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Making sense of emotions manifesting in human voice is an important social skill which is influenced by
emotions in other modalities, such as that of the corresponding face. Although processing emotional
information from voices and faces simultaneously has been studied in adults, little is known about the
neural mechanisms underlying the development of this ability in infancy. Here we investigated multi-
modal processing of fearful and happy face/voice pairs using event-related potential (ERP) measures in
a group of 84 9-month-olds. Infants were presented with emotional vocalisations (fearful/happy) pre-
ceded by the same or a different facial expression (fearful/happy). The ERP data revealed that the process-
ing of emotional information appearing in human voice was modulated by the emotional expression
appearing on the corresponding face: Infants responded with larger auditory ERPs after fearful compared
to happy facial primes. This finding suggests that infants dedicate more processing capacities to poten-
tially threatening than to non-threatening stimuli.

� 2014 Elsevier Inc. All rights reserved.
1. Introduction processing of affective information in voices (Belin et al., 2004;
Humans are social beings, often living together in close quarters
and as such communication with others is a significant part of our
day-to-day life. In this social context human voices are one of the
most important stimuli in our auditory environment. They not only
convey semantic information, but also information about one’s
identity and emotional state (Belin, Fecteau, & Bédard, 2004;
Grossmann, Oberecker, Koch, & Friederici, 2010; Latinus & Belin,
2011). That voices are special is emphasised by the existence in
the adult human brain of voice-selective regions along the upper
bank of the superior temporal sulcus dedicated to the processing
of human vocal sounds – both speech and non-speech vocalisations
(Belin, Zatorre, Lafaille, Ahad, & Pike, 2000; Kreifelts, Ethofer,
Shiozawa, Grodd, & Wildgruber, 2009). The amygdala, inferior
prefrontal cortex, and insula have been found to be involved in the
Blasi et al., 2011). How emotional information from vocalisations
is processed partly depends on information from other modalities,
such as visual input from facial expressions. For example,
deGelder and Vroomen (2000) and deGelder, Pourtois, and
Weiskrantz (2002) found that in adults both recognition and judge-
ment of emotion in voices is modulated by consciously as well as
unconsciously recognised emotion in faces, providing evidence that
the brain uses information from both modalities to interpret emo-
tions. The goal of the current study was to examine whether this
is also true for 9-month-old infants: Do they process emotional
vocalisations differently when they have been primed with a visual
stimulus conveying the same, versus a different emotion?

From a developmental perspective, studying how emotional
information from faces may modulate the processing of emotional
content from voices is important, for example for understanding
how interpersonal skills develop, such as interaction with others
by reading their emotions (Grossmann, 2010; Walker-Andrews,
1997). The ability to process emotional information from different
modalities simultaneously appears to develop quite early in human
life. Behavioural experiments, for instance, have found that by
3–5 months of age recognition of affect emerges in bimodal
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stimulation, first in familiar and then in unfamiliar contexts and per-
sons (Kahana-Kalman & Walker-Andrews, 2001; Walker-Andrews,
1997), as evidenced by discrimination between happiness, anger
and sadness (Flom & Bahrick, 2007; Leppänen & Nelson, 2008). For
successful differentiation at this age, though, it is necessary that
there is temporal synchrony between face and voice, i.e. speech
should be played in synchrony with lip movement (Flom &
Bahrick, 2007). From 7 months of age infants are able to detect hap-
piness, anger and sadness across audio–visual modalities without
needing temporal synchrony between faces and voices (Flom &
Bahrick, 2007; Soken & Pick, 1992; Walker-Andrews, 1997).

