, we could also employ SUCC, CONC and SIM conditions to investigate the above potential
facilitation effect of orthographic regularity of Chinese characters. Thus, if a facilitation effect of orthographic
regularity exists in real Chinese character processing, we would expect common facilitated processes for SUCC
and CONC conditions.

In the present study, we firstly used real Chinese characters and false characters to explicitly investigate the
effect of orthographic regularity in real Chinese character processing and firstly employed SUCC, CONC and SIM
conditions to explore whether common processes related to the potential effect exist between SUCC and CONC
conditions. To determine the time course of the potential effects, we assessed high temporal resolution ERP
to record the responses induced by both real and false characters and the subsequently presented real Chinese
characters. Our finding may replicate the earlier finding of greater left hemisphere responses for real Chinese
characters than for false characters. In addition, if there is an effect of orthographic regularity on the processing of
other real Chinese characters in both SUCC and CONC conditions, then similar N170 changes for real Chinese
characters preceded by real Chinese characters compared to false Chinese characters between SUCC and CONC
conditions would be observed. Behaviorally, we expect similar results between the SUCC and CONC conditions
that would be different from those in the SIM condition.

Methods

Participants. Sixteen healthy right-handed college students (8 males, 8 females) from Chongging, China
participated in the experiment as paid volunteers. Their ages ranged from 18-23 years (mean age =20.5 years).
All participants were native Chinese speakers and had an over 10-year-old experience reading Chinese char-
acters. They were free of neurological disorders, and had normal or corrected-to-normal vision. The study was
approved by Human Research Institutional Review Board at Chongging University of Arts and Sciences, methods
were carried out in accordance with its relevant guidelines and written informed consent was collected from the
participants.

Stimuli.  Stimuli consisted of 50 real Chinese characters and 50 false characters (Fig. 1). Real characters were
selected from the modern Chinese frequency dictionary (1985)%. False characters were built with existing rad-
icals of real ones, but positions of all radicals were not legitimate. Mean stroke numbers of left-right structured
real characters, up-down structured real characters, left-right structured false characters and up-down struc-
tured false characters were matched (average number =9.0; ranging from 6-13). The numbers of left-right and
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Figure 1. Examples of characters used in the present study.

up-down structured characters were equivalent in both real and false characters. The average frequency of real
characters was 0.58/1,000 (higher than 0.11/1,000 for each character). There was no repetition of the radicals and
pronunciations among real characters and there was no repetition of the radicals among false characters. All black
characters with a gray background were presented on the left or right visual field, and their closest point was at 5°
from the central fixation point (when viewed 98 cm from a 17-inch screen). The resolution of the screen was 72
pixels per inch. The viewing angle of all characters was 2.8 x 3.7°. The character images were equal to one another
in the luminance and contrast grade by matching to the one of the character pictures. Inverted real character
pictures were created by rotating 180° of the real character pictures. Stimuli were the same in CONC, SUCC and
SIM conditions.

Procedure. Participants were seated in a sound-isolated, dimly lit room 98 cm from a monitor. They were told
to focus on the center of the screen throughout the experiment. Each trial of SUCC or CONC started with a fixa-
tion cross projected centrally for an interval ranging from 500-1500 ms. Then, a real or false character appeared
either in the upper left or right visual field for a random time period of 500-700 ms. After that, a real character
was presented below the first stimulus (the distance between the closest points of the two characters was 2°) for
300 ms. At the beginning of each trial of the SIM, the fixation cross appeared centrally for a random interval of
1000-2200 ms. Then, it was followed by the simultaneous presentation of the first stimulus (a real or false charac-
ter) and the second stimulus (a real character) for 300 ms with same positions as those in SUCC and CONC. All
three blocks (SUCC, CONC or SIM) ended with a question mark presented centrally for 2000 ms (Fig. 2), offering
the participants time to accomplish a detection task. That is, inverted real characters appeared randomly in 12%
of all trials as the first or second stimulus, and participants were requested to view two stimuli carefully, and to
press “0” on the number keypad as fast and as accurate as possible when they appeared on the screen (Fig. 2). As
inverted compound Chinese characters induced longer and larger responses than upright ones?, and inverted
characters were used to form the task irrelevant to the hypotheses, the trials where inverted characters appeared
were eliminated from the EEG analyses. In each of three blocks (SUCC, CONC, SIM), participants completed
400 trials. All characters were presented in a random order and they appeared on the left or right visual field
randomly.
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Figure 2. The three paradigms in the present experiment. S1 could be a real character or a false character and
S2 was always a real character. SUCC: S2 appeared when S1 disappeared. S1 and S2 were always on the same side
with a distance 2°. CONC: The onset of S1 was consistent with that in the SUCC condition but it remained on
the screen along with S2. SIM: Onset and offset of S1 and S2 were simultaneous.

