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Previous event-related potential studies support sex differences in the N170 response

during face and word processing; however, it remains unclear whether N170 categorical

adaptation for faces and words is different between women and men. Using an

adaptation paradigm, in which an adaptor and subsequent test stimulus are presented

during each trial, the present study investigated N170 categorical adaptation for faces

and Chinese characters in both women and men. The results demonstrated that the

N170 amplitude elicited by test stimuli in within-category condition was lower than

in control category condition, and this was observed during both face and Chinese

character processing in women and men. In addition, we found that men have greater

N170 categorical adaptation for face and word processing than women. There was also a

significant correlation between N170 categorical adaptation indices for face and Chinese

character processing in men, which did not occur in women. These findings suggest that

men and women process repeated faces or words differently.
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INTRODUCTION

Adult humans are proficient at recognizing both human faces and words. Faces and words
are objects of expertise. Researchers have identified several behavioral features of expertise in
perceptual processing, such as in holistic processing (Richler and Gauthier, 2014); neural features
have also been identified, such as specific brain processing areas including the fusiform face area
(Kanwisher et al., 1997) and the visual word form area (Cohen andDehaene, 2004). Previous studies
of event-related potentials (ERPs) support the hypothesis that there are specific N170 responses
during facial and word perception. For example, the N170 response evoked by faces is often greater
than that evoked by non-face objects (Bentin et al., 1996; Eimer, 2000a; Itier and Taylor, 2004;
Rossion and Jacques, 2008) and the N170 response to words is much stronger than for letter strings
(Bentin et al., 1999; Maurer et al., 2005b) or line drawings (Cao and Zhang, 2011; Cao et al.,
2011; Lin et al., 2011; Yum et al., 2011; Zhao et al., 2012). Furthermore, recent ERP studies have
demonstrated an important neural trait, the N170 categorical adaptation effect, by measuring the
N170 response to face and word processing (Eimer et al., 2010, 2011; Cao et al., 2014b, 2015b).

Categorical adaptation, which is sometimes described as repetition suppression, refers to a
category-specific reduction in neuronal activity in response to a repeated stimulus compared to
an unrepeated stimulus, although there are some differences between repetition suppression and
categorical adaptation (Grill-Spector et al., 2006). In a commonly used adaptation paradigm, an
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adaptor and subsequent test stimulus are presented during
each trial. In the N170 adaptation paradigm, the adaptor and
test stimuli are presented successively, with a specified inter-
stimulus interval (ISI). The N170 categorical adaptation effect is
measured by comparing N170 amplitudes elicited by the same
category of test stimulus when preceded by different categories
of adaptor stimuli. The N170 adaptation paradigm has been
used to characterize neural responses to objects of expertise. For
example, many studies have demonstrated that N170 amplitudes
are attenuated during face tests that are preceded by face adaptors
rather than by non-face adaptors (e.g., houses), suggesting a face-
related categorical adaptation effect when there is a short ISI
(e.g., 200ms) (Nemrodov and Itier, 2011; Cao et al., 2014b).
Similar to the face-related N170 categorical adaptation effect,
word-related effects have been demonstrated using short ISIs
(e.g., 200ms) (Cao et al., 2014a,b, 2015b). Previous studies have
also demonstrated that objects of non-expertise cannot produce
N170 categorical adaptation similar to that produced by objects
of expertise (Cao et al., 2015a). Together, the findings suggest that
N170 categorical adaptation is a common phenomenon during
visual processing of various expert stimuli presented with short
ISIs.

Sex differences in the neural response to objects of expertise
have been investigated during early perception (Proverbio et al.,
2006, 2010, 2012; Sun et al., 2010). For example, during early
perceptual processing, research has consistently demonstrated
a right-lateralized face-related N170 response in men, and a
bilateral response in women (Proverbio et al., 2006, 2010, 2011,
2012; Godard and Fiori, 2010; Godard et al., 2013; Ji et al., 2016).
Only a few studies have used ERPs to investigate sex differences
in word processing, although they have found evidence for
differences between women and men (Skrandies et al., 1999;
Hill et al., 2006; Ji et al., 2016; however, Wirth et al., 2007).
However, most previous studies have used ERPs to investigate
sex differences in N170 responses to faces or words separately. A
recent ERP study examined sex differences in the N170 response
evoked by both faces and words (Ji et al., 2016), and found
that the N170 response to faces in men was right-lateralized,
whereas it was bilateral in women. Moreover, the N170 response
to Chinese characters was bilateral in men, whereas it was left-
lateralized in women.

