
P
p

P
a

b

a

A
R
R
A
A

K
E
I
B
P
E

1

t
i
2
p
l
p
2
c
t
e
2
a
m
m
s

B
G

(

h
1
0

Developmental Cognitive Neuroscience 19 (2016) 115–121

Contents lists available at ScienceDirect

Developmental Cognitive  Neuroscience

j o ur nal ho me  pa ge: ht tp : / /www.e lsev ier .com/ locate /dcn

utting  the  face  in  context:  Body  expressions  impact  facial  emotion
rocessing  in  human  infants

urva  Rajhansa,∗,  Sarah  Jessena,  Manuela  Missanaa, Tobias  Grossmanna,b,∗∗

Early Social Development Group, Max Planck Institute for Human Cognitive and Brain Sciences, Stephanstrasse 1A, 04103 Leipzig, Germany
Department of Psychology, University of Virginia, 103 Gilmer Hall, PO Box 400400, Charlottesville, VA 22904, USA

 r  t  i  c  l  e  i  n  f  o

rticle history:
eceived 10 June 2015
eceived in revised form 28 January 2016
ccepted 30 January 2016
vailable online 17 February 2016

eywords:

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  per-
ception  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  incon-
gruent  facial  expressions.  Our  results  revealed  that body  expressions  impact  facial  emotion  processing
motion
nfants
ody expressions
riming
RP

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
. Introduction

Responding to others’ emotional expressions is a vital skill
hat helps us predict others’ actions and guide our own behav-
or during social interactions (Frijda and Mesquita, 1994; Frith,
009; Izard, 2007). The bulk of research investigating emotion
erception has focused on facial expressions presented in iso-

ation and been based on the standard view that specific facial
atterns directly code for a set of basic emotions (Barrett et al.,
011). However, emotional face perception naturally occurs in
ontext because during social interactions emotional informa-
ion can be gleaned from multiple sources, including the body
xpression of a person (de Gelder, 2006; Heberlein and Atkinson,
009; Van den Stock et al., 2008). Body expressions have been
rgued to be the most evolutionarily preserved and immediate

eans of conveying emotional information (de Gelder, 2006) and
ay  provide potent contextual cues when viewing facial expres-

ions during social interactions. For example, when body and face

∗ Corresponding author. Tel.: +49 341 9940 2472; fax: +49 341 9940 113.
∗∗ Corresponding author at: Max  Planck Institute for Human Cognitive and
rain Sciences, Early Social Development Group, Stephanstrasse 1A, 04103 Leipzig,
ermany. Tel.: +49 341 9940 2472; fax: +49 341 9940 113.

E-mail addresses: rajhans@cbs.mpg.de (P. Rajhans), grossman@cbs.mpg.de
T. Grossmann).

ttp://dx.doi.org/10.1016/j.dcn.2016.01.004
878-9293/© 2016 The Authors. Published by Elsevier Ltd. This is an open access article 

/).
license  (http://creativecommons.org/licenses/by-nc-nd/4.0/).

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 find-
ings 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 face-
body 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 stimu-
lus 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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bsence of an effect on the N170 in adults was taken to indicate
hat the structural encoding of the face is not affected by conflicting
motional information from the body.

Critically, the existing work with adults leaves unclear whether
he neural processes involved in emotion integration across body
nd face emerge early in human ontogeny and can therefore be con-
idered a key feature of human social perceptual functioning. In the
urrent study we thus examined the neural processing of emotional
nformation across bodies and faces in infancy using ERPs. Similar
o adults the main focus of emotion perception research in infancy
as been on facial expressions (Leppänen and Nelson, 2009). This
ork has shown that (a) beginning around 7 months of age infants
iscriminate between positive and negative emotions (especially
ear) and (b) at that age, emotional facial expressions modulate
eural processes associated with the perceptual encoding of faces
N290 and P400) and the allocation of attentional resources (Nc)
nd recognition of stimulus (Pc) (Leppänen et al., 2007; Nelson
nd De Haan, 1996; Nelson et al., 1979; Peltola et al., 2009a,b;
ebb et al., 2005). Only recently, research has begun to examine

