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Two experiments used eye tracking to examine how infant and adult observers distribute
their eye gaze on videos of a mother producing infant- and adult-directed speech. Both
groups showed greater attention to the eyes than to the nose and mouth, as well as an
asymmetrical focus on the talker’s right eye for infant-directed speech stimuli. Observers
continued to look more at the talker’s apparent right eye when the video stimuli were
mirror flipped, suggesting that the asymmetry reflects a perceptual processing bias
rather than a stimulus artifact, which may be related to cerebral lateralization of emotion
processing.
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INTRODUCTION
Interaction between caregivers and infants is a complex, bidi-
rectional phenomenon (Cohn and Tronick, 1988; Fogel et al.,
1999). This interaction is embodied in the form of a complex
combination of dynamic expressions and movements of the face
and body, including a characteristic infant-directed (ID) style of
speech with distinctive multisensory properties. The goal of this
study is to examine how infants process audiovisual samples of ID
speech, and examine how this processing might differ from that
for adult-directed (AD) speech.

The acoustical properties of ID speech productions have
been examined in detail: higher pitch, expanded pitch con-
tours, increased pauses and repetition (Fernald and Simon, 1984;
Fernald et al., 1989). Perceptual studies in infants have shown
a strong preference for ID speech, (Fernald, 1985; Cooper and
Aslin, 1990; Pegg et al., 1992; Werker et al., 1994), and infants’
responses have an influence on mothers’ speech production dur-
ing interaction (Smith and Trainor, 2008). Although infants’
visual behaviors have often been used as a response measure (as
in visual preference procedures) and as a means of understanding
infants’ multisensory processing of ID speech (Lewkowicz, 1996),
much less is known about how infants visually process audiovi-
sual ID speech. This study examines how infants allocate their
visual attention on a talker’s face when processing ID speech. ID
speech is a particularly interesting stimulus because it conveys
both phonetic (Kuhl et al., 1997; Burnham et al., 2002), prosodic
(Fernald and Mazzie, 1991) and emotional information (Trainor
et al., 2000; Spence and Moore, 2002), adapted to the infant’s
developmental state.

Faces are perhaps the most important element of our
social environment. Infants show a strong visual preference for
faces (Fantz, 1963), which reflects the operation of underlying
processes that support the development of face perception and

recognition (Morton and Johnson, 1991; Pascalis et al., 1995). The
ways in which infants analyze faces vary as a function of a number
of factors. Newborns shift from a focus on the peripheral features
of the face to exploration of internal features, primarily the eyes,
during the first few months of infancy (Maurer and Salapatek,
1976; Haith et al., 1977). A number of studies have shown that
over the following months, infants’ attention shifts to the mouth
(Hunnius and Geuze, 2004). In a variety of speech perception
tasks, older infants spent more time fixated on the talker’s mouth,
which may reflect the increased importance of phonetic informa-
tion from the talker’s mouth at this period of the infant’s language
development (Lewkowicz and Hansen-Tift, 2012; Kubicek et al.,
2013; Tenenbaum et al., 2013). In contrast, other work has shown
that infants continue to distribute fixations more to talkers’ eyes
and upper part of the face (Liu et al., 2011). Examinations of
mothers’ speech productions have shown distinct facial character-
istics and exaggerated lip movement in ID speech (Shochi et al.,
2009; Green et al., 2010; Shepard et al., 2012).

In most infant eye-tracking studies, the infants are more
or less passive observers, making it difficult to ascertain what
information-processing goals infants they have, if any, that might
guide their selective attention. Studies with adults have explored
the role of task on gaze patterns. Eye-tracking studies of audio-
visual speech perception have shown that listeners’ selective
attention to specific regions on the talker’s face reflect process-
ing strategies or biases that correspond to attempts to extract
information that is relevant to task demands. For example, adult
listeners focus on the talker’s eyes more when asked to judge emo-
tion or intonation, but direct their gaze to more central or lower
regions of the talker’s face (i.e., the nose or mouth) when asked to
perform difficult speech recognition or segmental judgment tasks
(Vatikiotis-Bateson et al., 1998; Lansing and McConkie, 1999;
Buchan et al., 2007).
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Departures from typical gaze patterns have been observed
in people with autism; a hallmark characteristic of which is
decreased fixation to the eyes, and increased gaze fixation on the
mouth (Klin et al., 2002; Pelphrey et al., 2002). In an effort to
explore potential early identifiers of autism, Merin et al. (2007)
found that 6-month-old infants at-risk for autism fixated more
on their mothers’ mouths than did infants in the low-risk con-
trol group. However, contrary to expectations, a follow up study
of these same infants found that, while not predictive of autism
symptoms, infants who fixated more on their mothers’ mouths
at 6 months showed increased expressive language scores and
growth over the next 18 months (Young et al., 2009)—a result
that aligns with other studies arguing that increased mouth fixa-
tions play a role in speech and language development in infancy
(Lewkowicz and Hansen-Tift, 2012; Tenenbaum et al., 2013).

In addition to studies contrasting fixations to the upper and
lower faces, other work has explored left/right asymmetries in
the processing of faces. Studies using chimeric faces, in which
conflicting information is juxtaposed on the left and right side
of composite faces, have shown that the right side of faces have
a greater influence on observers’ classification responses (Levy
et al., 1983; Burt and Perrett, 1997). This effect has been called
the left visual field (LVF) bias, because the right side of the face
appears in the observer’s LVF, which projects to processing areas
in the right cerebral hemisphere (De Renzi et al., 1994; Haxby
et al., 2000; Yovel et al., 2008).

