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a b s t r a c t
Body expressions exert strong contextual effects on facial emotion perception in adults. Speciﬁcally,
conﬂicting body cues hamper the recognition of emotion from faces, as evident on both the behavioral
and neural level. We examined the developmental origins of the neural processes involved in emotion perception across body and face in 8-month-old infants by measuring event-related brain potentials (ERPs).
We primed infants with body postures (fearful, happy) that were followed by either congruent or incongruent facial expressions. Our results revealed that body expressions impact facial emotion processing
and that incongruent body cues impair the neural discrimination of emotional facial expressions. Priming
effects were associated with attentional and recognition memory processes, as reﬂected in a modulation
of the Nc and Pc evoked at anterior electrodes. These ﬁndings demonstrate that 8-month-old infants
possess neural mechanisms that allow for the integration of emotion across body and face, providing
evidence for the early developmental emergence of context-sensitive facial emotion perception.
© 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction
Responding to others’ emotional expressions is a vital skill
that helps us predict others’ actions and guide our own behavior during social interactions (Frijda and Mesquita, 1994; Frith,
2009; Izard, 2007). The bulk of research investigating emotion
perception has focused on facial expressions presented in isolation and been based on the standard view that speciﬁc facial
patterns directly code for a set of basic emotions (Barrett et al.,
2011). However, emotional face perception naturally occurs in
context because during social interactions emotional information can be gleaned from multiple sources, including the body
expression of a person (de Gelder, 2006; Heberlein and Atkinson,
2009; Van den Stock et al., 2008). Body expressions have been
argued to be the most evolutionarily preserved and immediate
means of conveying emotional information (de Gelder, 2006) and
may provide potent contextual cues when viewing facial expressions during social interactions. For example, when body and face
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convey conﬂicting information then emotion recognition from the
face is biased into the direction of the body expressions (Aviezer
et al., 2012; de Gelder, 2006; Meeren et al., 2005). These ﬁndings indicate that emotional faces are interpreted in the context
of body expressions. More generally, the notion that context plays
an important role in the interpretation of facial expressions adds
to the growing body of research which challenges predominant
views that emphasize the encapsulated and independent nature
of facial expression processing (for discussion, see Barrett et al.,
2011).
With respect to the neural processes that underlie the impact of
body expression on emotional face processing in adults, using facebody compound stimuli Meeren et al. (2005) presented evidence
for a very rapid inﬂuence of emotional incongruence between face
and body. Speciﬁcally, in this ERP study, incongruent compared to
congruent body-face pairings evoked an enhanced P1 at occipital
electrodes, suggesting that emotional incongruence between body
and face affected the earliest stages of visual processing. The P1
is enhanced when attention is directed towards a certain stimulus location and has been shown to be generated in extrastriate
visual areas (Clark and Hillyard, 1996; Di Russo et al., 2002; Hillyard
and Anllo-Vento, 1998). This is in line with an increasing body of
evidence suggesting that context inﬂuences early stages of visual
processing. Meeren et al. (2005) also found that brain processes
reﬂected in the N170 at electrodes over posterior temporal regions
were not modulated by congruency between faces and bodies. The
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absence of an effect on the N170 in adults was taken to indicate
that the structural encoding of the face is not affected by conﬂicting
emotional information from the body.
Critically, the existing work with adults leaves unclear whether
the neural processes involved in emotion integration across body
and face emerge early in human ontogeny and can therefore be considered a key feature of human social perceptual functioning. In the
current study we thus examined the neural processing of emotional
information across bodies and faces in infancy using ERPs. Similar
to adults the main focus of emotion perception research in infancy
has been on facial expressions (Leppänen and Nelson, 2009). This
work has shown that (a) beginning around 7 months of age infants
discriminate between positive and negative emotions (especially
fear) and (b) at that age, emotional facial expressions modulate
neural processes associated with the perceptual encoding of faces
(N290 and P400) and the allocation of attentional resources (Nc)
and recognition of stimulus (Pc) (Leppänen et al., 2007; Nelson
and De Haan, 1996; Nelson et al., 1979; Peltola et al., 2009a,b;
Webb et al., 2005). Only recently, research has begun to examine
how the neural correlates of the ability to perceive and respond to
others’ emotional body expressions develops during infancy. In a
ﬁrst study, using dynamic point-light displays of emotional body
expressions (Missana et al., 2015) reported that 8-month-olds,
but not 4-month-olds, showed brain responses that distinguished
between fearful and happy body expressions, suggesting that the
ability to discriminate emotional body expressions develops during
the ﬁrst year of life. Furthermore, Missana et al. (2014) extended
this line of work by showing that infants’ ERP responses also distinguished between fearful and happy static emotional body postures
at the age of 8 months.
Another line of work has looked at the neural correlates of
infants’ ability to integrate emotional information across modalities using ERPs. This work has shown that infants are able to
match emotional information across face and voice (Grossmann
et al., 2006; Vogel et al., 2012). Speciﬁcally, in 7-month-old
infants detecting incongruent face-voice pairings resulted in an
enhancement of the Nc component, indexing a greater allocation of
attention, whereas detecting congruent face-voice pairings elicited
an enhanced Pc, reﬂecting recognition of common emotion across
face and voice (Grossmann et al., 2006). While this work has provided insights into the early development of cross-modal emotional
integration processes, to date, the neural processes of integrating
emotional information across body and face have not been studied
in infancy.
The main goal of the current study was to examine whether and
how emotional information conveyed through the body inﬂuences
the neural processing of facial emotions. In order to investigate
this question, we used a priming design in which we presented
8-month-old infants with emotional body expressions (fearful and
happy) that were followed either by a matching or a mismatching
facial expression. Priming has been shown to be a powerful method
to elucidate implicit inﬂuences of context on social information
processing in adults and children (see Stupica and Cassidy, 2014).
However, despite its tremendous potential in studying how social
information is represented in the brain of preverbal infants, to date
there are only relatively few studies that have used priming designs
to investigate the neural correlates of social information processing
in infancy (Gliga and Dehaene-Lambertz, 2007; Peykarjou et al.,
2014). Furthermore, 8-month-old infants were chosen because at
this age infants have been shown to reliably detect and discriminate between fearful and happy expressions from faces (Nelson
et al., 1979; Peltola et al., 2009) but also from bodies (Missana
et al., 2014, 2015), which is an important prerequisite for the detection of congruency across body and face. We predicted that if
infants are indeed sensitive to the congruency between body and
facial expressions then their ERPs would show priming effects on

