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1. Introduction

There are two major parallel pathways in humans; the
parvocellular (P) and magnocellular (M) pathways.
The former is responsible for carrying information on
the form and color of an object because of its ability
to detect stimuli with high spatial frequencies and color,
while the latter plays an important role in detecting
motion due to its ability to respond to high temporal
stimuli (Livingstone and Hubel, 1988; Tobimatsu et al.,
2000). We have been studying the functions of the P-
and M-pathways with evoked potentials by manipulat-
ing the characteristics of the visual stimulus (Tobimatsu
et al., 1995, 1999, 2000; Tobimatsu and Kato, 1998;
Tobimatsu, 2000). Information on the characteristics
of a face is first processed in the fusiform gyrus (V4),
and the information is carried by the P-pathway
(Vuilleumier et al., 2003). Information on the motion
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Medicine, Kyushu University, Fukuoka 812-8582, Japan.
Tel: +81-92-642-5541; Fax: +81-92-642-5545;

E-mail: tobi@neurophy.med.kyushu-u. ac.jp

of an object is processed in MT/V5 and the infor-
mation is carried by the M-pathway (Rizzolatti and
Matelli, 2003).

There are several advantages and disadvantages of the
electrophysiological and neuroimaging methods when
we investigate the human brain function. However,
both are objective and quantifiable methods that can
be used effectively in association with psychophysics
to study both normal and abnormal visual function. We
herein report the neural mechanisms of face and motion
perception using psychophysical threshold measure-
ments, event-related potentials (ERPs), and functional
magnetic resonance imaging (fMRI).

2. Methods

Ten to twenty subjects participated in each study.
Informed consent was obtained after the experimental
procedures had been fully explained. The Ethics
Committee of the Faculty of Medicine, Kyushu
University Graduate School, approved our experimen-
tal protocols.

ERPs elicited by facial and motion stimuli were
recorded at multiple scalp sites in normal subjects.
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The recording parameters have been reported in detail
(Arakawa et al., 1999).

2.1. Face stimuli

A photograph of a face was filtered to alter the spatial
frequency components and used to investigate how the
low spatial frequency (LSF) and high spatial frequency
(HSF) components of the face contribute to the iden-
tification and recognition of a face. First, the HSF of

a photograph of a face was filtered out by increas-
ing the mosaic levels (up to 64 levels) using Adobe
Photoshop 5.0 software. By doing so, the psychophys-
ical threshold mosaic levels for facial perception and
identification were determined (Fig. 1, upper panel).
The photographs at subthreshold, threshold, and
suprathreshold mosaic levels were selected as stimuli
for eliciting ERPs for each subject. The familiarity of
a face was determined by asking the subjects to identify
the person in the unfiltered photographs. '

Subthfeshold

Familiar face

Neutral

Chernoff's face 0 N

Horizontal

Motion

Angry Sad
9 0 ( )
Optic Flow Optic Flow
(radial-in) (radial-out)

Threshold Supréthreshold

Fig. 1. Facial stimuli used in this study. In the upper panel, the high spatial frequency components of the face are filtered out
by increasing the mosaic level. By increasing mosaic levels, it is difficult to perceive and identify the face. This picture is an
example of familiar faces (Prime Minister Koizumi). In the middle panel, the high spatial frequency components of the face are
pronounced in a simple drawing of the face (Chemnoff’s face). By modulating the angles of the eyebrow and mouth, neutral,
angry, and sad faces are easily made. In the lower panel, horizontal and radial optic flow stimuli are shown which were used to
evoke motion perception. Four hundred white dots on a dark background were animated at a 60 Hz frame rate. Horizontal
motion stimuli consisted of leftward or rightward movement of the dots. Radial motion consisted of dots moving in a radial
pattern out from a focus of expansion on the horizontal meridian, 5° to the left or right of center.



