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Abstract: The objective of the present study was to determine whether a developmental difference
occurs in brain activity when infants look at frontal and profile views using near-infrared spectroscopy
(NIRS), which is an optical imaging technique used to measure changes in the concentrations of oxyhe-
moglobin (oxy-Hb), deoxyhemoglobin (deoxy-Hb), and total hemoglobin (total-Hb). For this objective,
we compared NIRS results in two age groups, 5- and 8-month-old infants, while they were looking
at frontal views, profile views, and objects. We found that the concentration of oxy-Hb and total-Hb in
the 5-month-old group increased for only frontal views in the right temporal regions. In contrast, the
concentration of oxy-Hb and total-Hb in the 8-month-old group increased for both frontal and profile
views in the right temporal regions. Therefore, the present study indicated that the right hemisphere
was dominant for the perception of profile views as well as frontal views. In addition, the most impor-
tant and interesting finding was that the infants” brain activity of the face area would become view-
invariant at the age of 8 months but not at 5 months. The developmental period for view-invariant face
recognition has been discussed in previous psychological studies, but this is the first objective study to
confirm that the period is between 5- and 8-months by measuring the blood flow in the brain using
NIRS. Hum Brain Mapp 30:462—472, 2009.  ©2007 Wiley-Liss, Inc.
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INTRODUCTION

Recently, near-infrared spectroscopy (NIRS) has been
used to reveal the brain activity that underlies cognitive
processing in human infants [Aslin and Mehler, 2005].
NIRS is an optical imaging technique that can measure
changes in the concentrations of oxyhemoglobin (oxy-Hb),
deoxyhemoglobin (deoxy-Hb), and total hemoglobin (total-
Hb). The advantages of NIRS over functional magnetic res-
onance imaging (fMRI) and positron emission tomography
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(PET) are: (1) it can measure both oxy-Hb and deoxy-Hb;
(2) the measurement can be made safely and noninva-
sively; and (3) the measurement can be made without fix-
ing the subject’s body and brain in the apparatus. Since it
is almost impossible to keep awake infants motionless,
NIRS is very suitable for measuring neural activity in
awake infants.

Previous developmental studies using NIRS revealed
that NIRS can measure the neural activity of infants while
they were exposed to a simple visual patterns [Taga et al.,
2003] and hearing speech [Bortfeld et al., 2006, Minagawa-
Kawai et al., 2007; Pena et al., 2003]. Moreover, there are
some studies reporting successful measurement of the neu-
ral activity that underlies cognitive function of infants,
such as object [Wilcox et al., 2005] and face processing
[Csibra et al., 2004; Otsuka et al., 2007].

In our previous study, we revealed the inter-hemispheric
difference in infants’ face processing, which is similar to
that in adults [Otsuka et al., 2007]. We measured changes
in cerebral oxygenation in ten 5- to 8-month-olds” left and
right lateral areas while they looked at upright and
inverted faces, and objects. We found that the concentra-
tion of oxy-Hb and total-Hb significantly increased in the
right lateral area during the presentation of upright faces
compared to the presentation of inverted faces or objects.
Our results suggest that face sensitive neural mechanisms
become functional by 5-8 months of age, and that it is lat-
eralized in the right hemisphere of the infant’s brain.

In the present study, we further investigated the neural
mechanisms underlying face processing in infants using
NIRS. Although we found that the processing of upright
faces differs from that of inverted faces and objects in 5- to
8-month-olds, we used only frontal faces in our previous
study [Otsuka et al., 2007]. Therefore, we have not yet
determined how different face views are processed in
infants” brains. Since a face consists of three-dimensional
objects, changes in the viewpoint cause a change in the
visual information about the face that is presented. Human
face processing studies on different view faces suggested
that the frontal and the profile views contain different in-
formation of the face. The frontal faces convey the internal
feature information; such as eyes, nose, and mouth, on the
contrary the profile view face convey three-dimensional
shape information; such as the nose height and shape of
the chin [Valentin et al., 1999]. These two types of informa-
tion are independent, and each of these is important for
face processing. Nevertheless, adults can recognize the
identity of a face across changes in viewpoints [Bruce
et al., 1987; Valentin et al., 1997]. Previous developmental
studies have examined when this ability develops during
infancy. Infants” face recognition across views was first
reported by Fagan [1976]. He found that 7-month-old
infants could recognize a learned face across different
views. In addition, infants’ performance was constant
across different views. Similarly, Cohen and Strauss [1979]
found that at the age of 7 months, but not at 4-5 months,
infants could recognize a learned face shown in different

views. These behavioral studies suggest that infants can
recognize the identity of a face seen in different views by
6 months of age. However, there have been no objective
studies, for example, studies that record changes in blood
flow or metabolic changes by measuring fMRI/NIRS or
PET, respectively.

