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Chapter 2

Developmental 
Neurobiology of 
Face Processing

Lisa S. Scott, B.S.
Charles A. Nelson, Ph.D.

Several lines of research suggest that face processing is a “spe-
cial” perceptual ability that is subserved by a distinct neural sys-
tem (Haxby et al. 2001; Kanwisher et al. 1997). Furthermore, face
perception has been cited as the most developed visual-percep-
tual skill in humans (Haxby et al. 2000). Indeed, several research-
ers have claimed that adult face processing can be characterized
as a uniquely expert system in humans (Gauthier and Tarr 1997).
The extant literature on the basic organization and neural under-
pinnings of adult face processing is riddled with controversy and
may be better informed by an understanding of the processes in-
volved in the development of this system. The fundamental
question of how a perceptual system becomes functionally and
structurally specialized has great potential to inform us about the
basic characteristics of that perceptual system and how it came
into being.

Many investigators who study face processing in adults view
faces as a “special” class of perceptual stimuli. This view is gener-
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ally taken to mean that the mechanisms underlying face process-
ing differ from those underlying the processing of nonface objects.
Indeed, behavioral, neuropsychological, and neuroimaging data
from patient populations support the existence of a “face module.”
The special nature of face processing compared with other types of
visual processing, such as object processing, originates from re-
ports of patients who are unable to recognize familiar faces but
who maintain the ability to recognize and identify objects (Dama-
sio et al. 1982; De Renzi 1986) and from single-cell recordings from
nonhuman primates that suggest that cells within the inferior tem-
poral cortex fire preferentially to faces (Gross et al. 1969, 1972; Per-
rett et al. 1982, 1987).

Although it is beyond the scope of this chapter to provide a
comprehensive review of the adult face-processing literature, we
refer the interested reader to several relevant articles (Gauthier et
al. 1998, 1999a, 2000; Haxby et al. 2000, 2001; Kanwisher et al.
1997). In this chapter, we focus on studies that have investigated
the neural and behavioral development of the face-processing
system, including studies that have investigated face perception
in children with disorders such as autism. Finally, we conclude
with a discussion of current models of the development of face
processing and how these models inform the study of face pro-
cessing as a whole.

Neural Correlates of Face Processing in 
Developmental Populations

Although our understanding of developmental science has greatly
benefited from studies investigating the behavioral correlates of
development, relatively few studies have investigated the neural
systems that underlie changes in behavior across time. The merg-
ing of the fields of neuroscience and psychology has recently be-
gun to provide researchers with the ability to examine brain–
behavior relations from multiple levels of analysis (for elaboration,
see Nelson and Bloom 1997; Nelson et al. 2002). Particularly note-
worthy have been advances in noninvasive functional imaging of
the developing brain. Functional magnetic resonance imaging
(fMRI) and event-related potentials (ERPs) are the most commonly
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used techniques with normative developmental populations.
fMRI provides an index of changes in blood oxygenation levels in
the brain, and ERPs provide an index of the electric potential di-
rectly generated by neuronal activity. fMRI provides excellent spa-
tial resolution of brain metabolism in response to specific stimuli
or cognitive tasks. ERPs, on the other hand, have better temporal
resolution and are able to record the response of electrical activity
(on the order of milliseconds) to different stimuli from the scalp.
(For an extensive review of these techniques in the context of de-
velopment, see M. de Haan and Thomas 2002; DeBoer et al., in
press.)

When studying face processing, one needs to take into ac-
count several factors that may influence the processing of certain
kinds of faces and how this processing is different from other per-
ceptual processing. For example, we should examine the distinc-
tion between face and object processing; the role of familiarity;
how different species, genders, races, and ages are processed; the
difference between configural and featural face processing; and
how emotional expressions are processed. The following review
of the developmental literature is limited to research that investi-
gated the neural correlates of these different aspects of face pro-
cessing with both fMRI and ERP, as well as studies of patient
populations and children with developmental disorders.

Faces Versus Objects

A fundamental finding in the study of visual processes is the dis-
tinction between the visual pathway that analyzes objects and
faces (the ventral “what” pathway) and the visual pathway that
analyzes spatial information (the dorsal “where” pathway). Al-
though few investigations have examined the development of
these pathways, children (ages 10–12 years) have been found to
have a more diffuse and distributed area of activation in both the
“what” and the “where” pathways compared with adults (Passa-
rotti et al. 2003). More specifically, children, similar to adults,
showed more right compared with left fusiform activation in re-
sponse to faces, but activation in both hemispheres was more dis-
tributed across the temporal cortex in children compared with
adults (Figure 2–1).
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As with adults, both infants and children show apparent neu-
ral dissociations between face and object processing (e.g., Carver et
al. 2003; M. de Haan and Nelson 1997, 1999). For example, electro-
physiological evidence suggests that certain ERP components dif-
ferentiate faces and objects. ERPs can be defined as transient
changes in the brain’s electrical activity that occur in response to a
discrete (time-locked) stimulus or an event such as a presentation
of a face (M. de Haan and Nelson 1997). ERP components repre-
sent negative (denoted by N) and positive (denoted by P) deflec-
tions in voltage over time. These components can be either de-
scribed by the latency of the negative or positive deflection (e.g.,
N170 is a negative component occurring 170 milliseconds after
stimulus onset) or denoted by the number of the positive or nega-
tive peak (e.g., a P3 refers to the third positive peak). These deflec-
tions are thought to represent different aspects of cognitive and
perceptual processing. Several studies with adults have found a
negatively peaked component, called the N170, which appears to
be highly specific to face processing (for example, Carmel and Ben-
tin 2002). In infants, the P400 component discriminates faces and
objects, as evidenced by an earlier latency to peak response to faces
in 6-month-olds (M. de Haan and Nelson 1999). This difference is
most prominent over posterior and temporal electrode locations,
suggesting, similar to findings with adults, a temporal advantage

Figure 2–1. Face-matching task.
A: Significant clusters of functional activation in mediolateral fusiform regions for the
face-matching task in 16 adults (left side) and 12 children (right side). B: Significant clusters
of functional activation in the middle temporal gyrus in 16 adults (left side) and 12 children
(right side). Note that according to radiological convention, the left side of the brain repre-
sents the right hemisphere, and the right side of the brain represents the left hemisphere.
Source. Adapted from Passarotti AM, Paul BM, Bussiere JR, et al.: “The Development of
Face and Location Processing: An fMRI Study.” Developmental Science 6:100–117, 2003.
Used with permission from Blackwell Publishing.
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for processing faces. The negative component (Nc), a component
associated with attention and recognition memory, is more specific
to familiar face stimuli (confined to the midline and right anterior
temporal regions) than to familiar object stimuli (distributed
across all temporal regions; M. de Haan and Nelson 1999). Further-
more, the Nc is greater in response to familiar objects (e.g., a favor-
ite toy from home), compared with unfamiliar or novel objects.
These results suggest differential electrophysiological signatures
for objects and faces in 6-month-old infants, which may be related
to different levels of experience with specific kinds of object cate-
gories (faces vs. objects).

