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a b s t r a c t

In a series of four experiments we assessed whether functional properties of the human face, such as
signaling an object through eye gaze, influence face processing in 3- and 4-month-old infants. Infants
viewed canonical and scrambled faces. We found that 4- but not 3-month-old infants’ ERP showed an
enhanced face-sensitive N170 component for the scrambled stimulus. Furthermore, when canonical and
vailable online xxx

eywords:
nfants
evelopment
RPs

scrambled faces were gazing toward an object, 4-month-olds displayed an enhanced Negative central (Nc)
component, related to attentional processes, for the scrambled face. Three-month-olds did not display
any of these effects. These results point to important transition in the first months of infancy and show
that triadic cues influence the processing of the human face.

© 2009 Elsevier Ltd. All rights reserved.

nfant N170
c component

. Processing faces in dyadic and triadic contexts

The ability to perceive others’ faces is crucial for understand-
ng the world around us. Faces often mirror the internal state of
person and also provide important information that helps us to
rientate in a complex environment. Previous research has shown
hat already from about 30 min after birth newborns exhibit a
isual preference for both schematic and real faces in comparison
o a variety of other types of stimuli, including upside down faces
Johnson & Morton, 1991; Macchi Cassia, Turati, & Simion, 2004;

ondloch, Le Grand, & Maurer, 2003). This early preference has
een explained by the highly communicative cues faces provide,
ith the eyes being one of the most relevant sources of information

Gliga & Csibra, 2007).
Please cite this article in press as: Parise, E., et al. Processing
doi:10.1016/j.neuropsychologia.2009.10.012

Direct eye contact is a strong communicative signal for new-
orns and infants in dyadic context. Newborns prefer faces with
irect eye gaze over those looking away (Farroni, Csibra, Simion, &

ohnson, 2002; Farroni, Menon, & Johnson, 2006) and at the age of
months, infants show enhanced neural processing for faces with
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E-mail addresses: eugenioparise@tiscali.it (E. Parise),
striano@hunter.cuny.edu (T. Striano).
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direct compared to those with averted gaze (Farroni et al., 2002;
Grossmann, Johnson, Farroni, & Csibra, 2007).

Later in development, eye gaze becomes a crucial cue in estab-
lishing joint attention and subsequent object processing (Striano
& Reid, 2008). In triadic contexts eye gaze serves this function by
communicating the shift of attention of another person toward
an object of interest. By 3 months of age, infants differentiate
between dyadic and triadic situations (Striano & Stahl, 2005) and by
4 months they use the gaze shift of a face to predict a spot location
(Farroni, Johnson, Brockbank, & Simion, 2000; Farroni, Mansfield,
Lai, & Johnson, 2003). This effect was found only if the gaze shift was
preceded by a short period of mutual gaze between the face and the
infant. In general, infants seem to follow other humans’ behaviors,
such as gaze shifts, referential gaze, head turning, only when these
are preceded by ostensive cues directed to them, such as mutual
gaze or infant directed speech (Farroni et al., 2003; Senju & Csibra,
2008; see also Csibra & Gergely, 2006). However, some ERP studies
have shown differences in neural correlates of attention for gaze-
cued objects even without a previous period of mutual gaze and in
absence of overt gaze shifts. For instance, a recent ERP-study with
4-month-olds showed that static faces looking toward an object
elicit enhanced memory processing when being compared to faces
looking away from the object (Hoehl, Reid, et al., 2008). Even at 3
faces in dyadic and triadic contexts. Neuropsychologia (2009),

months of age eye gaze plays a fundamental role in object process-
ing, acting in combination with emotional expression. The infant
brain shows an increased Negative central (Nc) component toward
objects previously cued by an adult’s eye gaze and frightened facial
expression (Hoehl, Wiese, et al., 2008). This seems to suggest that at

dx.doi.org/10.1016/j.neuropsychologia.2009.10.012
http://www.sciencedirect.com/science/journal/00283932
http://www.elsevier.com/locate/neuropsychologia
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he neural level infants differentiate gaze direction and are able to
se it without additional cues, such as mutual gaze or gaze shifts.
he Nc has been related to the salience of stimuli and to alloca-
ion of attentional resources in infants (Courchesne, Ganz, & Norcia,
981; Nelson, 1994; Reynolds & Richards, 2005). Its amplitude is
losely related to attention as measured by heart rate deceleration
Richards, 2003). However it is also sensitive to faces. de Haan and
elson (1997) found an enhanced Nc when 6-months-olds looked
t the mother’s compared to a stranger’s face, but only when the
wo faces looked dissimilar. No differences were found when com-
aring two strangers’ faces. Taken together, these data suggest that

nfants perceive and process the gaze direction of another person
n both dyadic and triadic contexts.

Recent studies investigating brain activity in response to facial
timuli have mainly focused on either face (configuration) pro-
essing in a dyadic context or on eye gaze processing. In four
RP-studies, we combine these recent approaches, investigating
eural processing of facial configuration and eye gaze direction in
dyadic and triadic context.

