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Abstract

Face stimuli challenge the infant’s immature visual processing system’s
capacity to differentiate stimuli that differ in subtle ways.

Experiments 1 to 4 investigated infants’ preference for the human face

between birth and 3 months of age when contrasted with four control stimuli. A
visual preference technique was used because 1t does not call upon the
participant’s ability to speak.

A spontaneous preference for a photographic representation of the human

face was observed at birth for three out of four conditions. At 3 months of age, a
preference for the human face was observed in two conditions. However, at 1
month of age, no preferences were observed. Findings did not support the view
that the selectivity of the infant’s responses to faces increases with exposure to
faces and narrowing of the perceptual window (Nelson, 2001).

Expernment 5 examined infants’ ability to discriminate specific

exemplars of the human face category, namely the mother’s face, between 1 and

9 months of age. A preference for the mother’s face was observed at 1 month. A
tendency to prefer the stranger’s face was observed at 3 months. No preference
was observed at 6 and 9 months, thus suggesting that the visual preference
procedure is not suitable for measuring recognition at these ages.

Premature birth 1s associated with brain injury, which can lead to visual
and intellectual deficits. Experiment 6 investigated general intelligence as well

as face processing in school-aged children born prematurely and at term. Results
indicated that premature children displayed levels within the normal range of

intelligence. Furthermore, no long-term visual deficits were observed as



performance levels for the discrimination of facial emotions were comparable
between groups. Only premature children displayed an inversion effect, thereby

demonstrating an adult-like face processing system.
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Foreword

This thesis is divided into two parts. Part one consists of five experiments

and is dedicated to the study of infants’ face processing and recognition abilities
between birth and 9 months of age. Part two is dedicated to the comparative

study of face processing and visual memory abilities of full-term and premature

children aged between 7 and 10 years.
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PART 1 : FACE PROCESSING IN NEONATES AND

INFANTS



1. Adult-like face processing

1.1  Featural and configural processing in adulthood

Researchers typically distinguish between featural and configural facial
information (e.g. Sergent, 1984; Freire, Lee and Symons, 2000; Maurer, Le

Grand, Mondloch, 2002). Featural information allows the processing of 1solated

elements of the face and can be referred to in relative isolation (e.g. the
distinctive shape of one’s nose), while configural information allows the
processing of spatial relationships within a face (e.g. the distance between one’s
nose and one’s mouth).

Adult face processing is thought to rely primarily on configural
processing (e.g. Maurer et al., 2002). It contrasts with featural processing, which

accounts for analytical processing and is thought to play a secondary role in

adult face processing.

Three types of configural processing can be distinguished: detection of

first-order relations that define faces (e.g. Diamond and Carey, 1986;
Moscovitch, Winocur and Behrmann, 1997), i.e. two eyes, a nose and a mouth;
holistic processing (e.g. Tanaka and Farah, 1993; Young et al., 1987), i.c.
putting the features together to form a gestalt; and processing of second-order
relations, 1.e. the spacing between features (e.g. Diamond and Carey, 1986;
Freire et al., 2000; Leder and Bruce, 1998, 2000). Thus, configural processing

refers to three types of configural information relating to spatial relationships

within a face.



1.1.1 First-order relations

Researchers using event-related potentials (ERPs) and functional
magnetic resonance imaging (fMRI) have uncovered the neural correlates of
face detection (e.g. Bentin et al,, 1996; McCarthy et al., 1997; Aguirre, Singh

and D’Esposito, 1999; Rossion et al., 2000; Haxby et al., 2001). The event-

related negative potential N170 is larger for faces than for many other stimuli,
including hands, houses and cars (Bentin et al., 1996; Rossion et al., 2000).
fMRI activation 1n regions of the ventral occipitotemporal cortex, the inferior
occipital gyrus, and the lateral fusiform gyrus (i.e. the fusiform face area or

FFA), 1s larger for faces than for a number of non-face stimuli, including cars,
houses, hands and furniture (Aguirre et al., 1999; Haxby et al., 2001; McCarthy
et al., 1997). Isolated eyes can also evoke the N170 (e.g. Bentin et al., 1996).

However, the neural correlates seem to be associated with perceiving a face

rather than the stimulus characteristics. For example, when viewing an

ambiguous stimulus such as a visual illusion, fMRI activity in the FFA is higher

when there 1s perception of the stimulus as a face than, for instance, as a vase

(Hasson et al., 2001).

1.1.2 Holistic processing

When the first-order relations of a face are detected, adult subjects tend

to process the stimulus as a gestalt, thus making it more difficult to process



individual features (Maurer et al., 2002). For instance, when the top and bottom

halves of two familiar face stimuli are used to create a new composite face,

subjects are slower and less accurate in recognising the face when the two

halves are upright and aligned than when the composite face is inverted or when

the two halves are offset laterally (Young et al.,, 1987; Hole, 1994). This
phenomenon, called the composite face effect (Young et al., 1987), occurs

presumably because a novel holistic configuration emerges when the two halves
are aligned. Accuracy also tends to be higher (by about 10%) when subjects

have to recognise one single facial feature in the context of the entire face rather

than in isolation (Tanaka and Farah, 1993; Tanaka and Sengco, 1997). This

phenomenon, called the whole-part face effect (Tanaka and Farah, 1993), has
not been observed with scrambled faces or houses. Holistic processing has also
been observed between the internal and the external contour. Sinha and Poggio

(1996) demonstrated that adult subjects find it difficult to recognise that the

internal features of two faces are identical when they are presented embedded 1n

different external contours.

1.1.3 Second-order relations

All faces share the same first-order relations, making second-order
relations, 1.e. the spatial distances among internal features (Diamond and Carey,

1986), essential for the recognition of individual faces. Changes in the spacing

of facial features influence adults’ perception of the aesthetics of faces (Searcy

and Bartlett, 1996) and their distinctiveness (Leder and Bruce, 1998).



1.2 Face inversion effect

In adults, 1t 1s commonly accepted that comparing recognition abilities
for upnight versus inverted faces allows to establish whether configural or
featural facial processing is used. Thus, the importance of configural processing
has been largely demonstrated by the inversion effect (e.g. Farah et al., 1995;

Rhodes, Brake and Atkinson, 1993; Yin, 1969). According to Sergent (1984),
inversion disrupts configural processing of faces, which explains why inverting
face stimuli has an unfavourable effect on adults’ ability to recognise and
process faces holistically.

In adults, ratings of distinctiveness of faces that have undergone
distortions of second-order relations (e.g. spacing of the eyes) drop significantly
after inversion, whereas ratings of faces that have undergone featural distortions
(e.g. darker eyebrows) do not change (Leder and Bruce, 1998). These findings

suggest that separate mechanisms operate in second-order relations and featural

processing of individual faces. Additionally, Collishaw and Hole (2000)
demonstrated that adults fail to recognise the identity of faces that have been
blurred and inverted, despite being capable of discrimination when the faces are

blurred and presented upright (Sergent, 1987; Hayes, 1988). Blurring is thought

to remove featural information whereas inversion is thought to disrupt
sensitivity to second-order relations.

