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-‐Subjects:	  19	  adults,	  18+	  yrs,	  8	  female	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  13	  infants,	  3-‐11	  months,	  6	  female	  
	  
	  -‐SSmuli:	  81	  s	  runs	  (x8	  for	  adults;	  variable	  for	  infants),	  	  
	  	  each	  with	  mulSple	  blocks	  of	  three	  movie	  types	  
	  

	  

	  	  
-‐NIRS	  system:	  TechEn	  CW6,	  8	  sources	  (690	  &	  830	  nm),	  	  
	  8	  detectors,	  14	  channels,	  sampling	  at	  50	  Hz	  

	  
	  
	  
The	  adult	  brain	  is	  populated	  by	  regions	  with	  funcSonal	  specializaSons	  (Kanwisher,	  
2010),	  but	  the	  developmental	  trajectory	  of	  such	  specializaSon	  is	  unknown.	  
	  
InvesSgaSng	  the	  development	  of	  these	  specialized	  regions	  is	  difficult,	  in	  part	  
because	  many	  neuroimaging	  methods	  are	  unsuitable	  for	  developmental	  
populaSons.	  	  
	  
FuncSonal	  near-‐infrared	  spectroscopy	  (fNIRS)	  uses	  light	  absorpSon	  to	  measure	  
hemodynamic	  responses	  to	  neural	  acSvity	  and	  is	  suitable	  for	  use	  with	  infant	  
parScipants	  (Gervain	  et	  al.,	  2011).	  
	  
Roadblocks	  to	  using	  fNIRS	  to	  study	  funcSonal	  regions	  in	  infants	  include	  mulSple	  
sources	  of	  spaSal	  blurring	  (optode	  placement,	  10-‐20	  to	  cortex	  variability,	  variability	  
in	  the	  locaSon	  of	  funcSonal	  regions)	  and	  problems	  with	  staSsScal	  power.	  
	  
We	  tested	  for	  selecSve	  responses	  to	  scenes	  versus	  faces	  in	  right	  occipital	  and	  
temporal	  cortex,	  in	  groups	  of	  both	  adults	  and	  infants.	  
	  
We	  compared	  a	  standard	  channel-‐based	  group	  average	  approach	  to	  an	  individual	  
funcSonal	  region	  of	  interest	  (fROI)	  approach	  that	  we	  hypothesized	  would	  reduce	  
spaSal	  blurring	  and	  avoid	  the	  typical	  mulSple	  comparisons	  problem.	  
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Split	  each	  subject’s	  scene	  &	  face	  data	  in	  half	  
	  

Use	  each	  half	  to	  idenSfy	  most	  selecSve	  face	  and	  
scene	  channels	  (highest	  t	  staSsSc,	  anatomical	  

constraint)	  
	  

Compile	  block	  average	  HbO	  conc.	  for	  each	  trial	  
type	  from	  independent	  halves	  

	  
Across	  subjects,	  compare	  face	  and	  scene	  

responses	  in	  these	  individually	  chosen	  channels	  

Channel-‐based	  Approach	  
	  

Compile	  block	  average	  HbO	  conc.	  (2	  s	  post-‐
onset	  for	  adults;	  6	  s	  post-‐onset	  for	  infants)	  

for	  each	  trial	  type	  for	  each	  channel	  
	  

Across	  subjects,	  compare	  face	  and	  scene	  
responses	  in	  all	  channels	  (correct	  
significance	  threshold	  for	  mulSple	  
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Discussion	  
We	  found	  evidence	  of	  funcSonal	  regions	  specialized	  for	  processing	  both	  faces	  and	  scenes	  in	  infants	  and	  adults.	  	  This	  
extends	  other	  evidence	  for	  selecSve	  processing	  of	  faces	  (e.g.	  Lloyd-‐Fox	  et	  al.,	  2009)	  and	  is	  the	  first	  evidence	  for	  
selecSve	  processing	  of	  scenes	  in	  infancy.	  
	  