We propose that triadic cues influence infants’ processing of
nternal face configuration. To test this hypothesis we used scram-
led faces with a top-heavy configuration, in which most of the
lements (particularly the eyes) are located in the upper part of the
ace. This kind of configuration is ambiguous and difficult to pro-
ess, for both infants and adults. Three-month-old infants, but not
ewborns, look longer at canonical faces compared to top-heavy
crambled faces (Macchi Cassia, Kuefner, Westerlund, & Nelson,
006a). This finding suggests that infants need experience with
anonical faces in the first months of postnatal life to differen-
iate between these two stimuli. However, using ERP technique,
-month-olds did not show differences in face-sensitive compo-
ents between top-heavy scrambled faces and canonical faces, nor

n those components related to attention and/or memory, such as
he Nc. This finding confirmed that for newborns and young infants
t is challenging to distinguish between these two stimuli. In adults,
crambled faces, and particularly those with a top-heavy configu-
ation, elicit a higher N170 amplitude than canonical faces (Macchi
assia, Kuefner, Westerlund, & Nelson, 2006b). The N170 has been
elated to the encoding of the structural configuration of faces
Bentin, Allison, Puce, Perez, & McCarthy, 1996). The infant N170
r N290, a precursor of the adult N170, shares some of the func-
ional properties of the adult component such as higher amplitude
or upright human faces vs. other kinds of stimuli and increased
mplitude for upside down vs. upright faces (de Haan, Pascalis, &
ohnson, 2002; Halit, Csibra, Volein, & Johnson, 2004; Halit, de Haan,

Johnson, 2003).
We propose that infants perceive a top-heavy scrambled face as

ore surprising and novel when the eyes look toward an object (tri-
dic context) than when they are directed toward the infant (dyadic
ontext). In a triadic situation, the scrambled face has a social func-
ion (the referential gaze) that infants normally experience with
anonical faces. This is unusual and its processing might therefore
equire more attentional resources. We hypothesize that infants
an benefit from triadic cues to resolve the perceptual ambiguity of
he stimulus in the same way they use triadic cues to learn about
bjects (Hoehl, Reid, et al., 2008; Striano & Stahl, 2005). If so, this
hould result in both enhanced infant N170 and Nc components
or the scrambled face compared to the canonical one when both
re displayed in a triadic context. Theoretically, in a dyadic context
crambled faces should also require more attentional resources in
omparison to canonical faces. Nevertheless we did not find any
Please cite this article in press as: Parise, E., et al. Processing
doi:10.1016/j.neuropsychologia.2009.10.012

tudy in the existing literature showing an enhanced Nc compo-
ent for scrambled compared to canonical faces in a dyadic context.
hus, canonical and scrambled faces in dyadic contexts require the
ame amount of attentional resources. We predict that only in a
riadic context a scrambled face will enhance the Nc amplitude.
 PRESS
gia xxx (2009) xxx–xxx

Four different groups of infants were tested in the following
experiments. In Experiment 1, we aimed to replicate earlier find-
ings by Macchi Cassia et al. (2006a) who showed that 3-month-olds
do not show differences in ERPs in response to top-heavy scram-
bled compared to canonical faces. Our scrambled faces were similar
to the one they used, except for the orientation of the eyes, which
were horizontal in our case, rather than vertical (see Fig. 1). The
purpose of the manipulation was to preserve the possibility of a
natural (horizontal) averted gaze for the scrambled face. At the
same time we kept both the top-heavy and vertical asymmetric
configuration already employed in previous research. In Experi-
ment 2 we tested 4-month-olds with the same stimuli. Experiments
3 and 4 used the same canonical and scrambled faces but in a
triadic situation, namely with the eyes gazing toward an object
next to the head. Four- and 3-month-olds were tested respec-
tively.

2. Experiment 1

2.1. Materials and methods

2.1.1. Participants
Sixteen infants (9 males and 7 females) were tested, at the

average age of 3 months and 2 days (range from 2 months and
25 days to 3 months and 5 days). All infants were born full
term (37–41 weeks) and were in the normal range for birth
weight. Another 25 infants were tested but excluded from the
final sample as a result of fussiness (n = 7), failing to reach the
minimum requirements for adequate averaging of the ERP data
(n = 12), or technical problems (n = 6). Each infant contributed
20–124 (mean = 43.25) trials to their average across conditions
(for Canonical Face, mean = 22.19, SD = 14.68; for Scrambled Face,
mean = 21.06, SD = 13.22). All the experiments in this paper were
conducted with the understanding and the written consent of each
participant’s parent.

2.1.2. Stimuli
Pictures of nine young female faces were presented on a screen

with a black background. Each face was shown both in a canonical
and in a scrambled version, resulting in eighteen different stimuli.
The images were digitally edited beforehand to ensure matched low
level visual characteristic between the stimuli. All pictures were in
grayscale and external facial features such as hair and ears were
cut out. The internal facial features (eyes, nose and mouth) were
initially removed to make the internal surface of the face smooth
and homogeneous. Then the internal facial features were replaced
in either a canonical or a scrambled position (see Fig. 1). The scram-
bled faces we presented differed from those used by Macchi Cassia
et al. (2006a) in the orientation and the position of the eyes. Instead
of choosing a 90◦ rotation, we kept the natural orientation of the
eyes, embedded in a top-heavy configuration and vertical asymme-
try. Faces’ width ranged from 351 to 389 pixels appearing on the
screen at an average size of 10 cm (range: from 9.4 to 11.5 cm); the
height was standardized at 596 pixels, 17 cm on the presentation
screen.

