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Abstract

Previous studies in infants have shown that face-sensitive components of the ongoing EEG (the
event-related potential, or ERP) are larger in amplitude to negative emotions (e.g., fear, anger)
versus positive emotions (e.g., happy). However, it is still unclear whether the negative emotions
linked with the face or the negative emotions alone contribute to these amplitude differences. We
simultaneously recorded infant looking behaviors (via eye-tracking) and face-sensitive ERPS
while 7-month-old infants viewed human faces or animals displaying happy, fear, or angry
expressions. We observed that the amplitude of the N290 was greater (i.e., more negative) to
angry animals compared to happy or fearful animals; no such differences were obtained for human
faces. Eye-tracking data highlighted the importance of the eye region in processing emotional
human faces. Infants that spent more time looking to the eye region of human faces showing
fearful or angry expressions had greater N290 or P400 amplitudes, respectively.
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1. Introduction

Facial expressions are a powerful form of non-verbal communication that convey
information about the internal states of others; moreover, the ability to discriminate between
emotional expressions is an important tool in social interactions, particularly before the
onset of language. While the ability to recognize and understand emotional expressions
develops slowly, discrimination between different emotions progresses rapidly over the first
year (Leppanen & Nelson 2006; Righi & Nelson, 2013). There is substantial evidence from
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looking-time studies that by 12 months, infants are able to discriminate a range of facial
expressions, particularly positive expressions (e.g., happy) from negative expressions (e.g.,
fear; de Haan & Nelson, 1998; Nelson, 1987). However, substantially less is known about
the neural bases of this ability. The focus of the present study was to examine the neural
correlates of the infant’s ability to discriminate different facial expressions.

The most common method by which investigators have examined the neural correlates of
perceptual discrimination has been the recording of event-related potentials (ERPS).
Previous studies have identified two components of the ERP in infants that are particularly
sensitive to processing and interpreting faces: the N290, a negative deflection occurring
approximately 290ms post stimulus onset; and the P400, a positive peak occurring around
400ms after stimulus onset. Both components are maximal over occipital temporal scalp
regions (de Haan, Johnson, & Halit, 2003). The N290 and P400 reflect face sensitive
processes similar to the adult N170. Like the N170, the peak amplitude of the N290 is
greater for face compared to non- or inverted-face stimuli (de Haan, Pascalis, & Johnson,
2002; Halit, Csibra, Volein, & Johnson 2004; Halit, de Haan, & Johnson 2003) and the
latency of the P400 response to faces is faster compared to objects (de Haan & Nelson,
1999) and has greater amplitude compared to inverted faces (de Haan, et al., 2002) between
6 and 12 months.

Research in children and adults has shown that the type of emotional expression modulates
the amplitude of the N170; fearful faces evoke a greater amplitude than other emotional
expressions, including neutral faces, between 4 and 15 years (Batty & Taylor, 2003) and in
adults (Batty & Taylor, 2006; Eimer & Holmes, 2002; Leppanen, Moulson, Vogel-Farley, &
Nelson, 2007; Rigato, Farroni, & Johnson, 2010). The evidence supporting the effects of
emotional expressions on the amplitude and latency of the N290 and P400 in infants is
limited to a small number of studies that varied in the emotion exemplars used, their
presentation of stimuli, and the age of the infants.

Leppénen, et al. (2007) contrasted the neural responses of 7-month-old infants to a female
model expressing a happy, fearful, or neutral face. The N290 in this sample did not vary by
emotion in amplitude or peak latency, whereas the P400 had greater amplitude to a fearful
face compared to both the happy and neutral expressions. In another study of 7-month-olds,
Kobiella, Grossman, Reid, and Striano (2008) showed infants fearful and angry expressions.
Consistent with the findings of Leppanen, et al., the P400 was greater for the fearful face
compared to the angry face. Additionally, they observed a greater N290 (i.e., more negative)
to angry compared to fearful faces. Taken together, these studies suggest that the P400
serves as an index of discrimination between emotion categories.

