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Do 5-month-old infants show differences in processing objects as a function of a prior interaction with an
adult? Using a live ERP paradigm we assessed this question utilizing a within-subjects design. Infants saw
objects during two pretest phases with an adult experimenter. We recorded event-related potentials to
the presentation of objects following the interactive pretest phases. Experimental conditions differed
only in the nature of eye contact between the infant and the experimenter during the pretests. In one
condition the experimenter engaged the infant with direct eye contact. In a second condition the
experimenter looked only at the infant’s chest. We found that the negative component, related to
attentional processes, showed differences between experimental conditions in left fronto-central
locations. These data show that 5-month-old infants allocate more attention to objects that have been
previously seen during direct eye-contact interaction. In addition, these results clarify the functional
nature of the negative component.

INTRODUCTION

One central issue in early development is the
nature of the relationship between the early
sensitivity to eye gaze direction in a context of
dyadic interaction and the later ability to engage in

joint attention interactions involving a third party
(object, event, or person). Not only is evidence of
infant sensitivity to adult eye gaze direction pre-
sent frombirth, but fromat least fourmonths of age
the observation of shifting eye gaze following a
brief period of mutual gaze facilitates infant
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attention toward a third object or location (Farroni,
Mansfield, Lai, & Johnson, 2003). This sensitivity
and rapid understanding of others’ eye gaze is
thought to be one of the key precursors of the
ability to jointly attend. However, it was thought
that infants under 9months of age did not engage in
or benefit from joint attention interactions (Car-
penter, Nagell, & Tomasello, 1998).

Joint attention is a triadic interaction that
involves monitoring: (1) another person’s atten-
tion in relation to the self; (2) an object; and (3)
the other person’s attention toward the same
object (Striano & Stahl, 2005). This ability is
thought to be fundamental in infant development
for a variety of cognitive processes. For instance,
it is essential in social referencing (Brooks &
Meltzoff, 2005; Woodward, 2003) and learning
about objects (Striano, Chen, Cleveland, & Brad-
shaw, 2006a), and it is related to language
development and imitative mechanisms (Baldwin,
1995; Tomasello, 1995).

Infant sensitivity to components of joint atten-
tion, such as the eye gaze shift towards an object,
is present in an elementary form even in new-
borns (Farroni, Massaccesi, Pividori & Johnson,
2004). Recent behavioral research has provided
evidence of components of joint attention in
infants younger than 9 months of age. Striano,
Stahl, Cleveland and Hoehl (2007) found that
6-week-old infants look more to an experimenter
involved in a joint attention interaction than to
the same experimenter looking away from the
infant and to an object. Further, Striano and Stahl
(2005) found that infants from 3 months look
longer to an experimenter in a joint attention
condition than to the same experimenter when
fundamental cues of joint attention are manipu-
lated, i.e. breaking the eye contact prior to
shifting the gaze to the object. Reid and Striano
(2005) also found that 4-month-old infants pro-
cessed objects differently depending on whether
the objects were cued by a human’s eye gaze.
Specifically, if the eyes gazed at one of two
possible objects, during a second presentation
when the two objects were shown alone, infant
looking times to the previously uncued object
increased. These authors argued that the pre-
viously uncued object was perceived as more
novel, suggesting that the infant had extracted
some information about the cued object in the
prior phase of the experiment. These data suggest
that even at only 4 months of age, infants are
strongly sensitive to specialized features of hu-
man social communication. Even if their beha-

vioral performance is poorer compared to older
infants, neural processes underlying these abilities
could potentially be similar. However, the rela-
tionships between the later joint attention man-
ifested by older infants in behavioral studies and
these recent data obtained for infants during the
first postnatal months are largely unexplored.