2.1.3. Procedure
Infants sat on their mother’s lap in a dimly lit sound-attenuated

and electrically shielded cabin. Viewing distance was approxi-
mately 70 cm away from a 70 Hz 17-in. stimulus monitor. The
stimuli were presented at ∼9.4 by 17 cm and were thus ∼7.7 by
faces in dyadic and triadic contexts. Neuropsychologia (2009),

13.9◦ of visual angle. The experiment consisted of one block with
216 trials (108 canonical faces and 108 scrambled faces). All stim-
uli were presented using the software ERTS (BeriSoft Corporation,
Germany) in a pseudo-random order. The same condition was not
presented more than twice consecutively and the frequency of

dx.doi.org/10.1016/j.neuropsychologia.2009.10.012
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ig. 1. Examples of stimuli used in the experiments. The first two pictures from le
xamples of the stimuli used in Experiments 3 and 4. Note that all stimuli were pre

ach presented picture was balanced over every 20 trials. At the
eginning of each trial, a small toy appeared on the black screen,
unctioning as central attractor with a display duration of 500 ms.
he toy was followed by the onset of the facial stimulus which
emained on the screen for 1000 ms. Between trials, the screen
as blank for a random period ranging from 1000 to 1300 ms. In

rder to maintain the infant’s attention, a rotating spiral in combi-
ation with a tone was presented on the screen whenever infants
ecame inattentive. If the infant became fussy or uninterested in
he stimuli, the experimenter gave the infant a short break. The ses-
ion ended when the infant’s attention could no longer be attracted
o the screen. Electroencephalogram (EEG) was recorded continu-
usly and the behavior of the infants was recorded using a video
amera. This information was used for trial-by-trial offline editing
f the EEG.

.1.4. EEG recording and analysis
Please cite this article in press as: Parise, E., et al. Processing
doi:10.1016/j.neuropsychologia.2009.10.012

EEG was recorded continuously with Ag–AgCl electrodes from
3 scalp locations of the 10–20 system, distributed over the head
nd referenced to the vertex (Cz). Data were amplified via a Twente
edical Systems 32-channel REFA amplifier. Horizontal and ver-

ical electrooculargram (EOG) were recorded bipolarly. Sampling
ach line are examples of the stimuli used in Experiments 1 and 2; the last two are
in black and white.

rate was set to 250 Hz. EEG data were offline filtered using a band-
pass filter set from 0.3 to 20 Hz and then re-referenced to the linked
mastoids. Due to the low number of electrodes this type of re-
referencing seemed the best compromise to study occipital and
frontal–central components.

The continuous EEG recording was segmented into epochs. Each
epoch consisted of 200 ms baseline recording (derived from the
last 200 ms of the central fixation attractor) 1000 ms of stimulus
display and 500 ms of blank screen after stimulus offset. Based
on the video recording, we excluded trials in which the infants
were not attending to the screen. EEG data were rejected off-line
whenever the standard deviation within a 200 ms gliding window
exceeded 50 �V at any electrode (80 �V for EOG) and addition-
ally inspected for movement artifacts. ERPs were calculated and
baseline corrected.

2.1.5. Statistical analysis
faces in dyadic and triadic contexts. Neuropsychologia (2009),

We focused on four ERP components within the following time
windows: P1 (0–250 ms), infant N170 (100–350 ms), Nc compo-
nent (400–800 ms, in congruence with other studies investigating
this waveform, e.g. Hoehl, Reid, et al., 2008) and Occipital Response
(OR 1100–1340 ms). P1, N170 and OR were analyzed as peaks on

dx.doi.org/10.1016/j.neuropsychologia.2009.10.012
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ccipital electrodes (O1 and O2) for both amplitude and latency. The
× 2 general linear model design contained the within-factors face

canonical–scrambled) and location (O1–O2). For the Nc analysis,
lectrodes were grouped by choosing the minimum peak amplitude
ithin each location: anterior-frontal left (F3, FC3, C3), anterior-

rontal central (Fz, Cz) and anterior-frontal right (F4, FC4, C4). A
× 3 general linear model with face (canonical–scrambled) and

ocation (left–central–right) as within-factors was used for sta-
istical analysis. For all components, time windows and electrode
roupings were chosen on the basis of visual inspection of grand
verage and individual averages. Scheffé test was used for single
ost hoc comparisons.

. Results

Typical deflections depicting visual stimulus processing were
bserved and analyzed on occipital and anterior channels1 (see
ig. 2). We did not find any significant main effects and interac-
ions for the amplitude and latency of P1 and N170. We found
main effect of location for the amplitude of the Nc component

F(2,30) = 3.89, P < 0.05). Post hoc tests revealed that the amplitude
t central electrodes was more negative than at left electrodes
P < 0.05). Furthermore, peak latency analysis of the OR component
evealed a main effect of face (F(1,14) = 4.08, P < 0.05). More specifi-
ally, canonical faces peaked earlier than scrambled faces (1222 ms
s. 1237 ms respectively).