To date, electrophysiological measures such as event-related
potentials (ERPs) have been seldom used to study multimodal pro-
cessing of emotional information in infancy. However, as ERPs can
be recorded in the absence of a behavioural response (Nelson &
Bloom, 1997), even for unattended stimuli (Sussman, 2007), they
are quite suitable for studying emotion processing in infants.
Indeed, in previous infant research on emotional faces (e.g.
deHaan, Johnson, & Halit, 2003; Leppänen, Moulson, Vogel-Farley,
& Nelson, 2007), emotional voices (Grossmann, Striano, &
Friederici, 2005) and emotional face/voice pairs (Grossmann,
Striano, & Friederici, 2006), the use of ERPs helped to gain insight
into the development of the underlying mechanisms. For example,
in the study by Grossmann et al. (2006), the authors presented their
7-month-old subjects with a happy or angry static facial expression
(a prime). After a 400 ms-delay, a word was spoken in an emotion-
ally congruent or incongruent tone of voice. Faces remained visible
until the end of the presentation of the word. The authors found that
the emotionally incongruent condition elicited a larger auditory
Negative component (Nc) around 500 ms post-stimulus. In contrast,
the emotionally congruent condition elicited a larger auditory Posi-
tive component (Pc) approximately 800 ms after stimulus onset.
Grossmann et al. (2006) concluded that the attenuation of the Nc
and enhancement of the later Pc reflected recognition of the famil-
iar/expected face/voice pairs, and that the infants had thus recogni-
sed and processed emotions from both modalities.

In comparison with studies on processing of facial emotional
stimuli in infancy (e.g. deHaan, Belsky, Reid, Volein, & Johnson,
2004; Nelson & de Haan, 1996; Striano, Brennan, & Vanman,
2002), few studies have addressed the processing of vocal emo-
tional stimuli and even fewer the processing of emotional voices
in the context of emotional facial expressions. However, as the
auditory system develops earlier than the visual system
(Anderson & Thomason, 2013; Anderson et al., 2001), from a devel-
opmental perspective, emotional vocalisations may be just as rele-
vant as facial expressions in the first months of life. This is
supported by findings that 5-month-olds do respond to emotional
vocalisations in the absence of facial emotional expressions, but
not vice versa (Fernald, 1993). Also, Caron, Caron, and MacLean
(1988) found that 5- to 7-month-olds rely more on auditory than
visual input when discriminating emotional expressions. In addi-
tion, results from a study by Mumme, Fernald, and Herrera
(1996) suggested that information from the mother’s voice alone,
but not from her face only, can be sufficient in guiding 12-
month-olds’ behaviour in ambiguous situations. Therefore, in the
current study we examined the processing of emotional vocalisa-
tions (fearful and happy) in a large group (N = 84) of 9-month-
old infants after priming them by a visual stimulus conveying
the same, versus a different emotion.

We hypothesised that (1) the emotional quality of the Visual
Prime will modulate the response to the following voice; and (2)
that emotional (in)congruency between the Visual Prime and the
following voice will modulate the ERP response to the latter. Based
on Grossmann et al. (2006), we expected both the Nc and Pc to be
modulated. Research from Kushnerenko et al. (2002) showed that,
already from birth, infants respond to auditory stimuli with a
P150-N250-P350-N450 ERP complex (where the N450 is approxi-
mately equivalent to the Nc described by Grossmann et al.
(2006)). These infant components are speculated to be precursors
of child and adult components, i.e. P1, N250 (N2), P3a, N450 (N4)
(Kushnerenko et al., 2002). The infants in our study were slightly
older than those in the study of Grossmann et al. (2006) and might
therefore show a more adult-like component structure. Thus, we
also took the earlier components (P150, N250, P350) described
by Kushnerenko et al. (2002) into account. Because the Nc and Pc
are usually used to describe visual instead of auditory ERPs, in
the current study, we refer to the five components of interest as
P150, N250, P350, N450 (Nc) and P650 (Pc), respectively.
2. Methods

2.1. Subjects

Subjects were 84 infants (one pair of twins) and their mothers
from a normal (i.e. non-clinical) population who have been taking
part in a longitudinal study on prenatal early life stress (PELS pro-
ject). The study was approved by the Medical Ethical Committee of
St. Elizabeth Hospital in Tilburg, The Netherlands. Informed con-
sent was obtained from all mothers and fathers in accordance with
the Declaration of Helsinki. Detailed information on the cohort and
its recruitment has been described previously in Otte et al. (2013).