Electroencephalogram (EEG) Recording.  Brain electrical activity was recorded from 64 scalp electrodes
on an elastic cap (Brain Products), with the left mastoid being the online reference. The activity of Vertical elec-
trooculographic (VEOG) was collected from electrodes placed above and below the right eye, and the activity of
horizontal EOG (HEOG) was recorded via electrodes fixed on the outer canthi of both eyes. All impedance was
kept below 5kQ. Electrical activity was amplified using a 0.01-100 Hz band-pass and continuously sampled at
500 Hz/channel.

Data Analysis. When analyzing offline with Analyzer 2.0 software (Brain Products), EEGs were rereferenced
to the average of all electrode sites. Then, EEG data were filtered through a 0.1-30-Hz bandpass, segmented from
—100-400 ms, and baseline-corrected with the 100 ms pre-stimulus duration. Few eye movements induced by
lateralized characters were recorded throughout the experiment, and these trials were excluded from analysis.
Artifacts were excluded when the amplitude of any electrode exceeded £50 1V, and the remaining trails (more
than 40 trails per condition) were used for averaging EEGs.

The P1 component is a positive-going component with a waveform peaking at around 100 ms, and the N170
component is a negative-going component with a waveform peaking at around 170 ms. As the topographical dis-
tributions of P1 and N170 components are maximal at two electrode pairs — P7/P8 located in the temporal region
and PO7/PO8 located in the occipitotemporal region, and these two sets of electrodes have been used for P12
and N170%*?* measurement in prior studies, we selected them for statistical analysis. After global averaging, we
obtained the mean amplitudes of the P1s and N170s for each condition by using 40-ms temporal windows that
were near related mean latencies. Repeated measures analysis of variance (ANOVA) was conducted on behavioral
results, as well as mean amplitudes of P1 and N170 components. Statistic analysis of behavioral data (mean accu-
racy and reaction time) was conducted with a within-subjects factor “paradigm” (SUCC, CONC vs. SIM). When
analyzing on mean amplitudes of P1 and N170 induced by the first stimulus, the factors “paradigm” (SUCC vs.
CONC), “hemisphere” (left vs. right), “electrode” (P7/P8 vs. PO7/PO8), “visual field” (left vs. right), and “type of
the first stimulus” (real character vs. false character) should be considered. Five-way repeated-measures ANOVAs
were performed on mean amplitudes of P1 and N170 induced by the second stimulus to investigate the effect
of “paradigm” (SUCC, CONC vs. SIM), “hemisphere” (left vs. right), “electrode” (P7/P8 vs. PO7/PO8), “visual
field” (left vs. right), and “type of the first stimulus” (real character vs. false character). P values were corrected for
deviations according to Greenhouse-Geisser correction. The methods were carried out in accordance with the
approved guidelines.

Results

Behavioral results. We observed significant main effects of paradigm in terms of accuracy and response
time (F, 3= 14.36, p=0, M2 p=0.49; F, ;,= 55.48, p= 0, M2 p = 0.79). With regard to accuracy, pairwise com-
parisons revealed that there were more errors for SIM (91%) when compared to SUCC (96%) and CONC (98%).
Additionally, the pairwise comparison analysis on response time demonstrated that participants performed the
task faster for SUCC (452.58 ms) and CONC (440.002 ms) when compared to SIM (631.07 ms).

ERPresults. PI. With regard to the first stimulus (Fig. 3 and Table 1), P1 amplitudes at PO7/PO8 (1.89 uV)
were larger than those at P7/P8 (1.44 uV) (F, ;5= 8.06, p=.01, 12 p = 0.35). There were no other significant
effects, so that paradigm, hemisphere, visual field and the type of the first stimulus may not have effects on the
P1 amplitude. The lack of effect between real and false characters on the P1 amplitude demonstrates that visual
properties of them were successfully balanced.