The face inversion effect (FIE) 1s described as the greater decrease in

recognition performance for inverted faces than for other mono-oriented

10



inverted objects categories (Yin, 1969; see review by Valentine, 1991; Rossion
and Gauthier, 2002). Extensive testing has shown that, in adults, the FIE has
been observed through two-alternative forced-choice paradigms with or without

delay (e.g. Yin, 1969; Diamond and Carey, 1986; Tanaka and Farah, 1993;

Freire et al., 2000; Leder and Bruce, 2000), old-new recognition paradigms (€.g.
Carey, Diamond and Woods, 1980), when orientation is manipulated 1n separate
blocks (e.g. Valentine and Bruce, 1986) as well as in randomised presentations
of upright and inverted faces (e.g. Yin, 1969; Carey and Diamond, 1977,

Diamond and Carey, 1986), and that it is virtually identical for unfamiliar and
familiar faces (Collishaw and Hole, 2000; Rock, 1974. No differences were
reported between upright and inverted cars (Aguirre et al.,, 1999), between
upright and inverted houses (Haxby, Ungerleider, Clark, Schouten, Hoffman
and Martin, 1999), and only a small difference was observed between upright
and inverted novel objects (Greebles) before any familiarisation with these

novel objects (Gauthier, Tarr, Anderson, Skudlarski and Gore, 1999). As

expertise was acquired with Greebles, however, there was an increase in the

FFA (Gauthier et al., 1999).

The inversion effect is thought to result from the combined actions of
configural processing and extensive visual experience with faces (e.g. Diamond
and Carey, 1986; Farah, 1990; Bruyer and Crispeels, 1992). Configural
processing focuses on disparities in the spatial relationships (distance, position
and oriel}tation) between facial features rather than on the shape of the features

(e.g. Diamond and Carey, 1986; see review by Valentine, 1988). Although

configural processing seems to emerge later during childhood (see Freire and
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Lee, 2001; Mondloch et al., 2002), sensitivity to the configural characteristics of

individual faces has been observed in 5- to 10-month-old infants using a face
recognition task (Deruelle and de Schonen, 1998), and in 7-month-olds using a

novelty preference task (Cohen and Cashon, 2001).

Evidence also shows that the FIE reflects extensive experience with

facial stimuli. In fact, an inversion effect comparable with that obtained with

faces has been observed for the recognition of dogs in adult dog experts
(Diamond and Carey, 1986) and for the recognition of handwriting with experts

in this field (Bruyer and Crispeels, 1992).

1.3  Expertise for faces and non-faces

Evidence from functional magnetic resonance imaging (fMRI) shows
that training and development of expertise in processing a non-face category of

stimull can also lead to the activation of face processing systems. In this

context, two separate studies showed that an inversion effect is observed in
experts 1n naturally learned categories (for instance a dog expert; Diamond and
Carey, 1986) or experimentally learned categories (for instance an expert in
‘Greebles’; Gauthier and Tarr, 1997).

Greebles 1s a class of artificially created stimuli that have the configural
properties of faces although they look little like them. For trained adults, i.e.
experts, such stimuli show the inversion, fracturing, and isolated-part effects

that usually distinguish faces from objects. Furthermore, using a fMRI

procedure, Gauthier et al. (1999) demonstrated that training in Greeble
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recognition caused an increase in activation of regions of the face specific
fusiform gyrus. This observation demonstrates that some elements of adult face
processing considered unique to the recognition of faces can, in certain cases, be

acquired later in life for a non-face category. Expertise in discriminating and

remembering prototypes from a particular category could mean that we
automatically process these exemplars at an individual (or subordinate) level

(Tanaka and Taylor, 1991). For example, because we are all experts at face

recognition, we encode a face more automatically as an individual person, rather
than just “a face”. In contrast, for non-expert categories we tend to encode at a
more basic level, for instance, “a table” rather than “the table that is sitting 1n
my aunt’s living room.”

In summary, the expertise hypothesis claims that faces are not special.

They are, however, the most commonly encountered category of stimuli and can

be recognised at a subordinate exemplar-specific level.

1.4  Prototype formation

In adult face processing, the emergence of functional occipito-temporal
cortical involvement is thought to allow subjects to encode new faces 1n terms
of how much they deviate from a prototype. This hypothesis is supported by
evidence that adults find unusual faces easier to remember than typical faces
(Light, Kayra-Stuart and Hollander, 1979; Valentine and Bruce, 1986).

Prototype formation is a cognitive ability common to both infants and

adults and makes 1t possible for prototypes to be formed after viewing just a few
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exemplars of a class or category (e.g. Bomba and Siqueland, 1983; Quinn,
1987; Quinn, Eimas and Rosenkrantz, 1993; Eimas and Quinn, 1994). A
prototype can be defined as the calculated average of the characteristic teatures

of a category and represents the averaged members of this category (e.g.

Komatsu, 1992; Posner and Keele, 1970; Rosch et al., 1976). The prototype of a

class or category is typically the preferred exemplar of its class or category. For
instance, the prototypes of colour categories (Martindale and Moore, 1988),
object categories (Whitfield and Slatter, 1979) and musical categories (Smith

and Melara, 1990) are typically looked at for longer periods of time than less

prototypical exemplars.

Valentine and Bruce (1986) proposed that a face prototype 1s formed
from the previously encountered faces and that individual faces deviate from
this prototype through a number of transformations. Thus, distinctive faces are
recognised faster than typical faces but would be classified more slowly. These

effects encouraged Valentine (1991) to propose a theoretical framework for face

recognition in which faces are encoded as points in a multidimensional face-
space. This theory proposed that the centre of the space represents the average
value of the population on each dimension, while the dimensions of the space
serve to discriminate between faces (Valentine, 1999). Thus, typical faces
would be located close to the centre, while distinctive faces would be located

further from the centre of the space. Consequently, distinctive faces are easier to

recognise as they are located further away from neighbouring faces in the space

and less susceptible to confusion.
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1.5 Developmental changes in face processing during childhood

We were interested in finding out more about face recognition abilities

rather than face processing style. Evidence of improvements of face recognition

abilities has been found throughout childhood (Goldstein and Chance, 1964)

and a steady development in recognition performances with unfamiliar faces has
been observed from 6 years of age until adulthood (Chung and Thompson, 1995

for a review). However, the age at which face recognition becomes mature and
adult-like vanies with the study (10 years of age in Carey, 1992; 11 years in
Feinman and Entwisle, 1976; 16 years in Carey et al., 1980 and Campbell et al.,

1999). For instance, Feinman and Entwisle (1976) reported no further
improvement 1n recognition performance for faces after the age of 11,
suggesting that facial recognition abilities may have reached adult levels by this
age. In reality, several studies (e.g. Carey et al., 1980; Flin, 1980; Diamond,
Carey and Back, 1983) report a similar developmental discontinuity after which
there 1s a temporary decline in face recognition performance. This
developmental curve has been reported to appear after the age of 10 (Carey and
Diamond, cited 1n Carey, 1978) and 12 (Carey et al., 1980; Flin, 1980). Other
researchers (Diamond and Carey, 1977; Carey et al., 1980; Benton and van
Allen, 1973) reported a plateau inducing a standstill in performance. However,
inconsistent results across studies challenged the reliability of such a

developmental dip (Chung and Thomson, 1995).