components shown to reﬂect early visual processes similar to those
identiﬁed in prior work with adults (Meeren et al., 2005). In addition, we expected priming effects on later attentional processes
and recognition memory processes (Nc and Pc), which might be
similar to the effects identiﬁed in prior infant work on face-voice
emotion matching (Grossmann et al., 2006), in which incongruent face-voice pairings resulted in an enhanced Nc and congruent
face-voice pairings elicited a greater Pc. However, based on prior
work with adults showing more speciﬁc interaction (hampering) effects between emotional faces and bodies (Aviezer et al.,
2012; Meeren et al., 2005), viewing mismatching body expressions
might impede emotion discrimination from facial expressions in
infants. We therefore examined whether infants’ neural discrimination between emotional facial expressions (happy and fear) is
impaired when they previously saw a mismatching body expression. Speciﬁcally, based on prior work with adults (Aviezer et al.,
2012; Meeren et al., 2005), we hypothesized that ERPs (especially
the Nc and Pc) would differ between facial expressions of emotion only when presented in the context of a congruent body
expression but not when presented in the context of an incongruent body expression. Finally, we also examined face-sensitive
ERP components (N290 and P400), but similar to prior work
with adults (Meeren et al., 2005), we did not expect congruency
effects on ERP responses associated with the structural encoding
of faces.
2. Methods and materials
2.1. Participants
In the present study, the infants were recruited via the database
of the Max Planck Institute for Human Cognitive and Brain Sciences,
Leipzig, Germany. The ﬁnal sample consisted of 32 eight-monthold infants aged between 229 and 258 days (16 females, Median
age = 245, Range = 29 days). An additional 18 eight-month-old
infants were tested, but were excluded from the ﬁnal sample due to
fussiness (n = 12) or too many artifacts (n = 6). Note that an attrition
rate at this level is within the normal range for an infant ERP study
(DeBoer et al., 2007). The infants were born full-term (between 38
and 42 weeks) and had a normal birth weight (>2800 g). All parents
provided informed consent prior to the study and were compensated ﬁnancially for participation. The children were given a toy as
a present after the session.
2.2. Stimuli
For the emotional body stimuli, we used full-light static body
displays taken from previously validated stimulus set by Atkinson
et al. (2004), see Fig. 1. For each emotion we presented body
postures from 4 different actors (selected on the basis of high recognition rates) shown for these stimuli by a group of adults (Atkinson
et al., 2004). The facial expressions that followed the emotional
body postures were color photographs of happy and fearful facial
expressions taken from the previously validated FACES database
(Ebner et al., 2010). We selected photographs from four actresses
(age 19 to 30, ID-numbers 54, 63, 85, 134). These actresses were
selected on the basis of high recognition rates shown by a group
of adult raters (Ebner et al., 2010). In order to keep the stimulus
presentation protocol comparable with previous infant studies, we
decided to include only pictures of women (Grossmann et al., 2007;
Kobiella et al., 2008; Leppänen et al., 2007). The photographs were
cropped so that only the face was visible within an oval shape. The
body stimuli had a mean height of 12.52 cm and a mean width of
5.37 cm and the face stimuli had a mean height of 12 cm and a mean
width of 9.3 cm.
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Fig. 1. This ﬁgure shows an example of the stimuli and the design of the priming paradigm used in the current study.