The studies described above demonstrate that N170
categorical adaptation is consistent for facial and word
processing when a short ISI occurs. Moreover, previous studies
have demonstrated sex differences in N170 amplitudes for faces
and words (Skrandies et al., 1999; Hill et al., 2006; Proverbio
et al., 2006, 2010, 2012; Ji et al., 2016). However, sex differences in
N170 categorical adaptation for both face and word processing
have not been elucidated. Although previous studies have
demonstrated relationships between face and word processing
(Nestor et al., 2013; Dehaene et al., 2015), it remains unclear
whether there is a correlation between face-related N170
adaptation and word-related N170 adaptation. Therefore, we
examined sex differences in N170 categorical adaptation for
both face and word processing, in adult participants. We chose
objects of long-term expertise (faces and Chinese characters) as
the stimuli. Given the existing ERP evidence for sex differences

in face (Proverbio et al., 2006, 2010, 2011, 2012; Godard and
Fiori, 2010; Godard et al., 2013) and word processing (Skrandies
et al., 1999; Hill et al., 2006), we predicted sex differences in
N170 categorical adaptation for both face and Chinese character
processing. In addition, since many previous studies have
demonstrated relationships between face and word stimuli
(Nestor et al., 2013; Dehaene et al., 2015), we predicted that
the degree of N170 categorical adaptation for faces would be
similar to the degree of N170 categorical adaptation for Chinese
characters.

METHODS

Participants
Seventy native Chinese participants (34 women; total sample age
range, 19–28 years and mean age, 23.4 years) were recruited
from Zhejiang Normal University and received remuneration for
their participation. All participants had normal or corrected-to-
normal vision, and were right-handed. All participants provided
written informed consent, and the protocol was approved by the
ethical committee of Zhejiang Normal University.

Stimuli
The stimuli were grayscale pictures of faces, houses, and Chinese
characters. Faces were images of 72 individuals (36 men and 36
women), selected from a standard set of faces at our laboratory;
the images displayed neutral facial expressions andweremodified
to eliminate external features (hair, ears, and jaw line). Adobe
Photoshop CS5 was used to homogenize facial contours to
a single oval shape, similarly to the process used by Eimer
et al. (2010). Seventy-two high frequency Chinese characters
with a left-right configuration and 7–14 strokes were chosen
from the Modern Chinese frequency dictionary (1986), and
were presented in Song font. Seventy-two grayscale images of
houses without non-house related objects (e.g., trees) were used
as adaptor control stimuli. We used Adobe Photoshop CS5 to
eliminate non-house related objects from the house pictures. The
face stimuli were 180 × 276 pixels, subtending an angle of 4.0 ×
6.2◦ from a viewing distance of 90 cm. The Chinese character and
house stimuli were 198 × 198 pixels in size, subtending an angle
of 4.5× 4.5◦ from a viewing distance of 90 cm.

Procedure
Participants sat in a dimly lit room on a chair, 90 cm away
from a 17-inch cathode ray tube monitor (1,024 × 768-pixel
resolution), on which all stimuli were presented against a dark
gray background. E-Prime 2.0 was used for stimulus presentation
and behavioral response collection (Psychology Software Tools,
Pittsburgh, PA, USA).

In each trial, an adaptor and test stimulus were presented
sequentially for 200ms each, with an ISI of 200ms, followed by
a 1,500ms intertrial interval (see Figure 1), similarly to Eimer
et al. (2010). The two possible types of test stimuli were faces (F)
and Chinese characters (C). Each test stimulus was preceded by
1 of 2 possible adaptor stimuli, either from the same category or
from a non-expert category (houses; H) as the control condition.
Specifically, a face was preceded by a face or a house, and a

Frontiers in Human Neuroscience | www.frontiersin.org 2 January 2018 | Volume 11 | Article 656

https://www.frontiersin.org/journals/human-neuroscience
https://www.frontiersin.org
https://www.frontiersin.org/journals/human-neuroscience#articles


Zhu et al. Sex Differences in N170 Categorical Adaptation

FIGURE 1 | The example of the trial sequence of face adaptation (A) and the example of target and non-target stimuli for face/word processing (B).

