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Fig. 1 Stimulus and task paradigm
(a) Original face picture and its corresponding LSF (<10 Hz passed) and
HSF (>24 Hz passed) pictures. It is obvious that LSF has more global
information while HSF has more local details. (b) In standard trial, the
face is displayed in vertical. In odd catch trial, face is presented after
rotation of 10 degree clockwise or counter-clockwise. Subjects should
press buttons to indicate the direction of rotation in the catch trials and

avoid button response in standard trials.
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Fig. 2 Electrode positions

(a) Electrode positions for one patient were reconstructed from high
resolution CT images and projected to 3D anatomical MRI images. All
the electrodes are the same in design, but different colors are used in this
figure to indicate the most used clinical arrangements, in which 8
electrodes are aligned in a strip. (b), (c), (d) All the electrodes recorded
from 11 patients, projected to a normalized brain. Electrodes within
epilepsy foci or used for trigger were labeled in red color and excluded

in the analysis. (b) Left view. (c) Ventral view. (d) Right view.
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Fig. 3 Spatial frequency modulation on N170
(a) ERPs for three spatial frequency (Original/LSF/HSF) conditions. —:
Original ;---: LSF ;==: HSF. (b) N170 latency in HSF condition is
significantly longer than in Original conditions or LSF conditions.
*P<0.002, **P<0.001.
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Fig. 4 Spatial frequency modulation of identity and
gender categorization on N170

(a) ERPs for identity(Star/Unknown) x spatial frequency (Original/LSF)
conditions.—: Star original; ---: Star LSF; —: Unknown original; ---:
Unknown LSF. (b) ERPs for Gender (Female/Male) x spatial frequency
(LSF/HSF) conditions. — : Female LSF;— : Female HSF; —: Male
LSF;—— : Male HSF. (c) N170 latency show significant difference
between Original and LSF for unknown faces. (d) N170 latency show
significant difference between LSF and HSF for female faces. *P<0.02,
#*%P<0.005. l: Original; [J: LSF; 0 : HSF.
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Table 1 Number of electrodes response significantly

to face categorization in different brain areas

Conditions/Brain regions All  Expression Gender Identity

Number of significant 176 97 75 72
electrodes, all areas

Anterior temporal areas 49 27 19 25
Temporal-occipital areas 55 30 30 21
Occipital areas 21 9 13 12
Frontal areas 51 31 13 14
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Table 2 Number of electrodes response significantly

to face categorization by spatial frequencies

Conditions/Stimulus types ~ All ~ Expression Gender Identity
Original 176 97 75 72
LSF 185 85 94 74
HSF 175 72 78 83
Original, LSF, HSF 21 4 13 5
Original, LSF 81 37 29 30
Original, HSF 59 21 28 16
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Fig. 5 Grand averaged responses for face expression
Significant differences were found between 114 ~ 181 ms in grand
averaged ERPs from electrodes in occipital-temporal areas that
significantly response to face expression. Paired ¢-test was used for every

time point. Interval that has a significant level of P < 0.05 and lasts at

least 10 ms is indicated by the red box. : Happy; : Happy
standard error; ——: None; : None standard error; [ I: Significant
differences.
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Neural Mechanism of Spatial Frequency Representation
in Face Categorization: an ECoG Study”

SHI Liang", WU Rui-Jie?, XU Cui-Ping"”, ZHANG Shou-Wen",
ZHU Hong-Wei", LIU Zu-Xiang?™, LI Yong-Jie"™
(" Beijing Institute of Functional Neurosurgery, Xuanwu Hospital, Capital Medical University, Beijing 100053, China;
2 State Key Laboratory of Brain and Cognitive Science, Institute of Biophysics, The Chinese Academy of Sciences, Beijing 100101, China)

Abstract Converging evidences show that face categorization and recognition are represented in specific brain
areas. It is also known from behavioral studies that spatial frequency of pictures takes different roles in different
face categorizations, e.g. identity information is carried more by low frequency features, and gender is represented
by both high and low frequencies while high frequency is more important for face expression. However, there is no
solid experimental data about the neural mechanism of the different contributions of spatial frequencies on face
categorization up to now. ECoG was collected from epilepsy patients while they underwent a monitoring session to
locate their epilepsy foci with implanted subdural surface electrodes. Pictures with different gender, facial
expression and identities were presented to the patients, while they were required to perform a simple detection
task to maintain their focus on the pictures. The changes of traditional face related components, N170, were
analyzed by event related potentials and the significant changes was also verified on each electrode by permutation
test. The N170 latency is found to be delayed for high spatial frequency (HSF) pictures. For faces of unknown
person, low spatial frequency (LSF) presentation results in a longer N170 latency, but not for faces of well-known
movie stars. Female faces show longer N170 latency in HSF conditions compared to LSF, but male faces have no
such effect. No significant effect was found on N170 component for expression. However, analysis based on
individual electrodes showed that more frontal electrodes are involved in expression representation; the
identity-specific sites are more likely to respond to LSF stimuli, and the gender-specific sites have equal responses
to both LSF and HSF stimuli, while the expression-specific sites are also more likely to respond to the LSF stimuli,
which is inconsistent with existing behavioral studies, and show significant differences as early as 114 milliseconds.
It fits with the cognitive model that expression related information has been analyzed briefly in occipital-temporal
areas in the early stage before other brain areas are involved for further processing. In summary, spatial frequency's
contributions to identity and gender could be represented by N170 in traditional face related brain areas while
expression information, instead of carrying by N170, is distributed in a wider area in occipital temporal region for
fast analysis and relayed to other areas, e.g. frontal cortex. This is the first study to study the neural mechanism of
spatial frequency's contributions in face categorization by ECoG, and provides a new perspective to understand the

brain dynamics of feature processes for face perception.
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