Familiar Versus Unfamiliar Faces

Behavioral studies that used looking time and habituation tech-
niques with newborns reported that infants discriminate be-
tween familiar and unfamiliar faces (Pascalis and de Schonen
1994; Pascalis et al. 1995). However, the direction of infants’ pref-
erence depends on the task used. For example, in a simple visual
preference task, infants prefer to look at familiar faces (Pascalis
and de Schonen 1994), whereas in studies in which the habitua-
tion procedure is used, infants tend to prefer to look at the novel
face (Pascalis et al. 1995). Further evidence from electrophysio-
logical investigations indicates that by age 6 months, infants
show differential brain activity to familiar (mother’s face) and
unfamiliar faces (M. de Haan and Nelson 1997, 1999). The Nc has
been found to be larger in response to the mother’s face than to a
stranger’s face. This differential activation is influenced by how
similar the unfamiliar faces were to the mother’s face. This find-
ing, as well as the finding stated earlier with object processing,
contrasts with previous research showing a greater Nc to unfa-
miliar stimuli compared with briefly, or newly, familiarized stim-
uli (Nelson and Collins 1991). A later positive slow-wave compo-
nent, maximal over frontal scalp locations and often associated
with memory processes (Nelson 1994; Nelson and Monk 2001),
was found to discriminate the mother’s face from a stranger’s
face as indexed by a greater response to the stranger’s face (M. de
Haan and Nelson 1999).

Further research suggests that there may be developmental
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changes in the relative importance of viewing different kinds of
faces (such as the mother’s face vs. strangers’ faces). Indeed, chil-
dren (ages 18–54 months) who were presented with both highly
familiar and unfamiliar faces and toys while ERPs were recorded
showed changes in only the brain response to faces, and not toys,
as a function of age (Carver et al. 2003). More specifically, all age
groups showed larger Nc and P400 components to unfamiliar
compared with familiar objects, but only children between ages
18 and 24 months showed a greater ERP response to the mother’s
face than to a stranger’s face. Children between ages 45 and 54
months showed a larger response to the stranger’s face, and chil-
dren between ages 24 and 45 months did not show a differential
response to either stimulus at the Nc. These findings suggest that
the neural correlates of face processing may change across devel-
opment and may be related to the emotional salience or signifi-
cance of the face.

“Other-Race” and “Other-Species” Effects

Although not yet studied in infants or very young children, the
“other-race” effect, a commonly reported experience in which
adults describe more difficulty differentiating between faces from
races other than their own (Chance et al. 1982; O’Toole et al. 1994),
speaks to the role of experience in the development of face process-
ing. Beginning in the late 1960s and continuing through the 1970s,
this phenomenon was attributed to greater exposure to faces of
your own race than to others (Brigham and Barkowitz 1978; Brig-
ham and Malpass 1985; Malpass and Kravitz 1969). Fallshore and
Scholler (1995) showed that recognition of faces of other races is
less affected by inversion than recognition of faces of the same
race. Imaging studies of the other-race effect show better recogni-
tion memory for same-race faces compared with other-race faces
that is paralleled by greater activation of the fusiform area in re-
sponse to same-race faces compared with faces of another race
(Golby et al. 2001). Furthermore, the behavioral memory differ-
ences between same- and other-race faces correlates with activa-
tion in the fusiform and hippocampal areas. The differences in
activation found in the fusiform area have been attributed to dif-
ferent levels of expertise or experience with faces of other races.
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As stated earlier in this section, no studies have examined
this phenomenon in very young children or infants; however, in
contrast to Caucasian adults and older children, Caucasian chil-
dren as young as 6 years do not show a recognition memory ad-
vantage for Caucasian compared with Asian faces (Chance et al.
1982).

The other-race effect also has been modeled with computa-
tional face recognition algorithms (Furl et al. 2002). Furl and col-
leagues tested several face recognition algorithms to determine
which was most consistent with behavioral results suggesting
better recognition accuracy within races compared with across
races. Results were consistent with the “developmental contact”
hypothesis. Only experience-based models showed the other-
race effect, and this effect was seen only when experience warped
the perceptual space to enhance encoding distinctions of same-
race faces compared with other-race faces (Furl et al. 2002).

Similar to the “other-race” effect, there have been reports of an
“other-species” effect. For example, humans and nonhuman pri-
mates are better at recognizing faces of their own species (Pascalis
and Bachevalier 1998). More specifically, monkeys tend to look
longer at novel monkey faces but not novel human faces, and adult
humans look longer at novel human faces but not novel monkey
faces. This finding suggests a “species-specific” effect in face rec-
ognition. Interestingly, the monkeys in this experiment had more
experience with human faces than the humans had with monkey
faces. Therefore, Pascalis and Bachevalier asserted that if visual ex-
perience were solely responsible for the development and specifi-
cation of this system, then the nonhuman primates in this study
should have shown a novelty preference for both human and mon-
key faces. A somewhat similar dissociation also has been found in
the recognition of inverted faces (Pascalis and Bachevalier 1998).
Human adults show an inversion effect for human and monkey
faces but not for sheep faces, suggesting that primate faces are be-
ing processed in a similar manner compared with sheep faces. Fur-
thermore, children (ages 5–8 years), who have less experience with
faces than adults do, show a similar pattern of results (Pascalis et
al. 2001). In a forced-choice task, older children are better than
younger children at recognizing both upright and inverted faces
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regardless of species. Recognition was better for human faces than
for monkey faces and better for human and monkey faces com-
pared to sheep faces at all ages tested. In addition, similar to adult
findings, only human and monkey faces induced an inversion ef-
fect. Pascalis and colleagues suggested that the human face-pro-
cessing system may be tuned to the characteristics of primate
(human and monkey) faces by age 5 years.

Recently, the visual paired comparison procedure has been
used in adults and in infants ages 6–9 months to determine their
sensitivity to human versus monkey faces (Pascalis et al. 2002).
This study was designed to test directly a model put forth by Nel-
son (2001, 2003) that hypothesizes a narrowing of perceptual
space in face processing and is described later in this chapter, in
the section “Developmental Theories of Face Processing.” Pasca-
lis et al. (2002) hypothesized that younger infants would have a
more broadly tuned face-processing system and should be better
than adults and older infants at discriminating between individ-
ual faces within and across different species. Results confirmed
this hypothesis, indicating that adults and 9-month-old infants
looked longer at novel human faces but looked equally long at
novel and familiar monkey faces. In contrast, 6-month-old in-
fants showed novelty preferences in both the human and the
monkey conditions.