With regard to the second stimulus (Fig. 4 and Table 2), we observed larger P1 amplitudes for SIM (1.85 uV)
when compared to CONC (0.75 V), and for CONC (0.75 uV) when compared to SUCC (0.25 uV) (F, 3o= 14.05,
p=.001, N2 p=0.48). No other significant effects were observed, so that the type of the first stimulus may not
affect the P1 amplitude induced by the second stimulus.
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Figure 3. Grand average ERP waveforms for real characters (black lines) and false characters (red lines)
recorded at PO7 and POS8 electrode sites.

194 | 238 | 205 | 264 | 1.03 | 1.27 | 1.21 | 1.56 | 0.79 | 1.06 | 1.00 | 1.36 | 1.70 | 2.32 | 1.96 | 2.63
suee (1.39) | (1.90) | (1.41) | (1.83) | (1.33) | (1.66) | (1.47) | (1.88) | (1.13) | (1.48) | (0.97) | (1.29) | (1.48) | (1.87) | (1.21) | (1.64)
195 | 242 | 209 | 236 | 1.28 | 146 | 095 | 1.37 | 0.53 | 0.87 | 0.81 | 1.29 | 1.90 | 2.58 | 1.90 | 2.67
CONE (1.15) | (1.56) | (1.44) | (1.93) | (1.24) | (1.72) | (1.44) | (1.99) | (1.79) | (2.06) | (1.43) | (1.51) | (1.44) | (2.00) | (1.43) | (1.94)

Table 1. Mean amplitudes (uV) (£SD) of P1 induced by stimulus 1 for each condition.

NI70. When participants were viewing the first stimulus (Fig. 3 and Table 3), we observed a significant interac-
tion between hemisphere and S1 type on the N170 amplitude (F, ;s=4.26, p=0.05, 2 p = 0.22). Simple-effects
analyses revealed that real characters (—3.22 uV) evoked stronger N170 amplitudes in the left hemisphere than
false characters (—2.76 1V; p=0.05), and real characters (—3.80 uV) and false characters (—3.78 uV) did not have
different influences on N170 amplitude in the right hemisphere (p = 0.91). Additionally, a significant main effect
of electrode was observed (F, ;= 8.64, p=0.01, 12 p=0.37). The pairwise comparison indicated that N170 was
stronger at P7/P8 (—3.69 uV) than at PO7/PO8 (—3.09 uV).

In terms of the second stimulus (Fig. 4 and Table 4), there was a significant paradigm X S1 type interaction
on the N170 amplitude (F, ;= 6.47, p= 0.01, n2 p = 0.48), with real characters eliciting stronger N170 when
compared to false characters in both SUCC (real characters, —6.04 1V; false characters, —4.03 uV; p=0.003) and
CONC (real characters, —5.92 uV; false characters, —4.27 uV; p=0.001). The SIM condition did not influence the
N170 amplitude (real characters, —3.64 uV; false characters, —3.49 uV; p= 0.20).

Discussion
The current study measured N170 responses to examine how orthographic regularity affects the processing of
real Chinese characters and whether common processes related to the potential effect exist between SUCC and
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Figure 4. Grand average ERP waveforms for real characters preceded by real characters (black lines) and
preceded by false characters (red lines) recorded at PO7 and POS8 electrode sites.

CONC. Behaviorally, we found fewer errors and shorter response times for SUCC and CONC compared to SIM,
demonstrating similarities between SUCC and CONC and their differences from SIM. Our finding replicates
the earlier result of greater left-lateralized N170 responses for real Chinese characters than for false characters,
which indicates that the enhanced and left-lateralized character-related N170 is due to orthographic processing.
The N170 response was bilaterally smaller for real Chinese characters preceded by false characters compared to
real characters, indicating that orthographic regularity may inhibit the recognition of real Chinese characters.
Additionally, the inhibition effect was present in SUCC and CONC but not SIM, which is similar to the common
adaptation effects reported for faces between SUCC and CONC (Kovécs et al., 2013). This finding suggests that
common inhibition processes of orthographic regularity in Chinese characters may exist between SUCC and
CONC.