In short, the cohort consists of 190 women – and their partner
and child – who have been recruited during pregnancy, either
before 15 weeks gestational age (GA; N = 178) or between week
16 and 22 (N = 12) of gestation, from a general hospital and four
midwives’ practices in Tilburg, The Netherlands. Women were fol-
lowed up three times during their pregnancies (measurement
waves T1, T2 and T3, respectively) and were invited to the lab for
postpartum observations both 2 to 4 months (T4) and 9 to
11 months (T5) after giving birth. Here, we report results from
infants measured at T5; data collected at T4 have been discussed
elsewhere (Otte et al., 2013; van den Heuvel et al., in preparation).

At T5 147 of the original 190 women came in for testing with
their infant (one pair of twins). Forty-three women did not partic-
ipate in this measurement wave, because of drop out before T5
(N = 32), because they could not be reached in time (6), they were
(N = 1) or their infant was (N = 2) too ill, they had miscarried
around T2 (N = 1), or their infant had passed away (N = 1). Three
of the 147 mothers had delivered prematurely, and 1 mother had
delivered a baby small for gestational age (GA; e.g. birth
weight < 2500 g at term delivery). Data for infants of these mothers
(N = 4) were excluded from analysis beforehand. Data for an addi-
tional 60 of the remaining 144 infants were later excluded because
of too little remaining data after removing invalid trials (e.g. with
movement artefacts and where the infant had not looked at the
stimulus; N = 33), fussiness (N = 13), and technical problems (e.g.
severe problems with mastoids; N = 14). This attrition rate
(41.2%) is similar to other infant ERP studies (DeBoer, Scott, &
Nelson, 2007). All infants were healthy and had passed a screening
test for hearing impairments (evoked otoacoustic emission), per-
formed by a nurse from the infant health care clinic, between the
4th and 7th day after birth. The mean age at testing of the 84
infants (45 girls) included in the sample was 303 days
(SD = 14 days). Mean GA and mean birth weight were 39.9 weeks
(SD = 8.7 days) and 3477 g (SD = 464 g), respectively.
2.2. Stimuli

2.2.1. Visual stimuli
Visual stimuli were 18 colour photos of 9 Caucasian women in

frontal view, each expressing both happiness and fear. In contrast



Fig. 1. Examples of a typical happy (A) and fearful (B) visual expression from the
NimStim dataset, and of a typical happy (C) and fearful (B) visual expression from
the Tilburg dataset.
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to the study by Grossmann et al. (2006), we opted to use fear
instead of anger, to explore whether we would find similar results
with a different emotion. Also, for our ongoing study on prenatal
early life stress we were interested in effects of exposure to fearful
stimuli (see our twin-paper Otte, Donkers, Braeken, & Van den
Bergh., submitted for publication).

Only female and Caucasian identities had been chosen so as to
avoid any sex or ethnicity differences from influencing the infant
ERPs (e.g. see Ramsey, Langlois, & Marti, 2005; Vogel, Monesson,
& Scott, 2012). The emotional faces had been cut out from their ori-
ginal background and pasted onto a black background. Four iden-
tities were taken from the validated NimStim Face Stimulus Set
(http://www.macbrain.org/resources.htm1). Their fearful and
happy expression had been recognised at least 75% of the time in
the validation study. In Fig. 1A and B examples of a happy and fearful
face from the NimStim set can be found. An additional 5 identities
were included from a database with emotional facial stimuli from
the Cognitive and Affective Neurosciences Laboratory at Tilburg Uni-
versity, The Netherlands. This was done because we wanted to
include as many identities as possible to minimise the possibility
that potential effects would be due to the identity itself, and the
NimStim set did not offer more than 4 female Caucasian identities
whose fearful and happy expression survived the validation process.
The stimuli from the Tilburg database had been validated in a pilot
study in which they were rated for emotion (fear, happiness, anger,
neutral, surprise, sadness and disgust), intensity (scale from 1 to 5)
and positive/negative affect (scale from1 to 5) by at least 8 partici-
pants. For the 5 identities used for this study both the emotion fear
and happiness were correctly recognised by the raters 80% of the
1 Development of the MacBrain Face Stimulus Set was overseen by Nim Tottenham
and supported by the John D. and Catherine T. MacArthur Foundation Research
Network on Early Experience and Brain Development. Please contact Nim Tottenham
attott0006@tc.umn.edu for more information concerning the stimulus set.
time or more. In Fig. 1C and D examples of a happy and fearful face
from the Tilburg set can be found.