Eye-tracking studies have also demonstrated increased gaze
fixation on the right side of faces using photographs (Butler et al.,
2005), and the presence of this bias in human infants, rhesus
monkeys and domestic dogs (Guo et al., 2009) suggests that this
asymmetry reflects a general property of face processing across
species. Adults with autism (Dundas et al., 2011) do not show
the same LVF bias for facial information as shown by adults in
a control group, and a similar lack of LVF bias for still pho-
tographs has been shown in infants at risk for autism (Dundas
et al., 2012). Using dynamic audiovisual stimuli, other studies
have shown similar asymmetries in gaze distributions toward the
talker’s right eye for talking faces (Everdell et al., 2007), however,
many eye-tracking studies of infant speech perception have not
contrasted talkers’ left and right eyes as separate regions of inter-
est. Given the connection between LVF bias and social cognition,
as well as the interactive properties of speech that dynamic audio-
visual stimuli approximate (albeit to a limited degree, but more
so than still photographs), one might expect to find a LVF bias
in infants’ visual processing of ID speech, which is arguably as
much about the expression and regulation of emotion (Trainor
et al., 2000; Spence and Moore, 2002) as it is about phonetic
information.

EXPERIMENT 1
MATERIALS AND METHODS
Participants
A total of 39 infants between 5 and 8 months of age were recruited
to participate in this study and visited the laboratory. Five infants
were unable to complete the eye-tracker calibration procedure,
due to fussiness, a lack of interest in the calibration stimuli pre-
sented on the screen, or technical difficulties with the eye-tracking

system. The 34 remaining infants who did successfully com-
plete calibration, then performed a data validation procedure
(described below) to ensure that their recorded eye-tracking data
corresponded to known screen locations of validation stimuli.
Eighteen infants (age: M = 6.04 months, SD = 1.04 months, 8
male, 10 female) met the validation criterion, and successfully
completed all test trials, and are included in the data analysis
below. This experiment was approved by the Institutional Review
Board at Boys Town National Research Hospital, and informed
parental permission was obtained for all infant participants.

Stimuli and procedure
The stimuli consisted of video clips showing a head and shoulders
view of a woman engaged in AD and ID speech. In the AD speech
condition the talker was recorded for several minutes talking to
an adult male, who was seated in line with, but out of view of
the camera. In the ID speech condition, the talker was interacting
with her own 4-month-old infant, also out of view of the cam-
era. For both ID and AD speech stimuli, the camera was located
just above the infant or adult listener’s head. This configuration
approximated direct eye contact, although imperfectly. The phys-
ical presence of the infant is a critical factor in eliciting ID speech
(Fernald and Simon, 1984). For each condition, two 30-s-long
excerpts were extracted. These were chosen to exclude any vocal-
izations other than the female talker as well as segments during
which the talker’s hands may have come into view of the camera.

The videos were presented using custom-written software
developed in Max/MSP/Jitter 5, and displayed on a 26-inch LCD
monitor (1920 × 1200 resolution, 55 × 35 cm) connected to a
Mac Pro computer. The audio portion of the video was deliv-
ered through a Roland Edirol FA-101 interface and a Crown
D-75A amplifier and ultimately delivered at 55 dBA by a single
GSI audiometric speaker mounted slightly above and behind the
LCD monitor.

Infants’ eye gaze was tracked using a faceLAB 4 eye-tracking
system (Seeing Machines Limited, Canberra, ACT, Australia)
operating in “Precision” mode, at a rate of 60 samples per second.
Real-time data from faceLAB was logged to the stimulus presenta-
tion computer, which recorded the gaze screen intersection pixel
coordinates with respect to stimulus video time.

Prior to the experiment proper, a short (approximately 1 min)
eye-tracking validation procedure was performed in which three
looming targets (robot, duck, ball) were presented at three differ-
ent locations on the screen to ensure that the recorded eye-tracker
data corresponded to the target locations. At their maximum
expansion these targets subtended approximately 5◦ in visual
angle, and only subjects whose fixations fell within these target
regions were included in this analysis. Each subject then per-
formed four trials, two ID speech videos, and two AD speech
videos. The stimulus type alternated from trial to trial, with an
ID speech stimulus presented first for half of the subjects.

Because the stimulus talker moved her head in a natural
way when speaking, the locations of her facial features in the
video varied over time. In order to accurately relate subjects’ eye
gaze location to these moving facial features, dynamic regions
of interests (ROIs) were defined for each video frame of each
stimulus using facial feature pixel coordinates, as illustrated in
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Figure 1. Facial features were found to move over a wider range
for the ID than AD speech videos, which corresponds with other
work showing exaggerated visual prosodic head movements in ID
speech (Smith and Strader, under review). For the left and right
eyes, circular regions were defined (5◦ visual angle in diameter),
that were centered on the pupil of each eye. The mouth ROI was
defined by a rectangle (10◦ × 5◦ visual angle) that was horizon-
tally centered on a bisection point on a line between the left and
right corners of the mouth. The top edge of the mouth ROI was
vertically aligned with a bisection point between the mouth cen-
ter point and the tip of the nose. The nose ROI was a rectangle
(4◦ × 2.5◦) with a bottom edge that abutted the top of the mouth
ROI, which was horizontally centered on the nose tip point.

Prior to analysis, subjects’ gaze fixation data and the facial fea-
ture location data from the stimulus videos were brought into
a common temporal framework. To do this, talker facial feature
locations were resampled in MATLAB (The MathWorks, Inc.,
Natick, MA) from 30 samples per second (the video frame rate)
to 60 samples per second (the eye tracker sampling rate) using
an interpolation procedure. Given the sampling rate and stimulus
duration (60 Hz × 30 s) a total of 1800 eye tracker samples were
recorded for each trial.

RESULTS
On average 67.1% of the eye-tracker samples obtained from
infants contained useable eye gaze data. The remaining samples
were excluded because of a temporary loss of tracking (e.g., eye
blinks, looking away from the eye tracker) or failure to meet the
highest gaze quality criterion for at least one eye (level 3 in the
faceLAB software). Next, the eye tracking samples were given cat-
egorical labels reflecting fixation within the four facial feature

FIGURE 1 | (A) Shows an infant during the eye-tracking procedure. The
green vectors represent the gaze direction for each eye independently of
head orientation, shown in red. (B) Shows a frame from one of the video
stimuli, with the dynamic regions of interest for the right eye, left eye,
nose, and mouth overlain. (C) Illustrates the intersection of the infants’ eye
gaze with locations on the stimulus video.