The	  detecSon	  of	  these	  regions	  was	  made	  possible	  by	  the	  individual	  fROI	  approach,	  which	  reduces	  spaSal	  blurring	  
and	  the	  need	  for	  mulSple	  comparisons.	  	  This	  approach	  was	  possible	  despite	  a	  minimum	  of	  90	  s	  and	  an	  average	  of	  
147	  s	  of	  data	  per	  condiSon	  per	  parScipant,	  making	  it	  a	  feasible	  approach	  for	  infant	  fNIRS	  research.	  

(Most	  significant	  channels	  -‐-‐	  Face:	  t(19)	  =	  3.04,	  P	  =	  0.007;	  
Scene:	  t(19)	  =	  2.66,	  P	  =	  0.016)	  NS	  	  P	  >	  0.003	  
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(Most	  significant	  channels	  -‐-‐	  Face:	  t(12)	  =	  3.45,	  P	  =	  0.005;	  
Scene:	  t(12)	  =	  2.54,	  P	  =	  0.026)	  

(Face:	  t(19)	  =	  3.06,	  P	  =	  0.006;	  Scene:	  t(19)	  =	  2.80,	  
P	  =	  0.011)	  

(Face:	  t(12)	  =	  3.42,	  P	  =	  0.005;	  Scene:	  t(11)	  =	  2.59,	  
P	  =	  0.025)	  
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a powerful complement to lesion studies, allowing neural activity in
the normal human brain to be monitored safely and noninvasively
at resolutions approaching the millimeter range. The principle
underlying fMRI is that blood flow increases locally in active
regions of the brain. Although the precise neural events that fMRI
reflects are a matter of ongoing research, the general validity of the
method as an indicator of neural activity is clear from studies rep-
licating, with fMRI, the properties of visual cortex previously
established by the gold-standard method of single-neuron re-
cording in monkeys. Thousands of papers have used fMRI to ask
about the relative contributions of different regions in the human
brain to a wide variety of cognitive functions. My lab has focused
especially on the question of whether any of these brain regions are
specifically engaged in a single high-level cognitive function.
Supporting the idea that some brain regions are indeed en-

gaged in specific mental functions, we have identified a number
of cortical regions (Fig. 1) that respond selectively to single cat-
egories of visually presented objects: most notably, the FFA,
which responds selectively to faces (4, 5), the PPA, which re-
sponds selectively to places (6), and the extrastriate body area
(EBA), which responds selectively to bodies and body parts (7).
These three brain regions are not the only ones that have been

argued to conduct specific perceptual functions (8). Probably the
strongest other case is visual areaMT/V5, shownmuch earlier with
neurophysiological methods to play a key causal role in the per-
ception of visual motion inmonkeys (9–11), and later, identified in
humans with brain imaging (12, 13). However, even this classic
example of functional specificity does not process visual-motion
information exclusively; this area also contains information about
stereo depth (14). Another strong case of functional specificity for
a simple visual dimension is color (15), for which recent evidence
from both fMRI and single-unit recording indicates the existence
of multiple millimeter-sized color-selective “globs” in posterior
inferotemporal cortex in macaques (16, 17). Other brain regions
have been reported to be selectively engaged in processing in-
formation about biological motion (18), visually guided reaching
(19), and grasping (20). For most cases in the neuroimaging liter-
ature, however, the main claim is one of regional specificity (i.e.,
that the implicated function activates this region more than other
brain regions) rather than of functional specificity (i.e., that the
implicated region is more engaged for this function than other
functions). In contrast, this article focuses primarily on the question
of functional specificity, because this is the question that is critical
for understanding the architecture of the human mind (Fig. 1).
The evidence we and others have collected on the FFA, PPA,

and EBA provides unusually strong support for functional speci-
ficity of these regions for three reasons. First, each of these regions
has been found consistently in dozens of studies across many labs;