Chinese character was preceded by a Chinese character or a
house. Therefore, there were 4 conditions, including FF, HF, CC,
and HC. The conditions were presented with equal frequency,
and in a random order within each block. There were 72 trials in
each block, 64 of which were non-target trials. No response was
required during the non-target trials. The remaining 8 trials per
block were target trials, where a red outline shape aligned with
the outer contours of the stimulus shape. The aim of the target
trials was for participants to focus their attention on the task. The
target stimulus, namely the red outline shape, was presented with
equal probability as the study or test stimulus in the target trials.
Target trials were randomly intermixed with non-target trials.
There were four blocks. Participants were instructed to press a
response button when they detected a target stimulus, following
the second picture presentation.

Electroencephalographic Recordings and
Data Analyses
Electroencephalography (EEG) was performed using a 128-
channel HydroCel Geodesic Sensor Net (Electrical Geodesics,
Inc., Eugene, OR, USA), with an electrode placed on the Vertex
(Cz) serving as the reference for the online recording. Electrode
impedances were maintained below 50 k�. Signals were digitized
at a 500Hz sampling rate, and amplified with a 0.1–200Hz
elliptical band pass filter. EEG data were digitally filtered offline
using a 0.1–30Hz band pass filter and epoched from 200ms
before to 800ms after stimuli onset, with baseline at 100ms
before stimulus onset. Trials with artifacts exceeding ±100 µV
were rejected. Accepted trials were categorized by condition and
participant (mean, 58.9; range, 50–64). The remaining EEG data
were re-referenced to the average of the channels.

EEG data were analyzed for non-target trials only. A group
of channels over the left occipitotemporal regions (O1, 65, T5;
channel 65, between O1 and T5) and right occipitotemporal
regions (O2, 90, T6; channel 90, between O2 and T6) were
analyzed when the N170 components were maximal (Cao

et al., 2014a). To increase reliability, these peak amplitudes
were then averaged across the 3 channels for each hemisphere.
EEG waveforms were averaged separately for each presentation
condition. Visual inspection of the individual data and the results
of previous studies (Eimer et al., 2010; Nemrodov and Itier, 2011;
Cao et al., 2015a) were used to define the N170 time-window as
130–210ms for adaptor stimuli and 140–220ms for test stimuli.

Previous studies have reported that the P100 amplitude
elicited by faces is different from that elicited by words (Mercure
et al., 2011; Fu et al., 2012; Cao et al., 2015b). In order to ensure
that N170 amplitude differences could not be attributed to P100
amplitude differences between faces and Chinese characters,
statistical analyses of the N170 amplitude focused on peak-to-
peak measurements, for which baseline-to-peak P100 amplitudes
were subtracted from baseline-to-peak N170 amplitudes (Itier
and Taylor, 2002; Goffaux et al., 2003; Rossion et al., 2003;
Bentin et al., 2007; Tian et al., 2015). Statistical analyses
of the baseline-to-peak N170 amplitude are reported in the
Appendix.

N170 responses evoked by the adaptor stimuli were analyzed
using repeated-measures analysis of variance (ANOVA), with
factors including stimulus category (F, C, and H), hemisphere
(left, right), and sex (women, men). The N170 responses elicited
by the test stimuli (F and C) were also analyzed using ANOVA
for the test category (F and C), paired condition (within category,
FF/CC; control category, HF/HC), hemisphere (left or right), and
sex (women, men). In order to directly understand adaptation
differences evoked by the test stimuli (e.g., F or C) between
women and men, the analysis was also performed on the
adaptation index (AI). The face AI was defined as F_index
= (HF − FF)/(HF + FF) and the Chinese character AI was
defined as C_index = (HC − CC)/(HC + CC). The AI was also
analyzed using ANOVA for test category (F, C), hemisphere (left,
right), and sex (women, men). All post-hoc paired comparisons
were performed using the Bonferroni adjustment for multiple
comparisons, and an alpha level of 0.05. We also examined the
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FIGURE 2 | N170 component at the left and right hemispheres elicited by study (A) and test (B) stimuli in women and men.

correlation between the N170 AI for facial processing and for
Chinese characters, in both women and men.