ROIs described above: right eye, left eye, nose, or mouth. For each
subject and for each trial in the ID and AD speech conditions
the proportion of the total number of eye tracker samples falling
within each facial feature ROI was calculated, and the average
values are shown in Figure 2.

For the both the ID and AD speech conditions, about 15%
of the total trial time was spent looking within the four nar-
rowly defined ROIs. Looking proportions can be presented
and analyzed in different ways. It is common in other eye-
tracking studies to calculate the proportion for each ROI and
divide this value by the sum of the proportion values for all
ROIs. This essentially normalizes the individual ROI proportions
across a range of different total ROI proportions by ignoring
all non-ROI looking. While this approach facilitates the con-
struction of index measures (i.e., left vs. right lateralization,
or mouth vs. eyes), the proportion of the total stimulus pre-
sentation time to which these index measures apply can be
obscured, making it difficult to compare the present result with
those of previous studies. In the interests of transparency, the
present data are reported in terms of proportions of all sam-
ples. This captures both the relative differences between each
ROI, as well as the relation between all ROI and non-ROI
looking.

The mean proportion data for each speech type (ID or
AD) were submitted to a two-way repeated measure ANOVA
with speech type and facial feature (right eye, left eye, nose,
mouth) as within subject factors. No main effect of speech
type was found, F(1, 17) < 1, ns, meaning that proportion of
time spent looking at facial features in general did not dif-
fer between the ID and AD speech stimuli. A significant main
effect of feature was found, F(3, 51) = 10.55, p < 0.001 η2 =
0.383, meaning that across both ID and AD speech stimuli,
infants looked at some features (i.e., the eyes) significantly more
than others (i.e., nose and mouth). Finally, a significant speech
type × feature interaction was found, F(3, 51) = 3.97, p < 0.001,

FIGURE 2 | Proportion of total eye tracker samples in which infants’

gaze fell within regions of interest around talker’s facial features. Right
eye refers to the talker’s right eye, which appeared on the left side of the
screen. Significance tests for differences between right and left eye;
∗∗p < 0.01, ns = non-significant.
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η2 = 0.387, with infants looking significantly more at the talker’s
right eye than the left in the ID speech condition, t(17) = 3.09,
p = 0.007, but not in the AD speech condition, t(17) = 0.30,
p = 0.77.

The first main finding of this experiment was that infants
looked more at the talkers’ eyes than the talker’s nose and mouth.
Although this finding corresponds to other studies showing
increased interest in eyes in still images (Maurer and Salapatek,
1976) and moving faces (Haith et al., 1977), it is somewhat in
contrast to more recent eye tracking studies that have found
a shift in infants’ visual attention from the talker’s eyes to the
mouth starting at 6 months of age, peaking at 10 months, with
a return to the talker’s eye in adults (Lewkowicz and Hansen-
Tift, 2012; Tenenbaum et al., 2013). Similarly, Hunnius and
Geuze (2004) found increased fixation to the mouth between 6
and 26 weeks of age, using silent video stimuli. Individual dif-
ferences in the relative distribution of fixations to the eyes vs.
mouth have been found in 6-month-old infants, with subgroups
of infants fixating more on the eyes, and others fixating more
on the mouth (Merin et al., 2007). The present study tested
infants at what would be the beginning of this developmental
shift. In contrast to other studies in which more controlled and
less interactive speech stimuli were used, the emotional expres-
sion may be a particularly salient property of the stimuli used
in the present study, thus, drawing infants’ gaze to the eyes
in an effort to tailor their perceptual processing to emotional
information.

The second main finding was a stimulus related lateralization
of gaze to the talker’s right eye. Although asymmetries have been
observed in eye-tracking studies of adults (Everdell et al., 2007),
many infant studies have not analyzed or reported eye gaze data
with separate ROIs for the talker’s left and right eyes (Hunnius
and Geuze, 2004; Lewkowicz and Hansen-Tift, 2012; Tenenbaum
et al., 2013). The basis for this asymmetry was explored in
Experiment 2.

EXPERIMENT 2
Experiment 1 found that infants looked more at the talker’s
right eye than the left, particularly for the ID speech stimuli.
The purpose of Experiment 2 was to compare infants’ looking
behavior with that of adults, as well as to rule out the possi-
bility that this asymmetry was due to some artifactual property
of the talker’s right eye that may have attracted the observer’s
attention, rather than a more general perceptual processing bias.
To test this, a group of adult observers performed the same
eye-tracking task as the infants, but with two different versions
of the stimulus used in Experiment 1. The “original” versions
were the same as those used in Experiment 1. The mirror-
flipped versions differed only in that the image was horizontally
reversed so that the talker’s right eye now appeared on the right-
hand side of the screen, and appeared as though it were the
talker’s left eye. If the asymmetry observed in Experiment 1
were due to some property of the talker’s right eye, we would
expect a reversal of the gaze asymmetry in the mirror-flipped
condition. If the asymmetry is due to a processing bias, then
observers should continue to look at the apparent right eye in
both conditions.

MATERIALS AND METHODS
Participants
Twenty-four adults (5 men, 19 women; mean age = 27.04 years,
SD = 9.65 years) participated in this experiment. All participants
had normal, or corrected-to-normal, vision (on the basis of
self report). Three additional adults were recruited but were
not included in this sample because of calibration/validation
problems with the eye tracker (n = 2), or technical difficul-
ties with stimulus presentation (n = 1). This experiment was
approved by the Institutional Review Board at Boys Town
National Research Hospital, and informed consent was obtained
from all participants.

Stimuli and procedure
The stimuli and procedure were identical to those used in
Experiment 1, with the addition of a set of mirror-flipped ver-
sions of the videos in which the left and right sides were reversed.
Stimuli were presented in random order. Gaze data from the eye
tracker was analyzed in terms of ROIs in the same way as in
Experiment 1. For mirror-flipped versions of the stimuli, the label
“Right eye” refers to what appeared to be the talker’s right eye,
which was presented on the left side of the screen.