The findings of the study described in the previous para-
graph are supported by the results of an electrophysiological
study in which ERPs were recorded from adults and 6-month-old
infants while they viewed both upright and inverted monkey
and human faces (de Haan et al. 2002b). The purpose of this
study was to determine whether adults and infants show the
same cortical specificity during face processing. In adults, all
stimuli evoked an N170 over temporal and occipital leads. This
N170 was larger in amplitude and longer in latency for upright
monkey faces compared with upright human faces. Furthermore,
inversion effects were apparent in the human but not the monkey
conditions (increased amplitude and latency to inverted faces).
Results indicated that no component of the infant ERP showed
the same specificity as the adult N170 (Figure 2–2). Six-month-
old infants showed sensitivity to both inversion and species con-
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ditions, but it was distributed across two components. The early
Nc (260–336 ms) was greater to human than to monkey faces, and
a later positive component (P400) was greater for upright com-
pared with inverted faces. These findings suggest that adultlike
patterns of face processing are not mature by age 6 months and
may reflect a gradual specialization of cortical face-processing
systems.

In a follow-up investigation of this study, 3- and 12-month-old
infants were shown upright and inverted monkey and human
faces while ERPs were recorded to further elucidate the develop-
mental characteristics of the infant face components (Halit et al.
2003). Results indicated that similar to adults, 12-month-old in-
fants had an Nc (N290) that was larger in amplitude and longer in
latency for human than for monkey faces. This component also
showed an inversion effect, with a larger amplitude response to in-
verted compared with upright faces (for humans only). The P400
component also differentiated these conditions, as evidenced by a
longer latency response to monkey compared with human faces
and a longer latency to inverted compared with upright faces. In
contrast, similar to the 6-month data reported earlier in this sec-
tion, 3-month-old infants did not show the same specificity for hu-
man faces that 12-month-olds and adults showed. The results of
the previously described studies suggested that the adult N170
may be an emergent product of two developmental components (a
negative N290 and a P400) and that the specificity of these compo-
nents may develop some time between age 6 and 12 months.

Results of the study described in the previous paragraph are
somewhat consistent with a study ongoing in our laboratory that
uses ERPs with adults and 9-month-old infants to examine dis-
crimination of monkey and human faces in both frontal and pro-
file (as opposed to inverted) orientations (Scott and Nelson 2003).
This study was designed to investigate further the neural mech-
anisms underlying the development of face processing. Adult
and 9-month-old participants were familiarized to images of
monkey or human faces in the frontal orientation posing neutral
expressions (Figure 2–3). After familiarization, participants were
tested with novel and familiar monkey or human faces, each in a
frontal and profile orientation. Preliminary behavioral analyses
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from adults indicated that participants performed significantly
better in the human compared with the monkey discrimination
task. Furthermore, preliminary adult ERP analyses indicated that
the amplitude of the P2 component differentiated monkey and
human faces, the P2 latency differentiated orientation, and the
N300/400 differentiated familiarity. Interestingly, the 9-month
old infants were also processing species, orientation, and famil-
iarity across several components.

In summary, it appears that early experience with certain types
of faces may influence later processing. Moreover, the kinds of
faces (different races, different species) present in one’s environ-
ment during development may influence the formation and spec-
ificity of the face-processing system.

Figure 2–3. Face-processing task.
A: Picture of a 9-month-old infant with a 32-channel electrode cap on his head. B: Stimuli
used in this task. Infants were first habituated to either one human or one monkey face.
Then infants passively viewed serial presentations of the familiar and an unfamiliar face
in both frontal and profile orientations.

A

B
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Configural Versus Featural Processing
A distinction exists between featural and configural information
contained within a face (Diamond and Carey 1977). Featural in-
formation refers to individual face elements (such as the eyes or
mouth), and configural information refers to the spatial layout of
these elements within the face (Freire and Lee 2001). These
sources of information are not mutually exclusive; changes in
features necessitate a change in the configural information and
changes in configurations involve a concomitant change in the
individual features (Tanaka and Sengco 1997). Humans’ reliance
on configural information in the recognition and processing of
faces is demonstrated when faces are inverted (Yin 1969) and also
when features of inverted faces are upright (Thompson 1980). In-
version tends to impair recognition of faces more than objects.
This effect was first reported by Yin (1969), who found that inver-
sion disrupts the configural processing of a facial stimulus. Yin
further reported that children younger than 10 years discriminate
unfamiliar upright faces as accurately as unfamiliar inverted
faces, whereas adults and older children are impaired in the un-
familiar inverted condition. Thus, with unfamiliar faces, children
seem to be better than adults at processing inverted faces com-
pared with upright faces. Farah et al. (1995) contended that faces
are represented as holistic units, whereas objects can be broken
down into separable parts. Inverting a face presumably causes a
disruption in this configural or holistic processing and thus
causes decrements in facial information processing such as im-
paired recognition and delayed reaction time (Freire et al. 2000).

One way to investigate the development of featural and con-
figural processing is to determine where infants and children fix-
ate on faces, what features they look at more than others (if any),
and how this changes with development. Maurer and Salapatek
(1976) conducted the only study to date that investigates infants’
eye fixations while they view faces. They found that 1-month-old
infants fixated away from the face for most of the time but that
2-month-old infants fixated on the faces, looking more at specific
features, especially internal features and the eyes.

Developmental changes in the processing of featural and con-
figural face information also have been investigated in 9-year-old
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patients with bilateral congenital cataracts removed between age
2 and 6 months (Le Grand et al. 2001). Results of this study indi-
cated that even after 9 years of normal visual processing, config-
ural face processing was disrupted in these patients. In this
investigation, experimenters varied featural and configural in-
formation in facial stimuli by slightly changing this information
(placing eyes further apart vs. replacing individual features, such
as eyes). They found that these patients were impaired in detect-
ing changes in configural but not featural information compared
with a typically developing control group. The authors con-
cluded that visual experience with faces early in development
(within the first 6 months) is necessary for normal development
of configural face processing. Consistent with previous research,
these findings suggest that configural and featural information
may be developmentally dissociable and that a shift may occur
from featural to configural processing during a “period of oppor-
tunity” sometime during the first 6 months of life. Furthermore,
the authors asserted that because typically developing newborns
have poor visual acuity, the visual cortex is only exposed to low-
spatial-frequency visual information (outer contours and general
location of features). Thus, if infants are deprived of low-spatial-
frequency visual information during this period, later configural
processing may be impaired.

ERPs also have been used to investigate the neural changes as-
sociated with face and eye processing in children ages 4–15 years
(Taylor et al. 2001). Children were presented with upright and in-
verted faces and eyes to determine whether they were using fea-
tural or configural information while processing faces. The N170
response was much greater in amplitude and shorter in latency to
eyes than to faces in children. These data indicate that early pro-
cessing of eyes may be functional before the processing of whole
faces. Furthermore, the cortical areas involved in processing eyes
and faces may be somewhat distinct in development.