Indeed, this hypothesis was tested in a study of 7-month-olds observing morphed faces
along a happy — sad continuum. Leppénen, Richmond, VVogel-Farley, Moulson, & Nelson
(2009) familiarized infants to a model exhibiting either a happy (within) or sad (between)
expression. Then, they presented infants with a novel model expressing a different intensity
of happy; importantly, the difference in intensity between the face used for familiarization
and the subsequent novel face was equated to approximately 30%. The results indicated that
the P400 was greater for the novel face when infants viewed the between-emotion condition.
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However, when collapsing across the within- and between- groups, there were no P400
differences between the familiar and novel faces. This finding suggests that the difference
between familiar and novel faces in the between-emotion condition was not due to the novel
identity of the face; instead, it was due to the novel emotion. Thus, the difference between
the P400s was a marker of infants’ categorization of emotion and not of facial identities.

One question that has been asked is whether the discrimination of certain expressions is
driven by particular facial features or regions of the face. Evidence in adults suggests that
the eye region of the face is important for face processing (Bentin, Golland, Flevaris,
Robertson, & Moscovitch, 2006; Schyns, Jentzsch, Johnson, Schweinberger, & Gosselin,
2003) and that features of the eyes, particularly for fear, preferentially activate different
brain regions (Whalen, 1998). Infants show a preference for looking at the eye region in the
first month (Haith, Bergman, & Moore, 1977) that may contribute to the rapid development
of brain regions involved in processing eye information (Farroni, Johnson, & Csibra, 2004;
Taylor, Edmonds, McCarthy, & Allison, 2001).

There is some evidence that the N290 and P400 are modulated by changes in the features of
the face (Key, Stone, & Williams, 2009; Scott & Nelson, 2006). Key and colleagues
presented 9-month-old infants with a visual oddball task in which infants viewed a standard
face for 70% of trials. The remaining trials displayed either a face with the eye region
replaced by the eyes of another model or the mouth region replaced by the mouth of another
model. Changing the mouth region shortened the latency of the N290 but did not affect the
amplitude of either the N290 or P400; however, when the infants saw the faces with the
different model’s eyes, they exhibited a larger N290 peak and a decrease in the P400
amplitude. Further, both of these components had a shorter latency when compared to the
standard face. These findings suggest that at 9-months, infants are more sensitive to changes
in the eye region of the face than in the mouth region.

This effect is also modulated by emotion. In a study manipulating whether the gaze of a
happy or fearful expression affects face-processing ERPs, Rigato et al (2010) presented 4-
month-olds with happy or fearful expressions with either a direct or averted gaze.
Interestingly, gaze direction did not affect the N290 or P400 for fearful faces, but when the
gaze of the happy expression was directed towards the infant, the N290 peaked earlier,
suggesting that infants are tuned to the direction of the gaze of the model displaying the
emotion. The lack of findings in the fearful condition were likely a result of the young age
of the infants as attentional bias to fearful faces emerges between 5 and 7 months (Peltola,
Leppénen, Mé&ki, & Hietanen, 2009).

In the studies reported above, the stimuli presented to the infants consisted entirely of human
expression of emotions. An important question remains - are there higher order neural
systems that are capable of extracting emotion information in general, regardless of the
medium through which the emotion is expressed? For example, would infants be able to
recognize the emotion “fear” if displayed by a human face as easily as if displayed by an
animal face, or a scene that represents emotion? To examine this question, we presented
infants with pictures of animals rated as expressing the emotions of happy, anger, and fear.
By comparing ERP responses to happy, fearful, and angry expressions between human faces
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and animals we can begin to tease apart the contributions of the human face and each
emotion on the face-processing ERPs.

In addition to understanding the contribution of emotion to the morphology of the N290 and
P400, we sought to examine how individual looking behavior impacts the neural responses
to faces. The evidence presented above demonstrates the importance of the eye region in
processing facial stimuli; however, the evidence to date relied on altering the eye region of
the stimuli. Here we recorded eye position data during the ERP task to explore how
individual looking behavior may modify the neural response to emotion faces.