RESULTS
On average 94.5% of the eye-tracker samples contained useable
eye gaze data (defined as quality level 3 for at least one eye in the
faceLAB system). Samples that failed to meet this criterion were
excluded from the analysis. Eye tracking samples were reduced to
categorical labels corresponding to the four facial feature ROIs,
and the proportions of samples falling within each ROI were cal-
culated for each trial. The mean proportions, averaged across
subjects for each stimulus condition are shown in Figure 3.

Mean proportion data were submitted to a three-way repeated
measures ANOVA with speech type (ID or AD speech), facial

FIGURE 3 | Proportion of total eye tracker samples in which adults’

gaze fell within regions of interest around talker’s facial features. Right
eye refers to the talker’s right eye, which appeared on the left side of the
screen. Significance tests for differences between right and left eye;
∗p < 0.05; ∗∗∗p < 0.001, ns = non-significant.
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feature (right eye, left eye, nose, mouth), and mirror reversal
(original or flipped) as within-subjects factors. No significant
main effects of speech type, F(1, 23) < 1, ns, or mirror reversal,
F(1, 23) < 1, ns, were found, meaning that observers looked at
talker facial features in general similarly for ID and AD stim-
uli, and for original and mirror-flipped versions of the stimuli.
A significant main effect of feature, F(3, 69) = 5.73, p = 0.001,
η2 = 0.20, and significant interaction of speech type × feature,
F(3, 69) = 7.06, p < 0.001, η2 = 0.235, showed that observers dis-
tributed their gaze to some features more than others, and that
the pattern of distribution was different for the ID and AD speech
stimuli. The speech type × mirror-reversal interaction was not
significant, F(1, 23) < 1, ns.

The speech type × mirror reversal × feature interaction
was significant, F(3, 69) = 2.91, p = 0.041, η2 = 0.112. For ID
speech stimuli observers looked significantly more to talker’s right
eye than left for both the original, t(23) = 2.43, p = 0.023, and
mirror-flipped, t(23) = 3.83, p = 0.001, versions of the stimuli.
These effects correspond to the right eye asymmetry of infants
in Experiment 1. For AD speech stimuli, no significant differ-
ence was observed in the amount of looking to the left and right
eye in the original, t(23) = 0.96, p = 0.348, or mirror-reversed
conditions, t(23) = 1.68, p = 0.106.

The results of Experiment 2 extend the findings of Experiment
1 to adult observers, showing that asymmetrical distribution
of eye gaze to the talker’s right eye is common to both age
groups when processing ID speech. The persistence of this effect
for mirror-reversed versions of these stimuli provides evidence
that the asymmetry does not reflect a response to an artifactual
property of the stimulus, but rather a visual processing bias in
observers.

GENERAL DISCUSSION
The present study examined where infant and adult observers
distribute their eye gaze on the talker’s face when watching audio-
visual examples of ID and AD speech. Gaze fixations were not
uniformly distributed, but rather concentrated on the upper
portion of the face. Previous eye-tracking studies provide a var-
ied and changing account of the infants’ selective attention to
facial features, with some studies demonstrating an increased
focus on the eyes (Liu et al., 2011), and others an increased
focus on the mouth (Hunnius and Geuze, 2004; Lewkowicz and
Hansen-Tift, 2012; Tenenbaum et al., 2013). The first year of
infancy is obviously a period of rapid developmental change,
and methodological differences between studies make drawing
conclusions about infants’ visual processing strategies difficult.
The present study differs from others, in that the stimuli were
recorded in the context of the talker’s natural, emotionally expres-
sive interaction with her own infant and an adult listener, rather
than simulated ID speech or non-interactive monologue with
more controlled speech material. Just as the acoustic proper-
ties of mothers’ ID speech are influenced by feedback from
infants (Fernald and Simon, 1984; Smith and Trainor, 2008),
it is also likely that the way in which infants visually process
talking faces depends a great deal on the way in which the
faces are talking, and the nature of the information communi-
cated. The observed focus on the talker’s eyes is consistent with

studies of adult observers performing emotional judgment tasks
(Buchan et al., 2007).

Although infants consistently looked more at the talker’s eyes,
an asymmetry was observed in which they looked significantly
more at the talker’s right eye for ID speech stimuli. This effect
was replicated in Experiment 2, in which adult observers showed
a similar right-eye distribution for both original and mirror-
flipped versions of the stimuli, suggesting that the asymmetry
reflects a processing strategy or perceptual bias, rather than the
effect of a stimulus artifact. This result opens the question of
what property of ID speech is driving the observed gaze asym-
metry. Although much of the foundational research on ID speech
focused on the acoustical differences between ID and AD, there
has been a growing interest in the visible aspects of mother-
infant interaction (Brand et al., 2002; O’neill et al., 2005; Green
et al., 2010). Recent work has shown increased visual prosodic
head movements in ID speech, as well as stronger relations
between mothers’ voice pitch and head position (Smith and
Strader, under review). Could these increased head movements
be considered a natural confounding factor? This characteri-
zation assumes that ID speech is primarily an acoustical phe-
nomenon, with visible correlates. Although there are practical
challenges to creating realistic ID and AD speech stimuli in which
head movements are controlled, the growing acknowledgment
of ID speech as an integrated multisensory phenomenon sug-
gests that controlling for visual prosody by instructing mother
to restrict their head movements will likely produce an arti-
ficial and impoverished, rather than a purer, example of this
phenomenon. However, the use of animations to independently
manipulate the visible head movements associated with speech
(e.g., Munhall et al., 2004) may be a promising approach to
exploring the factors underlying the visual processing of ID
speech.

