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Recent developmental functional magnetic resonance
imagingstudiesprovideevidence that thecortical special-
ization for face perception observed in adults emerges
only gradually over the first decade of childhood. These
developmental results provide a middle-ground view on
the long-standing debate in the literature from adults
about the specificity or otherwise of face-sensitive areas
of cortex. According to this developmental perspective,
certain cortical regions become specialized for face per-
ception in adults, partly as a result of a decade or more of
experience and partly as a result of initial biases.

Introduction
Faces are vital for human interaction. It is not surprising,
therefore, that face processing in the human adult brain
involves several cortical areas, such as the fusiform gyrus,
the superior temporal sulcus and other parts of the occi-
pito-temporal cortex [1]. Two very recent studies system-
atically investigated the development of specificity of the
cortical activations resulting from face perception in chil-
dren and showed that, although regions of cortex are
activated for faces, these regions do not become specifically
tuned to faces until surprisingly late in development.
These new imaging data support behavioural evidence
that some face-processing skills can be late to develop.
For example, although six-year-old children are adult-like
in their abilities to process faces in tasks involving proces-
sing of individual internal or external features, sensitivity to
changes in the spacing of features remains inferior until age
ten. Furthermore, children have difficulty ignoring irrele-
vant information, such as head orientation or external
paraphernalia when processing the identity of a face [2].

Developmental imaging studies provide new
insights in face processing abilities
In an innovative study, Scherf and colleagues [3] used
short-clips of naturalistic movies of faces, objects, buildings
and navigation scenes in a passive viewing task with
children (5–8 years), adolescents (11–14 years) and adults.
Interestingly, they observed that although children at
5–8 years showed patterns of cortical activation similar
in magnitude to that seen at older ages, this activation was
not selective to faces in the classical adult face processing
areas (such as the Fusiform ‘face area’- FFA). That is, in
young children faces did not elicit the adult-like category
specific and selective activation seen for the other stimulus
categories (objects, places) (Figure 1). In other words,
although all three age groups exhibited stimulus category

fine-tuning in the lateral occipital object areas and the
parahippocampal place area, only the older groups showed
this specificity in the FFA and other face regions. Similar
general conclusions have been recently reported by Golarai
et al. [4] who showed an expansion of the area of category
specific activation of FFA during development.

These recent results speak to an important issue in the
adult literature on face processing. Over the last decade or
so, much effort has been directed at establishing whether
faces are processed in a unique way in the human brain.
Two major positions have emerged in accounting for the
multitude of functional imaging data from adults: 1) The
‘domain-specificity hypothesis’ [5] assumes that faces
are processed in a modular and category specific fashion
in the FFA. 2) The ‘expertise hypothesis’ [6] suggests that
rather than being a dedicated face module, the FFA is a
neural area involved in processing objects of expertise.
Faces are likely to be objects of expertise, given the fact
that they are important carriers of social information.
However, it has been shown that other objects of expertise
can activate the FFA such as cars (for a car expert).

The interactive specialization approach to functional
brain development
It has recently been suggested that data from development
could help to resolve the continuing debate in the adult
literature [7]. Aside from the obvious question of the import-
ance, or otherwise, of expertise acquired over the first
months and years of life, developmental data might offer
new insights into the basic mechanisms that determine the
adult human pattern of cortical specialization for cognitive
and perceptual functions [8].More specifically, developmen-
tal neuroimaging studies on face processing can be inter-
pretedwith regard to two issues: (i) Howwidespread or focal
is the cortical activation in response to faces? And (ii) how
specialized or finely tuned are the response properties of
regions of cortex activated by faces?Both issues are relevant
for the ‘interactive specialization’ view on human functional
braindevelopment [8,9].Thisapproachsuggests thatduring
human postnatal development, cortical functional special-
ization for high-level perceptual and cognitive functions
emerges as a result of initial biases and competitive inter-
actions between different cortical and sub-cortical areas.
More specifically, it predicts that with development there
will be increased selectivity (fine tuning) in the activation of
cortical areas for specific functions suchas faceprocessing.A
consequence of this more selective activation of cortical
areas is that the extent of cortical tissue activated in a given
task context, or in response to a particular stimulus,
will decrease and become more focal as the child gets older.
This contrasts with the view that such cortical functional
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specializations are present from birth, or that they mature
in a way relatively uninfluenced by experience.

To date, a handful of functional magnetic resonance
imaging (fMRI) studies [3,4,10–14] have explored the deve-
lopment of face processing areas in the ventral occipito-
temporal stream(Table1).Encouragingly, someconsistency
across studies is beginning to emerge. Collectively, these
studies show that although faces activate specific areas of
cortex in children, these areas can occupymore extensive or
slightly different regions from those seen in adults (e.g.
Ref. [13]). Furthermore, the three most recent studies show
evidence of increasing tuning of face-sensitive areas of
cortex [3,4,14]. These dynamic developmental changes in
cortical activation are consistent with the predictions of the

interactive specialization view of functional brain develop-
ment [8,9].

