Plasticity of face processing in infancy

Among the numerous visual inputs that we receive each moment, the human face is
perhaps one of the most salient. The importance of the many signals it conveys (e.g.,
) adults

typically process this information are compelling reasons to suppose that brain circuits

emotion, identity, direction of eye gaze, etc.) and the speed and ease ( (D

specialized for processing faces may exist. However, there is still considerable debate as to
whether face processing is a truly special perceptual process and is organized as such at
birth, or, instead, has its origin in a more general-purpose perceptual system that becomes
specialized with experience.

Developmental studies can provide important information to constrain the claims of
the different sides of @this debate. It is well documented that experience is crucial for the
normal development of many perceptual and cognitive functions, such as speech
perception. For example, before 6-8 months of age, infants are able to @discriminate
among a wide range of phonemes*. This ability tends to narrow with repeated exposure to
phonemes in the infant’s native language, and a lack of exposure to phonemes outside the
native language. However, Kuhl et al recently demonstrated that some experience with
nonnative languages from 9 months of age facilitates the maintenance of this ability at 12
months. The same pattern of results is observed in infants raised in a bilingual
environment. @Nelson has suggested that the systems underlying face processing may be

similarly sculpted by experience with different kinds of faces. Although the pattern of
development across speech and face processing may be similar, it is unlikely that the

mechanisms and developmental trajectory* underlying these different perceptual systems
are the same.

Indeed, recent developmental studies have ®underscored the importance of visual
experience in the development of face processing. For example, patients with congenital
cataracts® who were deprived of patterned visual input for the first months of life
demonstrate intact object processing but subtle deficits in face processing. Moreover, when
patients whose visual input had been restricted mainly to one hemisphere during infancy
were examined, it was found that visual input to the right hemisphere, but not the left
hemisphere, was critical for expert levels of face processing to develop. This result ®is
consistent with a model put forth by de Schonen and Mathivet concerning the precocity* of
the development of the right hemisphere and its involvement in face processing.

In addition, Quinn et al. demonstrated that Mthe social environment also influences

the tuning of face processing during the first months of life. They have shown that 3-

month-old infants prefer to look at female faces when paired with male faces. This
preference may reflect a gender bias of the face prototype toward the primary caregiver,
which in most cases is female. Importantly, they have identified a population of infants for
whom the father was the primary caregiver; such infants demonstrate a bias for male
faces when tested in the same manner.

The face-processing system is also influenced by the type of face experienced during

the course of development. One example is the well-known ®“other-race effect” (ORE), in

which adults find it easier to differentiate faces from their own ethnic group. Children
demonstrate the same effect, although reports differ regarding the onset of the effect,
ranging from 3 months to 8 years. Recently, Sangrigoli et al. reported that native French
adults and Korean adults who had moved to France during adulthood both demonstrated
the ORE. Conversely, Korean adults adopted by French families during childhood (3-9
years old at time of adoption) performed identically to the native French adult population.
This finding indicates that the face-processing system remains relatively plastic
throughout childhood, allowing the ORE observed at 3 months of age to be reversed.
Furthermore, intensive training with other-race faces can extinguish the ORE in adults
who initially demonstrate the effect.

A final example of the importance of early experience is the “other-species effect,” in
which both monkey and human adults are better at recognizing faces from their own
species as assessed with the visual paired comparison (VPC) task or with a forced-choice
task. Many researchers attribute the ORE and other-species effects to the relatively
common experience of having greater exposure to faces of one’s own race compared with
other races and greater experience with faces within one’s own species compared with
other species. Thus, it appears that these effects can be accounted for by the notion that
we are best at recognizing faces similar to those we see most often (i.e., faces of individuals
with whom we have most contact, @ [be, of, or, race, same, the, theyl the same species).
However, it is important to differentiate between other-race faces, which belong to the
same face category as own-race faces (i.e., human faces), and other species faces, which
belong to a separate face category (i.e., nonhuman primate). Whereas the face-processing
system remains flexible for the category of faces ( ) we are most exposed, this
plasticity may not extend to other face categories.

Collectively, these studies suggest that visual input during early infancy and

childhood influences the development of many aspects of face processing. However, the



exact nature and origins of this experience and its effect on the development of face
processing has been the subject of considerable discussion. According to Valentine’s model,
faces are encoded as individual points within a multidimensional face space defined by a

set of dimensions (gender, eye color, etc.). Valentine proposes @a_norm-based coding

model, whereby faces are encoded as vectors according to their deviation from the central

tendency, or prototypical average of the face space. Nelson has proposed that this face
prototype is broadly tuned at birth and that the dimensions this prototype encodes may
differ both qualitatively and quantitatively in infants compared with adults. One way to
think about the development or formation of a face prototype is based on the experience or
kinds of faces one encounters. For example, if this prototype is thought of as a continuum
of all incoming faces, then the more a face deviates from the prototype (other-race and
other-species faces), the less this face is easily discriminated, compared with faces that are
more similar to the prototype. The development of the face prototype is most likely
influenced by a number of factors, including, but not limited to, exposure time (number of
faces seen), dynamic and emotionally salient information provided within the face, the
timing and preferences of the development of the visual system, and changes in the
categorization of individuation of people (i.e., the mother’s face may have more “weight”
in the formation of the prototype). Combined, these experiences gradually lead to the face
prototype becoming more precise.

Early in life, infants possess a remarkable ability to discriminate among and between
a large corpus of different faces, such as faces from an unfamiliar species or an unfamiliar
race. With experience, the infant’s face-representation system becomes more precise and
increasingly restricted to faces with which infants are most familiar. This, ( @ ), results
in the development of expertise, in which the ability to discriminate between faces that
one has not had exposure to (or has had less exposure to) is not as good as discrimination
between faces with which one has had experience.

An example of this specialization of the face processing system was demonstrated in a
previous study, in which we reported that although 6-month-olds, 9-month-olds, and
adults are all equally good at discriminating two human faces, only 6-month-olds can also
discriminate two monkey faces. Thus, it seems that some time after 6 months of age the
face prototype becomes less generalized and more specific to faces commonly experienced
in one’s environment. Furthermore, uncommon faces, or faces that differ on the defined
prototypical dimensions, are no longer easily discriminated. This observation led us to ask
how flexible this representation is, and whether we can maintain its early, more general

nature by exposing infants to other-species faces between the ages of 6 and 9 months.

In our investigation, 6-month-olds were exposed regularly to Barbary Macaque*
monkey faces during a 3-month period, and their ability to discriminate monkey faces was
then assessed at 9 months. Their discrimination performance was compared with a control
group of 9-month-olds who received no training. @We hypothesize that if the ontogeny* of
the face-processing system progresses from being very broadly tuned to more specific and
narrowly tuned, then exposure to the monkey faces should extend the ability to
discriminate faces from another species.

Discussion
The experiment reported here examined the effect of exposure to monkey faces on the
specialization of the face-processing system to human faces during the first year of life.
Our results are consistent with Nelson’s hypothesis stating that a broadly defined face
prototype exists at birth, and its development is influenced by the visual environment,
leading to a more precise face prototype. Specifically, here and in our previous work, we
observed a specialization of the face-processing system, as shown by the loss of ability to
discriminate between faces from other species. However, with exposure to other species’
faces, this loss is prevented in infants. Our results indicate, as hypothesized by Nelson,
that the development of face processing follows a trend similar to the one observed for
speech processing. The duration of this effect has yet to be determined; similarly we also
do not know how much exposure 6-month-olds need to be able to discriminate monkey
faces.
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