The increased focus on the talker’s right eye likely bears some
relation to the LVF bias observed in other studies of face percep-
tion. Typically, these studies use chimeric faces, in which the face
stimulus contains conflicting information on the left and right
sides, such as gender, emotion or attractiveness expressed (Levy
et al., 1983; Burt and Perrett, 1997; Alpers, 2008; Parente and
Tommasi, 2008). Facial information that appears in the observer’s
LVF exerts a greater influence on the observer’s response than the
information on the right visual field (RVF), in perceptual judg-
ment tasks. Because information from the LVF projects to the
right hemisphere of the brain, this bias has been interpreted as
evidence for the right hemispheric lateralization for face process-
ing (Yovel et al., 2008). Using tachistoscopic presentation of faces
to the LVF and RVF, De Schonen and Mathivet (1990) found that
infants had enhanced recognition for their mothers’ faces when
present in the LVF (right hemisphere). Visual input to the right
hemisphere during infancy is necessary for the development of
face processing expertise (Le Grand et al., 2003).

Eye-tracking studies showing increased focus on the right eye
suggest that infants also have LVF bias for photographs (Guo
et al., 2009; Dundas et al., 2012). While LVF bias has been
shown for dynamic faces in adults (Everdell et al., 2007), the
present study provides evidence for a similar asymmetry in infant
observers. However, the use of eye tracking introduces some
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complications related to a LVF bias interpretation, which assumes
that observers’ eye gaze is centrally fixated on the face. Specifically,
if the observer fixates on the talker’s right eye then a larger portion
of the face shifts to the observer’s RVF, which projects to corti-
cal areas of the left hemisphere—a somewhat counter-intuitive
phenomenon (for discussion of this point see: Butler et al., 2005;
Butler and Harvey, 2006; Dundas et al., 2011).

For the sake of argument (and perhaps speculative explo-
ration) if observers’ focus on the talker’s right eye is indeed
about putting the talkers’ face in the RVF, where it projects
to left cerebral hemisphere, what possible function might this
bias serve? One possibility is that it may reflect hemispheric
lateralization of emotional processing, described by various theo-
retical accounts. According to the Approach/Withdrawal hypoth-
esis, the left hemisphere is dominant for the processing of
“approach” emotions, such as happiness and anger (Davidson
et al., 1990). Similarly, according to the Valence Hypothesis, pos-
itive emotions are left hemisphere dominant (Adolphs et al.,
2001). Using silent video presentations of happy and sad facial
expressions, Davidson and Fox (1982) found that 10-month-
old infants showed greater left-hemisphere lateralized activity in
frontal regions in response to happy expressions. Although a
meta-analysis of neuroimaging studies provides general support
for valence-specific lateralization, these effects are complex, with
some brain regions showing different lateralization effects than
others (Wager et al., 2003). The increased fixation to the talker’s
right eye, particularly for the ID speech stimuli, may reflect a
perceptual strategy for the processing of this kind of emotional
stimulus.

Intersecting with ideas about lateralization of emotional face
processing are ideas about hemispheric lateralization of speech
processing. It has been widely argued that prosodic informa-
tion is processed by specialized areas in the right hemisphere
(Ross, 1981), while linguistic/phonetic information is processed

by areas in the left (Zatorre et al., 1992; Vigneau et al., 2006),
though this dichotomy is not clear cut (Schirmer and Kotz, 2006;
Vigneau et al., 2011). Optical imaging of hemodynamic responses
in 3-month-old infants has shown greater right-hemisphere con-
trasts in response to prosodic differences in sentences, though
bilateral effects were also observed (Homae et al., 2006). Similarly,
studies using event-related potentials (ERPs) have shown bilat-
eral response to prosodic differences in speech (Shafer et al.,
1999). Comparing ERP responses to ID and AD speech, Zangl
and Mills (2007) found increased left-hemisphere activation for
ID speech in 6-month olds, and increased bilateral responses at 13
months. Although these imaging studies only presented speech in
the auditory modality, this result is consistent with an interpreta-
tion of our gaze asymmetry finding as reflecting a left-hemisphere
involvement in the processing of ID speech. Furthermore, it is
possible that a lack of gaze asymmetry may relate to deficits
in emotion processing in children—an effect that parallels the
lack of a LVF bias in adults with, and infants at-risk for, autism
(Dundas et al., 2011, 2012).

The processing of spoken language, presented in the context of
multisensory interaction, is a complex task involving the coor-
dination of multiple specialized systems (i.e., for speech, faces,
emotion). Understanding the complex interaction between these
systems will likely require a coordinated experimental approach
in which moment-to-moment relations between visual behaviors
and cortical processing can be examined. For example, a con-
current and synchronous combination of eye tracking and ERP
would provide a more complete picture of how infants’ visual pro-
cessing biases relate to cortical mechanisms involved in processing
this information. Understanding the connection between looking
behavior and neural processing will provide a window through
which the development emotion and audiovisual speech process-
ing abilities can be examined in typical developing children, as
well those with autism.

REFERENCES
Adolphs, R., Jasnari, A., and Tranel,

D. (2001). Hemispheric percep-
tion of emotional valence from
facial expressions. Neuropsychology
15, 516–524. doi: 10.1037/0894-
4105.15.4.516

Alpers, G. W. (2008). Eye-catching:
right hemisphere attentional
bias for emotional pictures.
Laterality 13, 158–178. doi:
10.1080/13576500701779247

Brand, R. J., Baldwin, D. A., and
Ashburn, L. A. (2002). Evidence
for ‘motionese’: modifications
in mothers’ infant-directed
action. Dev. Sci. 5, 72–83. doi:
10.1111/1467-7687.00211

Buchan, J. N., Paré, M., and Munhall, K.
G. (2007). Spatial statistics of gaze
fixations during dynamic face pro-
cessing. Soc. Neurosci. 2, 1–13. doi:
10.1080/17470910601043644

Burnham, D., Kitamura, C., and
Vollmer-Conna, U. (2002). What’s

new, pussycat. On talking to babies
and animals. Science 296, 1435. doi:
10.1126/science.1069587

Burt, D. M., and Perrett, D. I. (1997).
Perceptual asymmetries in judge-
ments of facial attractiveness, age,
gender, speech and expression.
Neuropsychologia 35, 685–693.
doi: 10.1016/S0028-3932(96)
00111-X