2.2.2. Auditory stimuli
Auditory stimuli were voice recordings of six women express-

ing fear and happiness with non-verbal vocalisations. We chose
to use non-verbal vocalisations as to minimise automatic semantic
or verbal processing (Van den Stock, Grèze, & de Gelder, 2008).
Because not all vocalisations had been recognised well enough in
the validation study (see below), for two of the identities we only
used the fearful vocalisation, for two of them we only used the
happy vocalisation and for two of them we used vocalisations of
both emotions, resulting in 4 fearful and 4 happy auditory stimuli.
These stimuli were provided by the Cognitive and Affective Neuro-
sciences Laboratory at Tilburg University also, and were recorded,
processed and validated as described by Van den Stock et al.
(2008). In short, semi-professional actors were asked to make a
frightened or happy sound, based on a specific script describing sit-
uations such as an attack by a robber. Audio recordings were made
at a 44.1 kHz sampling rate and an intensity level of 75 dB. They
were originally of 800 ms duration, and were shortened to
500 ms for the experiment described here. The sounds were vali-
dated in a pilot session by 15 participants, who were instructed
to categorise as accurately and as fast as possible the emotion
expressed by the voices (fear or happiness). All stimuli used here
had been correctly recognised 80% of the time or more.

2.3. Procedure

Each of the 18 visual stimuli was paired with both the fearful
and happy auditory stimuli. This created a relatively large set of
face/voice compounds, minimising the chance that potential
effects would be caused by specific compounds. The 144 com-
pounds comprised four experimental conditions: happy face-
happy voice (HH), fearful face-fearful voice (FF), happy face-fearful
voice (HF), and fearful face-happy voice (FH). They were presented
twice during the experiment (288 trials), divided in four blocks of
72 stimuli, each. The presentation order within each of the blocks
was randomised and the order between the blocks was counter-
balanced. The blocks were presented with small breaks in between
as needed.

During stimulus presentation, the infant was seated on its par-
ent’s lap in a dimly lit and sound-attenuated room. The parent-
infant dyad were seated behind a desk with a computer screen
(CRT VGA, 21 inch, 1280 � 1024, 100 Hz) at a distance of approxi-
mately 70 cm from the eyes. The visual stimuli measured 18,
5 � 22, 5 cm and the horizontal and vertical visual angles were
7.53� and 9.13�, respectively. Auditory stimuli were presented
through speakers positioned on either side of the screen, and at a
distance of approximately 90 cm from the infant’s head. To prevent
the parent from influencing the infant’s ERP responses by uncon-
sciously reacting to the auditory stimuli, he or she was wearing
headphones through which classical music was playing.2 Two cam-
eras filmed the experimental session and these data were later used
to code whether the infant had looked at a specific trial or not (see
also Section 2.4).

Each stimulus block started with the sound of a laughing baby
and the presentation of a red dot growing bigger and smaller in
the centre of the computer screen to attract the infant’s attention.
When the infant was looking at the screen, the experimenter
started the first trial. Each trial lasted 1400 ms and started with
the presentation of a visual stimulus that lasted 900 ms, after
which an auditory stimulus was presented. A larger interval
2 Since for this experiment we were interested in the infants’ responses to
emotional vocalisations, we did not prevent the mothers from seeing (and potentially
responding to) the visual stimuli.

http://www.macbrain.org/resources.htm
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between presentation of faces and voices compared to that in the
study by Grossmann et al. (2006) was chosen for decreasing the
chance that differences in the late ERP responses to the visual stim-
uli would overlap and wash out potential response differences in
response to the auditory stimuli. The visual stimulus remained in
place until the auditory stimulus was played out (after 500 ms).
Each trial was followed by an inter-trial interval with variable
duration (between 600 and 1000 ms) to reduce temporal predict-
ability. During this interval, the screen was black.