Chung and Thomson (1995) suggested that children’s manner of

encoding faces 1s not fundamentally different from that of adults even though it
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is less efficient than in adults. Consistent with this pattern, Flin and Dziurawiec
(1989) proposed that older participants may perform better at face processing
tasks because they encode a greater amount of facial information. Several

studies support this hypothesis (e.g. Blaney and Winograd, 1978; Winograd,

1981; Ellis and Flin, 1990). Similarly, there 1s little difference between the
recognition of familiar faces in children and adults (Goldstein and Mackenberg,

1966; Langdell, 1978; Young and Bion, 1981) and no developmental

differences have been found.

These differences may reflect changes in the processing style: Carey
(1992) suggested that children are less efficient than adults because, under the

age of 10, children only use featural information and present an immature neural
substrate of face encoding skills. In contrast, other researchers (Flin, 1985;
Baenninger, 1994; Chung and Thomson, 19935) suggested that the use of featural

and configural information is similar in children and in adults, but that the

amount of information used and efficiency improve with age.

1.6  Face selective electrophysiological wave : the N170

Face selective electrophysiological activity has been observed in event-
related potential (ERP) studies of electrocortical activation during face
processing in adults. For instance, the N170 is a negative deflection peaking at
around 170 ms after stimulus onset. This potential tends to be of larger

amplitude and shorter latency for faces than other objects (Bentin et al., 1996).

It has been reported to be influenced by stimulus inversion, a factor which has
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been found to influence measures of face recognition at a strictly behavioural

level. Thus, the N170 1s of larger amplitude and longer latency for inverted

human faces compared to upright human faces. This effect 1s particular to the

human face stimulus and has not been observed for animal faces (de Haan,

Pascalis and Johnson, 2002) or objects (Rossion et al., 2000).

Taylor et al. (1999) demonstrated that the N170 could be observed,
albeit with a longer latency, in children as young as 4 years of age. However, it

failed to reach adult levels by mid-adolescence, thus implying that face
processing undergoes maturational changes between childhood and adulthood.
Nevertheless, as visual sensory processing is thought to be mature by about 5

years of age (Taylor and McCulloch, 1992), Taylor et al. (1999) indicated that
this development cannot be due to its increased efficiency.

These results support behavioural studies that suggested a steady,
quantitative development in both featural and configural face processing

abilities with age (Baenninger, 1994; Flin, 1985). They contrast with Carey’s

(1992) premise that behavioural developments are largely mature by the age of
10. Other developmental visual ERP studies (Taylor and Smith, 1995) show a
similar developmental course and support the i1dea that face processing is not

qualitatively different from processing of other complex stimuli, although it

does engage separate neural structures (Nachson, 1995).
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2. Infant visual perception

During pregnancy, the visual system develops in a dark environment
which offers little visual stimulation to the developing foetus (Fifer and Moon,
2003). At birth the eye is hypermetropic and eye movements are uncoordinated

and may be accompanied by brief deviation of the eyes. Towards the end of the
neonatal period, however, good fixation and following i1s evident and

accommodation (focusing) becomes better co-ordinated (Snell and Lemp,

1998).

2.1  Visual acuity and accommodation

It 1s widely accepted that neonates’ visual acuity, which refers to the
measure of the precision of detail resolution, 1s approximately one-thirtieth of
the level displayed by adult acuity (Mohn and van Hof-van Duin, 1985).

Infants’ visual acuity is typically measured through the optokinetic nystagmus

(a series of reflexive pursuit and saccadic eye movements elicited by a repetitive
pattern moving through the visual field), the visual preference technique and the
forced-choice preferential looking task, which allow to determine the finest
stripes an infant can resolve. At 2 weeks of age, infants display a visual acuity
level of about 2 cycles per degree, at 5 and a half months of age of 6 cycles per

degree, and at 30 months of age of 60 cycles per degree. Adults’ acuity levels
average between 45 and 60 cycles per degree. Neurological immaturity

(immaturity of the photoreceptors in the retina and limitations in the geniculo-
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striate pathway) 1s likely to be the cause of these early acuity limitations rather

than actual visual limitations (Teller, 1998; Maurer and Lewis, 2001).

In the particular case of infants who have been treated for congenital

cataracts at an early age, researchers have demonstrated that, despite rapid
improvements post-operation, acuity does not reach normal adult levels
(Maurer, Lewis, Brent and Levin, 1999), presumably because early deprivation

caused damage to the visual cortex (Maurer and Lewis, 2001). These results

suggest that visual input is necessary for normal development of the visual
system to occur and that, in the absence of patterned visual input, acuity stays

inactive postnatally.

Similarly, studies on visually deprived monkeys report that damages to
the visual cortex induce permanent deficits in grating acuity (Harwerth et al,,
1991). Studies (Maurer and Lewis, 2001 for review) showed that early visual

binocular deprivation manifests itself at the level of the primary visual cortex:

cells respond more slowly, display abnormally large receptive fields, and are
poorly tuned to orientation and spatial frequency. Furthermore, acuity across
cells located in the primary visual cortex 1s reduced (Blakemore et al., 1983,
1990). In humans, studies of children who developed cataracts later in life
suggest that connections for the development of normal visual acuity only

become solid after the age of 10 years (Maurer and Lewis, 2001).
Young infants have also been found to demonstrate poor visual

accommodation (i.e. focussing of the eyes), which typically enables the
individual to create a sharp retinal 1image of perceived objects situated at various

distances (Bremner, 2003). At around 2 months of age, visual accommodation
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starts to improve drastically and continues to do so until 4 months of age.
Between 3 and a half and 4 months, visual accommodation is thought to be
optimal, after which time it reaches adult levels (Aslin, 1985).

However, whereas these limitations are responsible for a loss of
information on smaller details, perception of the larger-scale structure of visual
stimuli should not be affected. Furthermore, both acuity and accommodation

develop rapidly over the first half of the first year of life.

2.1.1 The visual field

The visual field is the area in which the infant can perceive a stimulus. It
develops slowly during the first two months of life (Mohn and Van Hof-Van
Duin, 1986). Between 2 and 20 weeks of age, the “effective visual field”
(Tronick, 1972) improves and increases perception of stimul between 15 and

40 degrees. Two- to 6-week-old infants perceive stimuli situated between 10

and 20 degrees from the central fixation point. Later, between 6 and 10 weeks
of age, stimuli can be perceived at 40 degrees (Tronick, 1972). These data
corroborate previous findings (Mohn et al., 1986) that established that the visual
field increases with age but that around the age of 1 month, there is a standstill

in development (perhaps even a regression).