Using ERP techniques, we investigated the
relationship between observed eye gaze direction
and early sensitivity to joint attention interactions
in 5-month-old infants. Event-related potentials
(ERPs) are recordings of electrical brain activity
that are time-locked to the onset of a stimulus
(Rugg & Coles, 1995). ERP techniques have
proved to be very useful when investigating
developmental issues. In some instances, ERPs
appear to be more sensitive than behavioral
measures due to their ability to provide informa-
tion on cognitive processes in the absence of overt
behavior (see Thierry, 2005, for a review). Con-
sequently, ERPs are appropriate for assessing
open questions such as the role of observed eye
gaze in object processing in early infant develop-
ment, requiring only the passive observation of
the stimuli by infants rather than behavioral
performance. Results can be placed in a well-
defined framework of infant cognitive processes
and their relation to visual information proces-
sing. In the current experiment, ERPs were
recorded after live interactions between the
experimenter and the infant, with the indepen-
dent variable being defined as a single feature of
the experimenter’s behavior.

We focused our investigation on one infant
ERP component that is well mapped in terms of
its relation to development and cognition: the
middle latency negative central component (Nc).
It occurs approximately 300!700 ms after stimulus
onset and is most prominent at fronto-central
electrodes (Webb, Long, & Nelson, 2005).
Although the functional properties of the Nc
are still not fully known, it has been strongly
related to attentional processes. When stimuli
have not previously been seen by infants (no
familiarization phase), the Nc amplitude is larger
for infrequent stimuli (Courchesne, Ganz, &
Norcia, 1981). Using the same procedure, but
with highly familiar stimuli (i.e., the maternal
face, but also objects) infants produce a larger Nc
for the familiar stimuli compared to new stimuli
(de Haan & Nelson, 1997, 1999). Finally, when a
familiarization phase is used before ERP record-
ing, the resulting Nc component is more ambig-
uous: some studies found no differences in Nc

2 PARISE ET AL.
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amplitude for new vs. familiar stimuli (Nelson &
Collins, 1991, 1992; Richards, 2003); others found
this difference (Reynolds & Richards, 2005) with
the Nc amplitude being larger for new stimuli.

One possible interpretation of these studies is
that the Nc component is related to the amount of
attentional resources allocated by an infant in
order to process an external stimulus (Reynolds
& Richards, 2005). That is, the Nc is greater for the
stimulus that elicits the greatest attentional re-
sponse. It does not strictly reflect frequency/
novelty detection per se or a general orienting
response. However, corroborating evidence for
this position would be beneficial from an array of
different paradigms.

Recently, the Nc component has demonstrated
sensitivity in experiments involving eye gaze or
joint attention. For instance, Hoehl, Reid,
Mooney, and Striano (2008) found that in 4-
month-old infants, the observation of a face
gazing toward an object elicited a larger Nc
than the Nc induced by observing a face gazing
away from an object. In a study with 9-month-old
infants, Striano, Reid, and Hoehl (2006b) used a
live ERP paradigm involving an experimenter
sitting close to a monitor that displayed an object.
These authors found that infants produced a
larger amplitude Nc when the experimenter
looked to the infant and then to the object (‘‘joint
attention’’) relative to the Nc induced when the
experimenter looked only to the object without
first looking to the infant (‘‘non-joint attention’’).

The paradigm that we used improves on that
used by Striano et al. (2006b) with 9-month-olds.
Two important differences that are introduced are
related to (1) head turn and eye contact and (2) the
absence of the experimenter during the test phase.
Eye contact was isolated as an independent vari-
able in the current paradigm whereas this was not
an isolated variable in Striano et al. (2006b). This is
because the head movements by the experimenter
were the same in the two conditions in the current
experiment, whereas this was not the case in
Striano et al. (2006b). Therefore, the present study
can offer a stronger conclusion thanwas previously
possible, whereby the eye contact within the
context of sharing an object is a fundamental
component of joint attention. The second differ-
ence relates to the absence of the experimenter in
the cabin during stimuli presentation, with EEG
recording in two test phases during the current
study. In Striano et al. (2006b), the experimenter
was always present and the EEG was recorded
during the live interaction. Here we separated

these phases into two, with a live interaction
(pretest) and a shortly delayed stimuli presentation
phase (test). As a result of this delay and with no
experimenter present in the electrically shielded
cabin during the test phase, any differences seen
between conditions must relate to the experimen-
ter’s behavior and the resultant impact in the
infant’s memory encoding of the objects during
the pretest phase. It also serves to investigate the
longevity of the memory trace. It is currently
unknown whether the effects of joint attention
are transient and have no effects in terms of
encoding information over longer periods of
time; alternatively, joint attention may serve to
refine attentional resources and facilitate memory
encoding that remains in working memory for
more than a few seconds.