When an infant looked away from the screen, the experimenter
tried to recapture the infant’s attention by presenting an attractive
moving figure in the centre of the screen. As soon as the infant was
looking at the screen again, the experiment continued. The exper-
iment was concluded either after all 288 stimuli had been pre-
sented or when the infant became too fussy to continue.
2.4. Data acquisition and analysis

EEG was recorded with BioSemi ActiveTwo amplifiers (BioSemi,
Amsterdam, The Netherlands) with a sampling rate of 512 Hz.3

Infants wore head caps with 64 electrode locations positioned
according to the revised version of the International 10–20 system.
The standard BioSemi reference (CMS-DRL) was used (see www.bio-
semi.com/faq/cms&drl.htm for details) and two additional elec-
trodes were placed both on the left and right mastoid. Off-line,
these were mathematically combined to produce an average mas-
toids reference derivation (Luck, 2005).

Before the data were processed further, independent raters
inspected the data and scored per infant per trial whether or not
he or she had indeed looked at the visual stimulus. All trials were
scored by 2 different raters (there were 4 raters in total) and these
scorings were afterwards compared. Agreement between raters
lay between 81% and 99% and was 95% on average. Whenever scor-
ings differed, the trials concerned were re-inspected and scored
again. If there was still doubt about whether the infant had actually
seen the stimulus, the trial was excluded. Trials during which an
infant was crying were also excluded. Only EEG signals from trials
during which the infant was looking at the stimulus were used for
data analysis.

The EEG data were analysed using BrainVisionAnalyzer software
(Brain Products, Munich, Germany). The continuous EEG signals
were filtered off-line, with a 50 Hz notch filter (to make sure all line
noise would be removed) and a 0.1 to 20 Hzband-pass filter (slope
24 dB). The signals were then segmented into 1000 ms-long epochs,
time-locked to the onset of the auditory stimulus. The 200 ms before
auditory stimulus onset were used as the baseline. To make sure
that this auditory baseline did not differ between happy and fearful
facial expressions, we tested it. We did this by first calculating -per
subject, per condition – the average amplitude in the auditory base-
line period (�200 to 0 ms before voice onset), using the 200 ms
before face onset (so�1100 to�900 ms before voice onset) as base-
line. Then, we ran a 4-way ANOVA with the factor ‘‘Condition’’ (4
levels: FH, FF, HF and HH) to test whether there were differences
between the 4 conditions in the auditory baseline period. The result
(F(3,267) = 2, 192, p > .05) showed no differences between the four
conditions, and we concluded the 200 ms before onset of the audi-
tory stimulus were suitable for use as the baseline.4
3 On-line filtering options in the BioSemi software are set automatically and
depend on the chosen sampling rate. See http://www.biosemi.com/faq/adjustfil-
ter.htm and http://www.biosemi.com/faq/adjustsamplerate.htm.

4 An alternative would have been to use a baseline before face onset (e.g. �1100 to
�900 before voice onset). However, the relatively large amplitude (and variance) of
the visual ERPs compared to the auditory ones could lead to the auditory ERP being
‘washed out’. In other words, using the visual baseline for estimating the auditory ERP
amplitudes could lead to loss of the true possible modulations of the auditory ERP
components.
The epochs were averaged separately for each of the four condi-
tions (FF, HH, HF, FH). Epochs with sample-to-sample voltage steps
exceeding 80 lV were excluded, as were epochs with amplitudes
exceeding 150 lV in any 200 ms-long window within the whole
epoch, and those where the amplitude range in any 100-ms win-
dow, was below 0.5 lV (i.e., flat lines). Data from infants with less
than 14 acceptable responses for any one of the four condition
were removed from further analysis (33 infants, see also Sec-
tion 2.1). The average number of available trials per infant was
36.4 for FF (SD = 12.6), 37.5 for HH (SD = 12.0), 36.6 for HF
(SD = 11.8), and 37.1 for FH (SD = 12.8).