When a stimulus is presented in the temporal visual hemifield rather than
in the nasal visual hemifield, detection at 1 month of age is improved (Lewis
and Maurer, 1980; Maurer et al., 1986; Mohn et al., 1986), whereas at 2 months

of ége, like adults, detection 1s superior in the nasal visual hemifield (Johnson
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and Morton, 1991; Maurer and Barrera, 1981). This improvement 1s probably
due to the myelination of the nerve fibres projecting from the lateral geniculate

body to the visual cortex which takes place between the first and the second

month of life.

2.2 Investigating infant perception

Over the years, the visual preference technique and various habituation

techniques have emerged as essential tools in the investigation of infant
perception, primarily because they do not call upon the participant’s ability to
speak.

In the spontaneous visual preference technique, infants are presented
with two different visual stimuli while the experimenter measures the amount of
time spent looking at them. A difference 1n looking times 1s interpreted as a
visual preference. Making such a preference involves and demonstrates an
ability to discriminate (Bremner, 2003). In order to ensure that the observed
preference is not a consequence of a lateral bias on the infant’s part, the stimuli
are presented in a series of trials counterbalancing the position of the stimuli.

This technique has a long history of use in infant literature (Banks and

Salapatek, 1983; Fantz, 1958).
The habituation technique relies on the observation that when a visual

stimulus is presented repeatedly over a senies of presentations, the time spent

looking at it gradually declines as the infant habituates to it (Bremner, 2003).

Habituation implies that the infant refers to a form of visual memory as he or
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she progressively memorises the presented stimulus. This occurrence can be
used to investigate visual discimination by looking at whether looking times

increase again when a new stimulus 1s presented after the infant has habituated

to the first stimulus. A more sensitive variant on this technique proposes to
habituate the infant to one stimulus and, subsequently, offer a paired
presentation of familiar and novel stimuli (Bremner, 2003). If the infant is able

to discnnminate the two stimuli, he or she should look longer towards the novel

stimulus.

3. Infant face processing

Early on, the human face 1s undoubtedly the most commonly
encountered visual stimulus by the newborn infant. It is a dynamic
(D’Entremont and Muir, 1997), three-dimensional stimulus which displays

areas of both high and low contrast, and contains internal features that appear

both in changing (expressions) and invariant (e.g. position of the eyes)
relationships (e.g. Freire and Lee, 2003). Faces challenge the infant’s immature
face processing system’s capacity to learn to differentiate stimuli that differ only
in subtle ways.

Fantz (1961) found that infants as young as 1 month old showed a small
but consistent spontaneous preference for face-like stimuli over non face-like

patterns. Subsequent researchers have attempted to replicate these data using

more controlled experimental set-ups and a wider range of ages.
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On a behavioural level, testing infants’ visual preference for face-like
patterns over non face-like patterns has been executed by presenting schematic
drawings of a face with the internal features arranged naturally and unnaturally,

and verifying that infants look longer towards the natural arrangement (see

Valenza, Simion, Maccht Cassia and Umilta, 1996). However, early on, this

technique permitted only to confirm preference for face-like patterns in infants
aged two months or more (e.g. Fantz, 1966; Fantz and Nevis, 1967; Koopman

and Ames, 1968; Lewis, 1969; Wilcox, 1969; Maurer and Barrera, 1981). The
absence of evidence of a preference for face-like patterns in infants younger
than 2 months of age was imputed to a number of factors such as the externality
effect found 1n young infants (e.g. Bushnell, Gerry and Burt, 1983; Bushnell,
1979; Hainline, 1978; Haith, Bergman and Moore, 1977; Maurer and Salapatek,
1976; Milewskt, 1976) and an immature visual system, both limiting the amount
of information obtainable from a face in early infancy (Banks and Salapatek,

1981; Atkinson, Braddick and Moar, 1977). In contrast, Morton and Johnson
(1991; Johnson and Morton, 1991) claimed that ill adapted testing techniques

were responsible for failing to observe a preference for face-like patterns in
infants younger than 2 months of age. Indeed, some studies (Johnson,
Dziurawiec, Ellis and Morton, 1991; Maurer and Young, 1983; Goren, Sarty
and Wu, 1975) showed that moving face-like patterns clearly yield greater
tracking behaviour than non face-like patterns. For instance, Johnson et al.’s
(1991) and Goren et al.’s (1975) findings established that neonates track moving
face-like patterns further than other non face-like patterns, even within an hour

of birth, thus strengthening the argument that neonates have access to a complex
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perceptual organisation at birth. Neonates seem to find moving face-like
patterns with high contrast definition particularly attractive. However, these

results could not be replicated in other studies using a preferential looking

technique (e.g. Hershenson, Kessen and Munsinger, 1967; Slater, 1993).

Maurer and Barrera (1981) systematically tested 1- and 2-month-old
infants’ ability to discriminate schematic drawings of a face with internal facial

features arranged naturally, symmetrically and scrambled, or asymmetrically

and scrambled. This was done using a visual preference technique. Like Fantz

(1961), they came to the conclusion that only by the age of 2 months can infants

reliably recognise how the features of a natural human face are arranged and
generalise this information to schematic faces. These results are consistent with
studies demonstrating that 2-month-olds spend long periods of time looking at
internal facial features (Hainline, 1978; Haith et al., 1977; Maurer and
Salapatek, 1976; Salapatek, 1975). However, 1t appears that, at this young age, a
preference for the natural arrangement only becomes apparent if the infant is
given enough looking time (Haaf, 1974; Haaf and Brown, 1976; Koopman and
Ames, 1968; Wilcox, 1969). No preference was observed for 1-month-old
infants, confirming past findings 1illustrating that 1-month-olds rarely look at
internal facial features (Hainline, 1978; Haith et al., 1977; Maurer and
Salapatek, 1976).

In a second experiment, using a habituation technique, Maurer and
Barrera (1981) confirmed that 2-month-olds were able to discriminate two

scrambled arrangements. Consequently, the authors hypothesised that, by 2
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months of age, infants are able to generalise the information they have acquired
about facial features and extend this knowledge to two-dimensional face-like
patterns. The habituation technique also confirmed that 1-month-old infants

cannot discriminate the different arrangements of facial features, even after

having been habituated to one particular arrangement, thus confirming that 1-

month-olds cannot discriminate between two shapes contained within a frame
(Milewski, 1976). The lack of evidence for a preference at the age of 1 month
led to the supposition that no preference would be found in newborn infants

either.

In contrast, an earlier study by Goren et al. (1975), measuring 3- to 27-

minute-old neonates’ head and eye movements, demonstrated that neonates
orient more readily towards a face-like stimulus than a moderately scrambled
stimulus, a severely scrambled stimulus, a linear stimulus, or a blank stimulus.

Subsequent studies with neonates (Maurer and Young, 1983; Morton
and Johnson, 1991; Easterbrook, Kisilevsky, Hains and Muir, 1999) did not find
a preference for face-like stimuli when contrasted with a moderately scrambled
stimulus or an inverted stimulus. They did, however, find a preference for a
face-like stimulus when contrasted with a severely scrambled stimulus, a linear
stimulus or a blank stimulus. These early findings implied that infants are bomn
with an innate perceptual knowledge and also raised the question of the possible
uniqueness of faces as visual objects (e.g. Ellis, 1975; Hay and Young, 1982).