.1.1. Discussion Experiment 1

Our results showed no main differences between the processing
f canonical and scrambled faces at 3 months of age for P1, N170 and
c. The significant main effect of location of the Nc, more negative
t central electrodes, is consistent with the well known character-
stics of this ERP component, which is typically more prominent at
rontal and central sites and sometimes more pronounced at mid-
ine (for a longitudinal study on the Nc see Webb, Long, & Nelson,
005). This pattern resembles the results found by Macchi Cassia
t al. (2006a). Two aspects of the presented stimuli were differ-
nt compared to their study: the orientation of the eyes of the
crambled face was horizontal instead of vertical and the stimulus
ength was 1000 ms instead of 500 ms. Both kinds of manipulations
id not result in different findings. Another aspect in which our
esults relate to the findings of Macchi Cassia et al. (2006a) con-
erns the Occipital Response (OR), a component investigated only
y a few studies so far (Macchi Cassia et al., 2006a; Reynolds &
ichards, 2005; Snyder, Webb, & Nelson, 2002). As expected with
espect to our stimulus length, the OR peaked 500 ms later in our
tudy compared to the previous studies. Similar to Macchi Cassia
t al. (2006a), the OR peaked earlier for canonical faces, suggest-
ng that it is to some degree sensitive to facial configuration. Taken
ogether, the results strengthen the assumption that at 3 months
f age, scrambled faces in a top-heavy configuration cannot be eas-
ly discriminated from canonical faces. Although previous results
ave shown that at this age infants can discriminate between both
ypes of faces in overt behavior (measurement of visual prefer-
nce, see Macchi Cassia et al., 2006a), weak indications for neural
orrelates were found (the OR is an offset component not specif-
cally linked to face processing and its functional meaning is not

ell known yet). Our second experiment aimed to investigate if
Please cite this article in press as: Parise, E., et al. Processing
doi:10.1016/j.neuropsychologia.2009.10.012

eural correlates of face processing indicate the ability to discern
etween scrambled and canonical faces later in ontogeny, at 4
onths.

1 Analyses on occipital channels were carried out on 15 out of 16 infants due to
echnical problems with one subject.
 PRESS
gia xxx (2009) xxx–xxx

4. Experiment 2

4.1. Materials and methods

The procedure, the stimuli and the methods for data collection,
data editing and statistical analysis were the same as in Experi-
ment 1 with the only exception of a slightly smaller time window
for the OR component (1100–1300 ms) on grounds of visual inspec-
tion.

4.1.1. Participants
Fifteen infants (8 males and 7 females) were included in the

final sample, at an average age of 4 months and 4 days (range
from 3 months and 28 days to 4 months and 6 days). All infants
were born full term (37–41 weeks) and were in the normal range
for birth weight. Another 22 infants were tested but excluded
from the final sample as a result of fussiness (n = 10), failing
to reach the minimum requirements for adequate averaging of
the ERP data (n = 11), or technical problems (n = 1). Each infant
contributed 17–76 (mean = 30.93) trials to the average across con-
ditions (for Canonical Face, mean = 16.00, SD = 8.12; for Scrambled
Face, mean = 14.93, SD = 7.89).

5. Results

The shape of the grand average (see Fig. 3) looked similar to
the one in Experiment 1. Visual inspection suggested a more neg-
ative N170 amplitude to scrambled faces (at the right occipital
electrode), a tendency that approached significance (F(1,14) = 4.06,
P = 0.06). A t-test revealed this tendency was generated by a dif-
ference between conditions at the right electrode (t(14) = 2.11,
P = 0.05). Furthermore, we found a main effect of location for the
Nc component (F(2,28) = 3.41, P < 0.05). As in Experiment 1, post hoc
tests revealed a more negative amplitude for central than left elec-
trode sites (P < 0.05). We did not find any significant differences in
latency. No significant differences in amplitude or latency for OR
were found.

5.1.1. Developmental trajectories

To investigate whether the N170 amplitude significantly
changes with development in response to scrambled or canoni-
cal faces, we performed two mixed repeated-measure ANOVAs.
Age (3 months vs. 4 months) was used as between- and location
as within-factor (O1–O2). The two stimuli were analyzed sepa-
rately. The analysis revealed a main effect of age (F(1,28) = 4.80,
P < 0.04) only for the scrambled faces. By contrast, the anal-
ysis on canonical faces did not provide significant results. As
further confirmation we performed an analysis with both age
and face as factors excluding the left electrode (O2 alone
was used as averaged wave). Results revealed a main effect
of face (F(1,28) = 4.42, P < 0.05) and a tendency for the interac-
tion age by stimulus (F(1,28) = 3.16, P < 0.09). A Scheffé post hoc
test showed that only 4-month-olds presented this tendency
showing a more negative N170 for the scrambled configuration
(P < 0.08).

Future studies might test larger number of infants allowing for
full between comparisons.

5.1.2. Discussion Experiment 2
faces in dyadic and triadic contexts. Neuropsychologia (2009),

Even if it did not reach significance, the tendency of the N170
at 4 months of age relates to findings in adults. Macchi Cassia et al.
(2006b) found that, in adults, scrambled faces elicit a more negative
N170 amplitude than canonical faces. With the majority of facial

dx.doi.org/10.1016/j.neuropsychologia.2009.10.012
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ig. 2. Grand average of Experiment 1 (all subjects included, n = 16) for the analyz
ine, scrambled face). Analyzed components are pointed by arrows. Horizontal tick
f 15 subjects due to technical problems at these electrodes.

eatures being situated in the upper half of the face, the scram-
led face might be more ambiguous and thus require more neural
esources for processing.