ow the neural correlates of the ability to perceive and respond to
thers’ emotional body expressions develops during infancy. In a
rst study, using dynamic point-light displays of emotional body
xpressions (Missana et al., 2015) reported that 8-month-olds,
ut not 4-month-olds, showed brain responses that distinguished
etween fearful and happy body expressions, suggesting that the
bility to discriminate emotional body expressions develops during
he first year of life. Furthermore, Missana et al. (2014) extended
his line of work by showing that infants’ ERP responses also distin-
uished between fearful and happy static emotional body postures
t the age of 8 months.

Another line of work has looked at the neural correlates of
nfants’ ability to integrate emotional information across modal-
ties using ERPs. This work has shown that infants are able to

atch emotional information across face and voice (Grossmann
t al., 2006; Vogel et al., 2012). Specifically, in 7-month-old
nfants detecting incongruent face-voice pairings resulted in an
nhancement of the Nc component, indexing a greater allocation of
ttention, whereas detecting congruent face-voice pairings elicited
n enhanced Pc, reflecting recognition of common emotion across
ace and voice (Grossmann et al., 2006). While this work has pro-
ided insights into the early development of cross-modal emotional
ntegration processes, to date, the neural processes of integrating
motional information across body and face have not been studied
n infancy.

The main goal of the current study was to examine whether and
ow emotional information conveyed through the body influences
he neural processing of facial emotions. In order to investigate
his question, we used a priming design in which we presented
-month-old infants with emotional body expressions (fearful and
appy) that were followed either by a matching or a mismatching

acial expression. Priming has been shown to be a powerful method
o elucidate implicit influences of context on social information
rocessing in adults and children (see Stupica and Cassidy, 2014).
owever, despite its tremendous potential in studying how social

nformation is represented in the brain of preverbal infants, to date
here are only relatively few studies that have used priming designs
o investigate the neural correlates of social information processing
n infancy (Gliga and Dehaene-Lambertz, 2007; Peykarjou et al.,
014). Furthermore, 8-month-old infants were chosen because at
his age infants have been shown to reliably detect and discrim-
nate between fearful and happy expressions from faces (Nelson
t al., 1979; Peltola et al., 2009) but also from bodies (Missana

t al., 2014, 2015), which is an important prerequisite for the detec-
ion of congruency across body and face. We  predicted that if
nfants are indeed sensitive to the congruency between body and
acial expressions then their ERPs would show priming effects on
e Neuroscience 19 (2016) 115–121

components shown to reflect early visual processes similar to those
identified in prior work with adults (Meeren et al., 2005). In addi-
tion, 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 incongru-
ent 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 (hamper-
ing) 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 discrim-
ination between emotional facial expressions (happy and fear) is
impaired when they previously saw a mismatching body expres-
sion. 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 emo-
tion only when presented in the context of a congruent body
expression but not when presented in the context of an incon-
gruent 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-month-
old 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 compen-
sated 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 recog-
nition 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 t

.3. Design

We  employed a priming design in which we  presented infants
ith emotional body expressions (fearful and happy) that were

ollowed either by a matching (congruent) or a mismatching
incongruent) facial expression (see Fig. 1). All possible pairings
etween body and face stimuli (from 4 actors) were used for stimu-

us presentation, leading to 16 possible combinations per condition
i.e., 16 combinations for a happy face preceded by a happy body)
nd 64 combinations in total for the four conditions. Each specific
ombination was included in the presentation list four times, lead-
ng to a maximum number of 256 trials. Each trial began with the
resentation of a fixation star on a black background (450 ms), fol-

owed by the full-light static body expression which was presented
or 1000 ms.  This was followed by an inter-stimulus interval which
aried randomly between 200 and 300 ms,  during which a fixation
tar was presented on a black background. Following the inter-
timulus interval, the facial expression was presented for 1000 ms.
his was followed by an inter-trial interval where a black screen
as presented for a duration that randomly varied between 500 and

000 ms.  Stimuli were presented in a pseudo-randomized order
nd a newly randomized order was generated for each infant. We
nsured that trials from the same condition did not occur twice in

 row.

