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Abstract
Voices transmit social signals through speech and/or prosody. Emotional prosody conveys key information about the emotional
state of a speaker and is thus a crucial cue that one has to detect in order to develop efficient social communication. Previous
studies in adults reported different brain responses to emotional than to neutral prosodic deviancy. The aim of this study was to
characterize such specific emotional deviancy effects in school-age children. The mismatch negativity (MMN) and P3a evoked
potentials, reflecting automatic change detection and automatic attention orienting, respectively, were obtained for neutral and
emotional angry deviants in both school-age children (n = 26) and adults (n = 14). Shorter latencies were found for emotional than
for neutral preattentional responses in both groups. However, whereas this effect was observed on theMMN in adults, it appeared
in an early discriminative negativity preceding the MMN in children. A smaller P3a amplitude was observed for the emotional
than for the neutral deviants at all ages. Overall, the brain responses involved in specific emotional change processing are already
present during childhood, but responses have not yet reached an adult pattern.We suggest that these processing differences might
contribute to the known improvement of emotional prosody perception between childhood and adulthood.
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In human communication, a wealth of information is transmit-
ted by the voice. Besides speech, human voices communicate
nonverbal information, in particular through prosody. Prosody
is defined as the rhythmic and intonational aspect of language,
used to change or enhance the meaning of an utterance (Price,
Ostendorf, Shattuck-Hufnagel, & Fong, 1991). This goal is
reached through the modulation of different acoustic parame-
ters (e.g., fundamental frequency [F0], duration, and intensity;
Aziz-Zadeh, Sheng, & Gheytanchi, 2010; Schirmer & Kotz,
2006). In emotional prosody, this modulation conveys the
emotional state of a speaker. The interpretation of emotional
prosody is a valuable skill that needs to be mastered quickly in
order to handle communication in social contexts. Indeed,
sensitivity to others’ vocal emotional expressions is associated

with social competence in both childhood and adolescence
(Goodfellow & Nowicki, 2009).

The ability to recognize emotions from prosody is particu-
larly efficient in adults (Kreiman & Sidtis, 2011). Event-
related potential (ERP) studies have shown an early discrim-
ination between neutral and emotional prosody starting
around 200 ms (Iredale, Rushby, McDonald, Dimoska-Di
Marco, & Swift, 2013; Paulmann & Kotz, 2008), consistent
with Schirmer andKotz’s (2006) model, which describes three
stages for the processing of emotional prosody: (i) low-level
auditory analysis (around 100 ms); (ii) the integration of
emotionally significant acoustic cues, around 200 ms; and
(iii) higher-level cognition (around 400 ms). More recently,
a growing body of research has focused on a particular ERP
component—that is, the mismatch negativity (MMN)—to im-
prove understanding of the automatic discrimination of emo-
tional prosody. Elicited by the automatic detection of a change
in a regular sequence (Näätänen, Paavilainen, Rinne, & Alho,
2007), the MMN is generally computed by subtracting the
brain response to standard stimuli from that to deviant stimuli
in an oddball paradigm. In response to tones, the MMN is
characterized by a negative deflection that culminates over

* Marie Gomot
gomot@univ–tours.fr

1 UMR1253, iBrain, Université de Tours, Inserm, Tours, France
2 Centre Universitaire de Pédopsychiatrie, CHRU de Tours,

Tours, France

Cognitive, Affective, & Behavioral Neuroscience (2018) 18:748–763
https://doi.org/10.3758/s13415-018-0602-8

http://crossmark.crossref.org/dialog/?doi=10.3758/s13415-018-0602-8&domain=pdf
mailto:gomot@univ-tours.fr


fronto-central sites around 150–200 ms after stimulus onset
(Fishman, 2014). When salient deviants are presented, the
MMN is often followed by a P3a, a positive deflection record-
ed around 300 ms over central sites, which reflects the auto-
matic orientation of attention toward the salient stimuli
(Escera, Alho, Schröger, & Winkler, 2000).