Time windows for analysis were selected based on visual
inspection of the grand average waveform for all responses com-
bined at electrode sites F3, Fz, F4, C3, Cz, C4 (see Fig. 1), where
responses were largest. The following windows, each centred
around a peak in the grand average waveform, were chosen:
120–200 ms, 200–260 ms, 290–430 ms, 380–540 ms, and 620–
680 ms post-stimulus. The fourth (380–540 ms) and fifth (620–
680 ms) windows are approximately equivalent to the Nc and Pc
described by Grossmann et al. (2006). Together with the first three
windows, the 380–540 ms window corresponds to the infant P150-
N250-P350-N450 ERP complex in response to auditory stimuli
described by Kushnerenko et al. (2002).

Amplitudes measured from the above mentioned windows and
from electrode sites F3, Fz, F4, C3, Cz, C4 were analysed by means
of a 2 � 3 � 2 � 2 repeated measures ANOVAs design (run in IBM
SPSS 19.0), separately for each window. Within-subjects factors
were ‘‘Frontal-central’’ (frontal, central), ‘‘Laterality’’ (left, medial,
right), ‘‘Visual Prime’’ (fearful, happy), and ‘‘Auditory Emotion’’
(fearful, happy). As we were especially interested in effects of
priming by the visual stimulus on the auditory stimulus, post
hoc simple interactions and simple effects including the factor
Visual Prime were run to further analyse any significant main/
interaction effect. Greenhouse–Geisser correction was used where
necessary and the e correction factor is given, together with the
partial g2 effect size.

3. Results

The grand-averaged waveform for all responses combined can
be found in Fig. 2. Fig. 3 shows the grand-averaged responses per
condition. For investigating our hypotheses only effects involving
Visual Prime will be interpreted here, because this factor repre-
sents effects of the visually presented emotion on the processing
of the emotional sounds (see Table 1 for statistical information).
However, significant results involving other factors can also be
found in Table 1.

3.1. Results for P150 (120–200 ms post-stimulus)

The 4-way ANOVA yielded an interaction between the factors
Visual Prime and Frontal-Central. Post hoc tests showed that if
the visual stimulus had been fearful, the auditory responses had
larger positive amplitudes on central electrode sites than when
the visual stimulus had been happy (t(83) = 2.032; p < .001). On
frontal electrodes sites response amplitudes for the fearful and
happy visual stimuli did not significantly differ from each other
(t(83) = .935; p < .05).

3.2. Results for N250 (200–260 ms post-stimulus)

The analysis yielded a main effect for the factor Visual Prime.
Post hoc tests showed that when the visual stimulus had been
fearful, responses to the auditory stimulus had been of smaller
negative-going amplitudes than when the visual stimulus had
been happy (t(83) = 1.855; p < .05).

http://www.biosemi.com/faq/cms%26drl.htm
http://www.biosemi.com/faq/cms%26drl.htm
http://www.biosemi.com/faq/adjustfilter.htm
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http://www.biosemi.com/faq/adjustsamplerate.htm


Fig. 2. Grand-averaged waveform for all 4 conditions (FF, HH, FH, HF) combined. Arrows indicate the P150, N250, P350, N450 and P650 area, respectively. Stimulus onset is at
0 ms. Amplitude calibration is at Cz. Negativity is plotted upwards.
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3.3. Results for P350 (290–430 ms post-stimulus)

There was a main effect for Visual Prime, and post hoc tests
showed that when the visual stimulus had been fearful, responses
to the auditory stimulus had been of higher positive amplitudes
than when the visual stimulus had been happy (t(83) = 1.783;
p < .05).