To study the perception of facial expressions, the
angles of lines that make up the eyebrow and mouth of
a Chernoff’s face, i.e. a simple drawing of the face with
rich HSF components, were altered to make neutral,
angry, or sad faces (Fig. 1, middle panel). The N100
component of the ERP in the occipital area and the
N 170 component in the posterior temporal region were
the main components analyzed (Bentin et al., 1996).

2.2. Motion stimuli

Stimuli with coherent horizontal (HO) motion and
stimuli with radial optic flow (OF) motion were used
to study motion perception (Fié. 1, lower panel). First,
the psychophysical thresholds for detecting HO and
OF motions were determined in healthy young and
elderly subjects, and in patients with mild cognitive
impairment (MCI) and Alzheimer’s disease (AD).
Second, the motion coherence thresholds for HO and
radial OF motions were determined using a left/right
two alternative forced-choice discrimination technique
(Mapstone et al., 2003). The perceptual threshold was
defined by the percentage of coherent motion in the
stimuli ((coherently moving dots)/(coherently moving
dots + random dots) x 100) yielding 82% correct
responses. The thresholds were related to the Weibull
fit to psycophysical responses (Mapstone et al., 2003).
From these results, a coherence level of 90% for HO
and OF motions was used to elicit ERPs in normal
subjects because it was sufficiently suprathreshold.
Third, fMRIs were measured while normal subjects
viewed the motion stimuli. A box-car design was
employed and statistical analysis was performed by
SPM99 (Taniwaki et al., 2003).

3. Results

3.1. Effects of low and high spatial frequency
components of the face

Unfiltered face stimuli (suprathreshold level) clearly
evoked the N100 component in the occipital region
and N170 component at posterior temporal sites (data
not shown). The latencies of N170 were significantly
shorter and their amplitudes significantly larger when
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the mosaic level was decreased for familiar and unfamil-
iar faces. The differences in the latencies for N100 and
N170 for familiar and unfamiliar faces were reduced by
decreasing the mosaic levels, and the reduction was more
pronounced for familiar faces.

The Chernoff’s faces also elicited the N170 compo-
nent at the temporal sites (Fig. 2A). The latencies of
N170 for neutral and angry faces were significantly
shorter and their amplitudes were signficantly larger than
those for objects (Fig. 2A, upper column). Interestingly,
a slow negative shift of the wave was observed over
a 230-450 ms time period for angry faces but not for
a neutral face (Fig. 2A, lower column). This negative
shift was elicited when the presentation time of the
Chernoff’s faces was set at 300 ms and less marked at
200 ms (data not shown).

3.2. Effects of motion direction

Coherence visual motion thresholds were obtained for
all subjects. The mean threshold for HO motion was
significantly lower than that for OF motion in the
young and elderly normal subjects, and in patients
with MCI and AD. The mean coherence thresholds for
OF motion increased in the following order; elderly,
MCI, AD.

In the ERP study, there were two major components
elicited by motion stimuli; an N170 component and a
P200 component (Fig. 2B, upper column). In the pari-
etal area, the N170 component was evoked by HO
motion but less so by OF motion, and showed an adap-
tational effect for random motion (Fig. 2B, lower
column). On the other hand, the P200 component was
elicited only by the OF motion and did not show an
adaptational effect (Fig. 2B, lower column).

fMRI studies showed that both HO and OF motion
stimuli activated MT/V5 (data not shown), and inter-
estingly, the superior parietal Jobule was also activated
by OF motion.