MMN studies using vocal stimuli in adults suggest an early
integration of emotional prosodic change. Comparing the neu-
tral and emotional MMNs elicited by syllables or
pseudowords, studies with various paradigms (oddball, opti-
mum, or control sequences) evidenced a larger MMN ampli-
tude for emotional (happy, angry, sad) than for neutral change
(Jiang, Yang, & Yang, 2014; Pakarinen et al., 2014; Pinheiro,
Barros, Vasconcelos, Obermeier, & Kotz, 2017; Schirmer,
Striano, & Friederici, 2005). Emotional change detection is
also characterized by an earlier MMN in studies using sylla-
bles (Schirmer et al., 2005), interjections (Schirmer, Escoffier,
Cheng, Feng, & Penney, 2016), vocalizations (Pinheiro et al.,
2017), or pseudowords (Thönnessen et al., 2010).

In contrast, studies using emotional nonvocal sounds (e.g.,
tones, instruments) did not replicate any of these differences
between neutral and emotional conditions found using vocal
sounds (Goydke, Altenmüller, Möller, & Münte, 2004;
Leitman, Sehatpour, Garidis, Gomez-Ramirez, & Javitt,
2011). Differences in the automatic detection of emotional
and neutral prosody therefore seem to rely on acoustic param-
eters specifically found in natural voices but not in nonvocal
sounds. As mentioned earlier, emotional prosody relies on a
number of acoustical factors, such as fundamental frequency
(Banse & Scherer, 1996), also known to modulate the MMN
(Jacobsen & Schröger, 2001; Sams, Paavilainen, Alho, &
Näätänen, 1985). A tight control of acoustical parameters
while maintaining the natural voice quality is therefore neces-
sary to avoid any confounding effects of nonspecific acoustic
modification (which does not carry emotion) and of emotional
deviancy on the MMN.

Given the key role of emotion identification in response to
social threat, a great number of behavioral studies have been
conducted in infants and children to determine the time
course of acquisition of emotional prosody discrimination.
Distinction between emotional and neutral voices on the basis
of prosodic information arises around the age of five months
(Flom & Bahrick, 2007), whereas the identification of exag-
gerated basic emotions starts around 4–5 years old (Friend,
2000; Quam & Swingley, 2012). These prosodic perception
abilities continue to improve with age between 5 and 10 years
old (Sauter, Panattoni, & Happé, 2013), which makes child-
hood a key period for the development of emotional prosodic
perception. Despite the behavioral evidence of emotional
prosody discrimination in early childhood, ERP studies in
young children have provided surprising results. Although
the processing of emotional cues affects early obligatory
ERP components (e.g., N1, P2) in adults, no such effects have

been observed in children (Chronaki, Benikos, Fairchild, &
Sonuga-Barke, 2014; Chronaki et al., 2012). Instead, ERP
amplitude difference between angry and neutral prosody have
been reported at late latency ranges around 400 ms in infants
and children (Chronaki et al., 2012; Grossmann, Striano, &
Friederici, 2005). Therefore, behavioral measures in early
childhoodmight not reflect the mature functioning of the brain
network underlying vocal emotion processing. For instance,
brain regions, such as the amygdala, involved in the process-
ing of emotions such as anger do not reach maturity until
adolescence (Schumann et al., 2004). Thus, even if the ele-
mentary emotion-processing network emerges in early life, its
late anatomo-functional development may delay the fine
tuning and automatization of responses specific to emotional
(vocal) expressions (Leppänen & Nelson, 2009). In this re-
gard, ERPs allow researchers to obtain fine-tuned information
about the functional development of emotional detection in
children. Apart from better understanding the development
underlying the implicit processing of vocal emotions, better
characterizing this somehow late neurodevelopmental course
could allow us to track the hallmarks of neuropsychiatric dis-
orders such as autism spectrum disorder, in which emotional
prosody is particularly affected.