3.4. Results for N450 (380–520 ms post-stimulus)

For the N450 results similar to those for the N250 were found.
The analysis yielded a main effect for Visual Prime, which was
explained by smaller negative-going responses to the auditory
stimuli when the preceding facial expression had been fearful
(t(83) = 1.974; p < .05).

3.5. Results for P650 (620–680 ms post-stimulus)

No significant main or interaction effects for Visual Prime were
found.
4. Discussion

The current study investigated in 9-month-old infants the pro-
cessing of emotional (fearful and happy) auditory vocalisations
after priming them with a facial expression conveying the same,
versus a different emotion. We found that for the P150 and P350
the infants responded with larger positive amplitudes, and for
the N250 and N450 with smaller negative amplitudes to emotional
auditory stimuli when they had been primed with a fearful visual
expression compared to a happy visual expression. The findings
confirm our first hypothesis that the presentation of an emotional
facial expression can modulate the processing of a vocal expression
in 9-month-olds. Contrary to our expectation, we did not find evi-
dence for our second hypothesis. Emotional (in)congruency
between the Visual Prime and the following voice did not differen-
tially modulate the ERP response to the latter: When the visual
expression had been fearful, responses to both the fearful (congru-
ent) and the happy (incongruent) auditory vocalisations were
modulated in the same way (e.g. larger positivity on P150 and
P350 and smaller negativity in N250 and N450) compared to when
the visual expression had been happy.

Our findings are in accordance with previous studies on audio–
visual processing of emotional information in both adults and
infants suggesting that how the brain processes emotional infor-
mation from voices can be modulated by an emotional expression
in faces (deGelder & Vroomen, 2000; deGelder et al., 2002;
Grossmann et al., 2006). Further, the responses to the auditory
stimuli were affected by the presentation of a fearful prime only,
and they appear to be most pronounced for the fearful auditory
stimuli. The results appear to be driven primarily by the increased
positivity at P150 and P350 as opposed to the decreased negativity
observed for the N250 and N450. Kushnerenko et al. (2002) have
suggested that the P150 component in infants is a precursor of
the adult P1 response. This component is thought to indicate pref-
erential attention to auditory input and suppression of unattended
information. The P350 component, in turn, has been proposed to
develop from its infant form to the P3a in children and adults
(Kushnerenko et al., 2002). The P3a has been associated with the
orienting response and involuntary attention shifts to change in
the environment (Polich, 2003; Polich, 2007). Since in our study



Fig. 3. Grand averages in response to condition FF (solid line), HH (short-striped line), FH (dotted line), and HF (long-striped line), respectively. Arrows indicate the P150,
N250, P350, N450 and P650 area, respectively. Stimulus onset is at 0 ms. Amplitude calibration is at Cz. Negativity is plotted upwards.Grand averages in response to condition
FF (black), HH (green), FH (red), and HF (blue), respectively. Arrows indicate the P150, N250, P350, N450 and P650 area, respectively. Stimulus onset is at 0 ms. Amplitude
calibration is at Cz. Negativity is plotted upwards.

Table 1
Results for the repeated measures ANOVAs.

Latency range (ms) Factor(s) df F p e g2

120–200 Frontal-Central 1.83 5204 .025 .059
Visual Prime 1.83 8762 .004 .095
Frontal-Central � Laterality 2.166 23,078 .000 .931 .218
Frontal-Central � Visual Prime 1.83 6295 .014 .071

200–260 Frontal-Central 1.83 10,325 .002 .111
Laterality 2.166 4511 .015 .910 .052
Visual Prime 1.83 8494 .005 .093
Frontal-Central � Laterality 2.166 10,966 .000 .928 .117

290–430 Frontal-Central 1.83 7780 .007 .086
Visual Prime 1.83 6500 .013 .073
Auditory Stimulus 1.83 12,625 .001 .132
Frontal-Central � Laterality 2.166 18,759 .000 .184

