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A B S T R A C T

While skilled readers produce an increased and left-lateralized event-related-potential (ERP) component, known
as N170, for strings of letters compared to strings of less familiar units, it remains unclear whether perceptual
familiarity plays an important role in driving the increased and left-lateralized N170 for print. The present study
addressed this issue by examining N170 responses for regular Chinese characters and cursive Chinese characters
which are visually less familiar regarding their form, yet with phonological and semantic properties. Stroke
combinations, which are with unfamiliar visual form and without phonological or semantic properties, were
used as low-level control stimuli. Twenty college students (22.6 ± 1.2 years) were examined. A content-irre-
levant color matching task was used to control for differences of attention load across familiar and unfamiliar
stimuli. A left-lateralized N170 was evoked only by regular characters, but not by cursive characters or stroke
combinations. Moreover, cursive characters, which are principally readable but visually unfamiliar, produced a
lower N170 than regular characters, and no N170 difference was found compared with stroke combinations.
These results suggest that visual form familiarity serves as an important driver for the increased and left-la-
teralized N170 response.

1. Introduction

Through extensive experience with learning to read, humans ac-
quire the ability to quickly recognize visual words, and show specia-
lized responses in their brain (Schlaggar and McCandliss, 2007). In
skilled readers, visual words evoke an increased and left-lateralized
event-related potential (ERP) component peaking within 200ms after
stimulus onset, usually termed N170 or N1 (Bentin et al., 1999; Maurer
et al., 2006). Specifically, the N170 amplitude is larger and left-later-
alized for familiar orthographic stimuli such as real words and pseu-
dowords compared to less familiar stimuli such as consonant strings and
symbol strings in alphabetic scripts (Brem et al., 2006; Maurer et al.,
2005; Maurer et al., 2006,; Araújo et al., 2015; Fraga González et al.,
2014; Fraga González et al., 2016, Varga et al., 2018). Similarly, real
and pseudo Chinese characters produce an increased and left-later-
alized N170 response relative to less familiar false characters and stroke
combinations (Lin et al., 2011; Yang et al., 2017; Zhao et al., 2012; Cao
et al., 2011). However, it remains unclear whether perceptual

familiarity plays an important role in driving the increased and left-
lateralized N170 for print.

A straightforward approach to address this issue is to examine N170
responses for stimuli with less familiar visual forms while having
phonological and semantic properties. Chinese cursive characters ac-
cord with these properties. In the modern Chinese writing system,
cursive characters are one font of printed Chinese although less used
than regular characters (Zhou, 2001). Cursive characters are generally
employed for daily use in some situations (e.g., billboards and trade-
marks) as well as in calligraphic art (Wang, 1958), and thus skilled
Chinese readers can recognize common cursive characters.

In the framework of visual word reading, visual input is first
transformed into abstract visual word forms (invariant under changes
in location, size, case and font) in the visual word form system, and
then activates semantic and phonological processing (at this stage,
surface visual features would no longer play a role), although top-down
modulation may play a role in early visual processing (Cohen and
Dehaene, 2004; see Dehaene et al., 2005 for a review; Warrington and
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Shallice, 1980). Thus, in this framework, cursive characters, once
transformed into abstract visual forms, are essentially the same as
regular characters in terms of phonological and semantic properties
(Marshall and Newcombe, 1973; Price and Devlin, 2003).

In the present study, we aimed to examine whether perceptual fa-
miliarity plays an important role in driving the increased and left-la-
teralized N170 for print by comparing cursive characters (e.g., ) and
regular characters (e.g., ) (see Table 1). In addition, stroke combi-
nations (e.g., ) were formed by randomly recombining the strokes of
the regular characters as a low-level visual control. Stroke combinations
were matched with regular characters in terms of the low-level visual
features, while the combined pattern of strokes was entirely disrupted,
and had no phonological or semantic properties. To control for differ-
ences of attention load across familiar and unfamiliar stimuli, we used a
content-irrelevant color matching task with a short presentation time
(300ms), in which participants were asked to make judgments about
the color of the stimuli only and to ignore the other properties (see Zhao
et al., 2012 for more discussion).