.4. Procedure

The infants were seated on their parent’s lap in a dimly lit,
ound-attenuated and electrically shielded room during testing.
he stimuli were presented in the center of the screen on a
lack background, using a 70 Hz, 17 in. computer screen at a dis-
ance of 70 cm.  The stimulus presentation was continuous but

imultaneously controlled by the experimenter, who was able
o stop the presentation, if required, and use attention getting
ideos including sounds in order to reorient the infant to the
creen.
sign of the priming paradigm used in the current study.

2.5. EEG measurement

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 elec-
trode. 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 elec-
trode 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’ atten-
tion to the screen. The EEG session ended when the infant became
fussy, or inattentive.

2.6. ERP analysis

Data processing for ERP analysis was performed using an in-
house 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 band-
pass 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 base-
line 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 win-
dow 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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ig. 2. This figure shows 8-month-old infants’ ERP responses at anterior electrode
xpressions.

ejection procedure, EEG data was also visually inspected offline for
emaining artifacts. Trials in which the infant did not attend to the
creen during either prime or target presentation were excluded
rom further analysis. At each electrode, artifact-free epochs were
veraged separately for happy-match, happy-mismatch, fearful-
atch and fearful-mismatch facial expressions to compute the

RPs. The mean number of trials included in the ERP average
as 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)
or the fear congruent condition, and 19.25 (SD = 8.67) for the fear
ncongruent condition. The mean number of trials watched by
he infants was: M = 40.59 (SD = 10.27) for the happy congruent
ondition, M = 40.66 (SD = 10.47) for the happy incongruent con-
ition, M = 40.75 (SD = 10.33) for the fear congruent condition, and

 = 40.59 (SD = 10.46) for the fear incongruent condition.
Based on prior ERP work (de Haan et al., 2003; Kobiella

t al., 2008; Leppänen et al., 2007; Meeren et al., 2005; Missana
t al., 2015; Grossmann et al., 2006; Pourtois et al., 2004; Webb
t al., 2005) and visual inspection of the data (see Supplementary
ig. 1), our ERP analysis focused on the following ERP compo-
ents: (A) early visual processing over posterior (occipital) regions
O1, O2) (P1 [100–200 ms]); (B) face-sensitive processing over
osterior (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])
ver anterior regions (F3, F4, C3, C4, T7, T8). For these time win-
ows and regions mean amplitude ERP effects were assessed

n repeated measures ANOVAs with the within-subject factors
motion (happy versus fear), congruency (congruent versus incon-
ruent), and hemisphere (left [F3, C3, T7] versus right [F4, C4, T8]).

. Results

.1. Early visual processing at posterior electrodes

.1.1. P1
Our analysis did not reveal any congruency effects on the

1 from 100 to 200 ms  at O1 and O2, F(1, 31) = 0.393, p = 0.535.
dditionally, there was no significant main effect of emotion,
(1, 31) = 0.898, p = 0.351, and there was no significant interaction
etween congruency and emotion, F(1, 31) = 2.83, p = 0.102, during
his time window at occipital electrodes.

.2. Face-sensitive processing at posterior electrodes

.2.1. N290

Our analysis did not reveal any congruency effects on the

290 from 200 to 300 ms  at O1 and O2, F(1, 31) = 0.10, p = 0.920.
urthermore, there was no significant main effect of emotion,
(1, 31) = 1.902, p = 0.178, and there was no significant interaction
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.