In these studies, 1t became apparent that infants expected a correct
orientation and coupling of elements to treat a stimulus as a face. Indeed, visual

behaviour was the same for a face-like stimulus and for stimuli in which the
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correct orientation of the inner elements 1s respected and the eyes and eyebrows
coupled. It differed when the orientation of the inner elements was incorrect and
the eyes and eyebrows were separated. Easterbrook et al. (1999) confirmed that

the coupling of the eyes and eyebrows plays a major part: neonates showed a

preference for the face-like stimulus when paired with a head-shaped contour

containing only one eye or a mouth and no preference when paired with a
stimulus composed of a head-shaped contour containing eyes and eyebrows

correctly positioned, oriented and coupled. Thus, from these data, Easterbrook
et al. (1999) suggested that, rather than the complexity of the stimulus, it is the

relative resemblance to a face that is responsible for the preference.

In a longitudinal study, Johnson, Dziurawiec, Ellis and Morton (1991)
set out to replicate Goren et al.’s (1975) findings by observing preferential
tracking of faces over the first five months of life using three sets of

experiments. Results showed that neonates do appear to track moving face-like

patterns further than other stimuli, thus confirming Goren et al.’s (1975)
findings that, even within an hour of birth, infants seem to possess some specific
information about the arrangement of particular features that compose a face.
These findings strengthened the argument that a complex perceptual
organisation is present at birth.

In contrast with Maurer and Barrera’s (1981) findings, Johnson et al.

(1991) showed that 1-month-old infants track a schematic face-like pattern

further than stimuli that possess facial features in the wrong arrangement or

non-facial features in a facial arrangement. They also demonstrated that there
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appears to be a decline of this preferential tracking between 4 and 6 weeks after
birth.

It is possible that Maurer and Barrera (1981) did not find a preference
for schematic faces over scrambled faces in their sample merely because they
used a different preference technique and, contrary to Johnson et al. (1991), did

not test infants under the age of 30 days. Two other studies (Fantz, 1966; Fantz
and Nevis, 1967) with infants aged 1 to 4 weeks, also failed to find a preference

for the face-like arrangement while using both infant control procedure and
paired presentations of static stimuli, suggesting that the technique might
account for the observed discrepancy.

In conclusion, Johnson et al.’s (1991) results suggest that neonates,
- within an hour of birth, possess specific information about the arrangement of
facial features, and that the preferential tracking of face-like patterns declines
. after about 30 days of age (Maurer, 1983; Maurer and Barrera, 1981; Morton

and Johnson, 1991). This period is thought to correspond with the transition

from predominantly subcortical mechanisms to a cortical processing of visual
information (Morton and Johnson, 1991). At around 2 months of age, the
preference for face-like patterns resurfaces (Maurer and Barrera, 1981; Morton

and Johnson, 1991).

3.1  Specific changes at about 2 months of age

It has been suggested that the period between 1 and 2 months of age

corresponds with the transition from predominantly subcortical mechanisms to a
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cortical processing of visual information (e.g. Game, Carchon and Vital-
Durand, 2003; Johnson and Morton, 1991).

At about 2 months of age, infants’ visual behaviour 1s dominated by

cortical systems and infants’ visual responses are mostly determined by

geniculocortical (i.e. nasal hemifield) information, reducing nasal-temporal

asymmetries (Johnson, 1990). The emergence of a functional cortical system
comes with certain changes in face processing that seem to enable the infant to

encode faces in a more adult-like manner. However, these changes do not

appear to be specific changes in face processing but rather general changes in

visual pattern processing.

At about 6 weeks of age, preferential orienting to faces decreases
(Johnson et al., 1991). Then, by 2 to 3 months of age infants start to prefer faces
with features naturally arranged over scrambled faces, and faces with typical
contrast over faces with reversed contrast (Dannemiller and Stephens, 1988) in
the central visual field (Maurer and Barrera, 1981).

At about 2 months of age, infants become more sensitive to the internal
facial features of static faces. Several studies demonstrated that 2-month-old
infants spend long periods of time looking at internal facial features (Hainline,
1978; Haith et al., 1977; Salapatek, 1975), especially around the eyes (Maurer
and Salapatek, 1976). Furthermore, infants aged 3 months can recognise a
familiar face presented from a novel viewpoint, based only on internal features
and are capable of remembering faces from their internal features after a 2-hour

and 24-hour delay (Pascalis et al., 1998). This kind of scanning behaviour with

increased and improved sensitivity to internal facial features is reminiscent of
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adult scanning of faces, when facial identity 1s encoded by extracting
information from the spatial relations between the facial features (e.g. Diamond
and Carey, 1986; Rhodes et al., 1993). However, this behaviour does not seem

specific to faces as infants also tend to have an increased sensitivity to internal
features of non-face patterns (Hainline, 1978; Milewski, 1976).

Infants aged 2 months also begin to establish a relation between
individual faces, thus making face processing more adult-like. For instance,
following a familiarisation to four individual faces, 3-month-old infants have
been found to be able to recognise both the individual faces and a composite

average of the four. In contrast, 1-month-olds could only recognise the

individual face (de Haan et al., 2001; Langlois et al., 1995).

3.2 Recognition of individual faces and average face prototypes

Infant face processing is thought to differ from adult face processing in

that information about an individual face is not compared with a prototypic face

representation (Johnson and de Haan, 2001).

However, evidence from Slater and Morison (1987, cited in Slater, 1989)
offers support for the idea that young infants can refer to perceptual categories.
Neonates and 3- to 5-month-olds were familiarised with six exemplars of the
same shape and later tested with a new exemplar of the same shape and a
different shape. Three- to S-month-old infants looked longer towards the

~ different shape, thus suggesting that they can form categories based on

perceptual similarity.
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Quinn, Eimas and Rosencrantz (1993) argued that already between 2 and
4 months of age, infants are able to form perceptual categories of complex
visual stimuli. They demonstrated that after familiarisation to the category ‘cats’

or ‘dogs’, infants of this age group looked longer at an exemplar of a new

‘birds’ category, than the familiar category.

In a subsequent study, Quinn and Eimas (1998) demonstrated that 3- and
4-month-olds could also represent humans as a separate category from other

animal species. Infants familiarised with humans could form a category of
humans that included other animals such as horses and fish (but excluded cars),
while infants who had been familiarised with horses formed a category that
included novel horses, but excluded humans, fish and cars. These data suggest
that infants may have formed a global category that includes other animals and
perhaps serves as a reference point for infants (Carey, 1985; Rosch, 1975).
Quinn and Eimas (1998) also found that 3- and 4-month-olds represent humans
differently from cats: infants familianised with humans did not prefer novel cats
over novel humans, but did prefer novel humans over familiar humans. In
contrast, infants who had been familianised to cats did prefer novel humans over
novel cats while showing no preference for novel over familiar cats. These
results suggest that, for human stimuli, infants developed a categorical
representation that was inclusive of individual exemplars, but that they did not

for cats. Further testing (Quinn and Eimas, 1998), using cats and horses, also

confirmed that this asymmetry 1s specific to categorical representation for

humans as opposed to non-human animal species.
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Rubenstein et al. (1999) conducted a study in which 6-month-old infants
were familiarised to eight individual photographs of faces, each presented for
two 15-s trials. When tested, the infants looked longer at a novel face or at one

of the familiar individual faces than at a prototype created by averaging the

familiar faces.