Similar to results in previous studies (Cao et al., 2011; Lin et al.,
2011; Zhao et al., 2012), we expected regular characters would evoke
an increased and left-lateralized N170 response, while stroke combi-
nations would evoke a lower and less left-lateralized N170 response
relative to regular characters. Importantly, due to reduced visual form
familiarity, we expected a reduced and less left-lateralized N170 re-
sponse for cursive characters if perceptual familiarity plays an im-
portant role to drive this N170 effect. Alternatively, we expected a si-
milar N170 response for the two types of characters that have the same
linguistic properties regardless of fonts (regular vs. cursive) if the in-
creased and left-lateralized N170 effect is not modulated by perceptual
familiarity.

2. Methods

The research protocol reported here was approved by a local in-
stitutional review board and written informed consent was obtained
from the participants in the present study.

2.1. Participants

There were twenty-two participants in the experiment (11 of them
were male). One of the participants did not finish the experiment, and
the hit rates of one participant in the one-back color repetition detec-
tion task was only at random level. Therefore, two participants (2
males) were excluded from the analyses. Mean age of the remaining
participants was 22.6 years (± 1.2 years). Participants were all un-
dergraduate students at the university. They were all right-handed ac-
cording to the Edinburgh handedness inventory (Oldfield, 1971), with
normal or corrected-to-normal vision and all reported themselves to be
in good health.

2.2. Material

Three types of stimuli were used: regular characters, cursive char-
acters, and stroke combinations. Examples were illustrated in Fig. 1a.
All regular characters had a single-structure, composed of only one
logographeme and five strokes on average (range: four-seven) with a

frequency of occurrence of 1170 per million (the modern Chinese fre-
quency dictionary, 1985). Cursive characters were the same characters
typed in cursive font. They were comparable with regular characters in
phonological and semantic properties. Stroke combinations were con-
structed by recombining the strokes of real characters. They were
matched with regular characters in basic visual stimulus properties
(i.e., stroke and visual complexity), but the internal structure was dis-
rupted, and they had no pronunciation or meaning. For each type, 36
stimuli were created. To further confirm the visual form familiarity of
cursive characters and regular characters, we asked another twenty
participants to rate the visual form familiarity of the two types of sti-
muli in a seven-point scale (1= never to 7= frequent). The score of the
visual form familiarity judgment was analyzed in a paired-sample t-test
with Stimulus Type as a within-subject factor. Results showed that the
rating score of cursive characters was significantly lower than that of
regular characters (3.59 vs. 6.54, t(19) = 11.34, p < 0.001).

2.3. Procedure

Each stimulus was presented in one of the three colors green, red or
yellow on a gray background in the center of the screen extending 1.32°
in visual angle. Each trial was constructed as follows: a mean interval of
1600ms (1450ms–1750ms, with±75ms random jitter) and fixed
stimulus duration of 300ms was used. Participants were instructed to
press a button, whenever a color of a stimulus occurred consecutively
two times in a row (i.e., the one-back color repetition detection) (as
shown in Fig. 1b). All stimuli were presented four times as non-targets,
and a subset was additionally presented as targets (17% of all stimuli).
The three conditions were presented randomly within a block. The
order of the left and right hand to respond was counterbalanced be-
tween participants.

After the ERP experiment, participants were instructed to read
aloud all the regular and cursive Chinese characters presented in the
ERP experiment. Each character was presented for 300ms, and parti-
cipants pronounced the characters as accurately and fast as possible.
Both accuracy and reaction time (the time interval between item onset
and the pronunciation onset) were recorded.