Therefore, the aims of the present study were to exam-
ine: (1) face processing for the frontal view and profile
view; and (2) developmental changes in face processing
during infancy. For these objectives, we measured infants’
brain activity using NIRS while they were looking at faces
in a frontal view and in a profile view. To investigate
whether there is a developmental change during infancy,
we recorded NIRS in two different age groups: 5 months
and 8 months of age.

METHODS

Participants

Twenty healthy infants, ten 5-month-olds (seven boys
and three girls, mean age 151.6 days) and ten 8-month-
olds (five boys and five girls, mean age 241 days), partici-
pated in this study. Fifteen additional infants were
excluded because of an insufficient number of available tri-
als (less than 4 trials for either the frontal or the profile
condition) due to crying, not looking at the stimuli, or
motion artifacts. This study was approved by the Ethical
Committee of the National Institute for Physiological Sci-
ences, and written informed consent was obtained from
the parents of the infant participants. The experiments
were conducted according to the Declaration of Helsinki.

Stimuli and Design

The stimuli for the baseline period consisted of full-color
photo images of 5 vegetables, and those for the test period
consisted of full-color photo images of 5 female faces ei-
ther in the frontal or the profile view (Fig. 1). The profile
view was right-sided for half of the infants and left-sided
for the rest of the infants. The sizes of the stimuli were
~17.5° X 21° for the faces and 16.8° X 16.8° for the vegeta-
bles.

In each trial, 5 faces were shown in random order at the
rate of 1 Hz. Faces in the frontal view were shown in half
of the trials, and those in the profile view were shown in
the other half of the trials. The faces shown in the frontal
and profile views were presented at alternating trials. The
order of the presentation was counterbalanced across
infants. The duration of the trials was fixed for 5 s. During
the inter-trial intervals, 5 objects were shown in random
order at a rate of 1 Hz. The inter-trial interval was con-
trolled by the experimenter, and its duration was at least
10 s. The results obtained from viewing the objects were
used as a control (baseline).

For both the baseline and test stimuli, the stimulus dura-
tion was 800 ms, and the 200 ms inter-stimulus interval
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Figure 1.
Experimental procedure. In each trial, the baseline phase con-
sisted of stimuli of images of 5 vegetables, and its duration was
at least 10 s. The test phase consisted of five female facial
images in frontal and profile views. The duration of the test
phase was 5 s. The presentation order of test phases | and 2
was changed alternately for each infant.

was filled by the presentation of a small red cross. To
draw and keep the attention of the infants, both the face
stimuli and object stimuli were accompanied by a beeping
sound presented at 1 Hz. Two different sounds were used
for the face stimuli and object stimuli, but they were the
same between the frontal and profile views. The relation-
ship between the sounds and visual stimuli were counter-
balanced across infants.

Procedure

Each infant was tested while sitting in the experiment-
er’s lap and facing a computer screen ~40 cm away. The
infants watched the stimuli passively while the brain activ-
ity was measured, and they were allowed to watch the
stimuli as long as they were willing to. Their behavior was
recorded on videotape during the experiment.

Recording

We used a Hitachi ETG-100 device system (Hitachi Med-
ical, Chiba, Japan), which can record NIRS from 24 chan-
nels simultaneously, with 12 channels for the right, and 12
for the left temporal area. This instrument generated two
wavelengths of NIR (780 and 830 nm) and measured the
time-courses of the levels of oxy-Hb, deoxy-Hb, and their
sum, total-Hb, with 0.1-s time resolution. Since we used
newly developed sensor probes for NIRS (Hitachi Medical,
infant probe 3 X 3 mode) for recording in infants, which
had a lower weight than the previous probe and made
softer contact with the skin, it was observed that most of
the infants appeared to enjoy the experiments, and were
not reluctant to participate. We used a pair of probes, each
containing nine optical fibers (3 X 3 arrays). Of the nine
fibers, five were emitters, and four were detectors. The op-
tical fibers of each probe were kept in place with a soft sil-
icon holder. The distance between the emitters and detec-
tors was set at 2 cm. Each pair of adjacent emitting and

detecting fibers defined a single measurement channel,
which allowed for the measurement of oxy-Hb and deoxy-
Hb changes in 12 channels for each hemisphere.