RESULTS

Behavioral Results
The mean accuracy of detecting the target stimuli was 0.97
(standard deviation, SD = 0.023). The mean response time was
533ms (SD= 17.15). There were no main effects or interactions.

ERP Results
Adaptor Stimuli N170 Amplitudes
The results are shown in Figure 2 and Table 1. The analysis of
the peak-to-peak N170 amplitudes yielded a significant main

effect for the stimulus category, F(2, 136) = 84.588, p < 0.001,
η
2
p =0.554, with larger N170 amplitudes elicited by faces than

by Chinese characters, t(69) = 6.806, p < 0.001, or houses, t(69)
= 13.724, p < 0.001. Furthermore, N170 amplitudes for Chinese
characters were significantly larger than those for houses, t(69)
= 5.307, p < 0.001. There was also a trend toward a stimulus
category × hemisphere × sex interaction, F(2, 136) = 3.047, p =

0.063, η
2
p = 0.043. Further analyses revealed that when faces

were used as the adaptor stimuli, there was a significant main
effect for sex F(1, 68) = 5.841, p = 0.018, η

2
p = 0.079, and a

trend toward an interaction between hemisphere and sex, F(1, 68)
= 3.821, p = 0.055, η

2
p = 0.053. Post-hoc t-tests revealed that

the N170 amplitude elicited by faces was right-lateralized in
men, t(35) = 2.230, p = 0.032, and bilateral in women, t(33)
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TABLE 1 | The peak-to-peak N170 amplitude(µV, M ± SD) elicited by the adaptor

stimuli.

Female Male

Left

hemisphere

Right

hemisphere

Left

hemisphere

Right

hemisphere

Face −6.44 ± 3.55 −6.07 ± 3.42 −7.73 ± 3.07 −8.59 ± 4.07

Chinese

character

−5.62 ± 3.03 −5.23 ± 2.99 −6.42 ± 3.07 −6.08 ± 3.7

House −4.57 ± 2.76 −4.28 ± 2.67 −4.95 ± 3.1 −5.46 ± 3.4

TABLE 2 | The peak-to-peak N170 amplitude(µV, M ± SD) elicited by the test

stimuli.

Female Male

Left

hemisphere

Right

hemisphere

Left

hemisphere

Right

hemisphere

FF −4.42 ± 2.58 −4.34 ± 2.72 −5.81 ± 2.82 −6.68 ± 4.15

HF −7.13 ± 3.85 −6.99 ± 4.16 −9.48 ± 3.08 −10.59 ± 4.56

CC −5.1 ± 2.8 −4.91 ± 2.78 −6.25 ± 2.76 −6.38 ± 3.26

HC −6.4 ± 3.73 −5.92 ± 3.57 −8.89 ± 3.15 −8.34 ± 3.92

= 0.737, p = 0.466. Moreover, when the adaptor stimuli were
Chinese characters or houses, nomain effects or interactions were
observed.

Test Stimuli N170 Amplitudes
The results are shown in Figure 2 and Table 2. Repeated
measures ANOVA of N170 amplitudes, including test category,
paired condition, hemisphere, and sex revealed significant main
effects for test category, F(1, 68) = 6.944, p = 0.010, η2

p = 0.093,
paired condition, F(1, 68) = 248.738, p < 0.001, η2

p = 0.785, and
sex, F(1, 68) = 9.061, p = 0.004, η2

p = 0.118. Furthermore, there
was a trend toward an interaction for test category × paired
condition × hemisphere × sex, F(1, 68) = 3.546, p = 0.064, η2

p

= 0.050. The following significant interactions also occurred: test
category × paired condition × hemisphere, F(1, 68) = 10.296,
p= 0.002, η2

p = 0.132; test category× hemisphere× sex, F(1, 68)
= 4.392, p= 0.040, η2

p = 0.061; paired condition× sex, F(1, 68) =
12.814, p = 0.001, η2

p = 0.159; test category× paired condition,
F(1, 68) = 64.352, p < 0.001, η

2
p = 0.486; and test category ×

hemisphere, F(1, 68) = 9.397, p= 0.003, η2
p = 0.121.