2.3. Design

2.5. EEG measurement

We employed a priming design in which we presented infants
with emotional body expressions (fearful and happy) that were
followed either by a matching (congruent) or a mismatching
(incongruent) facial expression (see Fig. 1). All possible pairings
between body and face stimuli (from 4 actors) were used for stimulus presentation, leading to 16 possible combinations per condition
(i.e., 16 combinations for a happy face preceded by a happy body)
and 64 combinations in total for the four conditions. Each speciﬁc
combination was included in the presentation list four times, leading to a maximum number of 256 trials. Each trial began with the
presentation of a ﬁxation star on a black background (450 ms), followed by the full-light static body expression which was presented
for 1000 ms. This was followed by an inter-stimulus interval which
varied randomly between 200 and 300 ms, during which a ﬁxation
star was presented on a black background. Following the interstimulus interval, the facial expression was presented for 1000 ms.
This was followed by an inter-trial interval where a black screen
was presented for a duration that randomly varied between 500 and
1000 ms. Stimuli were presented in a pseudo-randomized order
and a newly randomized order was generated for each infant. We
ensured that trials from the same condition did not occur twice in
a row.

The EEG was recorded from 27 Ag/AgCl electrodes attached to
an elastic cap (EasyCap GmbH, Germany) using the 10–20 system of
electrode placement. The data was online referenced to the CZ electrode. The horizontal electrooculogram (EOG) was recorded from
two electrodes (F9, F10) that are part of the cap located at the outer
canthi of both eyes. The vertical EOG was recorded from an electrode on the supraorbital ridge (FP2) that is part of the cap and an
additional single electrode on the infraorbital ridge of the right eye.
The EEG was ampliﬁed using a Porti-32/M-REFA ampliﬁer (Twente
Medical Systems International) and digitized at a rate of 500 Hz.
Electrode impedances were kept between 5 and 20 k. In addition,
the sessions were video-recorded to off-line code for infants’ attention to the screen. The EEG session ended when the infant became
fussy, or inattentive.

2.4. Procedure
The infants were seated on their parent’s lap in a dimly lit,
sound-attenuated and electrically shielded room during testing.
The stimuli were presented in the center of the screen on a
black background, using a 70 Hz, 17 in. computer screen at a distance of 70 cm. The stimulus presentation was continuous but
simultaneously controlled by the experimenter, who was able
to stop the presentation, if required, and use attention getting
videos including sounds in order to reorient the infant to the
screen.