The MMN is a basic automatic response in which, in re-
sponse to tones, scalp distributions are similar between chil-
dren and adults (Gomot, Giard, Roux, Barthélémy, &
Bruneau, 2000; Martin, Shafer, Morr, Kreuzer, & Kurtzberg,
2003), although larger amplitude and longer latency have been
reported in children (Choudhury, Parascando, & Benasich,
2015; Gomot et al., 2000; Korpilahti & Lang, 1994). MMN
findings in response to syllables have been less consistent,
with some studies reporting a larger MMN in children than
in adults (Kraus et al., 1993; Kraus, McGee, Sharma, Carrell,
& Nicol, 1992), and others reporting the opposite (Bishop,
Hardiman, & Barry, 2011; Paquette et al., 2013). Several
studies have also highlighted significantly longer latencies in
children (Ceponiene, Lepistö, Alku, Aro, & Näätänen, 2003;
Liu, Chen, & Tsao, 2014; Paquette et al., 2013; Shafer, Yu, &
Datta, 2010).

In spite of the great number of studies attempting to under-
stand the maturation of the speech-related MMN, studies
using emotional vocal stimuli are few. MMN studies conduct-
ed in teenagers, school-age children, or infants with vocal
stimuli have reported a fronto-central MMN pattern in re-
sponse to emotional words or syllables. In infants, Cheng,
Lee, Chen, Wang, & Decety (2012) showed a larger MMN
for fearful than for happy syllables, with the MMN elicited by
happy deviants being more lateralized to the right hemisphere.
In school-age children, a biphasic (Korpilahti et al., 2007;
Lindström, Lepistö, Makkonen, & Kujala, 2012) and right-
lateralized (Korpilahti et al., 2007) MMN was evidenced for
a commanding deviant. This MMNwas smaller and earlier for
a commanding than for a sad deviant (Lindström et al., 2012).
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In teenagers, similar MMNs and P3as were found for sadness
and fear (Hung, Ahveninen, & Cheng, 2013). Overall, these
studies indicated that individuals from infanthood to adoles-
cence display brain responses reflecting the automatic detec-
tion of emotional vocal changes. Infants and children also
showed differentiated responses to different emotions.
However, although they compared several emotional vocal
MMNs, these developmental studies neither compared the
detection of neutral and emotional deviancy nor used an adult
comparison group and controlled for acoustic features or neu-
ronal adaptation induced by oddball paradigms. The
specific effect of emotional deviancy on prosodic change de-
tection thus remains unknown in children. Since the neural
mechanisms involved in auditory perception and discrimina-
tion continue to develop throughout childhood (Shafer et al.,
2010), we hypothesized that children’s brain mechanisms in-
volved in the detection of change in emotional information
might differ from those of adults. Hence, the differentiation
between neutral and emotional deviancy might be expressed
differently in groups of children and adults.

The aim of this study was to address the specific brain
response to emotional deviancy with respect to neutral devi-
ancy during automatic change detection in school-age chil-
dren, and to evaluate whether this response is different from
the response in adults. To address these goals, auditory ERPs
to neutral and emotional deviants were recorded in children
and adults using a tightly controlled paradigm composed of
oddball and equiprobable sequences. Using such sequences
appeared to be the best option, considering the number of
deviants and the choice of natural voices; this also allowed
us to control for acoustic differences between the stimuli used
in the subtraction process and to reduce the neural adaptation
effect. According to the methodology used and the state of the
art, we hypothesized that differentiation between neutral and
emotional deviancies would not lead to an MMN amplitude
difference, but rather to a lateralization of the emotional re-
sponse in the right hemisphere among children and to a laten-
cy difference in adults (shorter emotional MMN than neutral
MMN), and possibly in children.