On each hemisphere, the placement of the probes cov-
ered the temporal area centering at T5 and T6 according to
the International 10-20 system [Jasper, 1958]. This was a
more posterior region compared to that in our previous
study [Otsuka et al., 2007], since the posterior region of the
temporal lobe is thought to be more important for face
perception than the anterior and middle regions [Halgren
et al.,, 1999; Kanwisher and Yovel, 2006; Kanwisher et al.,
1997; Puce et al., 1998] (see Fig. 2).

When the probes were positioned, the experimenter
checked to see if the fibers were touching each infant’s
scalp correctly. The Hitachi ETG-100 system automatically
detects whether the contact is adequate to measure emerg-
ing photons for each channel. The channels were rejected
from the analysis if adequate contact between the fibers
and each infant’s scalp could not be achieved because of
interference by hair.
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Figure 2.
(a) The location of the measurement channels. The fibers were
placed on the left and right temporal areas centering at T5 and
Té of the International 10-20 system. The distance between the
fibers was set at 2 cm. (b) Location of the probe over left tem-
poral area on an infant.
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Data Analysis

Throughout the experiment, the infants” behavior was
recorded on videotape. We removed the trials from analy-
sis when the infants did not look at the test stimuli for 5 s
or became fussy. In addition, we removed the trial if
infants looked back at the face of the experimenter during
the preceding baseline period. Further, we removed the
trials that included movement artifacts, which were
detected by the analysis of sharp changes in the time series
of the raw data of the NIRS.

On the basis of the wavelengths of the ETG-100 model
(780 and 830 nm), the estimations of oxy-Hb and total-Hb
concentrations are more precise than that of deoxy-Hb
concentration [Otsuka et al., 2007; Pena et al., 2003]. Since
one of the advantages for NIRS as compared with fMRI is
to be able to measure the concentration of both oxy- and
deoxy-Hb, the data of oxy-Hb, deoxy-Hb, and total-Hb
concentrations in the right and left temporal area were
used for the analysis in the present study.

The raw data of oxy-Hb, deoxy-Hb, and total-Hb from
individual channels were digitally high-pass-filtered at
0.02 Hz to remove any longitudinal signal drift [Taga
et al., 2003]. Then the mean concentration of each channel
within a subject was calculated by averaging data across
the trials in a time series of 0.1 s time resolution from 1 s
before trial onset to 1 s after trial offset.

On the basis of the mean concentrations in the time se-
ries, we calculated the Z-scores of oxy-Hb, deoxy-Hb, and
total-Hb in the frontal and profile face conditions for each
channel within a subject. The Z-scores were calculated as
the difference between the means of the baseline and trial
divided by the standard deviation of the baseline:

d=(m —my)/s

Accordingly, “m,” and “m,” represent the mean concen-
tration values during the baseline and trial, respectively,
and “s” represents the standard deviation of the baseline.
The mean concentration value at 1 s immediately before
the trial was used as a baseline. Then the Z-scores
obtained from 12 channels within each measurement area
were averaged in order to increase the signal-to-noise ra-
tio. Although the raw data of NIRS were originally relative
values, and could not be averaged directly across subjects
or channels, the normalized data such as the Z-scores
could be averaged regardless of the unit [Matsuda and
Hiraki, 2006; Schroeter et al., 2003; Shimada and Hiraki,
2006].

Previous studies showed that the hemodynamic
response typically lags a few seconds behind the stimula-
tion, and peaks around 8-10 s after stimulus presentation
in infants [Bartocci et al., 2000; Csibra et al., 2004; Meek
et al., 1998; Taga et al., 2003]. Therefore, the hemodynamic
response would reach a peak after the end of the 5-s-long
trials. However, when we measured the hemodynamic
response for a longer period in a pilot study, the data
obtained subsequent to the trial period were very noisy

due to head movements of the infants, and were thus not
suitable for analysis. In fact, we observed that many
infants in many trials looked away from the CRT monitor
immediately after trial offset, and then within a few sec-
onds looked at the monitor again. On the basis of this ob-
servation, we determined to perform statistical analyses
against the mean Z-scores of the last 1 s of the trials in
order to avoid data that included motion artifacts.