To evaluate the difficultly of visual form processing of the three
stimulus types, we asked additional 27 participants to participate in a
visual form matching task. The stimuli were the same as those used in
the ERP experiment, but were presented in three pairs (i.e., regular
character-regular character, cursive character-cursive character, stroke
combination-stroke combination). Participants were asked to judge
whether the two stimuli are same. The trial started with a fixation cross
presented at the center of the screen for 800ms. The stimulus pair was
displayed for 300ms. All stimuli were presented in black against a gray
background, and subtended 1.3° of visual angle at a viewing distance of
100 cm. Horizontally, the two characters were 3.6° of visual angle
apart. The test was composed of 180 trials (90 ‘same’ trials and 90
‘different’ trials). For each stimulus type, there were 60 trials with 30
‘same’ trials and 30 ‘different’ trials. The order of trials was randomized
and the keys corresponding to same/different responses were counter-
balanced between participants.

2.4. Electrophysiological recording and analysis

Electroencephalogram (EEG) signal was recorded from 64 Ag/AgCl
electrodes secured in an elastic cap (NeuroScan Inc., EI Paso, TX, USA).
And horizontal electrooculogram (EOG) was recorded with additional
electrodes on the left and right external cantus, while the vertical EOG
was recorded with two electrodes placed above and below the left eye.
An electrode located between Cz and CPz served as a reference, but an
average reference transformation was used for the data analysis. An
electrode between Fpz and Fz on the cap served as ground. All channels
were amplified with a band pass from AC 0.1 to 100 HZ and the sam-
pling rate was 1000 Hz. Electrode impedances were kept below 5 kΩ.

Table 1
Description and examples of different types of stimuli.

Type of stimuli Example Familiarity Pronunciation Meaning

Regular character high high high

Cursive character low high high

Stroke combination 0 0 0
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The EEG data was preprocessed using EEGLAB software (Delorme
and Makeig, 2004). First, the data was digitally filtered by band-pass
(0.5–30HZ). The Artifact Subspace Reconstruction (ASR) method was
applied to remove artifacts and bad channels, which were reconstructed
from neighboring channels (Mullen et al., 2013). Secondly, the data
was referenced to a common average reference. Finally, EOG artifacts
were corrected using ICA and SASICA tools (Chaumon et al., 2015), in
which the ICA components which correlated with vEOG and hEOG
channels were removed. The EEG was then segmented into epochs of
700ms including a 100ms pre-stimulus baseline, used for baseline
correction. Epochs with extreme amplitude exceeding threshold
(± 80 μV) within the interested time window were rejected. Trials of
non-targets were averaged separately for the three conditions. To
minimize selection bias of electrodes mainly based on visual inspection
and allow for comprehensive multichannel ERP analyses (Maurer et al.,
2005; 2006; Wang and Maurer, 2017), we identified EEG segments for
further analyses by the maxima of global field power (GFP) curve after
averaging all grand means across all stimulus types and subjects
(Lehmann and Skrandies, 1980).

Similar to the procedure used in previous studies (Bentin et al.,
1999; Lin et al., 2011; Wong et al., 2005; Zhao et al., 2012), five pairs of
channels in occipito-temporal areas were selected according to the to-
pographic maxima in the negative field over both hemispheres, in-
cluding PO7/8, P7/8, PO5/6, PO3/4, and CB1/2. Based on the GFP
curve, the first ERP segment was from 57ms to 105ms (bilateral
troughs of the first wave), and was identified as the P100 component
based on the bifocal posterior positivity. The following segment (106-
198ms) was rather long, with a sharp initial peak and a subsequent
decrease, which was identified as the N170 component. And the fol-
lowing segment (199-274ms for maxima) was identified as the P2
component. The peak value of amplitude on these channels for these
three components was obtained by the peak detection, respectively.
And after that, the statistics was based on the peak amplitudes. Speci-
fically, the mean of the P100, N170 or P2 peak amplitude of these
channels on the left hemisphere (i.e., PO7/P7/PO5/PO3/CB1) and the
right hemisphere (i.e., PO8/P8/PO6/PO4/CB2) was computed, re-
spectively. The latency of these components in one pair of channels
(PO7/PO8, the topographic maxima in the negative/positive field on
the occipito-temporal area over both hemispheres) was detected. Fi-
nally, peak amplitudes and latencies of P100, N170 or P2 were ana-
lyzed in Analyses of Variance (ANOVA, procedure GLM) with two
within-subject factors Stimulus Type (regular characters, cursive char-
acters, stroke combinations) and Hemisphere (left, right), respectively.