Butler, S. H., Gilchrist, I. D., Burt,
D. M., Perrett, D. I., Jones, E.,
and Harvey, M. (2005). Are
the perceptual biases found
in chimeric face processing
reflected in eye-movement pat-
terns. Neuropsychologia 43, 52–59.
doi: 10.1016/j.neuropsychologia.
2004.06.005

Butler, S. H., and Harvey, M. (2006).
Perceptual biases in chimeric face
processing: eye-movement patterns
cannot explain it all. Brain Res.
1124, 96–99. doi: 10.1016/j.brainres.
2006.09.069

Cohn, J., and Tronick, E. (1988).
Mother-infant face-to-face interac-
tion: influence is bidirectional and
unrelated to periodic cycles in either
partner’s behavior. Dev. Psychol.
24, 386–392. doi: 10.1037/0012-
1649.24.3.386

Cooper, R. P., and Aslin, R. N. (1990).
Preference for infant-directed
speech in the first month after birth.
Child Dev. 61, 1584–1595. doi:
10.2307/1130766

Davidson, R. J., Ekman, P., Saron, C.
D., Senulius, J. A., and Friesen,
W. V. (1990). Approach-withdrawl
and cerebral asymmetry: emotional
express and brain physiology I.
J. Pers. Soc. Psychol. 58, 330–341.
doi: 10.1037/0022-3514.58.2.330

Davidson, R. J., and Fox, N. A. (1982).
Asymmetrical brain activity dis-
criminates between positive and
negative affective stimuli in human
infants. Science 218, 1235–1237. doi:
10.1126/science.7146906

De Renzi, E., Perani, D., Carlesimo,
G. A., Silveri, M. C., and Fazio, F.
(1994). Prosopagnosia can be asso-
ciated with damage confined to the
right hemisphere—an MRI and PET
study and a review of the literature.
Neuropsychologia 32, 893–902. doi:
10.1016/0028-3932(94)90041-8

De Schonen, S., and Mathivet, E.
(1990). Hemispheric asymmetry in
a face discrimination task in infants.
Child Dev. 61, 1192–1205. doi:
10.2307/1130887

Dundas, E. M., Best, C. A., Minshew,
N. J., and Strauss, M. S. (2011).
A lack of left visual field bias
when individual with autism
process faces. J. Autism Dev.
Disord. 42, 1104–1111. doi:
10.1007/s10803-011-1354-2

Dundas, E. M., Gasteb, H., and Strauss,
M. S. (2012). Left visual field
biased when infants process faces:
a comparison of infants at high-
and low-risk for autism spectrum

Frontiers in Psychology | Developmental Psychology September 2013 | Volume 4 | Article 601 | 6

http://www.frontiersin.org/Developmental_Psychology
http://www.frontiersin.org/Developmental_Psychology
http://www.frontiersin.org/Developmental_Psychology/archive


Smith et al. Selective attention to facial features

disorder. J. Autism Dev. Disord. 42,
2659–2668. doi: 10.1007/s10803-
012-1523-y

Everdell, I. T., Marsh, H., Yurick, M.
D., Munhall, K. G., and Paré, M.
(2007). Gaze behaviour in audio-
visual speech perception: asymmet-
rical distribution of face-directed
fixations. Perception 36, 1535–1545.
doi: 10.1068/p5852

Fantz, R. L. (1963). Pattern
vision in newborn infants.
Science 140, 296–297. doi:
10.1126/science.140.3564.296

Fernald, A. (1985). Four-month-old
infants prefer to listen to motherese.
Infant Behav. Dev. 8, 181–195. doi:
10.1016/S0163-6383(85)80005-9

Fernald, A., and Mazzie, C. (1991).
Prosody and focus in speech to
infants and adults. Dev. Psychol.
27, 209–221. doi: 10.1037/0012-
1649.27.2.209

Fernald, A., and Simon, T. (1984).
Expanded intonation contours
in mothers’ speech to newborns.
Dev. Psychol. 20, 104–113. doi:
10.1037/0012-1649.20.1.104

Fernald, A., Taeschner, T., Dunn,
J., Papousek, M., De Boysson-
Bardies, B., and Fukui, I. (1989).
A cross-language study of prosodic
modifications in mothers’ and
fathers’ speech to preverbal infants.
J. Child Lang. 16, 477–501. doi:
10.1017/S0305000900010679

Fogel, A., Messinger, D. S., Dickson, K.
L., and Hsu, H. (1999). Posture and
gaze in early mother-infant com-
munication: synchronization
of developmental trajecto-
ries. Dev. Sci. 2, 325–332. doi:
10.1111/1467-7687.00078

Green, J. R., Nip, I. S. B., Wilson,
E. M., Mefferd, A. S., and
Yunusova, Y. (2010). Lip movement
exaggerations during infant-
directed speech. J. Speech Lang.
Hear. Res. 53, 1529–1542. doi:
10.1044/1092-4388(2010/09-0005)

Guo, K., Meints, K., Hall, C., Hall,
S., and Mills, D. (2009). Left gaze
bias in humans, rhesus monkeys
and domestic dogs. Anim. Cogn. 12,
409–418. doi: 10.1007/s10071-008-
0199-3

Haith, M. M., Bergman, T., and
Moore, M. J. (1977). Eye con-
tact and face scanning in early
infancy. Science 198, 853–855. doi:
10.1126/science.918670

Haxby, J. V., Hoffman, E. A., and
Gobbini, M. I. (2000). The dis-
tributed human neural system for
face perception. Trends Cogn. Sci.
4, 223–233. doi: 10.1016/S1364-
6613(00)01482-0

Homae, F., Watanabe, H., Nakano, T.,
Asakawa, K., and Taga, G. (2006).