2. Methods

2.1 Participants

2.2 Stimuli

Typically developing 7-month-old infants were recruited from the greater Boston area to
participate in a longitudinal study of emotion processing, temperament and genetics (n =
55). All infants were born full-term and had no known pre- or peri- natal complications (M
age = 214 days, SD = 4.76, range 205-221). The experimental protocol was approved by the
local IRB.

From the study sample, 34 participants (12 females) were included in the final sample for
analysis. The additional 21 infants were excluded due to excessive eye and/or body
movements that resulted in recording artifacts (n = 18), EEG net refusal (n = 2) or fussiness
that resulted in too few trials recorded (n = 1).

Stimuli were color images of either female faces or animals exhibiting happy, angry and
fearful expressions (Figure 1). Human faces were drawn from the NimStim set of images
(Tottenham et al., 2009). Previous research has demonstrated that infants are sensitive to
race and gender information in faces during their first year of life; therefore, the race of the
faces shown was matched to the race of the infant’s mother (Vogel, Monesson, & Scott,
2012). The animal stimulus set was drawn from a larger set of images selected from an
extensive search using Google Images of animal faces or whole bodies depicting an
anthropomorphic emotion. Images were rated on perceived emotion and intensity by a group
of 12 female adults (M = 31.58 years, SD = 4.32). On average, anger animal images were
rated as angry by 96.67% (SD = .06); fear animals as fearful by 90.83% (SD = .09); and
happy animals as happy by 98.33% (SD = .04) of the participants. Intensity was rated on a 1
neutral to 5 very intense Likert scale. Average intensity ratings were M = 4.23 (SD = .29) for
anger, M = 3.91 (SD = .78) for fear, and M = 3.92 (SD = .38) for happy animal images. Two
final image sets were selected in which there were no significant differences on any of the
rated dimensions. Stimulus sets were counterbalanced across participants. The animal
stimulus set is available upon request from the authors.

For each experiment there were a total of 150 trials, 50 of each emotional category (happy,
anger, fear). Each category consisted of 5 individual exemplars; therefore, each stimulus
could repeat a maximum of 10 times. The stimuli were presented on a gray background;
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animals subtended 20.3° x 14.3° of visual angle and human faces subtended 14.3° x 12.2° of
visual angle.

2.3 Experimental Procedure

Testing took place in an electrically-shielded and sound-attenuated room with low lighting.
Infants were seated on a parent’s lap approximately 65 cm from a Tobii corneal reflection
eye tracker. Continuous electroencephalogram (EEG) and eye gaze location were
simultaneously recorded during a passive viewing emotion discrimination task. The testing
procedure began with running a 5-point calibration procedure two times in a row in order to
ensure the eye tracker was adequately tracking gaze. The calibration sequence involved a
red dot appearing in each of the four corners of the computer monitor and in the center of
the screen. Experimenters aimed to successfully track 3 or more out of the 5 calibration
points each time. Calibration was completed using Tobii Studio (Tobii Technology AB,
Sweden). A keyboard piano was used to present sounds from speakers positioned on each
side of the monitor in order to attract the infant’s attention to the calibration object.

During testing, image presentation was controlled by an experimenter in an adjacent room.
Image presentation was controlled using E-Prime 2.0 (Psychological Software Products,
Harrisburg, PA). The experimenter monitored the infant’s looking behavior using a video
camera and only presented a stimulus if the infant was looking at the computer monitor.
Half of the infants in the study saw human faces and half saw images of animals. Each
image was presented for 1000ms, followed by a fixation cross that remained on the screen
until the experimenter initiated the next trial with a minimum inter-stimulus interval of
700ms (Figure 1). A second experimenter was seated next to the infant throughout the test,
maintaining the infant’s attention to the monitor. Testing continued until the maximum
number of trials had been reached, or the infant’s attention was no longer able to be
maintained (M trials completed = 129, SD = 19.99, range = 85-150).