The aim of the present study was to investigate
neural correlates involved in joint attention in
5-month-old infants. Using a new paradigm, with
eye contact as an isolated independent variable,
we evaluated the effect of joint attention on object
processing following a live interaction. We pre-
dicted that even at 5 months, infant ERPmeasures
of the negative component would display a larger
negative amplitude when the object had pre-
viously been the target of joint attention with
mutual gaze when compared to objects displayed
without mutual gaze in a joint attention context.

MATERIALS AND METHODS

Participants

15 infants were included in the final sample (7
males and 8 females), with an average age of
5 months and 14 days (SD"11.31; range 5 months,
1 day to 6 months, 3 days). All infants were born
full term (37!41 weeks) and were in the normal
range for birth weight. Another 54 infants were
tested but were excluded from the final sample as
a result of fussiness (n"12), failing to reach the
minimum requirements for adequate averaging of
the ERP data (n"40), or technical problems (n"
2). Of the 40 that were excluded for failing to
reach the minimum requirements, 32 had more
good trials in the first block compared to the
second block (see ‘‘Procedure’’ below). This
group produced a mean of 8.35 good trials in the
first block and 4.63 in the second. This relatively
large dropout rate compared to other studies with
infants using ERP was thus due to task demands
related to the paradigm, where infants attended in

NEURAL PROCESSING OF OBJECTS 3
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two prephase interaction sessions and engaged
with stimuli presented in two separate blocks. Of
those infants included in the final analysis, each
contributed 17!38 (mean 24.7) trials to their
average across the two conditions (for Joint
Attention condition, mean"12.53, SD"3.38; for
No Joint Attention, mean"12.20, SD"4.07). The
average length of the whole procedure for the
final sample, including breaks, was 11.13 min
(ranging from 7.5 to 17 min). This experiment
was conducted with the understanding and the
written consent of each participant’s parent.

Stimuli

The objects presented to infants on the monitor
were six colorful pictures of small toys. Each toy
was positioned on a white square background.
On average, each toy was 106#139 pixels (range:
from minimum 98 to maximum 258), appearing
on the screen at an average size of 3.17 cm#
4.33 cm (range: from minimum 3 to maximum 8).

Procedure

Infants sat on their mother’s lap in a dimly lit
sound-attenuated and electrically shielded cabin.
Viewing distance was 70 cm from a 70-Hz 17-inch

stimulus monitor. The stimuli were presented at
minimum 3 cm by maximum 8 cm and were thus a
maximum visual angle of 6.548. The experiment
consisted of two blocks, with one subserving each
condition. The order of the blocks was balanced
across infants and the blocks were conducted
sequentially, with the second block immediately
following the end of the first. The two blocks were
presented to the subject utilizing the software
ERTS (BeriSoft Corporation, Germany). Each
block consisted of a pretest and a test phase.
During the two blocks, three different objects
were presented to the subject (three in the first
block and three different objects in the second
block). During the pretest phases a trained female
experimenter sat beside the screen and in front of
the infant with her head close to the screen. The
three stimuli were displayed at the center of a
black screen, for 20 s each. Throughout the
presentation of the stimuli in the pretest phase,
the experimenter turned her head alternately
from the screen to the infant at the rate of
approximately one turn every 5 s. During this
time, she uttered short phrases such as ‘‘Oh,
nice!’’ and ‘‘So many colors!’’, with a friendly
face and positive tone of voice. In this way, for all
infants included in the final sample, the experi-
menter was able to capture their attention and
gaze.