3.2.2. 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)

3.3.1. Nc
Our analysis revealed a significant interaction between the
factors congruency, emotion and hemisphere at anterior elec-
trodes (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  Pc: 600–800 ms

F3/C3/T7 F4/C4/T8 F3/C3/T7 F4/C4/T8

Happy congruent Mean (SE) �V −11.70 (1.58)** −14.28 (1.77) −1.37 (1.12)** −4.14 (1.54)
Fearful  congruent Mean (SE) �V −15.61 (1.35) −15.49 (1.60) −5.61 (1.15) −5.70 (1.19)
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Happy  incongruent Mean (SE) �V −14.54 (1.67)
Fearful  incongruent Mean (SE) �V −14.81 (1.44) 

** p < 0.01.

emisphere in the congruent condition, t(31) = 2.81, p = 0.009, with
earful facial expressions primed with congruent body expressions
eing significantly more negative (M = −15.61 �V, SE = 1.35) than
appy facial expressions primed with congruent body expressions
M = −11.70 �V, SE = 1.58) (see Figs. 2 and 3 and Table 1). No sig-
ificant differences between happy and fearful facial expressions
ere observed at the left hemisphere in the incongruent condi-

ion t(31) = 0.18, p = 0.856. Furthermore, there were no significant
ifferences between emotions neither in the congruent condition
(31) = 1.00, p = 0.324 nor in the incongruent condition, t(31) = 0.88,

 = 0.383 over the right hemisphere. Note that here we  report
ncorrected statistics for the paired comparisons using t-tests.
owever, the obtained significant difference between emotions in

he congruent condition survives a conservative Bonferroni correc-
ion in which the p-value is adjusted for multiple comparisons (in
ur case by dividing it by 4, adjusted p-value is p = 0.0125, obtained
-value is below the threshold: p = 0.009).

.3.2. Pc
Our analysis revealed a significant interaction between the fac-

ors congruency, emotion and hemisphere at anterior electrodes
F3, F4, C3, C4, T7, T8) between 600 to 800 ms,  F(1, 31) = 6.06,

 = 0.02 (see Figs. 2 and 3). Further analysis showed that the
c differed between the emotions only at left hemispheric elec-
rodes for the congruent condition, t(31) = 3.67, p = 0.001, with
earful facial expressions primed with congruent body expressions
eing significantly more negative (M = −5.61 �V, SE = 1.15) than
appy facial expressions primed with congruent body expressions
M = −1.37 �V, SE = 1.12) (see Figs. 2 and 3 and Table 1). No sig-
ificant differences between happy and fearful facial expressions
ere observed at the left hemisphere when primed with incon-

ruent body expressions, t(31) = 0.40, p = 0.692. Furthermore, there
ere no significant differences between emotion neither in the

ongruent t(31) = 1.35, p = 0.186 nor in the incongruent condition
(31) = 1.90, p = 0.066 over the right hemisphere. Note that similar
o the analysis for the Nc, we also report uncorrected statistics for
he paired comparisons for the Pc. As for the Nc, the obtained sig-
ificant difference between emotions in the congruent condition

or the Pc survives a conservative Bonferroni correction in which
he p-value is adjusted for multiple comparisons (in our case by
ividing it by 4, adjusted p-value threshold is p = 0.0125, obtained
-value is below the threshold: p = 0.01).

In addition, we observed a marginally significant main effect
f emotion at anterior electrodes over both hemispheres for the
c (400 to 600 ms), F(1, 31) = 3.65, p = 0.066 and a significant main
ffect of emotion at anterior electrodes over both hemispheres for
he Pc (600 and 800 ms), F(1, 31) = 9.45, p = 0.004. However, this

ain effect on the Nc and Pc is difficult to interpret, because it
eeds to be qualified by the interaction effect reported above.
. Discussion

The current study examined the impact that body expres-
ions have on the processing of facial expressions in infancy
−14.10 (1.50) −3.78 (1.63) −2.60 (1.29)
−15.42 (1.50) −4.40 (1.57) −5.61 (1.75)

