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easy if the stimulus is amodally completed and difficult if it is not.
They found that amodal completion took about 75 ms to finish.
Sekuler and Palmer (1992) used a primed-matching technique to
examine the time course of amodal completion and their results
suggested that amodal completion requires 100–200 ms. Johnson
and Olshausen (2005) showed that the effect of amodal completion
on object recognition can be seen with as little as 40 ms of stimulus
presentation duration, however, the earliest ERP differences in-
duced by amodal completion occur 130 ms after stimulus onset.
On the other hand, Harris and Aguirre (2008) did not find the effect
of face amodal completion on face-selective responses in MEG. The
discrepancies between psychophysical time courses and the mis-
match between psychophysical and electrophysiological time
courses motivated us to carry out the current study.

In our study, the face stimuli – amodally completed faces and
disjoint face fragments were similar to those in Fang and He
(2005) and have been briefly described as above. In the first exper-
iment, we adopted the performance-based measure developed by
Murray et al. (2001) to unfold the psychophysical time course of
face amodal completion. In the second experiment, we measured
the ERPs induced by the face stimuli. We aimed to address several
questions. How long must the visual system have access to the face
stimuli to allow amodal completion to take effect? How is the ef-
fect of amodal completion reflected in the ERPs? Does the psycho-
physical time course closely match the electrophysiological one?
The vast majority of previous amodal completion studies used sim-
ple shapes and line objects. However, face perception has been
thought to involve specific cognitive and neural processes different
from those that are used to recognize other shapes and objects
(Kanwisher & Yovel, 2006, but see also Tarr & Cheng, 2003). To
the best of our knowledge, no studies have been performed to
investigate the time course of face amodal completion. Also, the
electrophysiological time course might be especially of interest gi-
ven the null effect of face amodal completion on MEG found by
Harris and Aguirre (2008).

2. Methods

2.1. Participants

A total of 12 healthy subjects (five male and seven female) were
involved in this study. Seven of them (three male and four female)
participated in the psychophysical experiment and all of them par-
ticipated in the ERP experiment. They were right-handed, had nor-
mal or corrected-to-normal vision, and no known neurological
disorders. Ages ranged from 20 to 32. They gave written, informed
consent in accordance with the procedures and protocols approved
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coherent face by observers. However, when the same fragments
were presented stereoscopically in front of the textured occluder
(face in front of occluder (FIO) condition), they were perceived as
disjoint fragments. The FBO and FIO stimuli were identical in 2D,
the key difference is the face amodal completion generated by
the stereoscopic depth manipulation (Nakayama et al., 1989). In
both experiments, complete faces without occlusion were also
used (face only (FO) condition) and they were presented in purple
(with only red and blue channels on) to match the color of the oc-
cluded faces.

The 5� side view of a face was generated by projecting a 3D face
model with a 5� in-depth rotation angle onto the monitor plane
with the front view as the initial position. Both left and right rota-
tions were executed. The 3D face models were generated by Face-
Gen Modeller 3.1 (http://www.facegen.com/) and totally 20
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3. Results

3.1. Psychophysical results

Subjects’ performance of view direction judgment was plotted
as a function of stimulus duration for the FIO, FBO and FO stim-
uli, respectively (Fig. 2B). For the FO stimulus, subjects had no
difficulty judging the view direction of a face at all durations.
Even with only 50 ms exposure, their performance could reach
97
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two face-sensitive ERP components – P190 at frontocentral scalp
locations and N170 at posterior scalp locations (Joyce & Rossion,
2005). The amplitude of N170 showed right hemisphere domi-
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