Materials and method

Subjects

Twenty-six school-age children (mean age ± standard devia-
tion [SD]: 9.5 ± 1.5 years, age range: 6.8–12.3; 13 females,
13 males) and 14 adults (24.1 ± 4.4 years, age range: 19–33;
seven females, seven males) were included in the study.
Recruitment was realized through an e-mail list and flyers at
the University of Tours and among Tours Hospital employees.
The exclusion criteria comprised evidence of disease of the
central nervous system, infectious or metabolic disease,

epilepsy, developmental difficulties in language or walk ac-
quisition, and any psychotropic treatment or medication that
would modify the electrogenesis. All subjects had normal
audition (subjectively controlled with an audiometer).
Intellectual skills in the verbal and nonverbal domains were
tested with four subtests (Vocabulary, Similarities, Block
Design, and Matrix) of the Wechsler scales WAIS-IV
(Wechsler, 2011), for adults, and WISC-IV (Wechsler,
2005), for children, to confirm the absence of intellectual de-
ficiency in the selected groups. Group characteristics are listed
in Table 1. Informed written consent was obtained from all
adult participants and from the children’s parents. The Ethics
Committee of the University Hospital of Tours approved the
protocol. All procedures were conducted according to the
principles of the Declaration of Helsinki.

Stimuli

The vowel /a/ uttered by different female speakers with either
neutral or emotional prosody (anger, fear, happiness, surprise,
disgust, or sadness) was recorded with Adobe Audio 2.0. The
stimuli were edited to have the same duration (400 ms) and
intensity (70 dB SPL) through the use of Praat (Boersma,
2002) and Matlab (The MathWorks Inc., Natick, MA, USA).
Praat was also used to measure the mean fundamental fre-
quency of each sound.

A set of 37 sounds was presented for validation to 16 adult
participants who did not participate in the electroencephalo-
graphic (EEG) experiment (24.2 ± 2.2 years, age range: 20–
28; 13 females, three males). The subjects were asked to
identify the emotion (neutral, anger, fear, happiness, surprise,
disgust, or sadness) and to rate the valence and arousal of the
sounds on 5-point Likert scales (ranging from very negative to
very positive for valence and from weak to high for arousal).
Two neutral stimuli with closely matched mean fundamental
frequencies and good ratings of valence (recognized as neutral
by 88% and 94% of the validation group, respectively) and
emotion (94% neutral for both) were chosen as the neutral

Table 1 Group characteristics

School-Age Children Adults

Agea 9.5 ± 1.5 [6–12] 24.1 ± 4.4 [19–33]

Sex Ratio ♂/♀ 13/ 13 7/ 7

Wechsler Standard Scoresb

Block Design 12 ± 3 12 ± 3

Matrix 13 ± 3 13 ± 2

Similarities 13 ± 3 14 ± 2

Vocabulary 12 ± 3 14 ± 3

aMean age (years) ± SD [range]. b Standard scores derived from WISC-
IV (Wechsler, 2005) for children and fromWAIS-IV (Wechsler, 2011) for
adults.
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standard (neutralStd) and the neutral deviant (neutralDev). An
angry stimulus with a mean fundamental frequency similar to
those of the two neutral stimuli and with the highest valence
rating (100%) and the best level of recognition of angry emo-
tion (69%) was selected as the emotional deviant (angryDev).
The arousal values of the selected stimuli were 2.8 ± 0.8 for
neutralStd, 3.0 ± 0.7 for neutralDev, and 3.9 ± 0.8 for
angryDev, and their mean fundamental frequencies were
226, 228, and 223 Hz, respectively. Different female speakers
uttered these stimuli of interest. Five other emotional stimuli
(happy, sad, surprised, disgust, and fear) with mean F0s in a
220- to 231 Hz range and with recognition levels above
chance were selected as stimuli for the equiprobable sequence.
Four different females produced these remaining stimuli in the
equiprobable sequence.