In contrast, Walton and Bower (1993) demonstrated that newborn

infants look longer at a composite of four familiar faces (prototype) than a

composite of four unfamiliar faces. However, these results do not necessarily
mean that neonates can form prototypes as the infants could simply have failed

to discriminate the prototype from the exemplars.

De Haan, Johnson, Maurer and Perrett (2001) verified whether younger
infants differ from older ones in their ability to form prototypes of faces. Eight
faces of individual female faces were used as well as one “averaged” composite
face, morphed and blended from four of the eight original stimuli. Following
familiarisation to 4 individual female faces, both 1- and 3-month-old infants

showed evidence of recognising the individual faces by looking longer at the

novel face than at the familiar face. However, only 3-month-olds showed
evidence of recognising, and thus having mentally computed, the averaged face.
Three-month-olds looked longer at the familiar face than at the averaged face,
presumably because the averaged face looked even more familiar than each of
the individual faces. Additional experiments showed that 1-month-olds could
not recognise the averaged face even when the task was made easier by pairing

the averaged face with an entirely novel face. These results supported the idea

that 1-month-old infants are able to encode individual faces but cannot
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recognise an average of a set of individual faces. These additional experiments
also indicated that results could not be attributed to pre-existing preferences for
particular faces. Thus, this study showed that 1-month-olds do not demonstrate

evidence of forming average prototypic representations of faces when tested

with the same procedures as older infants. This suggests that, while infants can
remember individual faces from birth (e.g. Pascalis and de Schonen, 1994), it is

only around the ages of 1 to 3 months that they begin to be able to link and

share the information collected about individual faces.
Together, these results would suggest that infants appear to be able to

form perceptual categories of faces by 3 months of age and, at least by 6 months
of age, the nature of this representation may be prototypic (Rubenstein et al.,

1999; Sherman, 1985; Strauss, 1979).
In contrast, evidence that neonates can recognise their mother’s face

(Pascalis et al., 1995) suggests that prototypic representation could in fact

emerge before the age of 3 months. However, apparent generalisation of

different views of tﬁe mother’s face may be due to a lack of discrimination.
Furthermore, evidence suggests that neonates do not have a generalised
representation of the mother’s face which, at this age, seems to be recognised by
using external features rather than internal features (Pascalis et al., 1995) and
not recognised when presented 1n profile (Sai and Bushnell, 1988).

There is some evidence that early prototypic representation is not face-
specific. Bomba and Siqueland (1983) demonstrated that 3-month-old infants

can form prototypes of dots. These results suggest that, contrary to adult face

processing that is mediated by specialised cortical systems, infants’ ability to
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form prototypic representations 1s not specific to faces. Specialisation of the
cortical systems subserving face processing may emerge later due to the
subcortical systems that orient the infant’s visual attention to faces, thereby

biasing the system’s input, as well as increasing experience with faces.

3.3 Featural and configural processing in infancy

What information do infants process and encode when they discriminate,

recognise and learn about faces?

From past studies, Cohen (1991, 1998) assumed that young infants’
processing of visual information must progress through a series of levels. This
view was supported by studies not concemed with facial stimuli, that
demonstrated that infants from the age of 6 months appear to be able to process
more than the independent features of a complex stimulus (Younger and Cohen,
1986; Needham and Baillargeon, 1997; Wilcox and Baillargeon, 1998). For
instance, Younger and Cohen (1986) demonstrated that 7-month-old infants
were able to respond holistically to schematic drawings of imaginary animals,
while 4-month-olds did not. Cohen and Cashon (2001) verified whether 7-
month-old infants respond to one or more independent features versus a
configuration of features using a “switch” design (Cohen et al., 1998). After
being initially habituated to two adult female faces, infants were tested with a
composite face constructed from the internal features of one face pasted onto

the outer features of the other face. Results showed that, in the upright

condition, infants looked longer at the composite “switched” face than the
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familiar face. This indicates that infants must have processed at least some
configural properties of the face. However, infants could have combined all or
only a number of internal and external features. In the inverted condition,

infants did not look longer at the composite face than the familiar face, showing
no evidence of being able to process the configuration of inverted faces.
Another series of studies, led by Kestenbaum and Nelson (1990), showed that

by the age of 7 months, infants can form a category of the facial expression
“happiness” when the faces are presented upright but not when they are

inverted. These results indicate that 7-month-olds probably process upright

faces holistically while they process inverted faces featurally.

The question remains, however: what information do infants process and
encode when discriminating faces?

There is evidence that suggests that young infants essentially attend to

external facial features. Pascalis et al. (1995) found that a preference for the

mother’s face over a female stranger’s face disappears when the external
features (outer contour and hairline) were masked and the neonates could only

see the internal features. This led to the conclusion that neonates use the

external facial features to recognise the mother’s face. These results are

consistent with other findings showing that neonates tend to attend to the

external features rather than the internal features when presented with a

geometric shape (Bushnell et al.,, 1983; Fantz and Miranda, 1975; Maurer,

1983), as do infants 1n the first two months of life. This is known as the

“externality effect” (Bushnell, 1979; Milewski, 1976).
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However, infants might have processed both internal and external features and
removing the outer features might have disruptéd recognition of the habituated
configuration (Slater, 1998; Slater et al., 2000). It is equally as important to remember
that Maurer (1983) did not find a bias for external features when using schematic

faces rather than real live faces. Finally, Bartrip, Morton and de Schonen (2001)

demonstrated that when the external facial features alone are present, the mother’s

face is not discriminated from a female stranger’s face until the infant reaches 4

months of age.
There 1s also evidence that suggests that young infants essentially attend to
internal facial features: Farroni, Valenza, Simion and Umilta (2000) established that,

despite poor visual acuity and the externality effect, neonates can discriminate the

shape of local elements contained in a complex visual pattern, even when the stimuli
are enclosed by identical frames. Additionally, studies concerned with the
attractiveness effect at birth have brought evidence forward that neonates attend to,
and process, the internal configuration of facial features when they show a preference
for attractive over unattractive faces: Slater et al. (2000) demonstrated that a

spontaneous preference for attractive photographic faces (Slater et al., 1998) appears

when the external facial features are kept unchanged while the internal arrangement of

the features is changed, thus suggesting that neonates use internal facial features

rather than external features when discriminating attractive and unattractive faces.
However, the evidence 1s not sufficient to resolve the question whether infants
process the information transmitted by the shape formed by the internal facial

features, or the configural information conveyed by the relation between



the internal features (or the relation between these features and the outer frame

for that matter).