The right hemisphere of sleeping
infant perceives sentential prosody.
Neurosci. Res. 54, 276–280. doi:
10.1016/j.neures.2005.12.006

Hunnius, S., and Geuze, R. (2004).
Developmental changes in visual
scanning of dynamic faces and
abstract stimuli in infants: a longitu-
dinal study. Infancy 6, 231–255. doi:
10.1207/s15327078in0602_5

Klin, A., Jones, W., Schultz, R.,
Volkmar, F., and Cohen, D.
(2002). Visual fixation patterns
during viewing of naturalistic
social situations as predictors
of social competence in indi-
viduals with autism. Arch. Gen.
Psychiatry 59, 809–816. doi:
10.1001/archpsyc.59.9.809

Kubicek, C., De Boisferon, A. H.,
Dupierrix, E., Lœvenbruck, H.,
Gervain, J., and Schwarzer, G.
(2013). Face-scanning behavior
to silently-talking faces in 12-
month-old infants: the impact of
pre-exposed auditory speech. Int.
J. Behav. Dev. 37, 106–110. doi:
10.1177/0165025412473016

Kuhl, P. K., Andruski, J. E.,
Chistovich, I. A., Chistovich,
L. A., Kozhevnikova, E. V.,
Ryskina, V. L., et al. (1997).
Cross-language analysis of phonetic
units in language addressed to
infants. Science 277, 684–686. doi:
10.1126/science.277.5326.684

Lansing, C., and McConkie, G. (1999).
Attention to facial regions in seg-
mental and prosodic visual speech
perception tasks. J. Speech Lang.
Hear. Res. 42, 526.

Le Grand, R., Mondloch, C. J., Maurer,
D., and Brent, H. P. (2003). Expert
face processing requires visual
input to the right hemisphere
during infancy. Nat. Neurosci. 6,
1108–1112. doi: 10.1038/nn1121

Levy, J., Heller, W., Banich, M.
T., and Burton, L. A. (1983).
Asymmetry of perception in
free viewing of chimeric faces.
Brain Cogn. 2, 404–419. doi:
10.1016/0278-2626(83)90021-0

Lewkowicz, D. J. (1996). Infants’
response to the audible and visible
properties of the human face. I: role
of lexical-syntactic content, tempo-
ral synchrony, gender, and manner
of speech. Dev. Psychol. 32, 347–366.
doi: 10.1037/0012-1649.32.2.347

Lewkowicz, D. J., and Hansen-Tift,
A. M. (2012). Infants deploy
selective attention to the mouth
of a talking face when learn-
ing speech. Proc. Natl. Acad.
Sci. U.S.A. 109, 1431–1436. doi:
10.1073/pnas.1114783109

Liu, S., Quinn, P. C., Wheeler, A.,
Xiao, N., Ge, L., and Lee, K.

(2011). Similarity and difference in
the processing of same-and other-
race faces as revealed by eye track-
ing in 4-to 9-month-olds. J. Exp.
Child Psychol. 108, 180–189. doi:
10.1016/j.jecp.2010.06.008

Maurer, D., and Salapatek, P. (1976).
Developmental changes in the
scanning of faces by young infants.
Child Dev. 47, 523–527. doi:
10.2307/1128813

Merin, N., Young, G. S., Ozonoff, S.,
and Rogers, S. J. (2007). Visual
fixation patterns during reciprocal
social interaction distinguish a sub-
group of 6-month-old infants at-
risk for autism from comparison
infants. J. Autism Dev. Disord. 37,
108–121. doi: 10.1007/s10803-006-
0342-4

Morton, J., and Johnson, M. (1991).
CONSPEC and CONLERN: a two-
process theory of infant face recog-
nition. Psychol. Rev. 98, 164–181.
doi: 10.1037/0033-295X.98.2.164

Munhall, K., Jones, J. A., Callan, D.
E., Kuratate, T., and Vatikiotis-
Bateson, E. (2004). Visual prosody
and speech intelligibility: head
movement improves auditory
speech perception. Psychol. Sci.
15, 133–137. doi: 10.1111/j.0963-
7214.2004.01502010.x

O’neill, M., Bard, K., Linnell, M., and
Fluck, M. (2005). Maternal gestures
with 20-month-old infants in two
contexts. Dev. Sci. 8, 352–359. doi:
10.1111/j.1467-7687.2005.00423.x

Parente, R., and Tommasi, L. (2008). A
bias for the female face in the right
hemisphere. Laterality 13, 374–386.
doi: 10.1080/13576500802103495

Pascalis, O., De Schonen, S., Morton,
J., Deruelle, C., and Fabre-Grenet,
M. (1995). Mother’s face recog-
nition by neonates: a replication
and an extension. Infant Behav.
Dev. 18, 79–85. doi: 10.1016/0163-
6383(95)90009-8

Pegg, J., Werker, J., and McLeod,
P. (1992). Preference for infant-
directed over adult-directed
speech: evidence from 7-week-old
infants. Infant Behav. Dev. 15,
325–325. doi: 10.1016/0163-6383
(92)80003-D

Pelphrey, K. A., Sasson, N. J., Reznick,
J. S., Paul, G., Goldman, B. D.,
and Piven, J. (2002). Visual scan-
ning of faces in autism. J. Autism
Dev. Disord. 32, 249–261. doi:
10.1023/A:1016374617369

Ross, E. D. (1981). The aproso-
dias. Functional-anatomic
organization of the affective
components of language in the
right hemisphere. Arch. Neurol.
38, 561–569. doi: 10.1001/arch-
neur.1981.00510090055006

Schirmer, A., and Kotz, S. A. (2006).
Beyond the right hemisphere:
brain mechanisms mediat-
ing vocal emotional processing.
Trends Cogn. Sci. 10, 24–30. doi:
10.1016/j.tics.2005.11.009

Shafer, V. L., Shucard, D. W., and Jaeger,
J. J. (1999). Electrophysiological
indices of cerebral specialization
and the role of prosody in language
acquisition in 3-month-old infants.
Dev. Neuropsychol. 15, 73–109. doi:
10.1080/87565649909540740

Shepard, K. G., Spence, M. J., and
Sasson, N. J. (2012). Distinct
facial characteristics differentiate
communicative intent of infant-
directed speech. Infant Child Dev.
21, 555–578. doi: 10.1002/icd.1757

Shochi, T., Sekiyama, K., Lees,
N., Boyce, M., Göcke, R., and
Burnham,D. (2009). “Auditory-
visual infant directed speech
in Japanese and English,” in
International Conference on
Auditory-Visual Speech Processing
(AVSP) 2009, eds B.-J. Theobald and
H. Richard. (Norwich), 107–112.