Inhibition effect of Chinese character orthographic regularity. Similar to a previous finding®, we
only found greater neural responses to real Chinese characters in the left hemisphere. Thus, consistent with the
prior study®, our results suggest that the enhancement and left lateralization of character-related N170 is elicited
by processes relevant to orthographic property (i.e., radical position).

More importantly, we found that the N170 response for real Chinese characters was smaller when preceded
by false rather than real characters. Prior studies investigating adaptation effects of faces reported reduced N170
elicited by faces in the face-adapted condition compared to the nonface-adapted condition'?!?. Similar to the
face-sensitive adaptation effect, some researchers described a Chinese-sensitive adaptation effect characterized
by smaller N170 responses for Chinese characters in the within-category condition than the between-category
condition®. These previous studies support the notion that neural adaptation involves reduced neural responses
for a repeated stimulus category. Inconsistent with prior results, we observed stronger neural responses for real
Chinese characters when the category was repeated; this may be because real and false characters are not in dif-
ferent categories.

Instead of an adaptation effect, we measured an inhibition effect of orthographic regularity in real Chinese
character processing. Su et al. (2012) found a priming effect induced by radical position preference that was
reflected by stronger N170 and P200 components. Notably, greater N170 and P200 for subordinate radical posi-
tion characters are thought to indicate that processing these characters requires more effort'’. Unlike the prior
study, we firstly employed real and false characters and SUCC, CONC and SIM conditions to find larger N170
responses for real Chinese characters preceded by real compared to false characters. According to the explanation
of the findings of the previous study'’, our interpretation is that for skilled native speakers, when S1 is a false char-
acter rather than a real character, less attention is paid to the content of subsequently presented real characters
because they are in a context that lacks semantics. As a result, the N170 is smaller for real characters preceded by a
false character rather than a real character. Thus, compared to real characters, false characters may inhibit the rec-
ognition of other real characters, and N170 changes can reflect the inhibition effect. Although N170 amplitudes
elicited by S1 were only different in the left hemisphere, we found a bilateral N170 effect induced by S2. This may
be because S2 was always a real Chinese character whereas S1 was either a real character or a false character. The
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—0.17 —0.23 0.03 —0.01 0.75 1.25 0.30 0.65 —0.06 0.39 0.18 0.39 0.30 0.19 0.09 —0.02

suee (1.64) (2.29) | (1.22) (1.64) | (1.66) (1.88) (1.41) (1.72) (1.30) | (1.56) (1.34) (1.46) (1.74) (2.01) (1.71) (2.07)
0.05 —0.00 0.83 1.18 1.20 1.79 1.10 1.96 0.08 0.40 0.72 1.14 0.30 0.03 0.46 0.68

CoNe (1.53) (2.28) | (1.42) (1.96) | (1.62) (1.86) (1.62) (1.82) (1.32) | (1.82) (1.28) (1.48) (1.91) (2.54) (1.87) (2.05)
2.39 2.70 2.33 2.64 1.39 1.56 1.37 1.74 0.72 1.18 0.61 0.94 2.48 2.81 222 2.47

SIM (1.70) (1.77) | (1.17) (1.41) | (0.99) (1.06) (1.26) (1.32) (1.31) | (1.42) (1.36) (1.44) (1.57) (2.24) (1.34) (1.95)

Table 2. Mean amplitudes (uV) (£SD) of P1 induced by stimulus 2 for each condition.

—350 | —298 | —3.09 | —236 | —384 | —287 | —393 | —280 | —332 | —2.88 | —298 | —239 | —453 | —398 | —443 | —391
suee (235 | 2300 (48)| 39| 36| 36| 65| (358)| (28| (60| (28)] (3.02)| (292)| Goe| (325 @301

—358 | —310 | —329 | —286 | —374 | —318 | —422 | —325 | —335 | —3.05 | —292 | —223 | —426 | —403 | —411 | —356
CONC (195) | (166) | (263) | (244)| (314)| (318)| (396) | (401) | (248)| (285) | (93| G42)| G67)| (395 | (85| (377

Table 3. Mean amplitudes (uV) (£=SD) of N170 induced by stimulus 1 for each condition.