In adults, inversion disrupts the configural processing of faces, which
explains why inverting face stimuli impairs their ability to recognise and
process faces holistically (Sergent, 1984). Simion et al. (2002) created an

experimental paradigm verifying neonates’ ability to discriminate and maintain

over a two minute delay the information associated to the shape of the internal
features in schematic face-like and non face-like (i.e. internal features presented

in an upside-down configuration) patterns (see Figure 1).

Figure 1: The two pairs of face-like and non face-like stimuli presented to

infants in Simion et al.’s (2002) experiment.

The local information was manipulated by changing the shape of the

internal components (either square- or diamond-shaped blobs), while the outer
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contour and the relation between the intermal elements were maintained

constant. Results showed that infants detected and discriminated the shape of

the internal features in both the face-like and non face-like patterns, indicating
their ability to process the local information conveyed by the shape of the
internal features. In addition, the authors also found the presence of genecral
delayed recognition memory abilities in neonates, not related to the stimulus

material, thus replicating and extending evidence obtained with real faces by

Bushnell (2001) who observed recognition of the mother’s face after a 15-
minute delay. The existence of the same memory abilities for face-like and non
face-like stimuli supports the idea that there is a general visual pattemn-leaming

mechanism at birth that allows neonates to learn about visual stimuli, In

particular faces (de Schonen and Mancini, 1995; de Schonen et al., 1998;

Johnson, 1997).

However, because of poor visual acuity and sensitivity to contrast at

birth (Atkinson et al., 1977; Norcia, Tyler and Hamer, 1990), it is possible that

local processing in neonates is improved for schematic face-like stimuli as a

result of the high-contrast internal features. Indecd, the salience of the
differences between the shapes of the features in the face-like patterns used in
this study 1s stronger than the salience of the shapes of the features of real faces.
With real faces however, neonates might rely more on configural information

because of early visual limitations, even if both configural and local

informations are processed (Simion et al., 2002).

This particular point was considered in Experiments 1 to 4 when we

used photographs of real human faces contrasted with a series of control stimull.
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4. Models of development of face processing

Face processing follows a prolonged developmental course before
becoming adult-like. Nevertheless, neonates demonstrate a remarkably early
competency 1in orienting towards face-like patterns. Consequently, the
observation of early face processing gives us the opportunity to examine which
abilities are present from the start and allows the development of a model of
specialisation of function in the brain by understanding the way face processing
systems develop. Specific models of face processing have been elaborated with

a view to explaining early preferences as highly specialised processes that differ

from the processes involved in non face stimuli
The development of face processing poses two main questions: are the
systems 1nvolved in face processing specific to faces? And: to what extent does

experience shape this development? Several theoretical models have been

proposed to answer these questions.

4.1  The sensory hypothesis

According to the sensory hypothesis, neonates’ visual system does not
respond specifically to faces but, rather, reacts to visual stimuli based on their
intrinsic degree of visibility. It proposes that preferential orienting to faces is a

result of more general processes linked to visual attention. This model

accurately predicts visual preferences in the first months of life, especially for
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high-contrast stimuli (i.e. face-like stimuli). For instance, the lincar systems
model (LSM) claims that visual preferences are based on the amplitude spectra
of the stimuli (1.e. the amount of energy in a visual pattern, defined by the

amplitudes and orientations of the component spatial frequencies; Banks and
Ginsburg, 1985; Banks and Salapatek, 1981). This model predicts that faces will
only be preferred if they have an amplitude spectrum that makes them more
visible than other stimuli (Kleiner and Banks, 1987). However, Kleiner (1990,
1993) 1ntroduced a revised version of the hypothesis suggesting a hierarchical

model in two stages: first the visual stimuli are compared for their amplitude.
Then, if they do not differ on this level, their structures are compared. This
means that only 1if both patterns meet a minimum visibility requirement and
have similar spatial frequencies, will infants discriminate them on the basis of
structural information (phase spectrum). Thus, the structure of the stimulus
elicits a preference only when the sensory features are matched.

A visual tracking task performed by Easterbrook et al. (1999) established

evidence in support of the sensory hypothesis. Neonates were tested in order to

determine whether facedness (i.e. the general arrangement of facial features into
the face contour) or complexity are responsible for face preference at birth.
Easterbrook et al. (1999) showed that neonates equally track a schematic face
and other patterned stimuli with different arrangements of the same elements.
Indeed, the amount of amplitude and phase information contained in one single
stimulus appeared to predict infant tracking behaviour most accurately.

Evidence in favour of the revised version of the LSM (Kleiner, 1990,

1993) comes from Simion et al. (2001) who presented neonates with pairs of
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stimuli, each composed of an upright configuration with more high-contrast

areas in the upper part, and an upside-down configuration with more elements in
the lower part. Simion et al. (2001) showed that neonates orient more frequently

and look longer at the upright configurations, regardless of the type of stimuli.
These results are supported by Turati, Simion, Milani and Umilta (2002) who

showed that, when presented with upright and upside-down schematic

configurations, each composed of three internal high-contrast areas surrounded
by a head-shaped contour, neonates prefer the upright stimulus with two blobs

randomly located in the upper part of the configuration and one in the lower
part, over the upside-down configuration, with two blobs located in the lower
part and one in the upper part. Turati et al. (2002) observed a preference for the
upright configuration even when the relation between the inner elements within
the head-shaped contour did not correspond to facedness (the elements were not
placed 1n the correct locations for the mouth and eyes). These results confirm
that more elements in the upper portion of the pattern produced more orienting

responses and fixations, regardless of whether infants were presented with

geometrical patterns, head-shaped configurations or face-like stimuli. Thus,
Turati et al. (2002) suggested that, even in the case of face-like patterns,
neonates’ preference is commanded by the visibility of the structural
configuration of the stimuli. However, neonates did show longer looking times
towards face-like patterns (upright and inverted) than gcometrical patterns

(upright or upside-down). According to Simion et al. (2001), the reason for this

1s likely to be the curvilinear shape of the external contour surrounding the three

blobs.
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The sensory hypothesis was founded on the assumption that nconates’
visual perceptual capabilities are limited to psychophysical, low-lcvel
information, such as spatial frequency and amount of contrast (Banks and

Ginsburg, 1985). More recent evidence, however, suggests that neonates
possess a much more flexible visual processing system, open to rcceiving

higher-level or second-order configurational properties, thus allowing them to

process a wider range of information at more than one structural level (e.g.

Farroni et al.,, 2000; Macchi Cassia et al.,, 2002; Slater et al., 1991). For

Instance, neonates can process visual information at both local and global levels,

albeit the global information shows a slight advantage over the local one

(Macchi Cassia et al., 2002).

We believe the sensory hypothesis has a limited interpretative power
and, while 1t seems to offer accurate predictions of visual preferences for the

neonatal period (especially for high-contrast stimuli such as face-like patterns),

1t cannot account for some of the specific preferences observed in infants during

the developmental course leading to an adult-like face processing system.