Statistical analysis was carried out by using a multiple
analysis of variance (MANOVA): age (5 and 8 months) X
view (frontal and profile) X channels (24 channels) for the
mean Z-score on the data of oxy-, deoxy-, and total-Hb.
Then we conducted a Tukey post hoc test on factors where
we found a significant effect.

To analyze the inter-hemispheric difference, an addi-
tional ANOVA was conducted by two-way repeated-meas-
ures ANOVA view (frontal and profile) X measurement
area (right and left hemisphere) for the mean Z-score on
each age.

For all 24 channels, each channels” activation was tested
by a t test against the baseline. To eliminate the risk of a
Type I error, we performed the corrections using the false
discovery rate (FDR) [Singh and Dan, 2006].

Finally, the analysis of Channels-of-interest (COI) was
conducted for channels (ch.18, 21, 22, 23, and 24) in the
right hemisphere of 8-month-olds. We selected these five
channels as COI, which indicated high activation com-
pared with the other channels in the right hemisphere.
Also, we conducted a 2 (view) X 2 (age) ANOVA both in
the COI region and outside the COI region that included
seven other non-COI channels, respectively.

RESULTS

We obtained neural data from ten 5-month-olds and ten
8-month-olds who looked at the stimuli over more than
3 trials both in the frontal and profile view conditions. The
mean numbers of trials were 6.65 for the frontal view con-
dition and 5.8 for the profile view condition. The mean
numbers of trials were 6.35 for 5-month-olds and 6.1 for 8-
month-olds. The mean number of excluded trials from the
analysis was 2.9 for the frontal condition and 4.5 for the
profile condition in 5-month-olds. And the mean number
of trials was 3.5 for the frontal condition and 3.2 for the
profile condition in 8-month-olds. We found that there
were no significant differences on the mean number of tri-
als as well as excluded trials between views and ages.

Figure 3 shows the time-course of the average change of
the oxy-, deoxy-, and total-Hb concentrations in the 5- and
8-month-old groups while the infants looked at either fron-
tal or profile views. Zero on the horizontal axis represents
the beginning of the test period and five on the horizontal
axis represents the end of the test period.

At 5 months, the concentrations of oxy-, deoxy-, and
total-Hb in the right hemisphere increased only when
infants looked at the faces in the frontal view condition.
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Figure 3.

The time-course of the average change in oxyhemoglobin (oxy-
Hb), deoxyhemoglobin (deoxy-Hb), and total hemoglobin (total-
Hb) in 5- and 8-month-old infants during the conditions of frontal
views and profile views. In both age groups, the four graphs on the
top part indicate the data for oxy-Hb in the frontal and profile
view conditions, the four graphs on the middle part for deoxy-Hb,
and the four graphs on the bottom part for total-Hb in both views

conditions. The data for the left temporal area are shown in the
left column and those for the right temporal area are shown in the
right column. On each graph, the thick line represents the mean Z-
score, and the thin line represents | standard error (SE). Zero in
the horizontal axis represents the beginning of the test period and
five in the horizontal axis represents the end of the test period.
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On the other hand, at 8 months, the concentrations of oxy-,
deoxy-, and total-Hb in the right hemisphere increased not
only for the frontal view condition but also for the profile
view condition.

To examine the developmental changes, a 2 (age; 5 and
8 months) X 2 (view; fontal and profile) X 24 (channels)
MANOVA for the mean Z-score on the data of oxy-Hb,
deoxy-Hb, and total-Hb was conducted. On the concentra-
tion of oxy-Hb, deoxy-Hb, and total-Hb, the main effect of
channels was significant (oxy-Hb: F (23, 391) = 2.747, P <
0.01; deoxy-Hb: F (23, 391) = 3.427, P < 0.01; total-Hb: F
(23, 391) = 2.967, P < 0.01). A post hoc analysis showed
that channel 24 (ch. 24) located in the right temporal area
was activated greater than the other channels, which were
mainly located in the left temporal area, on all the concen-
trations of oxy-Hb, deoxy-Hb, and total-Hb (Table I).
Moreover, the data of oxy-Hb and total-Hb revealed a sig-
nificant interaction between age and view (oxy-Hb: F (1,
17) = 9.524, P < 0.01; total-Hb: F (1, 17) = 5.034, P < 0.05).
A simple main effect analysis showed a decrease in oxy-
Hb and total-Hb on profile views for 5 months of age,
whereas an increase in oxy-Hb and total-Hb was observed
on profile view for 8 months of age. No significant differ-
ence of activation was found on frontal view conditions
for between 5- and 8-month-olds.