The validation procedure for the stimuli was also per-
formed by 18 children (8.8 ± 1.7 years, age range: 6.4–12.2;
ten males, eight females) for the valence ratings. High correct
ratings were obtained from these children for neutralStd
(72%), neutralDev (72%), and angryDev (89%), and also for
the stimuli of the equiprobable sequence. The valence ratings
of the stimuli of interest (neutralStd, neutralDev, and
angryDev) did not differ statistically between groups [two-
tailed t tests: neutralStd, t(32) = 1.09, p = .285; neutralDev,
t(32) = 1.66, p = .106; angryDev, t(32) = 1.37, p = .179].

Acoustic information concerning all stimuli is presented in
Fig. 1.

Procedure

During EEG recording, the subjects sat comfortably in a re-
clining armchair in a sound-attenuated room. Subjects
watched a silent movie without subtitles while sounds were
delivered through speakers (Logitech Z-2300); they were
instructed that they would have to briefly tell the story from
the movie at the end of the recording session. This procedure
avoided requiring voluntary direct attention toward the audi-
tory stimuli. The speakers and screen were placed at 120 cm
from the subjects’ heads.

Automatic detection processes were studied using a passive
oddball sequence and an equiprobable sequence (see Fig. 1) to
control for both stimulus features and neuronal adaptation
effects (Jacobsen & Schröger, 2001). The oddball sequence
comprised 1,172 neutral standards (neutralStd; Identity 1,
probability of occurrence, p = .830), 120 neutral deviants
(neutralDev; Identity 2, deviant) and 120 angry deviants
(angryDev, Identity 3 and emotional “angry” deviant) (p =
.085 each), with the constraint that any two deviants were
separated by a minimum of three standards. The second se-
quencewas composed of eight different stimuli presented with
a probability of occurrence close to that of the deviants in the
oddball sequence (p = .125; 120 stimuli): two neutral stimuli
(equiNeutral1, equiNeutral2, which were the neutral standard

[neutralStd] and the neutral deviant [neutralDev] from the
oddball sequence) and six emotional stimuli representing the
six basic emotions expressed by different speakers
(equiHappy, equiSad, equiSurprised, equiDisgust, equiFear,
and equiAngry—i.e., the angry stimulus used as angryDev
in the oddball sequence). None of the stimuli were repeated
more than two times in a row, in order to avoid creation of a
regularity pattern. Stimuli were presented with a constant
stimulus onset asynchrony (SOA) of 700 ms in both se-
quences (300 ms interstimulus interval), thus allowing the
signal to return to baseline while keeping the duration of the
recording session rather short, which is critical in research
involving child participants. The total recording session lasted
28 min.

EEG recording and ERP measurements

The EEG was recorded from 64 active electrodes (ActiveTwo
Systems, Biosemi, The Netherlands) with a sampling rate of
512 Hz. Horizontal and vertical eye movements were moni-
tored using electrodes placed at the left and right outer canthi
and below the left eye. An electrode was placed on a subject’s
nose for offline re-referencing. The ELAN software package
was used for the analysis of EEG–ERP (Aguera, Jerbi, Caclin,
& Bertrand, 2011). The EEG signal was amplified and filtered
with a 0.3 Hz high-pass filter (Butterworth filter, order 1).
Artifacts resulting from eye movements were removed using
independent component analysis, and movement artifacts
characterized by a high-frequency or high-amplitude signal
were discarded manually by the experimenter, who was blind
to the trial type. A 30 Hz low-pass filter was applied
(Butterworth filter, order 3), and ERPs were averaged in an
800ms time window including a 100ms prestimulus baseline.
The neutral difference wave was obtained by subtracting the
ERP elicited by equiNeutral2 from that elicited by neutralDev
(i.e., the same sound in the equiprobable and oddball se-
quences; Fig. 1). The same subtraction (angryDev–
equiAngry) was applied in order to obtain the emotional dif-
ference wave (Fig. 1). Since the stimuli in the equiprobable
sequence had identical acoustic characteristics and a similar
probability of occurrence to the oddball deviants, the resulting
difference wave more likely reflects a genuine MMN than
does the signal in the oddball paradigm (Kimura, Katayama,
Ohira, & Schröger, 2009). Moreover, the application of this
subtraction process to the emotional condition allowed us to
control for the influence of emotional processing that operates
in both sequences, in order to isolate the effect related to emo-
tional deviancy. Finally, the direct comparison between the
neutral and emotional difference waves contrasted “identity
deviancy” and “identity/emotion deviancy,” leaving only the
emotional deviancy as a differential factor between condi-
tions, which allowed for the assessment of a specific emotion-
al deviancy effect. In adults, for each stimulus of interest the
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average numbers of artifact-free trials were: 102 ± 17
(angryDev), 103 ± 13 (neutralDev), 102 ± 16 (equiAngry),
and 100 ± 16 (equiNeutral2). In children, the average numbers