Looking at the Nc component, the results of the first two experi-
ents showed that canonical and scrambled faces receive the same

mount of attention in a dyadic context. This was expected and is
onsistent with the literature. The next question then was: how is
acial configuration processed in a triadic context where averted
ye gaze provides information about another person’s focus of
ttention? In other words, can referential gaze affect the amount
f attention directed to canonical and scrambled faces? Triadic sit-
ations have been researched in the context of object processing,
ut not processing of facial configuration. We know that averted
aze, when presented together with the referred object, enhances
ttention to the object (Hoehl, Reid, et al., 2008; Hoehl, Wiese, et
Please cite this article in press as: Parise, E., et al. Processing
doi:10.1016/j.neuropsychologia.2009.10.012

l., 2008). Does this increased attention to the object generalize to
he face? Results of Experiment 2 point to an increasing in sensi-
ivity to facial configuration between 3 and 4 months of age. We
xpect this tendency will be accentuated by a triadic context at 4
onths.
ctrodes on occipital and central–frontal regions (solid line, canonical face; dotted
, 0.2 ms; vertical tick mark, 10 �V. Negative is up. Note: O1 and O2 are the average

6. Experiment 3

6.1. Materials and methods

6.1.1. Participants
Seventeen infants (13 males and 4 females) participated in

Experiment 3 (average age of 4 months and 4 days, ranged from
3 months and 26 days to 4 months and 7 days). All infants were
born full term (37–41 weeks) and were in the normal range for
birth weight. Additional 18 infants were tested but excluded from
the final sample as a result of fussiness (n = 8), failing to reach the
minimum requirements for adequate averaging of the ERP data
(n = 7), or technical problems (n = 3). Each infant contributed 20–50
(mean = 30.18) trials to their average across conditions (for Canoni-
cal Face, mean = 14.76, SD = 4.96; for Scrambled Face, mean = 15.41,
faces in dyadic and triadic contexts. Neuropsychologia (2009),

SD = 4.72).

6.1.2. Stimuli
We presented eighteen black and white pictures of 9 female

faces (the same as in Experiments 1 and 2), looking either to the

dx.doi.org/10.1016/j.neuropsychologia.2009.10.012
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Visual inspection of the data (see Fig. 4) suggested a similar
and more pronounced N170-effect than observed in Experiment 2.
Additionally, a difference between conditions appeared on anterior
frontal channels.2
ig. 3. Grand average of Experiment 2 (all subjects included, n = 15) for the analyz
ine, scrambled face). Analyzed components are pointed by arrows. Horizontal tick
ifference between the two stimuli.

eft or the right side of the screen. Each face was presented in its
anonical and scrambled version. To the left or right of the face,
picture of a small toy was displayed. All canonical and scram-

led faces were looking toward the object, although the eye gaze of
crambled faces was directed at different parts of the object. Eigh-
een different objects were used, one for each version of every face.
ll objects were previously used in other studies (Hoehl, Reid, et al.,
008; Hoehl, Wiese, et al., 2008) and were equated for luminance
nd other low level perceptual features. The distance between face
nd object was standardized at 64 pixels for all presented stimuli
see Fig. 1). Stimulus width (face + object) ranged from 591 to 648
ixels, appearing on the screen at an average size of 18.1 cm (range:
rom minimum 17.5 to maximum 19); height was standardized at
96 pixels, 17 cm on the presentation screen.
Please cite this article in press as: Parise, E., et al. Processing
doi:10.1016/j.neuropsychologia.2009.10.012

.1.3. Procedure
Methods for data collection, data rejections and statistical anal-

sis were the same as in Experiments 1 and 2. Viewing distance
as approximately 70 cm. The stimuli were presented at ∼18 by
ctrodes on occipital and central–frontal regions (solid line, canonical face; dotted
, 0.2 ms; vertical tick mark, 10 �V. Negative is up. The N170 showed a significant

17 cm resulting in ∼14.7 by 13.9◦ of visual angle. The experiment
consisted of one block with 216 trials, divided in 108 canonical and
108 scrambled faces. Trials were counterbalanced regarding eye
gaze direction. The time windows chosen were the same than in
Experiment 2, with the only exception of the Nc component that
peaked earlier (300–600 ms).

7. Results

No significant results were found on P1.
faces in dyadic and triadic contexts. Neuropsychologia (2009),

2 In this experiment, analyses on occipital channels were carried out with 16 out
of 17 subjects due to technical problems.

dx.doi.org/10.1016/j.neuropsychologia.2009.10.012
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We found a main effect of stimulus for the N170 (F(1,15) = 12.42,
< 0.004) showing a more negative amplitude for the scram-
led compared to the canonical face. Additionally, the amplitude
as more negative on the right than on the left hemisphere

F(1,15) = 5.43, P < 0.04) as was shown by the main effect of location.
o results were found for the latency.

For the Nc component, a main effect of stimulus was found
F(1,16) = 5.79, P < 0.03), accounting for a more negative peak for the
crambled face. Furthermore, the analysis revealed a main effect of
ocation (F(2,32) = 7.54, P < 0.003) with the same central-left asym-

etry detected in Experiments 1 and 2 (P < 0.02). No significant
ffects were found for the latency.