2.6. ERP analysis
Data processing for ERP analysis was performed using an inhouse software package EEP, commercially available under the
name EEProbeTM (Advanced Neuro Technology, Enschede). The
raw EEG data was re-referenced to the algebraic mean of the
left and right mastoid electrode and we used a 0.3–20 Hz bandpass ﬁnite impulse response ﬁlter (length: 1501 points; Hamming
window; half-power [−3 dB] points of 0.37 Hz and 19.93 Hz).
The recordings were segmented into epochs time-locked to the
target onset, lasting from 100 ms before onset until the offset
of the frame (total duration 1100 ms). The epochs were baseline corrected by subtracting the average voltage in the 100 ms
baseline period (prior to picture onset) from each post-stimulus
data point. During the baseline period a black screen with a
white ﬁxation star was presented. Data epochs were rejected
off-line whenever the standard deviation within a gliding window of 200 ms exceeded 80 V in any of the two bipolar EOG
channels and 60 V at EEG electrodes. Following the automated
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Fig. 2. This ﬁgure shows 8-month-old infants’ ERP responses at anterior electrodes to fearful and happy facial expressions primed congruently and incongruently by body
expressions.

rejection procedure, EEG data was also visually inspected ofﬂine for
remaining artifacts. Trials in which the infant did not attend to the
screen during either prime or target presentation were excluded
from further analysis. At each electrode, artifact-free epochs were
averaged separately for happy-match, happy-mismatch, fearfulmatch and fearful-mismatch facial expressions to compute the
ERPs. The mean number of trials included in the ERP average
was 19.75 (SD = 7.85) for the happy congruent condition, 19.22
(SD = 7.15) for the happy incongruent condition, 19.41 (SD = 6.77)
for the fear congruent condition, and 19.25 (SD = 8.67) for the fear
incongruent condition. The mean number of trials watched by
the infants was: M = 40.59 (SD = 10.27) for the happy congruent
condition, M = 40.66 (SD = 10.47) for the happy incongruent condition, M = 40.75 (SD = 10.33) for the fear congruent condition, and
M = 40.59 (SD = 10.46) for the fear incongruent condition.
Based on prior ERP work (de Haan et al., 2003; Kobiella
et al., 2008; Leppänen et al., 2007; Meeren et al., 2005; Missana
et al., 2015; Grossmann et al., 2006; Pourtois et al., 2004; Webb
et al., 2005) and visual inspection of the data (see Supplementary
Fig. 1), our ERP analysis focused on the following ERP components: (A) early visual processing over posterior (occipital) regions
(O1, O2) (P1 [100–200 ms]); (B) face-sensitive processing over
posterior (occipital) regions (O1, O2) (N290 [200–300 ms], P400
[300–500 ms]); (C) later processes related to attention allocation
(Nc [400–600 ms]) and recognition memory (Pc [600–800 ms])
over anterior regions (F3, F4, C3, C4, T7, T8). For these time windows and regions mean amplitude ERP effects were assessed
in repeated measures ANOVAs with the within-subject factors
emotion (happy versus fear), congruency (congruent versus incongruent), and hemisphere (left [F3, C3, T7] versus right [F4, C4, T8]).

3. Results

Fig. 3. This ﬁgure shows the ERP response to fearful and happy facial expressions
congruently primed by body expressions at the anterior region of interest and the
scalp topographies of ERP components Nc (400–600 ms) and Pc (600–800 ms).

between congruency and emotion, F(1, 31) = 1.764, p = 0.194, during
this time window at occipital electrodes.

3.1. Early visual processing at posterior electrodes
3.1.1. P1
Our analysis did not reveal any congruency effects on the
P1 from 100 to 200 ms at O1 and O2, F(1, 31) = 0.393, p = 0.535.
Additionally, there was no signiﬁcant main effect of emotion,
F(1, 31) = 0.898, p = 0.351, and there was no signiﬁcant interaction
between congruency and emotion, F(1, 31) = 2.83, p = 0.102, during
this time window at occipital electrodes.