Three-way ANOVAs for paired condition, hemisphere, and
sex were conducted separately for face and Chinese character
stimuli. For the face test stimuli, a significant paired condition
× sex interaction, F(1, 68) = 7.918, p = 0.006, η

2
p = 0.104,

occurred; post-hoc t-tests revealed that the N170 amplitude was
smaller when preceded by within-category stimuli than by when
preceded by control category stimuli in both women, t(33) =

9.919, p < 0.001, and men, t(35) = 13.272, p < 0.001. There was
also a trend toward an interaction between hemisphere and sex,
F(1, 68) = 3.195, p = 0.078, η2

p = 0.045; post-hoc t-tests revealed
that the N170 amplitude was right-lateralized in men, t(68) =
2.580, p= 0.014), and bilateral in women.

For Chinese characters, a significant main effect for paired
condition was observed, F(1, 68) = 105.272, p < 0.001, η

2
p

= 0.608, and there was also a significant paired condition ×

hemisphere interaction, F(1, 68) = 9.570, p = 0.003, η2
p = 0.123.

Post-hoc t-tests revealed that, in both hemispheres, the N170
amplitude was larger when preceded by house stimuli than when
preceded by Chinese characters [left: t(69) = 9.713, p < 0.001;
right: t(69) = 7.859, p< 0.001]. There was also a significant paired
condition × sex interaction, F(1, 68) = 11.537, p = 0.001, η2

p =

0.145; post-hoc t-tests revealed that N170 amplitudes were larger
in men than in women in both paired conditions [CC, t(68) =
2.066, p= 0.043; HC, t(68) = 3.129, p= 0.003].

Test Stimuli N170 Amplitude AI
The analysis of N170 amplitude AIs revealed a significant main
effect of sex, F(1, 68) = 4.711, p = 0.033, η2

p = 0.065, with lower
AIs for women (0.17) compared to men (0.21). A significant
main effect of test category, F(1, 68) = 58.389, p < 0.001, η2

p =

0.462, occurred, with greater AIs for faces (0.25) than for Chinese
characters (0.13). There was also a significant test category ×

hemisphere interaction, F(1, 68) = 4.882, p = 0.031, η2
p = 0.067;

post-hoc t-tests revealed that the AI in the left hemisphere was
greater than that in the right hemisphere for Chinese characters,
t(69) = 2.685, p= 0.009. Furthermore, the AI for faces was greater
than that for Chinese characters in both hemispheres [left: t(69) =
4.788, p < 0.001; right: t(69) = 7.231, p < 0.001).

Correlation Analyses
The face N170 AI was defined as the F_index, and the Chinese
character N170 AI was defined as the C_index. Correlational
analyses of AI between faces and Chinese characters revealed a
significant correlation in men, r= 0.467, p= 0.004, although this
correlation was not observed in women, r= 0.121, p= 0.495 (see
Figure 3).

DISCUSSION

The present study was conducted to investigate sex differences in
N170 categorical adaptation during early perceptual processing
of faces and Chinese characters. Recent studies have confirmed
that the N170 amplitude is strongly suppressed when a target
stimulus is preceded by another within-category stimulus,
compared to when it is preceded by an image from a different
object category (Kovács et al., 2005; Cao et al., 2014a, 2015a,b).
This repetition effect is referred to as categorical adaptation,
and has been consistently demonstrated across studies (Eimer
et al., 2010, 2011; Kloth et al., 2010; Walther et al., 2013). In
the present study, we used an N170 adaptation paradigm to
assess whether categorical adaptation differs between women and
men during face and Chinese character processing. Moreover,
the present study produced 2 improvements to the accuracy of
categorical adaptation measurements. First, the N170 amplitude
value in the present study is the peak-to-peak measurement,
for which the baseline-to-peak P100 amplitude was subtracted
from the baseline-to-peak N170 amplitude. In the present study,
the P100 amplitude elicited by faces differed from that elicited
by Chinese characters (see Appendix), which is consistent with
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FIGURE 3 | Correlations of the N170 adaptation level between faces and Chinese characters in women and men. AI refers to Adaptation Index.