And further, to examine whether the peak amplitudes at the occi-
pito-temporal electrodes reflected the effect across ERP maps, the data
was analyzed using topographic analyses of variance (TANOVA) im-
plemented in the Randomization Graphical User interface (RAGU)
software (Koenig et al., 2011). Specifically, the TANOVA was computed

at each time point in three pairwise comparisons (regular character vs.
cursive character, regular character vs. stroke combination, cursive
character vs. stroke combination). To correct for multiple comparisons,
RAGU has an in-built procedure (Global Duration Test), which uses a
duration threshold that is detected using a randomization procedure. In
other words, differences between two types of stimuli are detected that
last longer than would be expected by chance (Koenig et al., 2011).

3. Results

3.1. Behavioral results

3.1.1. Color matching
Hit rates and reaction times were analyzed for target trials of the

three stimulus types. Means and standard deviations are illustrated in
Table 2. Due to a file error, the behavioral data of four participants
were lost. Since the participants were asked to respond as accurately as
possible, their overall hit rates were high for all stimulus types. Results
in one-way ANOVA with Stimulus Type (regular character, cursive
character, stroke combination) as a within subject factor revealed a
significant main effect, F (2, 30)= 14.62, p < 0.001, η2G= 0.49. Results
in the post-hoc test showed that the hit rate for color repetition de-
tection in the stroke combination condition was lower than that in the
regular character condition (p=0.01) and cursive character condition
(p < 0.001), while no difference was found between regular and cur-
sive characters (p=0.29). For reaction times, the one-way ANOVA did
not show a significant main effect of Stimulus Type, F (2, 30)= 0.96,
p=0.39, η2G= 0.06.

3.1.2. Chinese character naming
After the EEG experiment, participants were measured in a Chinese

character naming test, which consisted of the regular and cursive
characters presented in the EEG experiment. Participants could name
regular and cursive characters at the same accuracy level (t18< 1,
p>0.05), and the accuracies for both types of stimuli were close to the
ceiling level in naming regular characters (0.98) and cursive characters
(0.97). Importantly, the cursive characters that were not correctly
named were not consistent across participants. This together with very
high accuracy indicates that all cursive characters were clear to each
participant. For reaction time, results in a paired-sample t-test showed

Fig. 1. a. Examples of stimuli: regular character (RC), cursive character (CC), and stroke combination (SC). b. Sketch map of the one-back color repetition detection
task. The arrow implied the direction of presentation.

Table 2
Hit rate and reaction time [Mean (SE)].

Regular Cursive Stroke combination

Hit rate (%) 95.57 (1.60) 96.87 (1.80) 92.45 (1.70)
Reaction time (ms) 495.30 (32.03) 493.04 (32.04) 502.82 (31.25)

L. Xue, et al. Neuropsychologia 134 (2019) 107194

3



that participants took longer time to name cursive characters
(731 ± 98ms) than regular characters (618 ± 57ms), t18= 6.70,
p < 0.001.

3.1.3. Visual form matching
Means and standard deviations of accuracy and reaction time are

illustrated in Table 3. Data was analyzed in a one-way ANOVA with
Stimulus Type as a within-subject factor. For the accuracy, results
showed the main effect of Stimulus Type was significant, F(2,
52)= 14.53, p < 0.001. Results in the post-hoc test (with Bonferroni
adjustment) showed that the accuracy of regular character was higher
than that of cursive character (p < 0.001) and stroke combination
(p < 0.001), while no difference was found between cursive character
and stroke combination (p=0.46). For the reaction time, results
showed the main effect of Stimulus Type was significant, F(2,
52)= 8.75, p=0.003. Results in the post-hoc test (with Bonferroni
adjustment) showed that the reaction time of regular character was
shorter than that of cursive character (p=0.021) and stroke combi-
nation (p < 0.001), while no difference was found between cursive
character and stroke combination (p=0.99). These results suggest that
the difficulty of visual form processing was regular character < cursive
character= stroke combination.