of artifact-free trials was: 90 ± 13 (angryDev), 90 ± 14
(neutralDev), 88 ± 13 (equiAngry), and 90 ± 13
(equiNeutral2). The numbers of artifact-free trials did not

Fig. 1 (A) Illustration of the oddball and equiprobable sequences,
composed of neutral standard (neutralStd) and neutral and angry
deviants (neutralDev and angryDev) in the oddball sequence, and of
neutralEqui1, neutralEqui2, angryEqui, sadEqui, surpriseEqui,
happyEqui, disgustEqui, and fearEqui in the equiprobable sequence.

The three stimuli of the oddball sequence were also presented in the
equiprobable sequence. (B) Waveforms and spectrograms for the
neutralStd, neutralDev, and angryDev stimuli. (C) Acoustic properties
of all stimuli. The mean fundamental frequency (F0) and formants are
reported in hertz (Hz).
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differ between conditions [neutralDev/equiNeutral2, t(25) =
0.16, p = .873, for children, and t(13) = 0.75, p = .464, for
adults; angryDev/equiAngry, t(25) = 0.95, p = .353, for chil-
dren, and t(13) = – 0.10, p = .925, for adults), neutralDev/
angryDev, t(25) = – 0.30, p = .767, for children, and t(13) =
0.66, p = .521, for adults), equiNeutral2/equiAngry, t(25) =
1.05, p = .302, for children, and t(13) = – 0.62, p = .548, for
adults] but did differ between groups [as revealed by two-
tailed t tests: neutralDev, t(38) = – 2.90, p = .007; angryDev,
t(38) = – 2.38, p = .023; equiNeutral2, t(38) = – 2.33, p = .025;
equiAngry, t(38) = – 3.01, p = .005], which is a classic finding
in developmental studies.

For both conditions, the MMN was identified as a negative
deflection occurring in the 130- to 230 ms time window, and
the P3a as a positive deflection occurring in the 250- to 400ms
time window. The peak amplitudes and latencies of the MMN
and P3a were measured in each subject by locating the indi-
vidual peaks within 80 ms and 100 ms time windows, respec-
tively, centered on the peak of the grand mean average of each
group. A negative deflection occurring before the MMN was
also measured within a 30- to 90 ms time window and ana-
lyzed when it was significantly different from 0.

Statistical analysis

One-tailed t tests performed on the MMN and P3a amplitude
values were used to determine the statistical significance of
the studied deflections (Table 2).

Given that several adults did not display an early discrim-
inative negativity, especially in the emotional condition, the
statistical significance of this response from 0 was evaluated
using permutations performed in the 30- to 90 ms time
window (Guthrie–Buchwald time correction; Guthrie &
Buchwald, 1991). Both the neutral and emotional early dis-
criminative negativities appeared significant in children,
whereas no significant response was recorded in the adult
group for both conditions.