Figure 1. Experimental situation during the pretest phase in the Joint Attention condition (with direct eye contact). Top row: direct
eye contact between the infant and the experimenter. Bottom row: the experimenter turns her head toward the screen displaying the
stimulus. Note that the stimuli were presented in color.

4 PARISE ET AL.
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Each object was preceded by a small white
square in the center of the screen. The only
difference between the pretest across the two
conditions was the eye gaze behavior of the
experimenter. In the Joint Attention condition
she established mutual eye contact with the infant
by gazing directly into the eyes of the infant. In the
No Joint Attention condition, she gazed toward
the infant but looked at the infant’s chest, and did
not engage with the eyes. In the Joint Attention
condition, mutual eye contact was directly mon-
itored by the experimenter, as in previous beha-
vioral studies (Striano & Stahl, 2005).

At the end of each pretest phase, the experi-
menter came out of the cabin and the test session
started. Each test session was composed of 120
trials. Each trial was one of the three objects
displayed in the pretest phase. Objects were
presented in a random order with the constraint
that the same object was not presented three times
consecutively. Each trial was preceded by a small
white square (as a central fixation attractor),
presented in the middle of the screen for 500 ms,
followed by each stimulus presented on the screen
for 1 second. Between the presentations of the
trials, the screen was blank for a random period of
between 1500 ms and 1700 ms. If an infant became
fussy or uninterested in the stimuli, the experi-
menter gave the infant a short break. A block
ended when the infant’s attention could no longer
be attracted to the screen. Electroencephalogram
(EEG) was recorded continuously during the two
test phases and infant behavior was video-re-
corded throughout the session for offline trial-
by-trial editing of the EEG in order to ensure that
the infant was looking at the screen for all trials
included in later analysis.

EEG recording and analysis

EEG was recorded with Ag!AgCl electrodes
from 23 scalp locations of the 10!20 system,
referenced to the vertex (Cz). Data were ampli-
fied via a Twente Medical Systems 32-channel
REFA amplifier. Horizontal and vertical electro-
oculargrams (EOG) were recorded bipolarly.
Sampling rate was set at 250 Hz. EEG data was
re-referenced offline to the linked mastoids.
Filters were set from 0.3 to 20 Hz.

The EEG recordings were segmented into
epochs of waveform that comprised a 200 ms
baseline and 1000 ms of the image displaying the
object. For the elimination of electrical artifacts

caused by eye and body movements, the EEG
data were rejected offline whenever the standard
deviation within a 200 ms gliding window ex-
ceeded 50 mV at any electrode (80 mV for EOG).
Data were also visually edited offline for artefacts
and to ensure that included trials were those
where the infant was attending to the screen.

A preliminary analysis on the occipital chan-
nels was conducted to ensure that perceptual
differences were not present between the two
conditions. Out of 15 subjects, 14 were used, due
to technical problems at electrode O1 for one
subject. The mean amplitude by each condition
was calculated on O1 and O2 in the time window
20!170 ms. We chose this time window as it
displayed the largest difference between condi-
tion on both electrodes. Data were analyzed with
a 2#2 general linear model, condition (Joint
Attention!No Joint Attention) and electrode
(O1!O2) as within-subject factors. A similar
analysis was performed on anterior frontal chan-
nels, averaging the amplitude for each condition
in the time window 0!400 ms and performing
single paired-samples t-test in the regions of
interest listed below.

To assess differences in the Nc, a time window
from 400 to 700 ms was chosen on the same
channels that were assessed by Striano et al.
(2006b), namely on frontal and central channels.
In order to detect differences in the negative peak
between conditions, for each included subject the
minimum amplitude within this window was
selected as the dependent variable in fronto-
central left (F3, CF3, C3), central (Fz, Cz) and
fronto-central right (F4, FC4, C4) locations. As
well as conforming to prior research, these
electrodes were included as the effect was most
evident across these sites.

Variances of ERPs were analyzed by a 2#3
general linear model analyzing condition (Joint
Attention!No Joint Attention) and location (left!
central!right) as within-subject factors.