We did not find significant results for amplitude and latency of
he OR.
Please cite this article in press as: Parise, E., et al. Processing
doi:10.1016/j.neuropsychologia.2009.10.012

.1. Discussion Experiment 3

Four-month-old infants showed both enhanced face (N170) and
ttentional (Nc) processing of the scrambled stimulus. The N170

ig. 4. Grand average of Experiment 3 (all subjects included, n = 17) for the analyzed ele
ine, scrambled face). Analyzed components are pointed by arrows. Horizontal tick mark
ignificant difference between the two stimuli. Note: O1 and O2 are the average of 16 sub
 PRESS
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pattern replicates the results of Experiment 2 and is consistent
with previous results by Macchi Cassia et al. (2006b) in adults.
Additionally, the right over left asymmetry for the N170 ampli-
tude is consistent with their findings in infants (Macchi Cassia et
al., 2006a).

The N170 pattern is likely to be related to an enhanced pro-
cessing mechanism for the scrambled face, recruiting more neural
resources dedicated to processing the scrambled compared to the
canonical face. In this experiment, the stimulation was changed
by using averted eye gaze and adding an object to the presen-
tation. Although adding an object certainly increased perceptual
complexity, it is unlikely that increased complexity alone could
have triggered the N170-effect because the object was present in
both conditions.
faces in dyadic and triadic contexts. Neuropsychologia (2009),

Like the N170, the Nc presented an enhanced negative ampli-
tude in response to the scrambled face with referential gaze. Thus,
both components reflect that more neural resources were needed
for processing scrambled in comparison to canonical faces in a
triadic context. In order to understand if triadic cues elicit the

ctrodes on occipital and central–frontal regions (solid line, canonical face; dotted
, 0.2 ms; vertical tick mark, 10 �V. Negative is up. The N170 and the Nc showed a
jects due to technical problems at these electrodes.

dx.doi.org/10.1016/j.neuropsychologia.2009.10.012
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ame effect also in 3-month-olds, we conducted another experi-
ent.

. Experiment 4

.1. Materials and methods

Materials and methods were identical with those of Experiment
. Time windows were as in Experiment 1.

.1.1. Participants
Sixteen infants (8 males and 8 females) were included (aver-

ge age 3 months and 2 days; range 2 months and 27 days to
months and 5 days). All infants were born full term (37–41
eeks) in the normal range for birth weight. Twenty-eight infants
ere tested but excluded as a result of fussiness or crying (n = 16),

ailing to reach the minimum requirements for adequate averag-
ng (n = 10), technical problems or experimenter error (n = 2). Each
nfant contributed 21–102 (mean = 48.06) trials to their average
cross conditions (for Canonical Face, mean = 24.63, SD = 9.71; for
crambled Face, mean = 23.44, SD = 11.11).

. Results

The grand average (see Fig. 5) looked similar to the one in Exper-
ment 1. No major differences between conditions were detectable
y visual inspection. The statistical analysis did not yield signifi-
ant results for amplitude and latency of the P1 and N170. For the
c component, we found a main effect of location (F(2,30) = 5.99,
< 0.007). As in all previous experiments, post hoc tests revealed

hat the amplitude was more negative at the central anterior in
omparison to left anterior location (P < 0.008). No significant dif-
erences for the latency were found. No significant results were
ound for amplitude or latency of the OR component.

.1.1. Developmental trajectories

We were further interested if the amplitude of the N170 under-
ies any developmental trend between 3 and 4 months of age.
n analysis with the factors age as between- (Experiments 3–4)
nd face (canonical–scrambled) as well as location (O1–O2) as
ithin-subject factors was conducted. The data revealed a signifi-

ant main effect of age (F(1,29) = 5.28, P < 0.03), a main effect of the
ace (F(1,29) = 8.45, P < 0.007) and an interaction between the two
F(1,29) = 6.53, P < 0.02). Post hoc tests revealed that the scrambled
ace in 4-month-olds was more negative in amplitude than the
anonical face at both ages (P < 0.03). Additionally, a main effect of
ocation was found (F(1,29) = 4.19, P < 0.05) with greater negativity
ver the right compared to the left hemisphere. No other inter-
ctions were significant. No significant results were found for the
atency.

Furthermore, we analyzed the amplitude of the Nc with
ge (Experiments 3–4) as a between-subjects factor, and face
canonical–scrambled) and location (left–central–right) as within-
ubjects factors. An interaction of age by face was found
F(1,31) = 5.49, P < 0.03) as well as a main effect of location
F(2,62) = 12.85, P < 0.001). A Scheffé post hoc test revealed a

arginal significance of canonical vs. scrambled face (scrambled
ore negative) within the 4-month-olds group (P = 0.053).
Please cite this article in press as: Parise, E., et al. Processing
doi:10.1016/j.neuropsychologia.2009.10.012

.1.2. Discussion Experiment 4

Experiment 4 resembled very closely the findings of Experiment
. Adding an object and presenting faces with referential gaze did
ot affect neural processing reflected by the components P1, N170
 PRESS
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and Nc at 3 months of age. Interestingly, we could not replicate the
latency effect of the OR component found in Experiment 1. As the
additional analyses on the N170 and Nc showed, there seems to be
a developmental change at the neurophysiological level between
3 and 4 months of age. In particular, at 4 months of age, infants
used more neural resources to process the scrambled face than the
canonical face. This was not the case at the age of 3 months.