Smith, N. A., and Strader, H. L. (under
review). Infant-directed visual
prosody: mothers’ head movements
and speech acoustics.

Smith, N. A., and Trainor, L. J.
(2008). Infant-directed speech
is modulated by infant feed-
back. Infancy 13, 410–420. doi:
10.1080/15250000802188719

Spence, M. J., and Moore, D. S.
(2002). Categorization of infant-
directed speech: development from
4 to 6 months. Dev. Psychobiol. 42,
97–109. doi: 10.1002/dev.10093

Tenenbaum, E. J., Shah, R. J.,
Sobel, D. M., Malle, B. F., and
Morgan, J. L. (2013). Increased
focus on the mouth among
infants in the first year of life:
a longitudinal eye-tracking
study. Infancy 18, 534–553. doi:
10.1111/j.1532-7078.2012.00135.x

Trainor, L. J., Austin, C. M., and
Desjardins, R. N. (2000). Is infant-
directed speech prosody a result
of the vocal expression of emo-
tion. Psychol. Sci. 11, 188–195. doi:
10.1111/1467-9280.00240

Vatikiotis-Bateson, E., Eigsti, I., Yano,
S., and Munhall, K. (1998). Eye
movement of perceivers during
audiovisual speech perception.
Percept. Psychophys. 60, 926–940.
doi: 10.3758/BF03211929

Vigneau, M., Beaucousin, V., Hervé,
P.-Y., Jobard, G., Petit, L., Crivello,
F., et al. (2011). What is right-
hemisphere contribution to
phonological, lexico-semantic,
and sentence processing.
Insights from a meta-analysis.

www.frontiersin.org September 2013 | Volume 4 | Article 601 | 7

http://www.frontiersin.org
http://www.frontiersin.org/Developmental_Psychology/archive


Smith et al. Selective attention to facial features

Neuroimage 54, 577–593. doi:
10.1016/j.neuroimage.2010.07.036

Vigneau, M., Beaucousin, V.,
Herv, P., Duffau, H., Crivello,
F., Houd, O., et al. (2006).
Meta-analyzing left hemisphere
language areas: phonology, seman-
tics, and sentence processing.
Neuroimage 30, 1414–1432. doi:
10.1016/j.neuroimage.2005.11.002

Wager, T. D., Phan, K. L., Liberzon, I.,
and Taylor, S. T. (2003). Valence,
gender, and lateralization of func-
tional brain anatomy in emotion:
a meta-analysis of findings from
neuroimaging. Neuroimage 19,
513–531.

Werker, J. F., Pegg, J., and Mcleod, P.
(1994). A cross-language inves-
tigation of infant preference for
infant-directed communication.
Infant Behav. Dev. 17, 323–333.

doi: 10.1016/0163-6383(94)90
012-4

Young, G. S., Merin, N., Rogers,
S. J., and Ozonoff, S. (2009).
Gaze behavior and affect at
6 months: predicting clinical
outcomes and language devel-
opment in typically developing
infants and infants at risk for
autism. Dev. Sci. 12, 798–814.
doi: 10.1111/j.1467-7687.2009.0
0833.x

Yovel, G., Tambini, A., and Brandman,
T. (2008). The asymmetry of the
fusiform face area is a stable individ-
ual characteristic that underlies the
left-visual-field superiority for faces.
Neuropsychologia 46, 3061–3068.
doi: 10.1016/j.neuropsychologia.
2008.06.017

Zangl, R., and Mills, D. L. (2007).
Increased brain activity to

infant-directed speech in 6- and
13-month-old infants. Infancy 11,
31–62. doi: 10.1207/s15327078in
1101_2

Zatorre, R. J., Evans, A. C., Meyer,
E., and Gjedde, A. (1992).
Lateralization of phonetic
and pitch discrimination in
speech processing. Science 256,
846–849. doi: 10.1126/science.
1589767

Conflict of Interest Statement: The
authors declare that the research
was conducted in the absence of any
commercial or financial relationships
that could be construed as a potential
conflict of interest.

Received: 07 May 2013; accepted: 19
August 2013; published online: 11
September 2013.

Citation: Smith NA, Gibilisco CR,
Meisinger RE and Hankey M (2013)
Asymmetry in infants’ selective attention
to facial features during visual processing
of infant-directed speech. Front. Psychol.
4:601. doi: 10.3389/fpsyg.2013.00601
This article was submitted to
Developmental Psychology, a section
of the journal Frontiers in Psychology.
Copyright © 2013 Smith, Gibilisco,
Meisinger and Hankey. This is an open-
access article distributed under the terms
of the Creative Commons Attribution
License (CC BY). The use, distribution or
reproduction in other forums is permit-
ted, provided the original author(s) or
licensor are credited and that the origi-
nal publication in this journal is cited, in
accordance with accepted academic prac-
tice. No use, distribution or reproduction
is permitted which does not comply with
these terms.

Frontiers in Psychology | Developmental Psychology September 2013 | Volume 4 | Article 601 | 8

http://dx.doi.org/10.3389/fpsyg.2013.00601
http://dx.doi.org/10.3389/fpsyg.2013.00601
http://dx.doi.org/10.3389/fpsyg.2013.00601
http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
http://www.frontiersin.org/Developmental_Psychology
http://www.frontiersin.org/Developmental_Psychology
http://www.frontiersin.org/Developmental_Psychology/archive

	Asymmetry in infants' selective attention to facial features during visual processing of infant-directed speech
	Introduction
	Experiment 1
	Materials and Methods
	Participants
	Stimuli and procedure

	Results

	Experiment 2
	Materials and Methods
	Participants
	Stimuli and procedure

	Results

	General Discussion
	References