Wealso assesseddifferences in the latencyof the
peak within the time window 400!700 ms, utilizing
the same analyzed factors as reported above.

RESULTS

Behavioral results

A paired-sample t-test for gazing toward the
objects in the pretest phases revealed no signifi-
cant differences between joint attention and no

NEURAL PROCESSING OF OBJECTS 5
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joint attention condition (t(14)"0.46, p!.05).
This result ensures that differences observed in
ERPs cannot be derived from different amounts
of time spent in looking to the objects during the
pretest component of the experiment.

As a supplementary behavioral measure we
also coded the number of smiles during the
pretest phases. No significant difference between
conditions was found (McNemar’s x2 with
Edwards’ correction for small samples"0.00,
p"1.000).

ERP results

On occipital channels no main effect for condition
F(1,13)"4.08, p!.05 or electrode F(1,13)"0.07,
p!.05 and no significant interaction F(1,13)"
0.06, p!.05 were found.

On anterior frontal channels between 0 and
400 ms no significant results were found in left

(t(14)"$1.82, p!.05), central (t(14)"0.27,
p!.05) or right location (t(14)"$0.98, p!.05).

For the Nc peak analysis, the ANOVA indi-
cated an effect of location (F(2,28)"4.80, pB
.02). A Scheffé post hoc test indicated a signifi-
cant difference (pB.02) between the central
(M"$18.64 mV, SE 2.85 mV) and the right loca-
tions ($12.3092.90 mV). There was also an
interaction between condition and location
(F(2,28)"4.04, pB.03). A Scheffé post hoc test
indicated a significant difference between condi-
tions in the left location (pB.05) with the Joint
Attention condition ($20.1892.97 mV) more
negative than the No Joint Attention condition
($12.4093.02 mV). A further assessment, utiliz-
ing paired sample t-tests within each channel
group confirmed greater negative amplitude to
the joint attention condition relative to the no
joint attention condition in the left electrodes
(t(14)"$2.25, pB.05). No differences were
found in the central (t(14)"0.09, p!.05) or right
locations (t(14)"$0.41, p!.05). For the grand

Figure 2. Grand average across all electrodes (black"direct eye contact; gray"no direct eye contact) of all subjects included (n"
15). The Nc component is maximal in the ERP at 500 ms in the eye contact condition in the left fronto-central (F3, FC3, C3)
location. Horizontal tick mark, 0.2 ms; vertical tick mark, 10 mV. Negative is up. Note: O1 is the average of 14 subjects due to
technical problems at this electrode.

6 PARISE ET AL.
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average of the Nc effect in the context of all scalp
locations, see Figure 2. For the grand average
of the Nc effect at the assessed locations, see
Figure 3. There were no effects of latency.

A follow-up analysis of whether there were
effects of the block design was also performed.
It was conceivable that the Nc would be greater
in the mutual gaze condition when this condition
was conducted first relative to the same condition
being performed as the second block. The same is
also true for the no mutual gaze condition. The
minimum amplitude between left, central and
right location was selected separately inside
mutual gaze and no mutual gaze condition. Two
independent samples t-test were performed (one
within each condition), using the presentation
order (mutual gaze as first block vs. no mutual
gaze as first block) as categorial predictor. No
order effects were found (in mutual gaze condi-
tion t(13)"$0.97, p!.05; and in the no mutual
gaze condition t(13)"$1.29, p!.05).

As a final control, a time course analysis of the
Nc amplitude during the sequence of trials was
performed. Due to the block design and the task
difficulties for the infants present in the para-
digm, it was conceivable that a difference in Nc
amplitude would be observed between the first
and last trials of each block, with later trials
displaying a diminished Nc amplitude. Within
each test phase the trials that contributed to the
participant’s grand average were divided into two:
the first and second halves of the test phase. ERPs
were calculated separately for the first and second
halves. The minimum amplitude between the left,

central and right locations was selected in the
same time window that was previously used. A
2#2 repeated measure ANOVA was performed
with block and first/second half of trials as factors.
In this way we segmented the time course of the
Nc component in 4 sequential temporal segments,
independently from condition (as condition was
counterbalanced in the presentation order and
was not representative of the Nc time course). No
main effects (F(1,14)"0.13, p!.05); F(1,14)"
0.15 or interaction (F(1,14)"0.15, p!.05) were
found to be significant. Even considering only the
left frontal channels, the same analysis was not
significant (all p!.05).