10. General discussion

This series of studies investigated face processing in dyadic
and triadic contexts in 3- and 4-month-old infants. When infants
were 3 months of age, there was no significant difference between
canonical and scrambled faces for the P1, N170 and Nc. However,
behavioral results by Macchi Cassia et al. (2006a) indicate that even
at this age infants can discriminate between the two stimuli. Why
this difference did not emerge in ERP measurement is a question
that remains unresolved and deserves further investigations. One
possible explanation is the difference in the stimulus presentation
between ERP and behavioral techniques. More specifically, they
differ in two respects. In ERP paradigms, stimuli cannot be pre-
sented for more than 1000 ms; for adequate ERP averaging a large
amount of these short trials is required. Opposite in visual prefer-
ence tasks, the stimuli are continuously present on the screen for a
large amount of seconds, 20 or more. Furthermore, in ERP studies,
stimuli are presented in sequence and, in contrast to visual prefer-
ence tasks, the two conditions are never simultaneously present on
the screen. Thus, for the infants, a direct visual comparison of the
two conditions is possible only in visual discrimination paradigms.

At 4 months, we observed differences between conditions in
both dyadic and triadic contexts.

10.1.1. Face processing in dyadic contexts

The first and second experiment aimed to replicate and extend
earlier findings in the literature. In comparison to previous stud-
ies, we kept the natural orientation of the eyes instead of rotating
them for 90◦. No effect on face processing at the age of 3 months
was found. Likely, the position of the eyes in the face (i.e. in the
upper part) and/or the contrast between sclera and iris are the main
perceptual features driving face processing at that age. Previous lit-
erature showed that those factors account for face processing in
newborns and infants as early as 4 months of age (see Farroni et
al., 2005; Macchi Cassia et al., 2004). In addition, we presented the
stimuli for 1000 instead of 500 ms. Like in earlier papers, we did
not find differences between conditions on the N170 and Nc com-
ponent in 3-month-olds. Therefore, we conclude that neither the
duration of stimulation nor the orientation of the eyes account for
the lack of differentiation at the neural level between the two stim-
uli. Nevertheless, 4-month-olds showed a marginally significant
N170 difference between canonical and scrambled faces. A neural
template of the human face seems to be present in the infant brain
as early as 2 months (Johnson & Morton, 1991; Tzourio-Mazoyer et
al., 2002). One conclusion could be that the representation of the
human face becomes more consolidated between 3 and 4 months.
Possibly, as infants gain more experience with human faces, the
infant brain reacts more strongly to deviations from the “default”
canonical configuration such as in scrambled faces. This could then
result in enhanced processing. Three-month-old infants might not
have a strong enough template of the human face to categorize
the top-heavy scrambled faces as a non-face, whereas 4-month-
faces in dyadic and triadic contexts. Neuropsychologia (2009),

olds may have achieved a well-established representation of the
spatial distribution of facial features. This interpretation relates to
our finding in the additional N170 analyses, showing a significantly
higher amplitude at 4 months compared to 3 months but only for
the scrambled face. Taken together, the analyses of the infant N170

dx.doi.org/10.1016/j.neuropsychologia.2009.10.012
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Fig. 5. Grand average of Experiment 4 (all subjects included, n = 1

n dyadic contexts presented here indicate a developmental trajec-
ory between 3 and 4 months of age for processing scrambled, but
ot canonical faces.

Earlier literature supports these conclusions to some degree.
alit et al. (2003) found that, at 3 months, the infantile N170
id not show differences for upright and upside down faces. Six-
onth-olds responded in a similar way (de Haan et al., 2002).

hree-month-olds, however, showed an enhanced N170 for the
uman face when compared to a monkey face (Halit et al., 2003)
nd to matched visual noise stimuli (Halit et al., 2004). Thus, at
his age it seems that infants have a sufficient representation of
he face to show differences at neural level when it is compared
ith broadly different stimuli, but not when manipulation involves

nly the internal features. Scott and Nelson (2006) found that 8-
ut not 4-month-olds are sensitive to configural changes in faces.
owever, the scrambled faces we present involved manipulation in
oth first and second order configural information (Bertin & Bhatt,
Please cite this article in press as: Parise, E., et al. Processing
doi:10.1016/j.neuropsychologia.2009.10.012

004; Diamond & Carey, 1986), whereas Scott and Nelson manip-
lated only the second. Our results indicate that their sensitivity
tarts to change between 3 and 4 months. In addition, although at
months the infants did not show differences in processing the two

ypes of faces in face-sensitive components, the OR provided neural
the analyzed electrodes on occipital and central–frontal regions.

evidence of discrimination between conditions. To our knowledge,
this is only the fourth study to investigate the OR. More research is
required to better understand the mechanisms associated with this
component and its functional meaning in early infancy. However,
based on our findings with 3-month-olds in a dyadic context, we
suggest that the OR reflects a late perceptual process. More specif-
ically, it may resemble a faster reset of the visual system following
the presentation of well known stimuli. This would account for an
already consolidated processing of the canonical face at 3 months
of age (see also Macchi Cassia et al., 2006a).