4. Discussion
Investigations of the psychophysical thresholds are

useful for evaluating the behavior of subjects. ERPs
have excellent temporal resolution while fMRIs offer
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A. ERPs to face and object stimuli B. ERPs to motion stimuli
s Neeutral : random
—— Angry ! horizontal
Object ! — radial(in)
i — radial{out)
i
? J Y |
i i ! { 1 i | 1 1 i ! 1 ! I ! 1 |
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§ e Neutral : - horizontal
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Fig. 2. Event-related potentials to face stimuli recorded at T6 (A) and motion stimuli obtained at P4 (B). The N170 compo-
nent in response to face is maximal at posterior temporal regions bilaterally (T5 or T6, International 10-20 system). The N170
in response to object stimulus has a significantly longer latency and lower amplitude compared with that of the face stimuli (A,
upper column). A slow negative shift of the wave can be seen over the 230-450 ms time period in the angry faces compared to
a neutral face (A, lower column). Motion stimuli also evoke N170 but this component is maximal over the parietal region (P3
or P4, International 10-20 system) (B). N170 in response to either horizontal or random motion is much higher in amplitude
compared with radial optic flow (B, upper column). In contrast, the later component, P200, is only recorded in response to
radial optic flow. N170 evoked by HO shows an adaptational effect for random motion while P200 elicited by OF reveals no
adaptational effect (B, lower column).



excellent spatial resolution. Hence, these three methods
were combined to evaluate facial and motion percep-
tion in humans non-invasively in this study.

4.1. Face perception

Information on different components of the face is
transmitted mainly by the P-pathway and processed in
the fusiform gyrus (V4) (Vuilleumier et al., 2003).
Direct recordings from human V4 have demonstrated
that a surface-negative potential (N200) is evoked by
faces but not by the other types of stimuli (Allison et al.,
1994, 1999). Scalp-recorded ERPs have shown that
the N170 component is a face—'speciﬁc potential, and
that it is predominant in the posterior temporal cortex
(Bentin et al., 1996). More specifically, it was considered
to be generated in the occipitotemporal sulcus lateral
to V4 (Bentin et al., 1996). In agreement with this, the
N170 component recorded in this study was the largest
over the posterior temporal region. Our finding that the
latencies of N170 were significantly shorter and their
amplitudes significantly larger with lower mosaic levels
for both familiar and unfamiliar faces suggests that the
HSF components are related to face perception for both
familiar and unfamiliar faces. We also found that the
difference in the latencies for N100 and N170 decreased
for familiar and unfamiliar faces as the mosaic levels
decreased, and that the reduction was more pronounced
for familiar faces. These findings indicate that familiar-
ity can facilitate the cortico-cortical processing of facial
perception.

Stimulation by Chemoff’s faces also elicited the
N170 component at the temporal sites. Our findings of
significantly shorter latencies and larger amplitudes
for the N170 components with neutral and angry faces
than for objects suggest that the recognition of facial
expressions occurs during 230—450 ms after the appear-
ance of face, and that the HSF components of the face
are crucial for the recognition of facial expressions.

4.2. Motion perception
Information about a moving stimulus is carried by the

M-pathway and is processed in MT/V5 (Rizzolatti and
Matelli, 2003). The lower thresholds for HO motion
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for OF for each test group suggested that aging and visu-
ospatial impairment affect motion perception. These
findings are consistent with a recent study by Mapstone
et al. (2003) and partly support our VEP finding that
patients with AD have a temporal frequency deficit
(Tobimatsu et al., 1994). A recent magnetoencephalo-
graphic study has shown that human V5 is activated
by HO motion made up of random dot kinematograms
(Nakamura et al., 2003). The response latencies at 100%
coherence level ranged from 175 to 250 ms in both

hemispheres. Our results showed that HO motion elicited

an N170 component in the parietal area and had an
adaptational effect for random motion while a P200
component was elicited by OF without an adaptational
effect. Our observations suggest that the perception of
HO and OF are segregated and sequentially processed.
In agreement with this suggestion, fMRI studies showed
that both HO and OF motion stimuli activated MT/V5
with the superior parietal lobule activated by only OF
motion. These findings are in accord with the recent
view of the importance of the parietal lobe for OF
motion perception (Ptito et al., 2001).

In conclusion, our integrated approach provided
useful information on spatial and temporal processing
of face and motion non-invasively. Further studies will
determine the roles of such visual channels for process-
ing face and motion.
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