—4.71 —5.57 —3.20 —3.78 —6.68 —7.06 —4.63 —4.78 —5.67 —6.40 —3.30 —3.89 —5.80 —6.44 —4.23 —4.45
suee (3.15) (3.69) (2.18) (2.51) (3.38) (3.62) (2.25) (2.49) (3.22) (3.91) (2.31) (2.63) (2.90) (3.11) (2.24) (2.34)

—4.83 —5.58 —3.48 —3.87 —6.08 —6.50 —4.86 —4.78 —5.67 —6.27 —3.98 —4.29 —5.89 —6.51 —4.28 —4.57
coNe (2.69) (3.24) (1.59) (2.21) (2.41) (2.36) (2.13) (1.92) (2.93) (3.40) (1.52) (2.18) (2.13) (2.99) (2.39) (2.39)

—3.93 —3.52 —3.66 —3.37 —3.64 —2.95 —3.72 —3.11 —3.59 —2.99 —3.15 —2.54 —4.27 —4.21 —4.22 —409
S (2.14) (2.13) (2.13) (2.09) (3.25) (3.74) (3.11) (3.63) (2.34) (2.74) (2.37) (2.55) (2.79) (3.24) (3.22) (3.36)

Table 4. Mean amplitudes (uV) (£=SD) of N170 induced by stimulus 2 for each condition.

N170 component induced by S2 in SIM when S1 and S2 were presented simultaneously and the ERP response
induced by S2 in SUCC and CONC could be N170 with a shorter latency because of the preceding presentation of
S1. Collectively, these findings suggest that there is an inhibition effect of orthographic regularity in real Chinese
characters that can be reflected by N170 changes.

Similarities between SUCC and CONC and their differences from SIM.  With regard to the second
stimulus, we found larger P1 amplitudes for SIM than for CONC, which was greater than for SUCC. This may be
because everything is new in the SIM condition without priming when compared to CONC and SUCC condi-
tions, and CONC has more physically visual items than SUCC. More attentional resources are recruited for new
or additional “stuff,” leading to larger P1 amplitudes.

Interestingly, our behavioral findings of fewer errors and shorter response times for SUCC and CONC com-
pared to SIM may indicate that SUCC is similar to CONC and that both SUCC and CONC are different from
SIM. Furthermore, we only observed a smaller N170 for real Chinese characters preceded by false characters
rather than real characters in the SUCC and CONC conditions, and this reduction was not different between the
two conditions. Findings using an adaptation paradigm'? similar to SUCC were similar to the results of a study
that employed a competition paradigm!” similar to the CONC. Furthermore, a previous study reported similar
N170 changes for faces in the SUCC and CONC conditions'®. Similar to the prior study'$, we found similar N170
responses in the SUCC and CONC conditions. S1 disappeared when S2 started to appear in SUCC, whereas
S1 remained on the screen when S2 started to appear. Nevertheless, S2 was preceded by S1 in both the SUCC
and CONC conditions. Thus, the similar results in the SUCC and CONC conditions indicate that the finding is
dependent on asynchronous presentations of S1 and S2 and common processes in the SUCC and CONC condi-
tions; whether S1 disappears at the onset of S2 does not have an effect. Our finding of similar N170 responses for
S2 in the real and false character conditions of SIM is in accordance with a previous study that found that similar
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and dissimilar face pairs elicited similar ERPs until 250 ms after their onsets in a paradigm similar to SIM?*. This
may be because S1 and S2 are presented concurrently in the SIM condition, which is different from the SUCC and
CONC conditions with asynchronous S1 and S2 presentations. Thus, in the current study, similar N170 responses
in SUCC and CONC rather than SIM may have been due to asynchronous S1 and S2 presentations and common
inhibition processes in the SUCC and CONC conditions.