although their theoretical significance can be debated, their exis-
tence cannot. Indeed, these regions are found, in more or less the
same place, in virtually every neurologically intact subject; they are
part of the basic functional architecture of the human brain. Sec-
ond, the category selectivity by which each region is defined is not
merely statistically significant, but also large in effect size: Each of
these regions responds about twice as strongly to stimuli from its
preferred category as to any nonpreferred stimuli.* Although ef-
fect size is generally ignored in the brain imaging literature, it
should not be, as it determines the strength of the inference you
can draw: If you know how to double the response of a region, you
generally have a better handle on its function than if you merely
knowhow to change its response by a small amount. Third, the fact
that these regions can be found easily in any normal subject makes
possible a “region of interest” (ROI) research strategy whereby
the region is first functionally identified in each subject indi-
vidually in a short “localizer” scan, and then the response of
that region is measured in any number of new conditions that
test specific hypotheses about its exact function. It is precisely
the fact that the responses of the FFA, PPA, and EBA have
been quantified in each of now dozens of different stimulus and
task manipulations that enables us to say with confidence that
each of these regions is primarily, if not exclusively, engaged in
processing its preferred stimulus class (faces, places, and bodies,
respectively). Taken together, these three regions constitute
some of the strongest evidence that at least some cortical regions
are selectively engaged in processing specific classes of stimuli.
Next I summarize the evidence for the specificity of each of
these regions for a particular class of stimuli.

FFA. The FFA is the region found in the midfusiform gyrus (on the
bottom surface of the cerebral cortex just above the cerebellum)
that responds significantly more strongly when subjects view faces
than when they view objects (4, 5, 23). This region responds sim-
ilarly to a wide variety of different kinds of face images (24), in-
cluding photos of familiar and unfamiliar faces, schematic faces,
cartoon faces, and cat faces as well as faces presented in different
sizes, locations, and viewpoints (25, 26). Crucially, when relatively
high-resolution imaging methods are used (including individual–
subject analyses without spatial smoothing), no nonface object has
been reported to produce more than one-half the response found
for faces in this region. Further, the evidence (27, 28) allows us to
reject alternative hypotheses proposed earlier that the FFA is not
specifically responsive to faces but rather is more generally en-
gaged in fine-grained discrimination of exemplars of any category
or of any category for which the subject has gained substantial
expertise. Importantly, the magnitude of the FFA response is co-
rrelated trial by trial with success both in detection of the presence
of faces and in identification of individual faces (29, 30). Thus, as
discussed further in SI Text, the FFA seems to play a central role in
the perception of faces but to play little if any role in the per-
ception of nonface objects. This hypothesis is consistent with evi-
dence that (i) face-selective responses have been observed in ap-
proximately this location in subdural electrode recordings from
the brains of subjects undergoing presurgical mapping for epi-
lepsy treatment (31–33) and (ii) lesions in approximately this lo-
cation can produce selective deficits in face perception (34).
Answering the question of what exactly the FFA does with faces

has been more difficult. Current evidence indicates, however, that
it is sensitive to multiple aspects of face stimuli including face parts

Fig. 1. This schematic diagram indicates the approximate size and location
of regions in the human brain that are engaged specifically during percep-
tion of faces (blue), places (pink), bodies (green), and visually presented
words (orange), as well as a region that is selectively engaged when thinking
about another person’s thoughts (yellow). Each of these regions can be
found in a short functional scan in essentially all normal subjects.

*fMRI response magnitudes are typically measured as percent signal increases compared
with a low baseline condition (e.g., fixating on a cross), so a 2-fold response difference
might correspond to a 2% signal increase from fixation versus a 1% signal increases from
fixation. Crucially, the magnitude of selectivity must be evaluated using data indepen-
dent of that used to identify the region (21, 22). Selectivity is underestimated when low-
resolution methods are used (e.g., when voxels are large or when spatial smoothing or
group analyses are used).
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