Although this view can account for some of the
developmental changes observed in recent developmental
fMRI studies, the question remains of why the face-sensi-
tive cortex specializes later than other object classes in the
ventral-temporal stream. Or, put differently, why are faces
such demanding objects of expertise? One reason might be
that our brains need to learn to do many different compu-
tations on the same input. Unlike landscapes and, to some
extent, objects, with faces our adult brains extract different
invariances from the same stimulus. Hence, the extraction
of identity, expression and eye gaze presents a far more
challenging learning task for the developing brain than the

Figure 1. Differential activation for each stimulus category mapped onto an inflated brain: (a) a ventral view and (b) a lateral view of the right hemisphere (RH) for all three
age groups. In contrast to older age groups, young children showed no face-selective activation in face-related areas. However, objects and buildings or navigation yielded
similar patterns of selective activation at all ages. Abbreviations: FFA, fusiform face area; LO, lateral occipital object area; OFA, occipital face area; PPA, parahippocampal
place area; STS, superior temporal sulcus. Reproduced, with permission, from Ref. [3].

Table 1. Imaging evidence for the developmental course of face processing abilities
Stimuli presented Age (years) Results Refs

Faces, houses 8–10, 12–14 Older children group showed increased activation for faces versus houses in
the bilateral fusiform gyrus whereas the younger children group did not.

[10]

Faces, objects 5–8, 9–11,
adults

Shift from posterior ventral processing areas to the anterior part of the
fusiform gyrus with increasing age.

[11]

Faces 10–12 Activation of fusiform gyrus to emotional face-stimuli. [12]
Faces 10–12, adults Children group exhibited more bilateral and more extensive activation in the

fusiform gyrus.
[13]

Faces (upright or
inverted)

8–11, 13–17,
adults

Gradual tuning to upright faces in the right lateral fusiform gyrus with
increasing age.

[14]

Faces, objects,
places, abstract
textures

7–11, 12–16,
adults

Fusiform gyrus activation selective for faces expanded with age. [4]

Faces, objects,
buildings,
navigation

5–8, 11–14,
adults

Face-specific selectivity increased with age. [3]
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visual recognition of objects and scenes. Thus, learning
about faces involves several different learning tasks made
even harder by the fact that they operate with the same
input and are thus subject to interference effects.

Conclusions
Recent studies provide an important piece of the jigsaw in
our understanding of the development and neural basis of
face processing. The developmental perspective on the
debate from adult studies (about the specificity or other-
wise of face processing areas in cortex) offers an intriguing
middle-ground view. That is, the FFA and related areas,
such as the superior temporal sulcus, might begin with
connection and architectural biases sufficient to ensure
that they are activated by the presence of faces in the
visual field of the infant. However, it is only after years of
exposure to faces that the neural architecture of these
regions becomes specifically tuned for processing this
particular class of visual stimulus to the relative exclusion
of other stimuli. This process might also depend on the
developmental timing of synaptic and dentritic pruning.
Thus, although the end result of development is a region
largely specialized for face processing, this specificity is
achieved through a complex combination of experience
and subtle initial biases. Future research could focus on
further tracing the developmental time-course of face
processing in the human brain through the use of a new
optical imagingmethod readily applicable to infants (near
infrared spectroscopy [15]), and on the differential special-
ization of different regions of the cortical social brain
network. Moreover, it will be worthwhile to explore
whether the emerging developmental story for faces also
holds for other domains of stimulus processing, such as
speech perception. In this respect, data from infants as
young as three months indicate that speech sounds can
activate some similar speech and language processing
areas as are observed in adults [16]. However, how
speech-selective these speech-sensitive areas of cortex
are remains to be determined, and it is possible that in

infants and children some complex natural sounds could
activate the same regions as strongly as speech itself.
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Growing evidence points to a link between musical
abilities and certain phonetic and prosodic skills in
language. However, the mechanisms that underlie these
relations are not well understood. A recent study by
Wong et al. suggests that musical training sharpens the
subcortical encoding of linguistic pitch patterns. We con-
sider the implications of their methods and findings for

establishing a link betweenmusical training andphonetic
abilities more generally.

Musical and linguistic abilities: what is the
relationship?
Music and language rely on richly structured sound
sequences. Is there any relationship between processing
abilities in the two domains? Several studies have reported
associations between musical ability and accuracy at per-
ceiving phonetic or prosodic contrasts in a native or foreign

Corresponding author: Patel, A.D. (apatel@nsi.edu).
Available online 16 August 2007.

Update TRENDS in Cognitive Sciences Vol.11 No.9 369

www.sciencedirect.com

http://dx.doi.org/10.1016/j.tics.2007.06.007
mailto:apatel@nsi.edu