many previous studies (Maurer et al., 2008; Fu et al., 2012; Cao
et al., 2015b). Thus, peak-to-peak N170 amplitude measurements
may reduce the influence of low-level stimulus properties on
N170 effects related to faces and Chinese characters. Second,
the N170 categorical AI in the present study was a pure
numerical index; different categories of objects could be directly
compared.

In the present study, we assessed sex differences in categorical
adaptation during face and Chinese character processing; we
discussed the neural response to adaptor stimuli between women
and men, and discussed the detailed neural response to test
stimuli between women and men. For the adaptor stimuli,
the N170 amplitude elicited by expert stimuli was larger than
that elicited by houses in both women and men. Furthermore,
the N170 amplitude elicited by faces as adaptor stimuli was
larger in the right hemisphere than in the left hemisphere in
men, although it was similar in both hemispheres in women;
these results are also consistent with those of previous studies
(Proverbio et al., 2010; Ji et al., 2016). Together, our results and
previous studies support that the N170 response during face
processing is right hemisphere-dominant in men and bilateral in
women; furthermore, this effect is stable across different tasks (for
example, the one-back task and adaptation task). In contrast, the
N170 amplitude elicited by Chinese characters as adaptor stimuli
is bilateral in women and men. Previous studies have found that
the N170 amplitude elicited by Chinese characters was bilateral
in men, whereas it was left lateralized in the one-back task in
women (Ji et al., 2016). Therefore, womenmay havemore flexible
processing styles than men during Chinese character recognition
tasks.

Sex Differences in N170 Categorical
Adaptation
The N170 categorical adaptation analysis indicated 3 significant
differences between women and men. First, the present results
are the first demonstration that the N170 categorical AI is
greater in men than in women, for both face and Chinese
character processing. The results support sex differences in early
perceptual processing for objects of expertise. Many studies

have demonstrated that N170 responses during face and word
processing differ between women and men (Proverbio et al.,
2010; Ji et al., 2016). Our findings support sex differences in
categorical adaptation, which is a reduction in neural activity
in stimulus-sensitive neuron populations following stimulus
repetition, for expert object processing. Moreover, although the
present study does not resolve the debate on the nature of
categorical adaptation, it does contribute to knowledge regarding
the adaptation mechanisms. Although several studies have
investigated the neural mechanisms of categorical adaptation, the
nature of this phenomenon remains unclear. Many studies have
connected categorical adaptation to local or entirely bottom-up
mechanisms (e.g., fatigue, sharpening, or response facilitation;
for a review see Grill-Spector et al., 2006). Previous evidence
suggests that women perform better than men on both face and
word recognition tasks (Messé et al., 1968; May and Hutt, 1974;
Godard and Fiori, 2010; Herlitz and Lovén, 2013); the present
study found that men demonstrated improved adaptation
compared to women. Although a correlation between processing
performance and the degree of adaptation for expert stimuli
processing was not directly assessed, the findings described
above imply a negative correlation. Further explorations of
this possibility may support fatigue mechanisms of categorical
adaptation. Although single-cell recording studies suggest that
a single fatigue-related adaptation cannot accurately describe
adaptation-related phenomena (Vogels, 2016), future studies
should directly investigate the relationship between behavioral
performance for face/word processing and the degree of
categorical adaptation in both women and men.

The second difference between women and men revealed
by our study was the significant correlation for the N170
categorical AI between face and Chinese character processing
in men, which was not observed in women. The results
indicate that men may have similar N170 categorical adaptation
traits for faces and Chinese characters, whereas women may
process different categories of objects of expertise differently.
Many previous studies support interactions between face and
word processing (Nestor et al., 2013; Dehaene et al., 2015),
particularly lesion case studies (e.g., prosopagnosia/pure alexia).
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For example, Behrmann and colleagues found that patients
with prosopagnosia had impairments reading words (Behrmann
and Kimchi, 2003; Behrmann and Plaut, 2014) and pure
alexia with face impairments (Behrmann and Plaut, 2014).
Furthermore, both patients in Behrmann and Kimchi (2003),
and 6 of the 7 patients in Behrmann and Plaut (2014) were
men. Together, the results of the present and previous studies
suggest that interactions between face and word processing
may occur only in men. Future research should examine this
possibility.