3.2. ERP results

Fig. 2a shows grand average waveforms for three stimulus cate-
gories at the occipito-temporal electrodes on the left and right hemi-
spheres. A positive deflection peaking within 100ms, and a negative
deflection peaking within 200ms were clearly visible for each stimulus
type over bilateral occipito-temporal sites.

3.2.1. P100 peak amplitude
Results in the ANOVA showed neither the main effect of the

Stimulus Type, F (2, 38)= 1.36, p=0.27, η2G= 0.07, nor the main effect
of Hemisphere, F (1, 19)= 3.21, p=0.09, η2G= 0.14 was significant. The
interaction of Stimulus Type and Hemisphere was not significant, F (2,

38) = 0.61, p=0.54, η2G= 0.03. These results showed no significant
differences in low-level visual features across the three types of stimuli.

3.2.2. N170 peak amplitude
Fig. 2b shows the average of N170 peak amplitudes for three types

of stimuli at the occipito-temporal electrodes on the left and right
hemisphere. ANOVA with the two within-subject factors Stimulus Type
(regular character, cursive character, stroke combination) and Hemi-
sphere (left, right) showed a significant main effect of the Stimulus
Type, F (2, 38)= 9.87, p < 0.01, η2G= 0.34, while the main effect of
Hemisphere was not significant, F (1, 19)= 2.99, p=0.10, η2G= 0.14.
Importantly, the interaction of Stimulus Type and Hemisphere was
significant, F (2, 38)= 5.54, p=0.01, η2G= 0.23.

For the lateralization, we observed a left-lateralization of N170 was
specific to regular characters (i.e., stimuli with high familiarity with
visual forms). Specifically, results in the analysis of N170 amplitude
between the left and right hemispheres showed only a significant left-
lateralization of N170 response for regular characters (p=0.04), while
neither cursive character (p=0.14) nor stroke combinations (p=0.22)
evoked such a left-lateralized N170 response.

The following results reflect subsequent analyses for differences
between stimulus categories separately for each hemisphere. Regarding

the left hemisphere, the amplitude of N170 evoked by regular char-
acters was significantly larger than those evoked by cursive characters
(p=0.002), and stroke combinations (p=0.001), respectively. No
N170 difference was found between cursive characters and stroke
combinations (p=0.17). However, in the right hemisphere, there was
no significant difference between any two stimulus categories (regular
characters vs. cursive characters, p=0.82; regular characters vs. stroke
combinations, p=0.17). Similarly, no significant difference was found
between cursive characters and stroke combinations (p=0.46).

3.2.3. N170 peak latency
Table 4 illustrates means and standard errors of N170 peak latency

for the three types of stimuli. Results in the two-way ANOVA with the
two within-subject factors Stimulus Type (regular character, cursive
character, stroke combination) and Hemisphere (left, right) showed
significant main effects of Stimulus Type, F (2, 38)= 9.41, p < 0.001,
η2G= 0.33, and Hemisphere F (1, 19)= 4.64, p=0.044, η2G= 0.20. The
interaction of Stimulus Type by Hemisphere was not significant F (2,

38)= 2.0, p=0.16, η2G= 0.09. Results in the post-hoc test showed that
N170 latency for regular characters was shorter than that for cursive
characters (p=0.003), and marginally shorter than that for stroke
combinations (p=0.05), while no difference was found between cur-
sive characters and stroke combinations (p=0.45).