To analyze the inter-hemispheric difference on each
age group, a 2 (view) X 2 (measurement area) repeated-
measures ANOVA was performed for the mean Z-score
for each age. First, for 5-month-olds, the main effect of
measurement area showed a marginal tendency for the
concentration of oxy-Hb (F (1, 9) = 4.626, P < 0.060), and
was significant for deoxy-Hb (F (1, 9) = 7.186, P < 0.05)
and total-Hb (F (1, 9) = 6.119, P < 0.05). Second, for 8-
month-olds, the main effect of view was significant in
oxy-Hb (F (1, 9) = 5.191, P < 0.05), showing that profile
views elicited higher Z-scores than the frontal view did.
In addition, the main effect of measurement area showed

TABLE I. The results of a post hoc test on
between channels (ch.)

oxy-Hb deoxy-Hb total-Hb
ch. ch. ch. ch. ch. ch.
Left 11 12%* 5 12*
11 12**
Right 24 1* 18 8* 18 12%*
2* 12* 19 12
3 24 1** 21 12**
3% 2% 23 12*
65(—3(' 3*’(‘ 24 3*
8** 4*){- 6)&)(-
10% 6** 8*
12** 7* 1 2**
8*)(-
10**
12*
13*

*p < 0.05, *p < 0.01, Tukey (HSD).

a marginal tendency in oxy-, deoxy-, and total-Hb (oxy-
Hb: F (1, 9) = 4.418, P < 0.065; deoxy-Hb: F (1, 9) =
4.788, P < 0.056; total-Hb: F (1, 9) = 4.248, P < 0.069). On
both 5- and 8-month-olds, oxy-, deoxy-, and total-Hb
were increased only in the right hemisphere.

For each age group, we conducted a two-tailed one-sam-
ple t test versus a chance level of 0 for the concentrations
of oxy-, deoxy-, and total-Hb within the area in each con-
dition. In 5-month-olds, the concentrations of both oxy-Hb
and total-Hb were significantly increased in the right tem-
poral area during the frontal view condition (oxy-Hb: f (9)
= 3.124, P < 0.01; total-Hb: t (9) = 2.79, P < 0.05). In 8-
month-olds, the concentrations of both oxy-Hb and total-
Hb were significantly increased in the right temporal area
in the profile view condition (oxy-Hb: #(9) = 4.316, P <
0.01; total-Hb: #(9) = 4.173, P < 0.01) as well as in the fron-
tal view condition (oxy-Hb: £(9) = 3.432, P < 0.01; total-
Hb: t(9) = 4.292, P < 0.01). For the concentration of deoxy-
Hb, the activation was increased in the right temporal area
only in the frontal view condition (¢£(9) = 3.894, P < 0.01).
Figure 4 clearly indicates that significant increases of oxy-
Hb and total-Hb occurred in both the frontal and profile
views at 8 months.

As for the effect of view, in 5-month-olds, a two-tailed
paired t test revealed that the concentrations of oxy-Hb
were greater for the frontal view than the profile view, but
this difference was not significant (oxy-Hb: +(9) = 2.198, P
< 0.06). In contrast, at 8 months of age, a two-tailed paired
t test showed that the concentrations of oxy-Hb and total-
Hb were significantly greater for the profile view than for
the frontal view (oxy-Hb: #(9) = —2.976, P < 0.05; total-Hb:
£9) = —2.308, P < 0.05).

Table II shows the channels activated in the profile view
conditions compared to the baseline on 8-month-old.

To exclude the possibility that the observed activations
were not due to the face processing but to the artifacts
by change in the arousal level or by body movement, we an-
alyzed COI in the right hemisphere of 8-month-old infants.