2.3.1 EEG Recording and Analysis—Continuous scalp EEG was recorded from a 128-
channel HydroCel Geodesic Sensor Net! (Electrical Geodesic Inc., Eugene, OR) that was
connected to a NetAmps 300 amplifier (Electrical Geodesic Inc., Eugene, OR) and
referenced online to a single vertex electrode (Cz). Channel impedances were kept at or
below 100 k2 and signals were sampled at 500 Hz. EEG data were preprocessed offline
using NetStation 4.5 (Electrical Geodesic Inc., Eugene, OR).

The EEG signal was segmented to 1200ms post-stimulus onset, with a baseline period
beginning 100ms prior to stimulus onset. Data segments were filtered using a .3-30 Hz
bandpass filter and baseline-corrected using mean voltage during the 100ms pre-stimulus
period. Automated artifact detection was applied to the segmented data in order to detect
individual sensors that showed > 200 uV voltage changes within the segment period. The
entire trial was excluded if more than 18 sensors (15%) overall had been rejected; this trial
rejection criteria is consistent with previous infant ERP studies (Luyster, Powell, Tager-
Flusberg, & Nelson, 2014; Righi, Westerlund, Congdon, Troller-Renfree, & Nelson, 2014)

1Eye electrodes were removed from the nets for infants” comfort thus resulting in 124 recording channels.
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and is based on greater movement evinced by infants compared to adults (where the
threshold is generally set at 10%). On average, only 2 sensors (SD = 1.34) were rejected in
our region of interest. Data segments were then inspected manually to confirm the results of
the automatic artifact detection algorithms. Segments containing eye blinks, eye movements,
or drift were also rejected. Bad segments identified by either procedure were excluded from
further analysis. Of the remaining trials, individual channels containing artifact were
replaced using spherical spline interpolation. Average waveforms were generated separately
for each participant and within each emotional category, and data were re-referenced to the
average reference. The mean number of trials per condition average was not different
between the two stimulus groups or between the emotional categories (Faces: M happy trials
=20.39, D =7.92, range 10-37; M anger trials = 21.17, SD = 6.84, range 12-36; M fear
trials = 20.50, SD = 7.85, range 9-36; Animals: M happy trials = 20.56, SD = 6.07, range 9—
31; M anger trials = 21.31, SD = 4.94, range 13-29; M fear trials = 20.00, SD = 5.82, range
10-31).

Inspection of the grand-averaged waveforms revealed two well-defined components that
were prominent over occipito-temporal scalp: N290 and P400. Based on grand-averaged
data and individual data, the N290 was analyzed within a time window of 200ms to 325ms
and the P400 was analyzed within a time window of 325-500ms. Electrode groupings were
selected based on previous research (e.g. de Haan et al., 2002; Leppénen et al., 2007; Halit
et al., 2003; Rigato et al., 2010; Scott & Nelson, 2006), as well as on visual inspection of
both the grand-averaged and individual waveforms. Thirteen occipital electrodes were
identified and separated into regions of interest for the N290 and P400 (left: 65, 66, 69, 70,
74; midline: 71, 75, 76; right: 82, 83, 84, 89, 90). Figure 2 shows a schematic of the sensor
net and the clusters of electrodes used in the analyses. Peak amplitude and latency were
extracted for the N290 and because the P400 had a less defined peak, mean amplitude was
computed.

2.3.2 Eye Tracking Recording and Analysis—During stimulus presentation, gaze
location for both eyes was recorded using a Tobii T120 (Tobii Technology AB, Sweden) eye
tracker. Gaze information was sampled at 60 Hz and collected by E-Prime. Monitor
specifications included an accuracy of 0.5 degrees of the visual angle and a tolerance of
head movements within a range of 44 x 22 x 30 cm.

For each stimulus, areas of interest (AOI) that delineated the top, bottom, and contour of
each image were traced onto the stimuli using transparent objects in E-Prime. Subsequent
analyses were based on gaze data within these particular AOls.