Facial Expression and Emotion Processing

It is difficult to study the development of face processing and the
mechanisms involved in this development without a discussion
of the emotionally salient and highly dynamic information that is
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provided in the face. Indeed, human faces contain a preponder-
ance of significant information, necessary for social communica-
tion. For example, familiarity, emotion expression, congruent
dynamic information (e.g., lip movement synchronized with
voice), and direction of gaze can all be gleaned from very brief ex-
posures to static and dynamic images of faces. Some researchers
have studied what they call the still-face effect and have found that
infants attend more and show more positive affect to dynamic
displays of faces than to still faces (e.g., D’Entremont and Muir
1997). Furthermore, in a recent series of studies, Bahrick et al.
(2002) suggested that early in infancy, socially contingent and dy-
namic information may be so important that facial identity is ig-
nored during the dynamic phases of face-to-face interactions.
Thus, it is important to point out that infants’ learning about
faces is probably not completely dissociable from learning about
emotional expressions or dynamic contingencies. Furthermore,
whatever the mechanisms are that are involved in the develop-
ment of face processing, it is likely that dynamic and emotionally
salient information plays a major role in their development.

Evidence that the ability to recognize emotional expressions
needs little experience to develop is based on research with vi-
sual paired comparison and habituation procedures that showed
that newborns (by age 36 hours) are able to discriminate (based
on increases in looking time) between different types of facial ex-
pressions (Field et al. 1982). Several investigations with older in-
fants found inconsistencies in the types of emotions infants are
able to discriminate. For example, 3-month-old infants are able to
discriminate (by dishabituating) smiling from frowning faces
(Barrera and Maurer 1981) but not sad faces from happy faces or
surprised faces (Young-Browne et al. 1977). Furthermore, 7-
month-old infants will show a looking preference for fearful
faces over happy faces (Nelson and Dolgin 1985) and can dis-
criminate happy from fearful in a habituation test but only if they
first habituate to happy faces (Nelson et al. 1979). Therefore, it is
apparent that in the first year of life, infants are able to show
some discrimination of emotions, but this discrimination has not
yet reached adultlike maturity (for review, see M. de Haan and
Nelson 1998; Nelson and de Haan 1996).



Developmental Neurobiology of Face Processing 43

Investigations of the neural underpinnings of the develop-
ment of emotion processing suggest that infants as young as
7 months are able to differentiate between static pictures of some
emotions (Nelson and de Haan 1996). ERPs were recorded from
7-month-old infants while they viewed pictures of happy and
fearful expressions in one experiment and angry and fearful ex-
pressions in another. Results indicated electrophysiological differ-
entiation between happy and fearful expressions but not between
angry and fearful expressions at age 7 months. As stated earlier,
the methods typically used to test discrimination of expressions
early in development involve viewing static pictures of faces. The
use of a more dynamic and intermodal display of emotional ex-
pressions indicated that 7-month-old infants were able to discrim-
inate happy and angry expressions by just motion information
alone, suggesting that actually viewing the face may not be a nec-
essary component in this type of perception (Soken and Pick 1992).
This study illustrates the inextricably tied nature of face and emo-
tion recognition but leaves us wondering whether face recogni-
tion, in general, is mediated by mechanisms different from those
involved in emotion recognition—or whether emotion recogni-
tion is simply an extension of the face recognition system. This
question is related to Haxby and colleagues’ (2000) notion that
emotion information is part of an extended face-processing sys-
tem (subserved by the amygdala), suggesting that emotion infor-
mation may indeed be processed separately from the early
perception of faces.

Although evidence is limited regarding the neurobiology of the
development of emotion expression processing (especially with in-
fants), several adult investigations have studied the timing and un-
derlying neural substrates of such processing (Eimer and Holmes
2002; Pizzagalli et al. 2002). Data from ERP studies suggest that in-
formation about the face may be processed separately from informa-
tion about emotion or affective judgment (Eimer and Holmes 2002;
Pizzagalli et al. 2002). Early perceptual ERP components have been
found to process affect information before identity information (Piz-
zagalli et al. 2002). These data suggest that affect processing may
play an important role in the structural encoding and identification
of faces. It will be important to study the development of the mor-
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phology of these early affective-based responses because it may
shed light on the mechanisms involved in face and emotion process-
ing. For example, if infants and children are processing emotion in-
formation before they process identity, the emotional information in
the face may be a big contributor to the developing specificity of face
processing.

The amygdala is thought to be involved in the evaluation of
emotionally significant stimuli (LeDoux 1996). Emotion face pro-
cessing has been investigated with fMRI in both typically develop-
ing and non–typically developing populations (Baird et al. 1999;
Thomas et al. 2001). In adults, the presentation of fearful faces in-
creases activation in the left amygdala compared with the presen-
tation of neutral faces (Thomas et al. 2001). Children (11 years old),
in contrast, show greater amygdala activation to neutral compared
with fearful faces (Thomas et al. 2001). The authors suggested that
this effect may be due to the increased ambiguity (leading to in-
creased vigilance) that a neutral face elicits. Furthermore, the au-
thors asserted that neutral faces may not yet indicate neutrality,
and children may therefore be trying to interpret the meaning of
the neutral faces, thus increasing vigilance. In contrast to the pre-
vious findings, Baird et al. (1999) found that the pattern of re-
sponse in adolescents and adults was similar—the amygdala had
greater activation to fearful compared with neutral faces. Further
investigations are needed to replicate these data. Indeed, further
research investigating the developmental neurobiology of emo-
tion processing is needed to elucidate the behavioral and neural
correlates of this socially relevant system.

Face Processing in Atypically 
Developing Populations

The study of typical development often can be informed by the
study of children who deviate from a normal trajectory. Such is
the case with face processing, in which studying children with
known impairments in this ability may shed light on how face
processing operates in typically developing children. In this sec-
tion, we focus on both adult and developmental investigations of
individuals with prosopagnosia and individuals with autism.
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Prosopagnosia

As mentioned earlier, the special nature of face processing com-
pared with other types of visual processing originates from re-
ports of patients who are reportedly unable to recognize familiar
faces while maintaining the ability to recognize and identify ob-
jects. Patients with this deficit have a syndrome called prosopag-
nosia (De Renzi 1986). This impairment is often accompanied by
focal bilateral (usually) damage to the ventral occipitotemporal
and temporal cortices (Damasio et al. 1982). For example, patient
LH (reviewed by Farah 1996) had damage to an area within the
occipitotemporal cortex and experienced impaired recognition of
faces in the absence of impaired object recognition. Interestingly,
patients with prosopagnosia have been described as processing
faces similar to the way in which they process objects. Whereas
adults without prosopagnosia process faces in a holistic manner
and thus have impairments recognizing inverted faces, almost no
performance decrement is seen when prosopagnosic patients are
shown inverted faces compared with upright faces (Farah 1995;
Yin 1969). Some individuals with prosopagnosia have been re-
ported to have performance advantages over control subjects
without prosopagnosia on inverted face processing (Farah 1995).
These patients also have been shown to have an abnormal pat-
tern of activation in the fusiform gyrus (Marotta et al. 2001).
These authors report left hemisphere posterior fusiform activa-
tion suggesting that these patients are processing stimuli in a
more feature-based compared with holistic manner (similar to
how objects are processed).