Discussion

We evaluated the effect of direct eye contact (as a
fundamental component of joint attention) on
object processing in 5-month-old infants. The aim
of the present study was to investigate neural
correlates involved in joint attention in 5-month-
old infants. A two block paradigm was used, with
each block including a pretest phase with a live
interaction between experimenter and infant,
followed by a test phase of stimuli presented
during EEG recording. The only difference be-
tween the two blocks was the nature of eye
contact between the experimenter and the infant
during the pretest phase. We performed a peak
analyses on the fronto-central electrodes between
400!700 ms. We found a significant effect of
location, with amplitude at central electrodes

Figure 3. Grand average of electrodes used in the analyses (black"direct eye contact; gray"no direct eye contact). The Nc
component was analyzed as the negative peak in the ERP between 400 and 700 ms in the frontal location.

NEURAL PROCESSING OF OBJECTS 7
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higher than at the right location, and a significant
interaction of condition by location, with the
amplitude in the Joint Attention condition being
higher than in the No Joint Attention condition in
the left fronto-central location.

Our results speak to a range of previous studies
on the neurobiology of gaze and attention. Senju,
Johnson, and Csibra (2006) recorded ERPs from
both 9-month-old infants and adults. They used a
computer presentation of a face displaying direct
eye contact. Then a target appeared beside the
face and finally the target disappeared and the
face shifted the eyes congruently or incongruently
with the previous target location. They found
differences in both infants’ and adults’ ERP. Both
groups showed a negative peak at about 300 ms at
occipital-temporal locations. More interesting, in
infants only two early frontal-anterior compo-
nents (N200 and N400) were found, and both
were more negative for the congruent condition.
The authors interpreted the results as detection of
communicative cues elicited by the particular
experimental setting. Although there were differ-
ences in paradigm, EEG recording system and
infant age when compared with the current
experiment, both Senju et al. (2006) and the
present study suggest a strong influence on infant
perceptual processing of a period of mutual eye
contact.

In one study with 4-month-olds, Reid, Striano,
Kaufman, and Johnson (2004) found differences
in a late slow wave ERP component during object
processing. Infants in that study were initially
shown a forward-gazing human face with an
object located beside the head. The face then
shifted the gaze to the object or away from the
object. Finally, the object was displayed alone, to
which the ERP was time-locked. The object
previously uncued by the eyes elicited a higher
amplitude in the late positive slow wave when
compared to the ERP for the cued object. The
authors interpreted this result as relating to a
facilitation of object processing in the encoding of
object properties. That is, the previously cued
object was more encoded in the infant brain than
the uncued one, resulting in a smaller slow wave
for the cued object. When compared to this result,
our data show a clearer involvement of atten-
tional resources, due to the known properties of
the Nc when compared to those of the positive
slow wave. This result also suggests that the use of
an experimenter in a live paradigm maximizes
attentional resources when compared to the
presentation of an individual on a computer

display. However, both Reid et al. (2004) and
the present study clearly demonstrate that eye
gaze plays an important role in object processing
within the first postnatal months.

The results of the present study shed new light
on infants’ early social-cognitive capacities. As
with Striano et al. (2006b), the present study
suggests that mutual eye gaze significantly influ-
ences the amount of attentional resources that is
allocated by the observing infant during the
processing of objects. A higher Nc peak ampli-
tude in both conditions was observed by Striano
et al. (2006b) when compared to the amplitudes
found in the present study; however, the effect
that we have found at 5 months is similar in terms
of topography and latency. In both experiments
no effect is present in the right anterior locations,
with effects found in central and left frontal
regions. This suggests an intriguing relationship
between 5 and 9 months, with the possibility that
the neural systems subserving the extraction of
information during social interactions are the
same at both ages.

