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The development of face processing during infancy

— A near-infrared spectroscopic study—
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The human face is an important visual stimulus for our social communication.
Thus, it has been acknowledged that the processing of faces is different from that of
other non-face objects. Neuroimaging studies with functional magnetic resonance
imaging (fMRI) in adults indicated that particular areas of ventral and lateral occipital
cortex are activated while looking at faces, but not while looking at objects.
Fusiform gyrus (FFA) and superior temporal sulcus (STS) are regarded as the face
specific area in adult brains. Additionally, such cortical regions are most often found
in the right hemisphére. In ofhef words, the right hemisphere of the humén brain
appears to be superior to the left for face perception.

There were many previous studies in adults using fMRI, however, it remains unclear
which areas of the brain contribute to the processing of faces in infants due to
technical problems and the difficulty that awake infants have in keeping their head still.
Recently, near-infrared spectroscopy (NIRS) has been rapidly developingi as a method
to reveal the brain activity that underlies cognitive processing in human infants such as
language and face recognition. To specify the development of infants brains
associated with face processing, this dissertation including two studies investigated the
hemodynamic responses for face processing in infants by NIRS, which is suited for the
measurement of neural activity in awake infants.

The first study investigated whether a developmental difference occurs in brain
activity when infants look at frontal and profile views using NIRS. For this objective,
the author and her co-researchers compared the hemodynamic responses in two age
groups; 5- and 8-month-old infants. The results showed that the concentration of
oxy-hemoglobin (Hb) and total-Hb in the 5-month-old group increased only for 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
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right temporal regions. Therefore, the present study indicated that the right temporal
region was dominant for the perception of profile views as well as frontal views. In
addition, the most important and intereéting finding was that the infants’ brain activity
while observing faces became view-invariant at the age of 8 months but not at 5
months.

The second study investigated 7- and 8-month-olds’ brain activity related to the
perception of mother’s and stranger’s female faces by NIRS. The resutls found that
oxy-Hb and total-Hb concentrations in the right temporal cortex increased against the
baseline during presentation of the mother's face. For strangers’ faces, the total-Hb
concentration in the right temporal cortex was greater than the baseline. Additionally,
the results showed that the greater hemodynamic response to mother’s and strangers’
faces occurred in the inferior area of the right temporal region. By contrast, oxy- and
total-Hb concentrations in the left temporal cortex increased only when the mother’s
face was presented. The increased activity in the right temporal region for the
presentation of faces irrespective of familiarity was consistent with a predominance of
the right temporal region found in the first study. In contrast to the activity in the
right temporal region, the greater hemodynamic response in the left temporal region
was observed only in the perception of the mother’s face. These findings suggest that
the processing of the mother’s face enhances activity in bilateral temporal region, and
there is a different neural mechanism for processing mother’s and strangers’ faces in
infants.

The present reseérch is the first objective study to detect the development of brain
responses to face processing in infants using NIRS. The resuits indicated that the
neural activity in 5-month-olds responded only to the frontal views, whereas the neural
activity in 8-month-olds responded to the profile views as well as the frontal views
(the first study).

Additionally, the neural activity in 7- and 8-month-olds differentially responded to
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between familiar and unfamiliar faces (the second study). Interestingly, the inferior
area in the right temporal region showed greater activation in both the first and the
second studies. Considering the measurement area in the present research, they could
speculate that this activation in the right temporal region was related to the responses
in STS. Thus, STS is the cortical region which responds to the processing of faces

during infancy.
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BELRXOFEFROEE

ERKIE, FTEMEHHABMCESERAIN T DEFRN SN E (Near-Infrared
Spectroscopy ; NIRS) AV, LR OBEBMICE T AWM EEZ R L, BERBMORE
BRIZCOVWTHRFNLE., AEZXEE LAMOLBRHHIIEERENREET L, FE
RiE7o—T7¥%FICHANRIREE L TAREREZAIEEE L.

FE—ERTIX, EEHECBBELV LMEORRIEZHETSHEOMIEE ICHEEN
REEBRONDZOPIZDONT, %5,y AREByrARZNHE L TERZITo .
FORER, EHEZRRALELE XN, 57ARBIU8rAREbIZ, HRIEENML
TRMEE MR FTENTZ., —F T, HEIZBWTIK, 8 » AR Co &M it A fIEE
WATHMLE. EEHELBRAOLBOBEBHICABRENTIRZI 2D, BRDA
ETOHEOUBERRBICBENELLLOND Z LXMEBEBFHRI»LER S, LAEE
¥ (Superior Temporal Sulcus; STS) & L TW A AIEMEBREB I NT.

BTERTIE, £% 78y ARENG L L, AR L THEREBNEENOETH S
CHREBEL, REDOEMEOEERTVWAIBROESZHE L. FHEOKR, BEA
FRALTCVWAEI T, EFRERHE OMAOKOBMMBRED b, ROOLMHED
Bzt LT, FRIEH TOLMMmMmAEM L. ZoFBRIEL, RATORRMEITS
THEATMBERMOEEOEMERLLAMRALE B LTS, 0, LIRTH
BEMTHrBHABEOLEICIE, EABMAUESMLOESNELY, BaE (BHEHA)
TR LABREIEZbNT.

AHFRED 2 O0 NIRS RRICE D, LR OMATOHEBABEDOREN LV HALPICT
Ehic. %Y, A% 5,7 AEETCHERBAICKE T 5 ERAAIROE MBI THE
L, TO®%ERT r BCRBHEBEICHT2EAMER COEREMERL, 8, AE
CIEBED, AAERBCEVTEE LTRAET AR, AROERMICH
BT ARISERE LT, ARERO FTHRERTOBHAKR SN, LAEE TOED
ERBLTWS EH#HRI SR, Lo T, RFRE, ZThAETHLMCSATIR
Do ROBRHCEETAIRGEREZARIC AR I RIO—EDOHFIR L 2o 7.
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