Table III indicates the channels activated in right hemi-
sphere of 8-month-old in the frontal and profile view condi-
tions compared to the baseline. Five channels, ch. 18, 21, 22,
23, and 24, were selected as COI (Table III). We conducted
a t test to compare the activations of these five channels
with those of the other seven channels. The results showed
a marginal tendency for the concentration of oxy-Hb in
both the frontal and the profile views (frontal view: ¢ (118)
= 1.777, P < 0.060; profile view: t (118) = 1.880, P < 0.065)
and was significant for total-Hb (frontal view: t (118) =
2.258, P < 0.05; profile view: t (118) = 2.667, P < 0.01).

To confirm the activated areas in both frontal and profile
views in 8-month-olds, a 2 (view) X 2 (age) ANOVA was
performed for five channels selected as COI (COI region)
and seven other non-COI channels (outside the COI
region). We found that the interaction effect of age X view
was significant on the COI region for oxy-(F (1, 98) =
7.681, P < 0.01) and total-Hb (F (1, 98) = 4.265, P < 0.05).
However, no interaction was revealed outside the COI
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Figure 4.

Mean Z-score during the last | second of the trials in the left
and right temporal areas. The vertical line in the graphs repre-
sents one standard error (SE). Two graphs on the top part indi-
cate the data from 5-month-old infants and the other two
graphs on the bottom part indicate the data from 8-month-old
infants. In the frontal view condition (black bars), the concentra-
tions of both oxy-Hb and total-Hb in the right temporal area
were significantly greater than the chance level of 0 in 5-month-

region. These results indicated that ch. 18, 21, 22, 23, 24
were the activated area for both frontal and profile views
in 8-month-olds.

The important finding of this study was the presence of
the developmental differences in neural activation on face
perception during infancy. At 5 months, the increased oxy-
Hb and total-Hb concentration was observed only in the
frontal view condition. In contrast, at 8-month-olds, the he-

olds (P < 0.05). In 8-month-olds, the concentrations of oxy-,
deoxy-, and total-Hb in the right temporal area were significantly
activated greater than the chance level of 0 (P < 0.0l).
Moreover, in the profile view condition (white bars), the concen-
trations of both oxy-Hb and total-Hb in the right temporal
area were significantly greater than the chance level of 0 only in
8-month-olds (P < 0.01).

modynamic response on the concentration of oxy-Hb and
total-Hb increased for both frontal and profile views pre-
sentations.

DISCUSSION

In the present study with NIRS, we recorded the brain
activity in awake infants while they looked at faces either
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TABLE Il. Channels activated in the profile view
conditions compared to the baseline
on 8-month-old

Profile view

oxy-Hb total-Hb
ch Z-score ch Z-score
Left 5 2.88*
Right 13 3.08* 18 3.48*
15 3.30% 22 3.10*
16 3.00% 23 3.06*
18 2.64*
21 2.87*
22 3.72%
23 2.72%

ch., channel.

*P < 0.05: one-tailed one sample t test versus chance level of 0.
The significant P-value was determined by the false discovery rate
(FDR).

in frontal or profile views. To examine the developmental
differences, we conducted the experiment on two age
groups: 5- and 8-month-olds. The results for the 5-month-
olds showed that the concentrations of oxy-Hb and total-
Hb significantly increased in the right hemisphere during
the presentation of the frontal view but not the profile
view. In contrast to 5-month-olds, the results for the 8-
month-olds showed that the concentrations of oxy-Hb and
total-Hb in the right hemisphere increased both in the
frontal and profile view conditions. These results suggest
that (1) there is a right-hemisphere dominance in perceiv-
ing faces not only in the frontal view but also in the profile
view in infants, and (2) the processing of faces in profile
view is established between 5- and 8-months of age.

In our previous study, we found that the right lateral
area in 5- to 8-month-old infants showed an increased acti-
vation in response to the presentation of upright faces
compared to the presentation of inverted faces and objects
[Otsuka et al., 2007]. Similarly, we found a significant in-
crement in the concentration of oxy-Hb and total-Hb only
in the right hemisphere. These observations are consistent
with the previous behavioral [de Schonen and Mathivet,
1990] and event-related potentials (ERPs) [de Haan and
Nelson, 1997, 1999] studies which showed that the right
hemisphere is more involved in recognition of faces in
infants. Further, this is consistent with the hemispheric dif-
ferences observed in neuroimaging [Puce et al., 1996;
Kanwisher et al., 1997] and electrophysiological [Watanabe
et al., 1999] studies on adults. Taken together, all these
findings suggest that specific face-processing mechanisms
may have developed in the right hemisphere by the age of
5 months.