A small number of developmental prosopagnosic cases have
been reported. The vast majority of these cases have occurred in
individuals who have more general visual processing deficits in
addition to difficulties recognizing faces (E.H. de Haan and
Campbell 1991; Young and Ellis 1989). However, there is a report
of a boy who sustained brain damage at age 1 day, now in late ad-
olescence, who has structural damage to occipitotemporal path-
ways and impairments similar to those typically reported in
adults with prosopagnosia (Farah et al. 2000). These authors sug-
gested that this report may be evidence for an innately specified
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face-processing system; that is, a system that does not require
perceptual experience to develop.

Autism

Children with autism are often reported to have deficits in face-
processing abilities (Hobson et al. 1988; Kanner 1942; Langdell
1978; Marcus and Nelson 2001). Although a deficit in face pro-
cessing is not a defining feature of autism, the kinds of impair-
ments these children experience early in development may be a
helpful indicator of future social or emotional impairments (Mar-
cus and Nelson 2001). Indeed, children with autism are not pro-
ficient at using faces to determine identity. Individuals with
autism tend to make little eye contact and have been described as
treating people as if they were objects (Kanner 1942). Langdell
(1978) first reported a lack of the typical inversion effect in pro-
cessing of faces in autistic children. Langdell found that older au-
tistic children performed better than control subjects on an
inverted face task. This finding has since been replicated; Hobson
and colleagues (1988) found that individuals with autism were
better than a control group at an emotion-face picture sorting
task when the faces were inverted. Trepagnier (1998) asserted
that autism may be caused by a failure to develop orientation to
facial cues, which then disrupts perceptual and social informa-
tion processing. Furthermore, other studies of face processing
have found aberrant processing of familiar face matching
(Boucher et al. 1998) and memory for faces (Hauck et al. 1999) in
individuals with autism.

The findings in the previous paragraph suggest that individ-
uals with autism do not appear to process faces in the same spe-
cialized manner as do adults and typically developing children.
Recent neuroimaging evidence augments this conclusion.
Schultz and colleagues (2000) found decreased activation in the
fusiform region in a group with autism and Asperger’s disorder
and increased activation in the inferior temporal gyrus compared
with control subjects. Similar to previous behavioral research, the
authors suggested that the group with autism and Asperger’s
disorder may process faces similar to how they process objects
and thus do not have a specialized face-processing system. How-
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ever, it is indeed plausible that this deficit may be secondary to
the disorder, and these individuals may have less exposure to
faces because they simply orient less to faces compared with typ-
ically developing individuals.

In an earlier study, Osterling and Dawson (1994) reported
that impairments in social cognition in children with autism
might be due to early impairments in face-processing abilities. In
this study, home videotapes of infants’ 1-year birthdays were ret-
rospectively analyzed. Results of these analyses indicated that
failure to attend to other people’s faces was the best discrimina-
tor between children with and without autism. Dawson and col-
leagues (2002) further investigated this apparent face-processing
deficit by recorded ERPs in a population of 3- and 4-year-old chil-
dren with autism. Relative to a typically developing group of
children and a group of children with developmental delays,
children with autism failed to show electrophysiological differ-
entiation of familiar and unfamiliar faces (mother’s face vs. a
stranger’s face) for the Nc and the P400 and positive slow wave
components. However, children with autism did show differen-
tiation between familiar and unfamiliar toys for the Nc and P400
(greater amplitude to unfamiliar objects at both components)
(Figure 2–4). These results suggest that children with autism may
have face-processing deficits at the cortical level and that these
deficits occur in the absence of impairments in object processing.
In a second ERP study, McPartland et al. (2001a, 2001b) recorded
ERPs from adolescents with high-functioning autism. The results
of this study also indicated face-processing impairments relative
to an IQ-matched control group. More specifically, the latency to
peak response of the N170 component was longer in latency and
did not show the typical differences between upright and in-
verted faces. Furthermore, this component was also right lateral-
ized in control subjects but not in individuals with autism.

Recently, Marcus and Nelson (2001) suggested three possible
pathways to deficits seen in face processing in individuals with
autism. These possible pathways also can be applied to the devel-
opment of face-processing deficits in Williams syndrome and
Turner’s syndrome. They suggested that this face-processing sys-
tem develops in an experience-expectant manner. First, these def-
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icits could be accounted for by a lack of the “expected” visual
stimuli (faces), which would subsequently influence synaptic
pruning (the assumption being that “correct” information in the
environment leads to a stabilization of synaptic circuits and a
concomitant pruning of unconfirmed and, thus, irrelevant syn-
apses). Second, they suggested that this system may not be re-
ceiving normal input; thus, facial stimuli may be present in the
environment, but deficits in processing this information, such as
social gaze (or failure to recognize important aspects of the stim-
uli), may fail to sustain normal development of this system. Fi-
nally, similar to the second mechanism, they suggested that
exposure to a stimulus may not be tantamount to the experience
required for that system to develop. For example, children with
autism may treat faces as objects, so the development of one spe-
cialized system for both objects and faces seems appropriate.

The following question remains: Why are faces and objects be-
ing treated similarly in autism? Intuitively, the main difference be-
tween objects and faces is the affective or emotional and dynamic
information that is portrayed in the face compared with objects.
Thus, aberrant interpretation of affective or dynamic stimuli may
later influence the development of specialized systems. Indeed, Gre-
lotti and colleagues (2002) suggested that because individuals with
autism have reduced social interest, they may fail to develop an ex-
pert face-processing system. Grelotti and colleagues reported that
adults with autism process faces via more inferior occipitotemporal
areas (typically object-processing areas) rather than the expected
fusiform area, even in the absence of any structural abnormalities.
They further suggested that the damage to the amygdala may influ-

Figure 2–4. Averaged event-related potential waveforms (opposite page)
at the anterior (top) and posterior (bottom), right hemisphere, midline,
and left hemisphere scalp locations for familiar and unfamiliar A) faces
and B) objects for children with autism spectrum disorders (top panels)
and children with typical development (bottom panels).
Areas in which significant differences were found for familiar versus unfamiliar stimuli
are shaded in black.
Source. Adapted from Dawson G, Carver L, Meltzoff A, et al.: “Neural Correlates of Face
and Object Recognition in Young Children With Autism Spectrum Disorder, Develop-
mental Delay and Typical Development.” Child Development 73:700–717, 2002. Used with
permission.
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ence the apparent lack of social interest because it is likely involved
in identifying emotionally salient information. A closer look at the
development of facial expression and emotion processing as it re-
lates to the development of general face-processing abilities may be
necessary to understand the deficits previously described in the
neurodevelopmental disorders as well as the normal development
of face processing.