Our study had several limitations. Firstly, other investigations of the adaptation effects of faces reported
reduced N170 responses elicited by faces in the face-adapted condition compared to the phase-randomized
face'*?¢ or nonface-adapted condition>!?. Stroke combinations or noncharacter objects can be added in future
studies to determine whether an adaptation effect exists in Chinese character processing. Secondly, although
the possibility of radical consistency of S1 and S2 is small (0.96% per event), the same radicals of S1 and S2 may
influence the inhibition effect of orthographic regularity in Chinese characters. Thus, the factor of radical con-
sistency should also be assessed. Thirdly, as preschoolers and skilled readers have different abilities to grasp the
orthographic regularity of Chinese characters, it would be worthwhile to investigate the effect of orthographic
regularity during Chinese character learning.

Conclusion

In the current study, we examined how orthographic regularity influences the processing of real Chinese charac-
ters and whether common processes related to the potential effect exist between SUCC and CONC conditions.
Our behavioral finding of fewer errors and shorter response times for SUCC and CONC compared to SIM shows
similarities between SUCC and CONC and their differences from SIM. Our findings replicate the earlier finding
of greater neural responses for real Chinese characters than for false characters in the left hemisphere, which
indicates that the enhancement and left lateralization of character-related N170 is elicited by processes relevant to
orthographic property (i.e., radical position). Additionally, we found that orthographic regularity may inhibit the
recognition of real Chinese characters, which is reflected by bilaterally smaller N170 responses for real Chinese
characters preceded by false characters relative to real characters. In addition, the inhibition effect was present in
the SUCC and CONC conditions rather than SIM, showing that smaller N170 responses may have been due to
asynchronous presentations of S1 and S2 and common inhibition processes in the SUCC and CONC conditions.

References
1. Chen, Y. P. What are the functional orthographic units in Chinese word recognition: The stroke or the stroke pattern? Q. J. Exp.
Psychol. 49, 1024-1043 (1996).
2. Ho, C. S. H, Ng, T. T. & Ng, W. K. A “radical” approach to reading development in Chinese: The role of semantic radicals and
phonetic radicals. J. Lit. Res. 35, 849-878 (2003).
3. Grill-Spector, K., Henson, R. & Martin, A. Repetition and the brain: neural models of stimulus-specific effects. Trends Cogn. Sci. 10,
14-23 (2006).
4. Noguchi, Y., Inui, K. & Kakigi, R. Temporal dynamics of neural adaptation effect in the human visual ventral stream. J. Neurosci. 24,
6283-6290 (2004).
5. Feng, C., Luo, Y. & Fu, S. The category-sensitive and orientation-sensitive N170 adaptation in faces revealed by comparison with
Chinese characters. Psychophysiology 50, 885-899 (2013).
6. Lin, S. E. et al. Left-lateralized N170 response to unpronounceable pseudo but not false Chinese characters—the key role of
orthography. Neuroscience 190, 200-206 (2011).
7. Wengang, Y. & Butterworth, B. Chinese pure alexia. Aphasiology 12, 65-76 (1998).
8. Zhang, Q. & Weekes, B. S. Orthographic facilitation effects on spoken word production: Evidence from Chinese. Lang. Cognitive
Proc. 24, 1082-1096 (2009).
9. Ding, G., Peng, D. & Taft, M. The nature of the mental representation of radicals in Chinese: a priming study. J. Exp. Psychol. Learn.
30, 530 (2004).
10. Su, I E, Mak, S. C. C., Cheung, L. Y. M. & Law, S. P. Taking a radical position: evidence for position-specific radical representations
in Chinese character recognition using masked priming ERP. Front. Psychol. 3, doi: 10.3389/fpsyg.2012.00333 (2012).
11. Taft, M., Zhu, X. & Peng, D. Positional specificity of radicals in Chinese character recognition. J. Mem. Lang. 40, 498-519 (1999).
12. Eimer, M., Kiss, M. & Nicholas, S. Response profile of the face-sensitive N170 component: a rapid adaptation study. Cereb. Cortex
bhp312, doi: 10.1093/cercor/bhp312 (2010).
13. Kovics, G. et al. Electrophysiological correlates of visual adaptation to faces and body parts in humans. Cereb. Cortex 16, 742-753
(2006).
14. Kovics, G., Zimmer, M., Harza, I, Antal, A. & Vidnyanszky, Z. Position-specificity of facial adaptation. Neuroreport 16, 1945-1949
(2005).
15. Kovacs, G., Zimmer, M., Harza, I. & Vidnyanszky, Z. Adaptation duration affects the spatial selectivity of facial aftereffects. Vision
Res. 47, 3141-3149 (2007).
16. Jacques, C. & Rossion, B. Concurrent processing reveals competition between visual representations of faces. Neuroreport 15,
2417-2421 (2004).
17. Jacques, C. & Rossion, B. Electrophysiological evidence for temporal dissociation between spatial attention and sensory competition
during human face processing. Cereb. Cortex 17, 1055-1065 (2007).
18. Kovacs, G., Zimmer, M., Volberg, G., Lavric, I. & Rossion, B. Electrophysiological correlates of visual adaptation and sensory
competition. Neuropsychologia 51, 1488-1496 (2013).
19. Modern Chinese frequency dictionary. Beijing: Beijing Language Institute Press. In Chinese (1985).
20. Wang, M. Y., Kuo, B. C. & Cheng, S. K. Chinese characters elicit face-like N170 inversion effects. Brain Cognition 77, 419-431 (2011).
21. Caharel, S., Fiori, N., Bernard, C., Lalonde, R. & Rebai, M. The effects of inversion and eye displacements of familiar and unknown
faces on early and late-stage ERPs. Int. J. Psychophysiol. 62, 141-151 (2006).
22. Latinus, M. & Taylor, M. J. Holistic processing of faces: learning effects with Mooney faces. J. Cognitive Neurosci. 17, 1316-1327
(2005).
23. Fan, C. et al. N170 changes reflect competition between faces and identifiable characters during early visual processing. Neurolmage
110, 32-38 (2015).
24. Luo, W, Feng, W,, He, W,, Wang, N. Y. & Luo, Y. J. Three stages of facial expression processing: ERP study with rapid serial visual
presentation. Neurolmage 49, 1857-1867 (2010).
25. Gentile, F. & Jansma, B. M. Temporal dynamics of face selection mechanism in the context of similar and dissimilar faces: ERP
evidence for biased competition within the ventral occipito-temporal cortex using ICA. NeuroImage 59, 682-694 (2012).