Furthermore, it is of note that we recorded
EEG to the presentation of objects once the
experimenter had left the cabin. As the results are
consistent between the present study and Striano
et al. (2006b), this suggests that the formation of
the memory trace by the infants was robust
enough to withstand the delay between the
experimenter leaving the room and the onset of
the objects in the test phase. The delay between
the end of the interaction and the beginning of
the presentation of the object stimuli was any-
where between 20 and 60 s. Further, as we found
no differences between the amplitude of the Nc at
the beginning and the end of the test phase, this
suggests that the manipulation of eye contact had
an impact on object processing throughout the
test phase. This could have been a period of
between 90 and 240 s, depending on the indivi-
dual infant, with 240 s representing the maximum
length of each single test phase. Despite the
difficulty of explaining our results without the
involvement of memory encoding, it should
be noted that we did not explicitly manipulate
time as an independent variable. Therefore the
issue of memory delay during joint attention is in
need of further investigation.

In terms of the functional properties of the Nc,
our results support the interpretation of the Nc
component as a measure of attentional resources
depending on the infant’s interest in the stimulus.
In our procedure all the stimuli were familiarized,
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with each EEG recording preceded by a pretest
phase. This ensured that all the stimuli had
previously been seen by the infants. The differ-
ence is in the kind of familiarization and, we can
assume, in the nature of the engagement that the
infant has with the objects. It is conceivable that
objects in the direct eye contact condition were
recognized as having more ‘‘social valence’’ in
terms of being more socially important than those
in the other condition. Our results are consistent
with previous data on joint attention (both
behavioral and ERP). Thus, it is possible to
conclude that attention to the object is higher
following the interaction with direct eye contact,
and that the Nc component actually reflects a
larger allocation of attentional resources for
stimuli ‘‘familiarized’’ during a direct eye contact
interaction.

One possible control would be to collapse the
two pretest and the two test trials. In a single
pretest the experimenter could show different-
looking behaviors for different objects and in the
test all the objects would be presented in a
random order with equal probability. This could
significantly improve the effectiveness of the
paradigm, avoiding high dropout rates with parti-
cipants due to the difficulty to attend to two
different experimental blocks. Therefore this
paradigm would be highly comparable with the
method used to study the nature of Nc after
stimuli familiarization that has provided incon-
sistent results in the past (see Reynolds &
Richards, 2005).

One caveat to the current research is that the
attrition rate of participants was high. It is possible
that the demands of the task ensured that only
those infants with a large attention span were able
to be included in the final analysis. Alternatively,
de Haan, Belsky, Reid, Volein, and Johnson
(2004) found that it was those infants with high
negative temperament that failed to complete an
ERP experiment. It is possible that similar effects
are present in the current experiment, although it
is likely that task demands are the cause of the
high attrition rate seen in this study.

The results presented here demonstrate that
even 5-month-old infants are sensitive to key
components of a joint attention interaction. It is
possible to observe an effect of direct eye contact
on underlying neural processes in infants of this
age. In particular, the difference in the Nc
amplitude found in the left fronto-central location
suggests that direct eye contact is a fundamental
part of a joint attention context that determines,

at least in part, the attentional resources that an
infant will allocate for processing an object. Due
to the young age of the infants tested, these data
are particularly relevant. As mentioned in the
introduction, joint attention is thought be a
fundamental skill for a number of developmental
achievements apart from object processing. These
skills include social referencing, imitation, and
language learning. Therefore, this study also
provides information that adds to a growing
body of evidence clarifying the complex develop-
ment of joint attention throughout the first
postnatal year. It provides converging evidence
with behavioral studies that fundamental compo-
nents of joint attention are present at a very early
age, and that neural systems involved in these
tasks are operational well before the manifesta-
tion of overt behavior. This study shows that the
investigation of joint attention at ages of less than
9 months is warranted in order to produce a
robust understanding of the ontogeny of social
cognition. This is particularly true given the
influence of joint attention on social and cognitive
abilities in later life.
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