We now turn to a review of current models of the neural bases
of the development of face processing, including models based
on studies of typically and atypically developing populations.

Developmental Theories of Face Processing

Often, the special nature of face processing is predicated on re-
search reporting that newborns prefer viewing facial stimuli
compared with a variety of other complex visual stimuli at birth
(Morton and Johnson 1991; Valenza et al. 1996). Some researchers
suggest that this initial propensity of newborns to preferentially
fixate on facelike stimuli is evidence of an innate or a genetically
determined face-processing system (Johnson and Morton 1991;
Morton and Johnson 1991). Morton and Johnson proposed a sys-
tem that they termed CONSPEC, which is operational from birth
and functions to bias newborns to orient toward stimuli that con-
tain the same basic structure as faces (see recent reviews by M. de
Haan et al. 2002a; Nelson 2003). CONSPEC is part of a two-process
model proposed to account for the development of face processing
(Morton and Johnson 1991). According to this model, CONSPEC is
a primitive “kick-start” mechanism that is expressed only when in-
fants first view faces. CONSPEC serves as a guide or foundation to
subsequent learning about faces. In this theory, CONSPEC
responds exclusively to faces moving in the periphery. The
CONSPEC mechanism appears to be functional at birth and thus
has been hypothesized to be an innate mechanism that facilitates
attention to faces. Moreover, Johnson and colleagues argued that
the pulvinar may control the CONSPEC mechanism because of its
strong inputs from the superior colliculus, its sensitivity to visual
form information, and its highly salient stimuli (Grieve et al. 2000).
This orienting response, in effect, biases infants to direct their gaze
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toward faces. An infant’s attention to faces is then held by a more
diffuse network of connections that are either strengthened or
pruned, based on experience. Thus, CONSPEC does not mediate
the fixation of attention; it merely directs the infant’s gaze. At ap-
proximately age 2 months, CONSPEC is replaced with or “set” by
CONLERN, an experientially based face-processing mechanism.
At this point, face processing becomes more dependent on the
learning of faces in the environment surrounding the infant.

Recently, Johnson (2000) updated this two-process model of
development and proposed an “interactive specialization” the-
ory to explain why an area of the occipitotemporal cortex called
the fusiform face area is selectively involved in face processing.
This theory suggests that there are developmental changes in the
tuning properties and cortical localization of this system that re-
sult in specialized activation. Johnson suggested that changes in
behavioral specialization will result in changes in cortical local-
ization and that the more finely specified or tuned an area of the
cortex becomes, the less likely it will be activated for other types
of stimuli. However, the mechanisms responsible for this result-
ant localization and why this localization occurs preferentially in
the occipitotemporal cortex remain unclear. This model suggests
that early in development, infants have diffuse cortical activation
in response to faces that then becomes more specific with envi-
ronmental exposure to faces. Subsequently, during the first few
months of life, infant face perception is an emergent product of
the interaction of early orienting tendencies and the overabun-
dance of facial stimuli in the environment. These early orienting
abilities are not the result of an innate cortical face module but in-
stead reflect more primitive innate neural circuitry, involving
subcortical areas of the brain. With experience, the diffuse neu-
ronal activation becomes more specific, and the face-processing
system thus becomes more specialized.

Developmental experiments investigating early visual prefer-
ences in newborns have found that newborns not only have a pref-
erence for looking at faces but also have a tendency to prefer looking
at patterned stimuli arranged in the configuration of a face but with-
out the details of the face (Simion et al. 2001). Simion and colleagues
(2001) suggested an alternative to Morton and Johnson’s (1991)
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CONSPEC mechanism. They conducted a series of experiments to
determine whether newborn preferential orientation to faces com-
pared with other stimuli is because faces are “special” or qualita-
tively different from nonface stimuli or whether a more general
process could account for this preference. The first possibility, the
structural hypothesis, suggests that an innate face-detecting mecha-
nism exists (CONSPEC). Evidence supporting this hypothesis
comes from a study that used visual paired comparison and found
that infants prefer to look at a facelike pattern, even when presented
together with a stimulus of greater physical salience (e.g., Valenza et
al. 1996). Additionally, newborns will preferentially track a moving
schematic face over several other nonface patterned stimuli or face-
like stimuli with the features scrambled (Johnson et al. 1991; Maurer
and Young 1983).

An alternative view to the previously described theories, the
sensory hypothesis, suggests that faces may not be any different
from any other stimuli. According to this hypothesis, faces are
subject to filtering by the visual system, and a preference for faces
may be due to low-level processes that determine the visibility of
the pattern. Easterbrook et al. (1999) reported a study that sup-
ports the sensory hypothesis. They found that infants tracked
both a schematic face and patterned stimuli containing different
arrangements of the same features equally. Based on the evidence
for both the structural and the sensory hypotheses, Simion and
colleagues (2001) suggested that these two hypotheses may not
be mutually exclusive. To examine this further, Simion et al.
(2002) reported a series of studies that found that infants prefer
to look at stimuli that have a greater number of elements in the
upper rather than the lower part of the configuration. This result
is supported by research that suggests that the upper part of the
visual field is less sensitive than the lower part (in adults) (Previc
1990; Rubin et al. 1996; Sheng et al. 1996); this preference disap-
pears when the outer and inner components of the schematic are
congruent. For example, infants look equally at both an upside-
down triangle with two squares at the top and one square at the
bottom (facelike) and a right-side-up triangle with two squares at
the bottom and one square at the top (nonfacelike). Newborns
seem to consistently prefer the stimulus in which both faceness
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(more components in the upper part of the configuration) and
congruency are present compared with stimuli in which only one
of the above is present. They suggested that both faceness and the
congruence of the inner and outer features combine to create a
preference for facelike stimuli. Furthermore, they suggested that
infants’ preferences for faces at birth are a result of their sponta-
neous preference (constrained by the visual system) for the struc-
tural properties that are embedded in faces. Macchi Cassia et al.
(2004) further examined newborns’ preferences for faces by using
images of natural and scrambled (features rotated but kept in the
same general layout and asymmetrical) upright and inverted (in-
version was isolated to inner features only) neutral faces while
recording fixation time. Results indicated that newborns pre-
ferred to look at faces with more features in the upper part of the
face regardless of whether they were scrambled (Figure 2–5).