3.2.2. P400
Our analysis did not reveal any congruency effects on the
P400 from 400 to 600 ms at O1 and O2 F(1, 31) = 0.008, p = 0.930.
Additionally, there was no signiﬁcant main effect of emotion,
F(1, 31) = 1.225, p = 0.277, and there was no signiﬁcant interaction
between congruency and emotion, F(1, 31) = 0.003, p = 0.959, during
this time window at occipital electrodes.
3.3. Later processes related to attention allocation (Nc) and
recognition memory (Pc)

3.2. Face-sensitive processing at posterior electrodes
3.2.1. N290
Our analysis did not reveal any congruency effects on the
N290 from 200 to 300 ms at O1 and O2, F(1, 31) = 0.10, p = 0.920.
Furthermore, there was no signiﬁcant main effect of emotion,
F(1, 31) = 1.902, p = 0.178, and there was no signiﬁcant interaction

3.3.1. Nc
Our analysis revealed a signiﬁcant interaction between the
factors congruency, emotion and hemisphere at anterior electrodes (F3, F4, C3, C4, T7, T8) between 400 and 600 ms, F(1,
31) = 4.16, p = 0.05 (see Figs. 2 and 3). Further analysis showed
that the Nc differed between the emotions only over the left
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Table 1
This table provides an overview of the ERP ﬁndings of the current study.
Attention allocation and recognition memory
Nc: 400–600 ms

Happy congruent
Fearful congruent
Happy incongruent
Fearful incongruent
**

Mean (SE) V
Mean (SE) V
Mean (SE) V
Mean (SE) V

Pc: 600–800 ms

F3/C3/T7

F4/C4/T8

F3/C3/T7

F4/C4/T8

−11.70 (1.58)**
−15.61 (1.35)
−14.54 (1.67)
−14.81 (1.44)

−14.28 (1.77)
−15.49 (1.60)
−14.10 (1.50)
−15.42 (1.50)

−1.37 (1.12)**
−5.61 (1.15)
−3.78 (1.63)
−4.40 (1.57)

−4.14 (1.54)
−5.70 (1.19)
−2.60 (1.29)
−5.61 (1.75)

p < 0.01.

hemisphere in the congruent condition, t(31) = 2.81, p = 0.009, with
fearful facial expressions primed with congruent body expressions
being signiﬁcantly more negative (M = −15.61 V, SE = 1.35) than
happy facial expressions primed with congruent body expressions
(M = −11.70 V, SE = 1.58) (see Figs. 2 and 3 and Table 1). No signiﬁcant differences between happy and fearful facial expressions
were observed at the left hemisphere in the incongruent condition t(31) = 0.18, p = 0.856. Furthermore, there were no signiﬁcant
differences between emotions neither in the congruent condition
t(31) = 1.00, p = 0.324 nor in the incongruent condition, t(31) = 0.88,
p = 0.383 over the right hemisphere. Note that here we report
uncorrected statistics for the paired comparisons using t-tests.
However, the obtained signiﬁcant difference between emotions in
the congruent condition survives a conservative Bonferroni correction in which the p-value is adjusted for multiple comparisons (in
our case by dividing it by 4, adjusted p-value is p = 0.0125, obtained
p-value is below the threshold: p = 0.009).
3.3.2. Pc
Our analysis revealed a signiﬁcant interaction between the factors congruency, emotion and hemisphere at anterior electrodes
(F3, F4, C3, C4, T7, T8) between 600 to 800 ms, F(1, 31) = 6.06,
p = 0.02 (see Figs. 2 and 3). Further analysis showed that the
Pc differed between the emotions only at left hemispheric electrodes for the congruent condition, t(31) = 3.67, p = 0.001, with
fearful facial expressions primed with congruent body expressions
being signiﬁcantly more negative (M = −5.61 V, SE = 1.15) than
happy facial expressions primed with congruent body expressions
(M = −1.37 V, SE = 1.12) (see Figs. 2 and 3 and Table 1). No signiﬁcant differences between happy and fearful facial expressions
were observed at the left hemisphere when primed with incongruent body expressions, t(31) = 0.40, p = 0.692. Furthermore, there
were no signiﬁcant differences between emotion neither in the
congruent t(31) = 1.35, p = 0.186 nor in the incongruent condition
t(31) = 1.90, p = 0.066 over the right hemisphere. Note that similar
to the analysis for the Nc, we also report uncorrected statistics for
the paired comparisons for the Pc. As for the Nc, the obtained signiﬁcant difference between emotions in the congruent condition
for the Pc survives a conservative Bonferroni correction in which
the p-value is adjusted for multiple comparisons (in our case by
dividing it by 4, adjusted p-value threshold is p = 0.0125, obtained
p-value is below the threshold: p = 0.01).
In addition, we observed a marginally signiﬁcant main effect
of emotion at anterior electrodes over both hemispheres for the
Nc (400 to 600 ms), F(1, 31) = 3.65, p = 0.066 and a signiﬁcant main
effect of emotion at anterior electrodes over both hemispheres for
the Pc (600 and 800 ms), F(1, 31) = 9.45, p = 0.004. However, this
main effect on the Nc and Pc is difﬁcult to interpret, because it
needs to be qualiﬁed by the interaction effect reported above.
4. Discussion
The current study examined the impact that body expressions have on the processing of facial expressions in infancy