With regard to the effect of viewpoint on facial recogni-
tion, previous behavioral studies showed that infants over
6 months of age but not younger could identify the same

person across a change in facial angles [Cohen and Strauss,
1979; Fagan, 1976; Pascalis et al., 1998]. These behavioral
studies suggest that there is a developmental change in the
ability to process faces in the profile view at around 6
months of age. Consistent with the findings from behav-
ioral studies, our results clearly showed that there is a de-
velopmental change in the processing of profile view faces
before and after 6 months; that is, the profile views evoked
significantly increased brain activation in the right hemi-
sphere in 8-month-olds, but not in 5-month-olds. No such
age-related difference was found for the frontal face condi-
tion. That is, presentation of a frontal face elicited
increased activity in the right hemisphere for both 5- and
8-month-olds. Our results suggest that 8-month-olds can
process faces in both frontal and profile views differently
from nonface objects.

A neuroimaging study using fMRI reported a similar
finding with adult participants [Tong et al., 2000]. Tong
et al., [2000] showed that faces in profile view elicited the
same level of activation as faces in frontal view did in the
fusiform face area (FFA), and that the responses on FFA
were stronger than those induced by half-back head or
back of the head views. Considering that NIRS can detect
activities only in a very superficial layer of the cortex, it is
less likely that our results reflect activity in the inferior
temporal lobe such as the fusiform gyrus. However, our
results at least showed that 8-month-olds as well as adults
process faces in profile similarly to faces in the frontal
view. Since the spatial resolution of NIRS is not as high as
that of fMRI, the activated region cannot be determined.
However, considering the regions covered by the NIRS
probes [Homan et al., 1987] and the results reported by
previous studies [Andrews and Ewbank, 2004; Perrett
et al., 1985; Yovel and Kanwisher, 2005], we speculate that
the superior temporal sulcus (STS) is the most likely re-
sponsible region.

TABLE Illl. Channels activated in right hemisphere
of 8-month-old in the frontal and profile view
conditions compared to the baseline

Frontal view Profile view

oxy-Hb total-Hb oxy-Hb total-Hb

ch. Z-score ch. Z-score ch. Z-score ch. Z-score

21 2.94* 13 3.08* 13 2.40*

24 2.94%* 15 3.30% 16 2.47%*
16 3.00* 18 3.48*
18 2.64* 21 2.32%
21 2.87% 22 3.10*
22 3.72% 23 3.06*
23 2.72% 24 2.31*%

24 2.32%

ch., channel.

*P < 0.05, **P < 0.06: one-tailed one sample t-test versus chance
level of 0. The significant P-value was determined by the false dis-
covery rate (FDR).
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In addition to FFA, face sensitive region is often found
in STS which shows greater neural response to face than
nonface objects. Although recent studies have emphasized
the role of STS in representing changeable aspect of the
face (e.g., eye gaze, facial expression, and facial orienta-
tion) rather than invariant aspects of facial structure (facial
identity) [Allison et al., 2000], some findings shed some
light on the role of STS for face recognition.

Hoffman and Haxby [2000] examined the role of FFA
and STS in the perception of face identity and eye gaze.
FFA in both left and right hemisphere showed a greater
activity while attending to identity compared while attend-
ing to gaze direction. By contrast, the left STS showed an
opposite pattern of response to FFA, with greater activity
to gaze direction compared to identity. Different from the
left STS, however, the responses in the right STS did not
differ between the two conditions, suggesting that right
STS play some role in perception of face identity as well as
eye gaze direction.

More interestingly, Andrew and Ewank [2004] suggest
that STS plays some role in recognizing face from varying
views. By using fMRI adaptation, Andrew and Ewank
[2004] examined the effect of change in facial size and
view-point. In their study, FFA showed a decrease in ac-
tivity in response to the face when the same identity was
shown repeatedly compared when the multiple different
identify were shown. Further, this response pattern in FFA
was preserved even when the size of face image was
changed, suggesting that representation of face in FFA is
size invariant. In contrast to FFA, face sensitive region in
the right STS did not show the different pattern of
response between the same identity condition and differ-
ent identity condition if only frontal face were used. How-
ever, the right STS showed different response between the
two conditions when viewpoint of the face was varied,
with greater response to the same identity than different
identity. Although this pattern of response is not consist-
ent with the notion of identity specific adaptation, differ-
ence in response between the same and different identity
conditions suggest that the right STS plays some role in
representing face from varying views. Consistent with
these findings, our finding suggests the important role of
STS in recognizing face from different view-point.