Figure 2–5. Three pairs of stimuli presented in the three experiments
and the total fixation times toward each stimulus in the pairs.
Note. NS=not significant; *P<0.05; **P<0.001.
Source. Adapted from Macchi Cassia V, Turati C, Simion F: “Can a Nonspecific Bias To-
ward Top-Heavy Patterns Explain Newborns’ Face Preference?” Psychological Science (in
press). Used with permission from Blackwell Publishing.
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This latter account provides an alternative to CONSPEC:
newborn preferences for faces may be a result of the match be-
tween structural properties of facelike stimuli and the constraints
of the newborn’s sensory systems as opposed to an innate sub-
cortical mechanism responsible for directing infants’ attention to
faces (Simion et al. 2001). Both Morton and Johnson’s and Simion
and colleagues’ accounts explain newborns’ initial propensity to
fixate on and track faces. Johnson and colleagues (1991) went one
step further and proposed an additional mechanism, CONLERN,
that guides specialization of face processing. This account does
not, however, explain the apparent increasing specificity of the
face-processing system or how newborns go on to become “ex-
perts” in face processing.

Johnson and Morton’s CONLERN mechanism is involved in
the maintenance of attention to faces or facelike stimuli. This
mechanism takes over for CONSPEC at around age 2 months and
is influenced by stimuli in the environment. CONLERN tunes the
fusiform face area to become preferentially activated to facial
stimuli (M. de Haan et al. 2002a). M. de Haan and colleagues
(2002a) argued that this increased specificity of the fusiform face
area occurs because of its anatomical location on the ventral vi-
sual pathway and high interconnectivity to the hippocampus.

Consistent with adult visual field studies (Ellis and Shepard
1975), lesion sites in adults with prosopagnosia (De Renzi et al.
1994), and adult neuroimaging studies (Gauthier et al. 1999b;
Kanwisher et al. 1997), de Schonen and Mathivet (1989, 1990)
proposed a model that emphasizes the role of the right hemi-
sphere in the development of face recognition. They found a right
hemisphere advantage in face-processing tasks with 4- to
9-month-old infants (de Schonen and Mathivet 1990). They hy-
pothesized that the right hemisphere advantage is a result of the
enhanced ability of the right hemisphere to process configural in-
formation in early infancy compared with the left hemisphere.
Additionally, the right hemisphere is more sensitive to low spa-
tial frequencies (a dominant feature of faces). Because of the com-
petitive nature of the visual system, they hypothesized that
experience with faces drives the development of the right hemi-
sphere, which then results in cortical specialization. de Schonen
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and Mathivet (1989) also pointed out that the left hemisphere
does benefit from configural facial information and with time
also responds to facial stimuli. Although the difference between
configural and featural processing of stimuli during develop-
ment is compelling, the anatomical basis for a right hemisphere
advantage for faces over other low spatial frequency stimuli is
unclear. Indeed, most other aspects of the visual system seem to
develop in a symmetrical fashion. Furthermore, this theory does
not account for why faces drive the development of this special-
ized visual system over other complex stimuli.

In a recent review, Elgar and Campbell (2001) suggested that
investigating the impairments of children with autism, Williams
syndrome, and Turner’s syndrome will better inform our under-
standing of normal face processing. Elgar and Campbell sug-
gested that children with autism have face-processing deficits
because of aberrant affective and social “drivers.” Children with
Williams syndrome tend to be highly sociable but have deficits in
visual-spatial abilities. Children with Turner’s syndrome have
mild impairments in social functioning and relatively poor visual-
spatial and perceptual-organizational abilities. Elgar and Camp-
bell proposed a model that asserts that two “drivers” are involved
in face processing—an affective/social driver and a visual-spatial
driver. They suggested that these drivers are interactive and mul-
tiplicative in modulating the development of face expertise. They
also argued that deficits in the visual-spatial driver may be a re-
sult of damage to magnocellular visual projections from the lat-
eral geniculate nucleus to the occipital cortex and then up through
the dorsal stream. Compared with the ventral visual pathway, the
dorsal visual pathway receives most of the information from mag-
nocellular projections. The ventral visual pathway receives infor-
mation from both magno- and parvocelluar projections. They
suggested that the function of the magnocellular cells (sensitive to
high temporal and low spatial frequency and highly responsive to
movement) further supports this idea. Elgar and Campbell also
suggested that because the superior temporal sulcus receives in-
formation from both the ventral and the dorsal streams, the supe-
rior temporal sulcus may be preferentially involved in processing
dynamic facial information. They suggested that the affective/so-
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cial driver is mediated by the ventromedial parts of the inferior
frontal cortex, which plays a key role in moderating activity flow-
ing to the cortex from the amygdala and thalamus, among other
subcortical structures.

Nelson (1993, 2001, 2003) proposed a model of the develop-
ment of face perception that accounts for how humans become
experts at perceiving and processing facial information. This
model suggests that infants mold their face-processing system
based on the visual experiences they encounter. Nelson’s model
of the development of face perception draws an analogy to
speech perception, in that, similar to speech perception, there
appears to be a potential for cortical specialization that is depen-
dent on experience (for review, see Kuhl 1993, 1997). Among
other investigators, Kuhl and colleagues have reported that be-
fore age 6–8 months, infants are able to discriminate between a
wide range of phonemes, or basic sound units. This ability tends
to narrow with repeated experience to phonemes in one’s native
language and a lack of experience with phonemes outside one’s
own language (Cheour et al. 1998; Kuhl et al. 1997). Nelson
(2001, 2003) suggested that this type of “perceptual narrowing”
also may occur in face perception. Moreover, he asserted that
early in development, humans may have the ability to discrimi-
nate between a wide range of faces and facial features and that
based on environmental stimulation, or the types of faces infants
are exposed to, this system becomes more specific. Thus, with
development, the ability to discriminate between faces that one
has not had exposure to is not as good as the ability to discrimi-
nate between faces one has had experience differentiating. This
model of the development of face processing contrasts some of
the previously discussed models by proposing a solely experi-
ence-expectant and activity-dependent developmental progres-
sion (Nelson 2001, 2003). Support for Nelson’s (2001, 2003)
perceptual narrowing model comes from several adult and de-
velopmental investigations, including research on the other-race
and other-species effects, the formation of a prototypical face,
and the perceptual expertise effect. For example, although fur-
ther research is needed, it is plausible that the other-race and
other-species effects are due to the amount of differential expe-
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rience infants have with different types of faces while forming
an expert face-processing system.