3.2.4. P2 peak amplitude
Results in the two-way ANOVA with the two within-subject factors

Stimulus Type (regular character, cursive character, stroke combina-
tion) and Hemisphere (left, right) showed a significant main effect of
Stimulus Type, F (2, 38) = 7.90, p < 0.01, η2G=0.29. However, the
main effect of Hemisphere (F (1, 19)= 0.34, p=0.57, η2G=0.02) and
the interaction of Stimulus Type and Hemisphere (F (2, 38)= 0.31,
p=0.74, η2G=0.02) were not significant. Post hoc tests within
Stimulus Type showed that the P2 amplitude evoked by regular char-
acters was significantly larger than that evoked by cursive characters
(p=0.001), while marginally larger than that evoked by stroke com-
binations (p=0.07). No difference in P2 amplitude was found between
cursive characters and stroke combinations (p=0.90).

3.2.5. P2 peak latency
Table 5 illustrates means and standard error of P2 peak latency for

the three types of stimuli. Results in the two-way ANOVA showed a
significant main effect of Stimulus Type, F (2, 38)= 14.38, p < 0.001,
η2G=0.43. The main effect of Hemisphere, F (1, 19)= 3.12, p=0.10,
η2G=0.14 and the interaction of Stimulus Type by Hemisphere, F (2,

38)= 2.40, p=0.11, η2G=0.11 were not significant. Results in the post-
hoc test of the Stimulus Type showed that the P2 latency for regular
characters was shorter than that for cursive characters (p < 0.001),
and stroke combinations (p=0.02), while no significant difference was
found between cursive characters and stroke combinations (p=0.10).

3.2.6. Topographic map TANOVA results
To investigate whether the difference showed at the occipito-tem-

poral electrodes at N170 peak latency existed across the ERP maps, the
TANOVAs were used for comparisons between stimulus categories.
Similar to the N170 analysis, the trial length of data sample was 800ms
including 100ms baseline. To examine our hypothesis, we focused on
the first 400ms after stimulus onset.

For regular-cursive comparison, as shown in Fig. 3b and c, the time
windows that survived the Global Duration Test are shown in green,
and the topographies in the difference t-maps are separately illustrated
for the time periods corresponding to different components (N1/N170,
P2). We divided the segment into two time-window as counterparts of
N170 and P2 components, based on the increased p-value that coincides
with a change in the topography of the difference wave. Similar to the
N170 and P2 time ranges (see Fig. 3a), results in TANOVA statistics
showed significant difference between regular and cursive characters

Table 3
Accuracy and reaction time [Mean (SE)].

Regular Cursive Stroke combination

Accuracy (%) 94.94 (0.70) 90.93 (0.70) 89.01 (1.20)
Reaction time (ms) 707.39 (31.64) 741.51 (38.48) 750.58 (28.95)
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Fig. 2. a. Grand average waveforms with 95% confidence intervals (error bands) at occipito-temporal channels on both the left and the right hemispheres b. Box plots
of average of N170 peak amplitude evoked by different stimulus categories on left and right hemispheres. Lines in the boxes denote means, **p < 0.01, *p < 0.05.

Table 4
N170 peak latency [Mean (SE)].

Regular Cursive Stroke combination

Left hemisphere 154.30 (3.41) 157.78 (3.67) 156.55 (3.60)
Right hemisphere 146.20 (4.14) 153.28 (4.60) 152.23 (4.25)

Table 5
P2 peak latency [Mean (SE)].

Regular Cursive Stroke combination

Left hemisphere 232.20 (4.36) 239.75 (4.86) 238.60 (4.92)
Right hemisphere 234.73 (4.88) 250.54 (4.50) 244.56 (4.86)
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between 112ms and 157ms for N170 and 157 to 252ms for P2, re-
spectively (Fig. 3b). The t-maps of the difference between these two
stimulus categories are used for illustration (Fig. 3c). In addition, a si-
milar pattern was found in the regular character-stroke combination
comparison, 108-166ms for N170 and 116-243ms for P2 (t-maps seen
in Fig. 3d and e). By contrast, as shown in Fig. 3f, there was no sig-
nificant difference in the cursive character vs. stroke combination
comparison in the similar time range as the regular character vs. stroke
combination comparison (108-166ms for N170 and 166-243ms for P2,
see Fig. 3f and g).