Gaze data files were run through a custom-made Python script (Python Software
Foundation, http://www.python.org/) which extracted gaze information on each trial. Trial
data were subsequently processed using SAS software version 9.3 for Windows (Copyright
2002-2010 by SAS Institute Inc., Cary, NC, USA). Trials were included for further analysis
if gaze information was recorded for at least 500ms of the 1000ms total image time. Because
there was considerable variability in the size of the eye and mouth regions across the animal
stimuli, we were not confident in interpreting the summary statistics of eye-tracking
behavior in the animal group. In the human faces group, the mean number of trials per
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condition average was not different between the emotional categories (M happy trials =
32.39, SD =9.61, range 16—-44; M anger trials = 32.50, SD = 8.83, range 11-45; M fear trials
=32.33, D = 8.98, range 15-47).

3.1 ERP Data

Peak amplitude and latency of the N290 and mean amplitude of the P400 were analyzed
using repeated-measures analyses of variance in IBM SPSS Statistics version 19 for
Windows (IBM Corp, Armonk, NY). Within-participant factors included emotion (happy,
anger, fear) and electrode region (left, right, midline); stimulus type (human, animal) was
included as a between-participants factor. Greenhouse-Geisser corrections were applied
when the assumption of sphericity was violated. When significant (p< .05) main or
interaction effects emerged, post hoc comparisons were conducted and a Bonferroni
correction for multiple comparisons was applied.

3.1.1 N290—Analysis of N290 peak amplitude revealed significant main effects of
emotion, F(2,64) = 5.007, p = .010, npz =.135, and stimulus type, F(1,32) = 48.969, p<.
001, npz =.605. These main effects were qualified by an emotion x stimulus type
interaction, F(2,31) = 5.660, p =.005, npz =.150. Post hoc comparisons revealed that infants
showed a significantly larger N290 to human faces compared to animal images for each of
the 3 emotions (Figure 3). There were no differences between the emotions for human faces
(M happy = -1.27 pV, SD =8.9; M anger = -1.05 uV, D = 8.1; M fear = -2.37 uV, SD =
7.1). However, angry animals (M = 11.54 pV, SD = 6.7) elicited a significantly larger N290
than happy animals (M = 18.53 uV, SD = 7.5; t(15) = 4.51, p = .001) and a marginally larger
response than fearful animals (M = 15.01 pV, SD = 8.3; t(15) = 2.44, p = .082). There was
no difference between happy and fearful animals.

Analysis of N290 latency revealed no significant main or interaction effects of emotion,
stimulus type, or region.

3.1.2 P400—Visual inspection of waveforms revealed that amplitude differences of the
P400 may be driven by differences in the preceding N290 component. In order to control for
the differences at the N290 in the analysis of the P400, a peak-to-trough subtraction was
computed. The difference score variable for the P400 was entered in the ANOVA. Analyses
revealed that after correcting for the preceding N290 effects, there was a main effect of
stimulus type, F(1,32) = 4.634, p=.039, an =.126, in that human faces (M = 25.33 uV,
=10.3) elicited a significantly larger P400 component than animal images (M = 18.69 pV,
D =7.2). Analyses also revealed a stimulus type x electrode region interaction, F(2,31) =
11.719, p<.001, npz =.268. Post hoc comparisons indicated that human faces elicited larger
amplitudes than animals in the left and right electrode regions. For animal images there were
no differences between any of the electrode regions.

3.2 Brain-Behavior Correlations

We next examined whether the amplitude and latency of the N290 and P400 were
modulated by the looking behaviors of the infants. Because these ERPs demonstrated
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specificity to human faces and because there was considerable variability in the size of the
eye and mouth regions between animal stimuli, we only examined the relations between the
total looking time the infants were looking in each region of the human faces and the ERP
waveforms within each emotion. One infant was found to be an outlier in their looking time
(<1.5 SD) to all three emotion faces and were excluded from the present analyses?.