10.1.2. Face processing in triadic contexts

Developmental changes in neural activity between 3 and 4
months of age are also reflected in the results of Experiments 3 and
4. When using triadic stimulation, we found an enhanced amplitude
both for the N170 and Nc for scrambled compared to canonical faces
faces in dyadic and triadic contexts. Neuropsychologia (2009),

in 4- but not in 3-month-olds. Possibly, for 3-month-olds the per-
ceptual input was too complex to deal with (face plus object). On
the other hand, recent behavioral literature suggests that infants
are able to detect differences between dyadic and triadic situations
but could have limited capacities to use triadic cues (Striano & Stahl,

dx.doi.org/10.1016/j.neuropsychologia.2009.10.012
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005). Some recent ERP experiments suggest that even very young
nfants (from 3 to 5 months of age) can benefit from triadic cues,
or instance in object processing (see, Hoehl, Palumbo, et al., 2008;
oehl, Reid, et al., 2008; Parise, Reid, Stets, & Striano, 2008; Reid,
triano, Kaufman, & Johnson, 2004). The results of Experiments 3
nd 4 point to this same direction suggesting that, starting from
months of age, infants not only become highly sensitive to tri-

dic stimulation but are also able to use triadic cues under certain
ircumstances.

Although further investigations are required, we prudently
ypothesize the following. In Experiment 3, the increasing sen-
itivity to triadic cues influenced face processing resulting in a
lear differentiation of neural correlates of the two stimuli in an
dult-like pattern. Furthermore, triadic information enabled 4-
onth-olds to process scrambled faces differently from canonical

aces. This differentiation did not only occur at the early cognitive
evel of face encoding (N170), but also overall at the later cognitive
evel that involves attentional processes (Nc). This is in accordance

ith our prediction. We propose that the Nc effects stems from the
eveloping skill to perceive and elaborate on triadic cues.

This hypothesis was also suggested by earlier studies. Hoehl,
eid, et al. (2008) found an enhancement of the Nc in response to
n unusual triadic stimulus (faces looking away from an object) in
-month-olds. In both our and their study, the most unusual triadic
timulus elicited the largest Nc peak. At this age level, no such Nc
ffect was found in a dyadic context, neither in this study nor in
thers (e.g. Farroni et al., 2002; Farroni, Johnson, & Csibra, 2004). In
ur case, the scrambled face looking at an object could be perceived
s unusual due to the fact that the two eyes are pointing to two
ifferent parts of the object (the lower eye pointing to the center,
he upper eye to the top of the object). The exact reason why a
crambled face looking to an object enhances an attention-related
eural component (such as the Nc) is an intriguing question to be
ddressed in further investigations.

The series of experiments presented here suffer from some lim-
tations. One shortcoming is the high number of factors involved
n the study (dyadic vs. triadic context, canonical vs. scrambled
ace). As infants’ attentional resources are limited, we could not
ollect a large number of trials and use more than two conditions in
ach experiment. This prevented us from directly comparing dyadic
nd triadic stimulation, which would be important to show that
he type of context interacts with face processing. Additionally, it
ould have been important to present faces in a dyadic context
ith an object beside (i.e. keeping the direct gaze but adding the

bject). This way, we could have better controlled for changes in
erceptual complexity across experiments. Our study design does
ot allow to rule out that it is the referential gaze that results in
better discrimination between canonical and scrambled faces.

resenting scrambled and canonical faces with averted eye gaze
ithout an object beside might also help answering this question.

f the N170 effect still appears, one could argue that scrambled
aces with averted eye gaze are salient enough to trigger the effect.
evertheless, Hoehl, Palumbo, et al. (2008); Hoehl, Wiese, et al.

2008) did similar controls in object processing studies with 3-
nd 7-month-olds. Their results showed that the referential gaze
as perceived and used by the infants. When an object was pre-

ented with the face but was not gaze-cued, no Nc effect turned out.
ehavioral measures also point to this direction. Striano and Stahl
2005) found that 3-month-olds are able to differentiate dyadic
rom triadic social interactions. Infants gaze and smile more to
he experimenter when she looks alternately to the infants and
Please cite this article in press as: Parise, E., et al. Processing
doi:10.1016/j.neuropsychologia.2009.10.012

o the object (always present in the experimental setting) rather
han when she breaks the triadic situation not coordinating visual
ttention between infant and object. This evidence shows that pre-
enting a face and object together is not sufficient to enhance neural
rocessing, but social cues, such as referential gaze or full joint
 PRESS
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attention, are needed to make the visual presentation attractive
and attention keeping for the infants. Furthermore, a longitudinal
study between 3 and 4 months of age might confirm the develop-
mental differences we found in this study. However, future studies
should take in account the role of ostensive cues in establishing
triadic situations in natural contexts (Csibra & Gergely, 2006). The
ecological validity of our finding will benefit from the introduction
of animated stimuli in the experimental setup.

Face processing in infancy has been studied almost exclusively
in a dyadic context, and communicative cues were often not taken
into account as potential influencing factors, except in studies on
eye gaze processing. Processing the face is one of the most basic
skills of the human species. It enables us to understand others’
internal states, focus of attention and intentions. The results pre-
sented here suggest that triadic cues influence face processing in
infants, starting as early as 4 months of age. In particular, the
difference in the Nc amplitude in Experiment 3 suggests that a
scrambled face in triadic (but not in dyadic) contexts looks par-
ticularly novel to a 4-month-old infant, and determines, at least
in part, the amount of attentional resources that she will allocate
in processing the face. Therefore, this study provides information
that sheds new light on this core ability, suggesting that it could be
influenced by communicative factors and develops also in a more
“triadic way” than it was believed until now. To corroborate this
hypothesis other communicative factors different from eye gaze,
such as mouth movements and word production, should be also
considered in further studies. This study shows that the investiga-
tion of communicative factors in triadic contexts will most likely
provide new insight in understanding face processing development
and its underlying neural correlates.
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