380–520 Frontal-Central 1.83 5937 .017 .067
Visual Prime 1.83 6570 .012 .073
Auditory Stimulus 1.83 10,747 .002 .115
Frontal-Central � Laterality 2.166 13,741 .000 .142
Frontal-Central � Laterality � Auditory Stimulus 2.16 3717 .026 .043

620–680 Laterality 2.166 4957 .008 .810 .056
Frontal-Central � Laterality 2.166 9004 .000 .098
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both the P150 and P350 were larger for auditory stimuli preceded
by fearful than by happy stimuli, this may suggest elevated atten-
tional levels to fearful stimuli. This pattern of results is compatible
with studies on a negativity bias in infants. These studies showed
that ‘‘infants attend more to, are more influenced by, and use to
a greater degree negative rather than positive facets of their envi-
ronment’’ (Vaish, Grossmann, & Woodward, 2008, p. 383).
In the current study, data from a large group of infants
(N = 84) were included in the analysis. In addition, the infants
attended the visual stimuli quite well (73.2% on average), and
we were able to retain a relatively large average number of stim-
uli per condition (37.3). Therefore, the finding that fearful facial
expressions modulate the processing of emotional vocalisations
appears robust.
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In contrast to previous findings, infants in the current study did
not respond differentially to emotional auditory vocalisations after
priming with a visual stimulus conveying the same, versus a differ-
ent emotion. There are several possible reasons for this negative
finding: (1) The fearful facial stimuli may have elicited higher arou-
sal levels than the happy facial stimuli, such that response ampli-
tudes to the following auditory stimuli were stronger regardless of
the type of emotion. This corresponds to previously mentioned
findings that infants display a negativity bias to fearful stimuli
(Vaish et al., 2008). In the context of the current experiment, how-
ever, it does not explain why no (in)congruency effects were found
for auditory stimuli following a happy expression; (2) The infants
may not have recognised the fearful or the happy expression in
the voices and therefore did not match voices to faces expressing
the same emotion. Indeed, although there are findings that infants
can discriminate between fearful and happy facial expressions
from the age of 7 months (Kotsoni, de Haan, & Johnson, 2001;
Nelson & de Haan, 1996), studies reporting recognition of fearful
vocalisations are very scarce and they were conducted in older
infants (Mumme et al., 1996). However, since the largest responses
were found for the fearful congruent condition (e.g. fearful face-
fearful voice), this explanation does not seem plausible. Also, it
does not account for the lack of effects for happy/happy face/voice
compounds; (3) The interval between presentation of faces and
voices might have been too long. As mentioned in Section 2.3,
we had chosen a 900 ms interval to avoid interference from
responses to faces in responses to voices. Because of the duration
of the interval, perhaps the infants did not interpret faces and voice
as a pair. Thus, although processing of the auditory stimulus was
influenced by the preceding face, possibly no processing of faces
and voice as a compound took place; (4) As the same voices and
faces appeared in different combinations in the current experi-
ment, the 9-month-olds may not have been able to associate voices
with a particular face. So, on hearing a certain voice, they may have
experienced this voice as not belonging to the face that had been
(and was being) presented, obviating the need for the face and
voice to emotionally match each other. Future studies in which
the interval between the facial and vocal expression is smaller
(not too small so as to avoid interference from responses to the
visual stimuli), and in which a facial identity is always accompa-
nied by the same vocal identity could help answer the question
why infants did not respond differentially to emotionally similar
versus dissimilar face/voice pairs.

To conclude, the current study investigated multimodal pro-
cessing of fearful and happy face/voice pairs in 9-month-old
infants by means of ERPs. Analysis revealed that the processing
of fearful and happy vocalisations was modulated by fearful facial
expressions: Infants responded with larger auditory ERPs after
having been primed by a fearful visual stimulus. The fact that espe-
cially the auditory P150 and P350 were augmented by the fearful
visual stimuli suggests that attentional levels are elevated in
response to fearful stimuli. This provides evidence for a negativity
bias in infants, confirming previous results that infants, just like
adults, dedicate more processing capacities to potentially threaten-
ing that unthreatening stimuli in their surroundings.
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