by using an ERP priming paradigm. Our results show that body
expressions affect the neural processing of facial expressions in
8-month-old infants. In particular, the ERP data demonstrate that
viewing conﬂicting body expressions hampers the neural discrimination of facial expressions in infants. This ﬁnding suggests that
early in development body expressions provide an important context in which facial expressions are processed. Furthermore, our
results present developmental evidence for the view that emotion
perception should be considered a context-sensitive and multidetermined process (Barrett et al., 2011). The ﬁnding that body cues
play an important role when perceiving emotional facial expressions early in human ontogeny, suggests that context sensitivity
during facial emotion perception can be considered a key feature
of human social perceptual functioning.
With respect to the early visual processing at occipital electrodes, the results from the current study did not reveal any effects
on the P1 (100–200 ms). Prior work with adults reported early ERP
effects for the P1 at occipital electrodes related to detecting congruency of emotional information between body and face (Meeren
et al., 2005). One possibility why we did not observe any such effects
in our infant sample is that there might be developmental differences with respect to how infants and adults integrate emotions
across body and face. It is plausible that only with development and
more experience in seeing matching bodies and faces these early
perceptual integration processes reﬂected in the P1 are established.
Another possible explanation is related to the fact that there are
methodological differences between prior work with adults and
the current study with infants. Namely, we employed a priming
design with infants, whereas Meeren et al. (2005) used body-face
compound stimuli in their study with adults. It is thus possible that
for these early effects on the P1 to be observed, it is necessary that
both body and face are visible simultaneously, as was the case for
the compound stimuli in the adult work, but not for the priming
stimuli in the current infant study. Future work is needed to explicitly test between these alternatives. Similarly, the fact that we did
not ﬁnd an enhanced Nc to incongruent trials in general as seen in
Grossmann et al. (2006) might also be explained by methodological
differences across studies. More speciﬁcally, while in Grossmann
et al.’s (2006) study face and voice were presented simultaneously,
the current study used a priming design in which the body was
used as a prime and the face as a target. Therefore, the information
from the body was not available to the infant while processing the
face, which may reduce any incongruence effects reﬂected in infant
ERPs.
Critically, our results show that body context matters, because
effects of body context on the processing of facial emotions were
observed for later ERP components related to attention allocation (Nc, 400–600 ms) and recognition memory (Pc, 600–800 ms)
at anterior electrodes. In particular, infants showed that only
when presented with congruent body expressions, but not when
presented with incongruent body expressions, the Nc and Pc
discriminated between happy and fearful faces. This shows
that conﬂicting body cues hamper discrimination between facial
expressions during later stages of neural processing. Speciﬁcally,
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infants fail to dedicate differential attentional resources to fearful versus happy facial expressions as reﬂected in the absence
of a relative enhancement of the Nc to fearful faces when compared to happy faces. This ﬁnding suggests that incongruent body
cues impair what has been referred to as a fear bias (Leppänen
and Nelson, 2009) in 7-month-old infants’ attentional responding to facial expressions. In the context of conﬂicting body cues,
infants also show an impairment of processes related to differential employment of recognition memory as reﬂected in the Pc.
In particular, happy facial expressions did not elicit a greater Pc
than fearful facial expressions in the incongruent context. This indicates that incongruent body cues impair the recognition of highly
familiar (happy) facial expressions, because in the congruent body
context happy facial expressions evoked an enhanced Pc, which is
thought of as a neural marker of recognition memory (Nelson et al.,
1998). However, with respect to the effects on the Pc it is important to mention that, in addition to the interaction effect, we also
observed a main effect of emotion on this ERP component. This