4. Discussion

Although there is a consensus that the increased left-lateralized
N170 response for print is depending on extensive experience with this
visual type, it remains unclear whether perceptual familiarity plays an
important role in driving increased and left-lateralized N170 for print.
We addressed this issue by comparing N170 responses for three types of
visual categories (regular Chinese character, cursive Chinese character,
and stroke combination) with different degrees of visual form famil-
iarity, yet only regular and cursive characters have phonological and

semantic properties.
With the goal of identifying the role of visual form familiarity and

controlling for differences of attention load across familiar and un-
familiar stimuli, we used a content-irrelevant color matching task with
a short duration of stimulus presentation (300ms). In various com-
monly-used explicit language tasks with long stimulus durations, par-
ticipants are often faster in response to target letters embedded in na-
tive than non-native words and more accurate at detecting repetitions
of orthographic stimuli (such as words or letter strings) than at de-
tecting repetitions of less familiar symbol strings (Maurer et al., 2005;
Maurer et al., 2008). Therefore, the increased N170 in response for
orthographic stimuli reported in these studies may be partly explained
by attentional bias to familiar stimulus categories (see Zhao et al., 2012
for more discussion). In contrast, in the current study, we did not find
any behavioral response difference between regular and cursive char-
acters. Hence, the task we used here effectively controlled for possible
confounding caused by different attentional loads between familiar and
unfamiliar stimuli.

An important finding of the present study is that the left-lateralized
and increased N170 was sensitive to familiarity of visual form. We
found that only regular characters evoked a significantly left-lateralized

Fig. 3. a. N170 waveforms averaged with 95% confidence intervals (error bands) across five occipito-temporal channels on both the left and the right hemispheres,
respectively. b., d., f. TANOVA results of paired comparisons of three stimulus categories (800ms, including 100ms baseline, RC-regular characters, CC-cursive
characters, SC-stroke combinations). Green periods survived Global Duration Test (p < 0.05). c., e., g. t-maps during the time window for N170 and P2 components,
respectively. ∗∗∗means p-value of TANOVA<0.001.
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N170, while either cursive characters or stroke combinations evoked a
bilateral N170 response. Moreover, detailed analysis of N170 amplitude
at channels over the left posterior region showed that regular characters
evoked stronger N170 amplitude relative to both cursive characters and
stroke combinations. As a font that is relatively rarely used in the
modern Chinese writing system, cursive characters are visually less
familiar than regular characters in standard style of handwriting (see
Zhou et al., 2001 for detailed discussion). This conclusion was con-
firmed by our results in visual form familiarity rating, which showed
that cursive characters were visually less familiar than regular char-
acters for skilled readers. In the naming task, all participants correctly
named virtually all cursive characters (the accuracy was 0.97). These
results together suggest that the cursive characters used in this study
were readable, while visually unfamiliar. ERP results show that cursive
characters produced weaker and less left-lateralized N170 than regular
characters and a similar N170 response to stroke combinations that
have no pronunciation and meaning. These results together demon-
strated that perceptual familiarity plays an important role to drive the
left-lateralized and increased N170.