3.2.1 N290—Pearson correlations between the total looking time to the eye and mouth
regions of each emotion and the average amplitude of the N290 across the three posterior
regions were computed. Looking time to the eye region of fear faces was negatively
correlated with the N290 peak amplitude to fear faces (r(17) = —.615, p =.009); in contrast,
looking to the mouth region of fear faces resulted in a positive correlation with the N290
amplitude to fear faces (r(17) = .521, p = .032). These results suggest that increased looking
time to the eye region, compared to the mouth region, was related to a larger amplitude (i.e.,
more negative) of the N290 for fear faces (Figure 4a). Larger amplitude responses are
generally interpreted as greater activation of the neuronal population thought to underpin a
specific component (e.g., greater neural synchrony).

There were no significant relations between looking to the eye or mouth regions in happy or
angry faces and N290 amplitude or between any emotion and N290 latency (Table 1).

To examine if the significant correlation between the N290 amplitude and looking to the eye
region of fear faces was unique to fear, we compared the correlations for happy and angry
against fear using the Pearson-Filon test. The analyses revealed a significant difference
between fear and happy (z=1.72, p = .042) but not between fear and angry (z=.771,p=.
22).

3.2.2 P400—~Pearson correlations between the total looking time to the eye and mouth
regions of each emotion and the average amplitude of the P400 across the three posterior
regions were computed. There was a positive relation between looking time to the eye
region of angry faces and P400 amplitude to angry faces (r(17) = .503, p = .040); in contrast,
there was a trend negative relation with looking to the mouth region of angry faces (r(17) =
-.453, p = .068). These results suggest that increased looking time to the eye region,
compared to looking to the mouth region, was related to a more positive amplitude of the
P400 (Figure 4b).

There were no significant relations between looking to the eye or mouth regions in happy or
fear faces and P400 amplitude (Table 1).

To examine if the correlation between the P400 amplitude and looking to the eye region of
angry faces was unique to anger, we again used the Pearson-Filon test to compare the anger
correlation to the correlations for happy and fear. The analyses revealed no significant
differences between fear (z=1.23, p=.11) or happy (z=.404, p = .34).

2Analyses were run including the outlier and the results did not change the main findings.
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4. Discussion

The present study examined the effects of human expressions of emotion conveyed through
human face and animal stimuli on 7-month-old face sensitive ERPs. The results suggest that
higher order emotion processors may be affecting the amplitude of face-sensitive ERPs.
When infants viewed animals exhibiting happy, fearful, and angry expressions, angry
expressions resulted in a more negative deflection in the N290 compared to happy or fear
expressions. This finding is in line with the results reported in Kobiella et al. (2008)
contrasting fear and anger in human faces; however, in our sample of infants, these
similarities were restricted to the N290 response to animal stimuli and were not found for
the human faces. The results of this study further extend the findings of previous studies
demonstrating the sensitivity of the N290 and P400 to face stimuli over non-human face
stimuli. Johnson and colleagues have shown that 3- to 12-month-old infants have an
increased amplitude of the N290 to human faces when compared to monkey faces (de Haan
et al., 2002; Halit et al., 2003) or noise stimuli (Halit et al., 2004) and an increased
amplitude of the P400 to human faces compared to inverted faces (de Haan et al., 2002).
Here, we found that compared to the animals, both the N290 and P400 had increased
amplitudes to the human face stimuli. However, the effect of emotions on the face-sensitive
components emerged when we examined infants’ looking behaviors during the ERP task.

Interestingly, the amplitude of the N290 to fearful expressions was greater (i.e., more
negative) the longer infants viewed the eye region of the human face; moreover, this effect
was not observed for viewing the eye region of happy or angry faces. Similarly, looking to
the eye region of angry faces resulted in larger P400 amplitude; an effect that was not
observed in the other emotion conditions. Previous studies have suggested that the eye
region plays an important role in face perception by manipulating the eye region of the face
(Key et al., 2009; Rigato et al., 2010) however, those studies were dependent on infants’
ability to detect the changes in the eye region of the stimuli. The advantage of the current
study was the simultaneous acquisition of eye tracking and ERPs in order to examine how
individual differences in looking behaviors affect the face-sensitive N290 and P400.
Comparison of the relations between looking time to the eyes and face-sensitive ERPs
suggest that the eye region may be particularly important for the perception of negative
emotions.