The third N170 categorical adaptation difference between
women and men is lateralization of the N170 amplitude evoked
by test faces. In the present study, the N170 amplitude elicited
by test faces was right lateralized in men, and was bilateral
in women. These lateralization differences for face processing
between women and men were also found in previous studies.
For example, Proverbio et al. (2010) found bilateral N170
responses in women, and right lateralized responses in men,
when processing faces representing different ages and genders.
Our results are consistent with previous findings, and also
support that the phenomenon is consistent for processing
repeated face stimuli.

Similarities between Men and Women in
N170 Categorical Adaptation
Previous studies have supported stable N170 categorical
adaptation for both face and word recognition (Cao et al.,
2014b, 2015b). The present study demonstrated that the
N170 responses to faces/Chinese characters are significantly
greater in control trials compared to within-category trials,
in both women and men. Our study extends the current
knowledge by demonstrating that N170 categorical adaptation
for faces and Chinese characters is consistent in both
sexes.

We found several similarities in N170 categorical adaptation
between women and men, for both face and word processing.
First, the N170 categorical AI is greater for face processing
than for Chinese characters in both sexes. Previous studies have
reported a difference in N170 categorical adaptation between
faces and words (Mercure et al., 2011). Our results, which
present the N170 categorical AI as a pure numerical index
for the first time, directly demonstrate that N170 categorical
adaptation is greater for faces than for Chinese characters.
Therefore, N170 categorical adaptation may be associated with
common configuration within a category (Mercure et al., 2011).
Face-related N170 is thought to reflect structural encoding
of faces (Bentin and Deouell, 2000; Eimer, 2000b). Since
all faces have the same first-order configuration of 2 eyes
above a nose, which is above a mouth (Maurer et al., 2002),
structural encoding processing may affect the configuration
of subsequent faces, resulting in reduced N170 responses.
In contrast, previous studies have demonstrated that word-
related N170 effects may reflect visual word form recognition
(Maurer et al., 2005a). Different words share fewer common
configurations than faces (Mercure et al., 2011); therefore, N170

categorical adaptation may be lower for words than that for
faces.

The present results indicated a second similarity between
women and men; the N170 categorical AI for face processing
was similar between hemispheres, whereas it was left lateralized
for Chinese character processing. These findings suggest that
the right hemisphere has similar characteristics to the left
hemisphere for perceptual processing of repeated faces, whereas
the hemispheres have different characteristics for Chinese
character processing. Although there were some differences in
the experimental paradigm, previous studies have demonstrated
that there are different N170 habituation properties between face
and word processing. For example, Fu and colleagues found
that a left-lateralized N170 effect occurred for Chinese character
processing, and did not occur for face processing (Fu et al., 2012;
Feng et al., 2013). Our results support consistency in bilateral
N170 categorical adaptation for faces and left-lateralized effects
for Chinese characters, in both sexes.

Together, our results reveal that men have greater N170
categorical adaptation for face and word processing than women
have. Furthermore, there is a significant correlation between the
N170 categorical AIs for face and Chinese character processing
in men, which is not observed in women. These findings
suggest that the categorical adaptation characteristics of men
differ from those of women, for processing repeated faces
or words. However, only 2 categories of objects of expertise
were used in the present study, and it is therefore not clear
whether sex differences in N170 categorical adaptation also
occur for other objects of expertise (e.g., cars). Moreover, the
Chinese characters were familiar to participants, whereas the
face images were unfamiliar; we did not use different levels of
face and Chinese character familiarity to directly explore the
influence of familiarity on sex differences. Future studies should
examine whether familiarity with expert stimuli influences sex
differences in N170 categorical adaptation for faces and Chinese
characters.
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