The remaining issue is whether the increased and left-lateralized
N170 response could be related to the mapping of visual form of a
character to its phonological/semantic properties. Compared to regular
characters, it may be more difficult to decode the cursive characters
(access to phonological and semantic information). This interpretation
seems to be consistent with results of the name task, which showed that
participants took longer time to name cursive characters than regular
character. However, it is important to note that participants also took
longer time to process cursive characters than regular characters in
visual form matching. Therefore, it is also possible that the longer re-
action times of naming cursive characters may be due to the difficulty
of visual form processing. Moreover, this interpretation is not supported
by the N170 results of the current study. If a more effortful access of
phonological and semantic information was reflected in the N170
component, an increased or prolonged N170 would be expected (si-
milar to increased activation for pseudowords compared to words or for
low-frequency compared to high-frequency words in fMRI studies; e.g.,
Kronbichler et al., 2004). However, we did not find this N170 effect.
Rather our ERP results suggest that the more difficult lexical access is
reflected in the subsequent P2 component, with not only larger am-
plitude but also shorter latency for regular characters compared with
cursive characters and stroke combinations. This interpretation is
compatible with previous studies suggesting that the P2 is associated
with later attentional processes and the mapping of visual form of a
word to its phonological properties (Barnea and Breznitz, 1998; Bentin
et al., 1999; Sereno et al., 1998; Zhang et al., 2009).

There is an ongoing discussion about whether visual expertise ef-
fects in reading are driven by bottom-up processes or by interactions
between automatic top-down predictions and bottom-up input
(Dehaene and Cohen, 2011; Price and Devlin, 2011). While our current
results are unlikely to reflect effortful access of phonological and se-
mantic representation, these results are not sufficient to resolve the
debate regarding the nature of the visual expertise effects. Therefore, it
is highly possible that the visual form familiarity effects in the N170
reflect the sensitivity of feature detectors to bottom-up visual input
(Dehaene and Cohen, 2011). However, there is another possibility that
the visual familiarity effects in the N170 reflect prediction errors arising
from matching automatic top-down predictions from higher-level visual
or language regions with visual input (Price and Devlin, 2011). Whe-
ther the visual expertise effects in the N170 is driven by purely bottom-
up processing or by interactive processing, and whether potential pre-
dictions are arising from visual regions or language regions remains to
be elucidated in future studies.

It is worth noting that earlier studies have examined the left-later-
alized and increased N170 for print in different tasks (e.g., lexical de-
cision in Simon et al., 2007; naming in Chauncey et al., 2008; Wang and
Maurer, 2017; repetition detection in Fraga González et al., 2014; Fraga

González et al., 2016), while in the present study we used an implicit
task that does not require specific phonological and semantic proces-
sing. Results in some of previous studies suggest that N170 sensitivity to
words is modulated by task demands (Strijkers et al., 2015; Wang and
Maurer, 2017). It is possible that the task-demand may contribute to the
effect of visual form familiarity on the N170 responses. With respect to
script types, in addition to Chinese, the increased and left-lateralized
N170 for print has been found in scripts with different alphabetic
scripts (e.g., Dutch in Fraga González et al., 2014; Fraga González et al.,
2016; Portuguese in Araújo et al., 2015). Some of the results in previous
studies suggest that reading Chinese may not automatically engage
strong phonological processing as reading alphabetic words (Chen and
Shu, 2001; Yeh and Li, 2002). Thus, script-type may also contribute to
the effect of visual form familiarity on the N170 responses.

Finally, we would like to acknowledge a few limitations of the
present study and note some directions for future studies. First, the
present study only examined Chinese characters processing on Chinese
participants. Future research needs to examine whether this pattern of
N170 lateralization can be extended to other writing systems. Second,
the current findings are not sufficient to directly address whether visual
form familiarity a lone can drive the increased and left-lateralized
N170. In future studies one can ask participants to learn new symbols
and manipulate exposure. One can also investigate the effect of Chinese
Characters processing in alphabetic readers who are learning to read
Chinese, and vice versa.

In conclusion, using an implicit color matching task, we found an
increased and left-lateralized N170 response for the regular characters
compared to the cursive characters that were less familiar in terms of
visual form but had phonological and semantic properties. We also
examined the N170 evoked by the stroke combinations that were with
less familiar visual form and had no pronunciation and meaning, and
found no N170 difference between cursive characters and stroke com-
binations. These findings provide empirical evidence that the percep-
tual familiarity plays an important role to drive the increased and left-
lateralized N170 response for print.
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