It has been proposed that the brain’s bias for efficiently processing fearful and angry
expressions emerges between 6 and 12 months (for a review see Leppénen & Nelson, 2009).
Moreover, evidence from fMRI studies in adults has outlined distinct neural structures
involved in processing fear and angry faces. Threatening faces routinely activate the
amygdala (Harris, Young, & Andrews, 2014; Mattavelli et al., 2013), but the amygdala’s
response is still greater to fear compared to angry faces (Whalen et al., 2001). Conversely,
angry faces activate the insula, cingulate, basal ganglia, thalamus, and hippocampus (Strauss
et al., 2005). It is possible that the correlations between infant’s looking to the eyes of fear
faces and the N290 and between looking to angry eyes and the P400 may have been a result
of activation of these different networks. Ongoing data collection in younger and older
infants in our lab may provide answers to these developmental questions.
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Although inconsistent with previous studies that found effects of emotion on N290 and P400
amplitude, we did not observe an overall effect of emaotion in the human face group.
However, our study differs from others in that the ratio of exemplars to emotions is greater
in the current study than in previous research (i.e., we used 5 individual exemplars
expressing 3 emotions compared to the use of only one or two models expressing two
emotions; Kobiella et al., 2008; Leppdnen et al., 2007; Leppénen et al., 2009). Rigato and
colleagues (2010) found latency differences in the N290 and P400 using 6 models, but
again, only contrasting two emotion categories. Behavioral evidence suggests that at 7-
months, infants should be able to categorize emotion across multiple exemplars. Using a
habituation paradigm, Kestenbaum and Nelson (1990) presented infants with 3 different
smiling women and following habituation infants were shown a novel face displaying
happy, fear, or angry expression. Infants increased looking to fear and angry expressions but
not to the novel smiling face. By familiarizing the infants to one emotion Kestenbaum and
Nelson may have made discrimination of the remaining two emaotions easier for the infants.
Therefore it is possible that our task was too complex for infants to be able to categorize the
three different emotions across the five individual identities. This is still an open question
and future studies will be needed to examine the capacity of 7-month-old infants’
understanding of emotions across multiple exemplars.

Interpretation of the looking behaviors and ERP amplitude is limited by the lack of direct
correspondence between the trials included in the ERPs and those used in calculation of
looking times. The rate of trial loss was different between the two methods due to trials
rejected for EEG artifact or loss of signal from the eye-tracking equipment. Comparing the
amplitude of each component on trials in which the individual was looking to the eye region
versus the mouth region for the majority of the stimulus presentation would allow us to
measure the impact of the eyes versus the mouth on face-sensitive ERPs. Additionally, we
were unable to examine any correlations between looking behavior and the ERPs in the
animal stimuli due to the large variability in size and location of the eye and mouth regions
across emotion categories. It would be interesting to see if processing the emotions in the
animal stimuli showed a comparable pattern of fear in the N290 and anger in the P400 as
was observed in the human faces.

The results of this study highlight the importance of the eye region in the development of
face processing. We found that differential activation of face sensitive ERPs to fear and
angry emotions was directly related to the amount of time infants spent looking at the eye
region of the face stimuli. Moreover, the results suggest that the different neural circuitry
involved in processing fear versus angry faces in adults is emerging in 7-month-olds and
may be detected in scalp recorded ERPs.
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Figure 1.
Task design and examples of face and animal stimuli expressing happy, fearful, and angry

expressions.
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Figure2.
Schematic of the 128-channel sensor net with corresponding regions of interest used for

extracting the face-sensitive N290 and P400 ERPs. Note that the four eye-lead channels are
removed for infant comfort.
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Grand average ERP waveforms showing the N290 and P400 in the right posterior
electrodes. Solid lines are the response to human faces and dashed lines are the response to

animals.
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Figure 4.

Amplitude of the N290 to fear faces (V)
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Scatter-plot of looking time to the eye-region of (A) fear faces and N290 amplitude to fear
faces and (B) angry faces and P400 amplitude to angry faces.
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