Consistent with this idea, some researchers have suggested
that faces are represented as a comparison to a prototype that has
been formed through experience. This prototype roughly repre-
sents an average of the kinds of faces or features one has seen. In-
deed, Rhodes et al. (1993) argued that the coding of faces occurs
by making a comparison between the perceived face and a proto-
type. Thus, the decrement in performance that is seen while pro-
cessing inverted faces may be due to the difficulties that occur
when comparing rotated faces with the prototype. Many models
of face recognition (both developmental and adult theories) agree
that the brain must store some sort of representation of faces (at
many different levels), but they differ as to the form of this repre-
sentation and how it is compared with other faces already en-
coded in memory. Support for the development of a “prototype”
comes from studies suggesting that infants consistently prefer to
view attractive faces when paired with unattractive faces (Lan-
glois et al. 1987; Slater et al. 1998). Attractive faces are seen as
more facelike because they more closely match the facial repre-
sentation or prototype that infants either acquire from their expe-
rience of seeing faces or are born with. Johnson and de Haan
(2001) assessed infants’ ability to extract a prototype from a series
of individual faces. They observed that in 3-month-old infants
but not 1-month-old infants, the prototypical stimulus was more
familiar than the familiar trained face. They suggested that the
ability to extract invariances from a set of input faces develops
between ages 1 and 3 months.

Gauthier and colleagues suggested that visual areas selective
for recognition of faces can be recruited through expertise for
nonface objects, such as greebles (or facelike objects), birds, or
cars (Gauthier and Tarr 1997; Gauthier et al. 2000). Therefore,
without expertise, face perception would be similar to any other
kind of object processing (Gauthier and Nelson 2001). The idea of
perceptual expertise emphasizes the importance of early and
continued visual experience with faces in order for adultlike (ex-
pert) face processing to develop. Further research on perceptual
expertise supports Nelson’s perceptual narrowing theory, but it
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does not describe the mechanisms involved in the development
of this expert system.

Analytical Summary of Theories

Each of these models and interpretations is intriguing; however,
there are several unanswered questions, as well as several un-
founded assumptions, for which new models of face processing
development need to account. None of the above views appears
sufficient to explain 1) why this apparent progression from a gen-
eral to a more specific face-processing system occurs and 2) why
specific areas of the cortex are targeted to preferentially process
faces. Johnson’s interactive perspective attempts to account for
some of the above, but the neural and behavioral mechanisms in-
volved in the developmental progression from a genetically or
subcortically controlled system to an experience-based system are
not well specified. For example, it is unclear why CONSPEC is
specific to faces and not to more general complex visual patterns
(particularly moving patterns). It is also not clear why both sys-
tems are not functional at birth or how CONLERN “takes over”
for CONSPEC. Additionally, the development of a specialized
cortical area devoted to processing only facial stimuli is puzzling.
Is there any evidence, as de Schonen and colleagues asserted, that
the neural tissue in the right hemisphere or, more specifically, in
the right fusiform area is more appropriate for processing faces
compared with objects? If so, how does CONLERN, or whatever
mechanisms are responsible for translating this information dur-
ing development, know which cortical area(s) should become
specialized for faces? Johnson postulated an initial genetic mech-
anism, but it is still unclear why this mechanism is necessary. For
example, given that newborns are inundated with facial informa-
tion from the moment they are born, it is not clear why a genetic
mechanism needs to be postulated to account for early facial pref-
erences. Moreover, it is unclear whether CONLERN is influenced
by changes in cortical specialization that result in changes in be-
havior or whether changes in behavior result in cortical special-
ization.

Nelson’s model (2001, 2003) has support from fields span-
ning developmental and cognitive science, but the mechanisms
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involved in this increasing specialization are not yet well under-
stood. For example, it is unclear what narrows, what parts of the
brain are involved in controlling this narrowing, and whether
such narrowing is specific to faces (and speech). Also, several
questions remain unanswered regarding the evidence that sup-
ports this model. For example, the specificity and malleability of
the formation of a prototype are not well specified. It is plausible
to imagine a system that forms a prototype through experience
with different types of features and faces and the simultaneous
development of configural processing, but further investigations
are needed to verify this hypothesis and determine the underly-
ing neurobiology of configural and featural processing as well as
prototype formation. The effects of the formation of a prototype
may result in the other-race and other-species biases reported
earlier in this chapter. Another interesting question is whether
the other-race effect is apparent in infants and/or young chil-
dren. Or, based on Nelson’s model, do infants and/or young
children have an enhanced ability, compared with adults, to per-
ceive and differentiate novel types of features and faces? Further-
more, it may be interesting to examine age effects. For example,
do 7-year-old children have a 7-year-old prototype that allows
them to process 7-year-old faces more rapidly than faces of other
ages?

Notably, only one of the previously described models accounts
for the role of the highly dynamic and emotionally salient informa-
tion provided in faces that newborns encounter just a few seconds
after birth and for the rest of their lives. Elgar and Campbell give a
provocative account of the development of face processing, based
on research with individuals who have developmental disorders,
and suggest a role for the influence of socioemotional information.
Although rather intriguing, further research needs to be con-
ducted to validate the proposed neuroanatomical pathways and
behavioral correlates to these pathways. Additionally, Elgar and
Campbell’s model does not account for the development of exper-
tise or the increasingly specific processing of faces across develop-
ment and why their proposed drivers only pick up the dynamics
of face information.
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Conclusion

In summary, the study of the developmental neurobiology of face
processing is still in its infancy. Despite the relatively large body
of literature on adult face processing as well as the behavioral
correlates of the development of face processing, relatively little
is known about the neural correlates that mediate the develop-
ment of this system. The evidence presented in this chapter
largely suggests that the development of face processing can be
characterized as an experience-expectant process, influenced by
many different factors. Moreover, the development of this per-
ceptual ability may occur during a “period of opportunity” when
visual face information present in the environment molds the
specificity of this system. Although it is unclear what kind of vi-
sual information is necessary to shape this system, it is likely a
combination of many factors, including preferences or limita-
tions of the newborn visual system, basic perceptual information
about faces (symmetry; more features in the upper half), social
and dynamic information, familiarity, and simply because we see
so many faces every day (possibly leading to expertise).

As summarized earlier, neuroimaging techniques have re-
cently begun to be used to study the development of face process-
ing. Studies that use these techniques have not only begun to
elucidate the neural machinery involved in the development of
this system but also have begun to shed light on the neural mech-
anisms involved in mature face processing. Future advances in im-
aging technologies that allow for noninvasive investigations in
both developmental and disordered populations will greatly ben-
efit the study of face processing. Moreover, collaborative efforts
that focus on the acquisition and development of face processing
across the life span, using both behavioral and neuroscientific
methods, may provide more informative models and theories re-
lated to this perceptual ability. More specifically, a complete theory
of face processing must characterize face processing from start to
finish and must account for the mechanisms that influence the be-
havioral and cortical specificity in the formation of this system.
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