4.2  The structural hypothesis

According to the structural hypothesis, it is the combined action of
stimulus visibility and detailed information of facial configuration that is

responsible for infants’ innate preference for face-like stimuli, For example,
Johnson and Morton (1991) and Morton and Johnson (1991) argued that

neonates’ preferential orienting towards face-like patterns can be explained by
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the spatial arrangement of the inner elements of the pattern which convey
structural information. They suggest that neonates oricnt morc frequently
towards faces because of a subcortical mechanism (Conspec) which contains a

crude specification of the arrangement of the main facial features (eyes and
mouth) and triggers attention to face-like patterns. Another system (Conlern),

controlled by cortical circuits specialised for processing faces, is thought to

appear at around 2 months of age as a result of the devcloping cortex being

exposed to faces.

Johnson and Morton proposed that Conspec is located in the superior
colliculus, receives information mediated by the retinotectal pathway (the
pathway responsible for the eyes’ orientation towards the stimulus), and only
serves the purpose of directing neonates’ attention to face-like stimuli appearing
In the visual field. The subcortical mechanism is activated when tracking of a

moving stimulus (Johnson and Morton, 1991), or looking at static patterns

(Macchi Cassia et al,, 2001) located in the periphery of the visual field is

required.

Conlern 1s thought to be a cortical, non specific learning mechanism,
responsible for maintaining foveal fixation on faces (Johnson and Morton,
1991). It acquires knowledge about faces solely because neonates pay attention
to them, thus facilitating learning about the specific featurcs of a human face (as
opposed to those of other species). Conlemn is believed to rececive information

mediated by the geniculostriate pathway.

Researchers using looking tasks such as preferential looking and

habituation have provided evidence for Conlern. For example, Valenza et al.
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(1996) used a visual preference task to demonstrate that nconates prefer face-

like patterns even when they are presented alongside stimuli of high physical

salience.

However, researchers using stimuli paired for quantity of energy
(making them equally visible in terms of physical propertics), have provided
evidence supporting the view that other stimuli than faces are preferred by

neonates on the basis of their structural configurations. Several researchers
(Slater and Sykes, 1977; Slater, Earle, Morison and Rose, 1985; Farroni et al.,

2000) demonstrated that neonates prefer horizontal over vertical gratings, even

though both stimuli were equally visible in terms of psychophysical properties,

thus suggesting that the structural properties of the stimuli determined the
preference. Thus, the structural configuration of a pattern is essential In
determining neonates’ preference for geometrical stimuli as well as for faces
since orientation is a structural property of the stimulus. These data suggested

that neonates can encode the configural properties of stimuli other than faces.

In a series of visual preference tasks, Mondloch et al. (1999) attempted

to resolve the inconsistent results of past studies, employing pairs of face and
non face stimuli used in these earlier studies (Dannemiller and Stephens, 1988;
Johnson et al., 1991; Kleiner, 1987; Kleiner and Banks, 1987). Two-hour-old
neonates were tested alongside 6- and 12-week-old infants using a stimulus pair
composed of a config stimulus (i.e. a head outline with three blobs in the
locations of eyes and mouth) and its inversion (Johnson et al., 1991), a pair

composed of a stimulus with the phase spectrum of a face but the amplitude

spectrum of a lattice, and vice versa (Kleiner, 1987), and a pair composcd of a
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positive-contrast face and a negative-contrast face (Dannemiller and Stephens,
1988).
Mondloch et al. (1999) established that neonates’ prefercnces arc

influenced by the visibility of the stimulus as well as its resemblance to a human
face. When presented with a pair comparing the amplitude of a face with the

phase of a face, newborn infants preferred the amplitude of a face. However,
when presented with two stimuli with similar amplitude spectra but with
differing resemblance to a face, they preferred config over its inverted version.
They expressed no preference when both stimuli had the same features in the
same face-like arrangement (positive-contrast versus negative-contrast face).
Mondloch et al. (1999) suggested that these results indicate that there is an
innate mechanism predisposing neonates to look towards faces. Since the config
stimulus was adequate to activate this mechanism and it was indifferent to the

luminance of the face when contrast was reversed, it is likely to contain a basic

representation of a face. Because the preference for config disappeared by 6

weeks of age, Mondloch et al. (1999) hypothesised that the mechanism that

underlies face preference at birth is likely to be subcortical. In contrast, because
both 6- and 12-weck-old infants preferred the stimulus with the phase spectrum
over the stimulus with the amplitude spectrum of a face, Mondloch et al. (1999)
suggested that, by 6 weeks of age, the developing cortex regulates infants’
attention for faces as this is consistent with other evidence of increased cortical

activity at about 6 weeks of age (Atkinson, Hood, Wattam-Bell, Anker and

Tricklebank, 1988). The only group to show a preference for the positive-

contrast schematic face (Dannemiller and Stephens, 1988) were the 12-wecek-
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olds. The authors suggested that, like adults (Kemp, Pike, White, and

Musselman, 1996), they may have difficulty recognising a negative-contrast

face because they rely on shading when processing shape. Contrary to adults,

neither 6- nor 12-week-olds expressed a preference for the config stimulus over
its 1nversion, possibly suggesting that it requires more than 12 weeks of
experience with faces before infants can identify a very basic stimulus

representation such as config, as face-like.

Although the visual system is clearly developing rapidly, one must take
other lines of evidence (e.g. intermodal matching) into consideration before
deciding whether all of infants’ early visual preferences can be ascribed solely
to subcortical structures. Indeed, it is possible that cortical structures participate

in these patterns of behaviour.

Both Kleiner’s (1987) and Johnson and Morton’s (1991) hypotheses

have limitations and fail to explain some discrepant findings. For example,

Johnson and Morton’s (1991) hypothesis cannot explain why neonates do not
track the config stimulus farther than its inverted version (Johnson et al., 1991).
Kleiner’s (1987) model cannot explain why neonates prefer a schematic face,
with both the phase and amplitude of a face, over a hybrid stimulus with the
amplitude of a face and the phase spectrum of a lattice (Morton, Johnson and
Maurer, 1990). While Kleiner’s model predicted the results for amplitude versus
phase of a face correctly, the original model (1987) could not explain why
newborn infants preferred the config over its inversion. The revised hierarchical

model (1990, 1993), that Kleiner developed to address some of the limitations

encountered by the first model, could not explain the disappearance of the
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preference in older infants. Johnson and Morton’s model could not cxplain that

a preference for phase of a face over amplitude of a facc emerges between birth

and 6 weeks of age when their model predicted that Conlern only emerges

between the second and the third month.

4.3  The sensory-ecology model

According to the sensory-ecology model (Bushnell, 1998), ecarly
preference for the human face originates from the fact that the human face is a
particularly salient stimulus that best matches neonates’ sensory, perceptual and
cognitive system, and that, early on, it is typically the most perceived stimulus
in periods of alert and active attention. The model suggests that the neonate is
born with haptic knowledge of the human face acquired from proprioceptive
exploration of i1ts own face in the womb and made available to him/her through
intersensory mapping. Meltzoff and Borton (1979) demonstrated intermodal
matching (or equivalence of texture information) between the sensc of touch

and the sense of vision at 4 weeks of age. Furthermore, intersensory mapping is
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