One counterintuitive finding in our study would be that
based on the concentration of oxy-Hb, the profile view eli-
cited greater activation at 8 months than the frontal view.
Several behavioral studies in adults indicated that on rec-
ognition tasks, profile views led to a slower reaction time
and lower accuracy than did three-quarter views [Bruce
et al. 1987; Hill et al. 1997]. Similarly, a recent infants’
study by Rose et al. [2002] found poor performance for the
profile view in 7-month-olds. Previous studies consistently
showed that face recognition performance for the profile
view was lower than that for the frontal view in both
infants and adults [Bruce et al., 1987; Hill et al., 1997; Rose
et al., 2002]. Our finding of greater activation in response
to the profile view than to the frontal view might be

related to the repetition of stimuli across the trials. In the
present study, 5 faces were shown in frontal and profile
views repeatedly across the trials. Repetition of the same
stimuli is known to reduce the activation to the stimuli
[e.g., Noguchi et al., 2004]. Given the better recognition of
faces in the frontal view than in the profile view, the effect
of repetition of the stimuli would be greater for the frontal
view than for the profile view. As the trial proceeded, acti-
vation to the frontal view became reduced in comparison
to activation to the profile view, because the faces in the
frontal view would be easily recognized as previously
seen faces; in other words, profile view faces may be more
novel for infants, though they were shown repeatedly. In
any case, our results showed that 8-month-olds process
faces both in the frontal view and profile view differently
from nonface objects.

The advantage of NIRS is to measure both oxy-Hb and
deoxy-Hb concentrations. Typically, neural activation in
adults showed an increase in oxy-Hb and a simultaneous
decrease in deoxy-Hb. For infants, the discrepant neural
activation between oxy- and deoxy-Hb was observed as
being the same as in adults [Bortfeld et al., 2006, Karen
et al., in press]. On the other hand, for the nondiscrepant
neural activation, an increase in both oxy- and deoxy-Hb,
was observed in NIRS [Csibra et al., 2004; Sakatani et al.,
1999; Wilcox et al., 2005] and in fMRI data [Yamada et al.,
1997]. A recent NIRS study [Karen et al., in press] suggests
that various factors, such as age group, behavioral state,
and the type of stimuli, should be related to these different
activation changes in between oxy- and deoxy-Hb in
infants.

Although it is unclear why the deoxy-Hb concentration
increased in some of the infants’ data, it is assumedly
because of immature hemodynamic response or the imma-
turity of the brain. Since we took great care to eliminate
body movements and other factors which might cause arti-
fact, we assume that the increase of deoxy-Hb activation in
8-month-olds is not due to artifact.

In conclusion, our findings demonstrated that the hemo-
dynamic activity increased in both 5- and 8-month-olds
while they were perceiving frontal views, but increased
while perceiving profile views at 8 months only. This
study provides the first objective evidence of developmen-
tal changes in recognizing faces in profile view in infants.
The present results suggest that some developmental
changes in the cortical functioning for face processing
occur between 5 and 8 months of age, and that the right
hemisphere is dominant for recognizing faces in profile
view as well as faces in frontal view even in infants.

There has been a great interest in the neural basis of
face processing mechanisms, and multiple neuroimaging
techniques such as fMRI [e.g., McKone et al., 2007], ERPs
[e.g., Itier and Taylor, 2004], and MEG [e.g., Xu et al.,
2005] have been used to examine this problem with adult
participants. Because of methodological and ethical rea-
sons, however, ERPs has been the only way to examine
this problem in healthy human infants. As we showed in
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the present study and in our previous study [Otsuka et al.,
2007], NIRS can effectively detect the hemodynamic
responses involved in neural response to faces. Thus, NIRS
can be an alternative way to examine the neural responses
to face during infancy. Further studies using NIRS will
contribute to understand the development of the neural
basis for face processing during infancy.
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