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 discrim-
ination of facial expressions in infants. This finding suggests that
early in development body expressions provide an important con-
text 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 multi-
determined process (Barrett et al., 2011). The finding that body cues
play an important role when perceiving emotional facial expres-
sions 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 elec-
trodes, 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 con-
gruency 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 differ-
ences 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 explic-
itly 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 alloca-
tion (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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nfants fail to dedicate differential attentional resources to fear-
ul versus happy facial expressions as reflected in the absence
f a relative enhancement of the Nc to fearful faces when com-
ared to happy faces. This finding suggests that incongruent body
ues impair what has been referred to as a fear bias (Leppänen
nd Nelson, 2009) in 7-month-old infants’ attentional respon-
ing to facial expressions. In the context of conflicting body cues,

nfants also show an impairment of processes related to differ-
ntial employment of recognition memory as reflected in the Pc.
n particular, happy facial expressions did not elicit a greater Pc
han fearful facial expressions in the incongruent context. This indi-
ates that incongruent body cues impair the recognition of highly
amiliar (happy) facial expressions, because in the congruent body
ontext happy facial expressions evoked an enhanced Pc, which is
hought of as a neural marker of recognition memory (Nelson et al.,
998). However, with respect to the effects on the Pc it is impor-
ant to mention that, in addition to the interaction effect, we also
bserved a main effect of emotion on this ERP component. This
ndicates that conflicting body cues, while having a detrimental
ffect on brain processes associated with recognition memory, do
ot completely abolish the differential employment of recognition
emory processes triggered by viewing facial emotional expres-

ions. Nevertheless, our analysis also revealed that only during
he congruent body context, but not during the incongruent body
ontext, the Pc amplitude differed between emotions, as shown
n the post hoc comparisons using paired t-tests. Taken together,
hese findings regarding the Nc and Pc support the notion that
ontext plays a critical role in triggering attentional and memory
elated processes associated with the perception of emotional facial
xpressions.

With respect to the exact nature of the observed context effects
or the Nc and Pc, the current data cannot tell us whether incon-
ruent emotional body context impedes the discrimination of
motional faces rather than congruent emotional body context bol-
tering the detection of emotional faces. This is because to directly
nvestigate whether congruent body context bolsters or incon-
ruent body context hampers the perception of facial emotion in
nfants, or both, an unprimed facial emotion condition or irrelevant
rime control condition would be required in addition to the emo-
ional prime conditions. Moreover, it seems critical to extend the
urrent work by employing faces as primes and bodies as targets
n order to find out whether these contextual effects occur inde-
endently of what serves as a prime or whether bodies are more
otent in impacting the interpretation of emotional information
han faces, as suggested by prior work with adults (Aviezer et al.,
012).

Another point for discussion is that the context effects on the
c and Pc observed in 8-month-old infants in the current study
ere lateralized to the left hemisphere. This, at first glance, might

ppear counterintuitive given previous work showing that both,
motion perception in general as well as facial and body percep-
ion in particular (Grèzes et al., 2007; Heberlein and Saxe, 2005;

issana et al., 2015) are lateralized to the right hemisphere. How-
ver, recent work using fMRI in adults shows that regions that
ategorically represent emotions regardless of modality (body or
ace) are lateralized to the left hemisphere (specifically to the left
uperior temporal sulcus) (Peelen et al., 2010). The existence of
uch modality-independent representations of emotional informa-
ion in the left hemisphere might also explain the lateralization of
he ERP effects in the current infant sample. However, it should be
tressed that the infant ERP data does not provide any informa-
ion regarding the cortical sources that generate the observed ERP

ffects. It is therefore not possible to draw any direct comparisons
etween fMRI findings from adults and ERP findings from infants.
learly, future work is needed to address this issue and functional
ear-infrared spectroscopy (fNIRS) (Lloyd-Fox et al., 2010), which is
e Neuroscience 19 (2016) 115–121

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 emo-
tion processing, with conflicting body cues hampering the neural
discrimination of facial expressions. These results provide devel-
opmental 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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