indicates that conﬂicting body cues, while having a detrimental
effect on brain processes associated with recognition memory, do
not completely abolish the differential employment of recognition
memory processes triggered by viewing facial emotional expressions. Nevertheless, our analysis also revealed that only during
the congruent body context, but not during the incongruent body
context, the Pc amplitude differed between emotions, as shown
in the post hoc comparisons using paired t-tests. Taken together,
these ﬁndings regarding the Nc and Pc support the notion that
context plays a critical role in triggering attentional and memory
related processes associated with the perception of emotional facial
expressions.
With respect to the exact nature of the observed context effects
for the Nc and Pc, the current data cannot tell us whether incongruent emotional body context impedes the discrimination of
emotional faces rather than congruent emotional body context bolstering the detection of emotional faces. This is because to directly
investigate whether congruent body context bolsters or incongruent body context hampers the perception of facial emotion in
infants, or both, an unprimed facial emotion condition or irrelevant
prime control condition would be required in addition to the emotional prime conditions. Moreover, it seems critical to extend the
current work by employing faces as primes and bodies as targets
in order to ﬁnd out whether these contextual effects occur independently of what serves as a prime or whether bodies are more
potent in impacting the interpretation of emotional information
than faces, as suggested by prior work with adults (Aviezer et al.,
2012).
Another point for discussion is that the context effects on the
Nc and Pc observed in 8-month-old infants in the current study
were lateralized to the left hemisphere. This, at ﬁrst glance, might
appear counterintuitive given previous work showing that both,
emotion perception in general as well as facial and body perception in particular (Grèzes et al., 2007; Heberlein and Saxe, 2005;
Missana et al., 2015) are lateralized to the right hemisphere. However, recent work using fMRI in adults shows that regions that
categorically represent emotions regardless of modality (body or
face) are lateralized to the left hemisphere (speciﬁcally to the left
superior temporal sulcus) (Peelen et al., 2010). The existence of
such modality-independent representations of emotional information in the left hemisphere might also explain the lateralization of
the ERP effects in the current infant sample. However, it should be
stressed that the infant ERP data does not provide any information regarding the cortical sources that generate the observed ERP
effects. It is therefore not possible to draw any direct comparisons
between fMRI ﬁndings from adults and ERP ﬁndings from infants.
Clearly, future work is needed to address this issue and functional
near-infrared spectroscopy (fNIRS) (Lloyd-Fox et al., 2010), which is

particularly well suited to localize brain responses in infants, might
provide a promising method to examine this question.
Finally, it is important to mention that no effects were observed
for face-sensitive processing as reﬂected in the ERP components
thought to be involved in face encoding in infants such as the N290
and the P400. This pattern is in line with prior work (Meeren et al.,
2005), which also did not ﬁnd any such effects in adults. However,
prior work with 7-month-old infants shows that fearful faces elicit
a larger P400 than happy faces (Leppänen et al., 2007). Therefore,
the absence of any effects on face-sensitive ERP components in
the current data may suggest that facial emotion does not impact
face encoding when primed by bodies, regardless of whether those
bodies provide congruent or incongruent emotional information.
Taken together, the current ﬁndings demonstrate that infants
put facial expressions into context. Our ERP data show that (a)
body expressions impact the way in which infants attend to and
retrieve information from memory about facial expressions, and
(b) body expressions exert contextual effects on the facial emotion processing, with conﬂicting body cues hampering the neural
discrimination of facial expressions. These results provide developmental evidence to an emerging body of work challenging the
standard view of emotion perception, demonstrating that emotion
perception from faces greatly depends on context.
Appendix A. Supplementary data
Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.dcn.2016.01.004.
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