SCIENTIFICREPORTS | 6:23275 | DOI: 10.1038/srep23275 8



www.nature.com/scientificreports/

26. Kloth, N., Schweinberger, S. R. & Kovacs, G. Neural correlates of generic versus gender-specific face adaptation. J. Cognitive
Neurosci. 22, 2345-2356 (2010).

Acknowledgements

The work was supported by the National Natural Science Foundation of China (Grant Nos. 31170984, 31371033,
81471376) and National Basic Research Program of China (2014CB744600, 2011CB711000). Dr. Luo’s work has
been funded by National Natural Science Foundation of China and National Basic Research Program of China.

Author Contributions
W.H., C.E and W.L. wrote the main manuscript text and prepared Figures 1-4 and Tables 1-4. Additionally, J.R.,
T.L. and M.Z. took part in doing the experiment. Besides, all authors reviewed the manuscript.

Additional Information
Competing financial interests: The authors declare no competing financial interests.

How to cite this article: He, W. et al. Electrophysiological evidence of inhibited orthographic regularity effect
on the recognition of real Chinese characters. Sci. Rep. 6, 23275; doi: 10.1038/srep23275 (2016).

This work is licensed under a Creative Commons Attribution 4.0 International License. The images

TEE o1 other third party material in this article are included in the article’s Creative Commons license,
unless indicated otherwise in the credit line; if the material is not included under the Creative Commons license,
users will need to obtain permission from the license holder to reproduce the material. To view a copy of this
license, visit http://creativecommons.org/licenses/by/4.0/

SCIENTIFIC REPORTS | 6:23275 | DOI: 10.1038/srep23275 9


http://creativecommons.org/licenses/by/4.0/

	Electrophysiological evidence of inhibited orthographic regularity effect on the recognition of real Chinese characters
	Introduction
	Methods
	Participants
	Stimuli
	Procedure
	Electroencephalogram (EEG) Recording
	Data Analysis

	Results
	Behavioral results
	ERP results
	P1
	N170


	Discussion
	Inhibition effect of Chinese character orthographic regularity
	Similarities between SUCC and CONC and their differences from SIM

	Conclusion
	Additional Information
	Acknowledgements
	References