Condition effects were tested for the early discriminative
negativity in children only. The amplitude and latency of re-
sponses were subjected to a within-subjects analysis of vari-
ance (ANOVA) performed on electrodes Fz, Cz, and Pz, with
condition (neutral, emotional) and electrode as within-subjects
factors.

After visual inspection of the MMN scalp distributions,
and considering previous studies that had reported a right-
lateralized MMN to emotion (Cheng et al., 2012; Korpilahti
et al., 2007; Schirmer et al., 2005; Thönnessen et al., 2010),
MMN amplitudes were analyzed with mixed-design
ANOVAs performed at F3, Fz, F4, C3, Cz, C4, P3, Pz, and
P4, with condition (neutral, emotional), laterality (left, medial,
right), and anterior–posterior (frontal, central, parietal) as
within-subjects factors, and age group (children, adults) as a
between-subjects factor. The same analysis was performed for
MMN latencies, but only at the medial electrodes, therefore
removing the laterality factor. P3a amplitudes and latencies
were analyzed with mixed-design ANOVAs performed at
Fz, Cz, and Pz, with condition and anterior–posterior as
within-subjects factors, and age group as a between-subjects
factor. Post-hoc analyses (Newmann–Keuls) were performed
when needed to determine the origins of interactions. For sig-
nificant results, the effect sizes are shown as partial eta-
squared (ηp

2).
Group by condition interactions onMMN and P3 latencies,

which revealed different effects of condition on children than
on adults, were further investigated with a correlation test
between age and MMN or P3a latency in the child group.
This analysis aimed at determining the origin of this develop-
mental difference. Correlations between latency and age (in
months) were performed for each condition in the child group.
To assess differences between conditions, the individual-
subject data were permuted across conditions; correlations
were computed between age and permuted conditions; and
theoretical differences between conditions in terms of slope
and intercept were computed. This operation was repeated
15,000 times, and the theoretical differences for slope and

Table 2 Mean MMN, P3a, and
early discriminative negativity
amplitudes (μV) and latencies
(ms)

Response Condition School-Age Children Adults

Amplitude Latency Amplitude Latency
(mean ± SD)

MMN Neutral – 3.1 ± 3.2** 182 ± 23 – 2.3 ± 2.1** 181 ± 15

Emotional – 3.3 ± 2.5** 173 ± 21 – 2.2 ± 1.6** 141 ± 19

P3a Neutral 5.2 ± 3.9** 311 ± 31 4.0 ± 1.5** 265 ± 22

Emotional 3.6 ± 3.0** 300 ± 27 3.0 ± 1.4** 271 ± 23

Early discriminative
negativity

Neutral – 2.7 ± 2.7** 68 ± 21

Emotional – 2.0 ± 1.7** 56 ± 21

Data are reported at electrode Cz. Amplitudes significantly differing from the baseline (one-tailed t tests) are
marked with asterisks: ** p < .001.
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intercept were recorded. This gave a distribution of differ-
ences under the null hypothesis of no difference, centered
around 0, for which the 95% confidence intervals (CIs) around
0 were [– 0.53; 0.53] for the MMN and [– 0.69; 0.70] for
the P3a, for the slope, and [– 65.40; 66.35] for the MMN
and [– 83.37; 83.53] for the P3a, for the intercept. Real differ-
ences for slope and intercept were deemed significant if they
fell outside the 95% CI.

All ANOVAs were performed using Statistica, whereas the
correlations were performed with Matlab.

Results

The event-related responses (to neutralDev, equiNeutral2,
angryDev, and equiAngry) used to calculate the difference
waveforms of each group are displayed in Fig. 2. The neutral
and emotional difference waveforms are displayed in Fig. 3,
and the associated group comparisons are shown in Fig. 4.
Post-hoc test results for all age and condition effects on laten-
cies can be seen in Fig. 5. The mean peak amplitudes and
latencies of the MMN and P3a for each group are reported
in Table 2, along with values of the early discriminative
negativity in children.

In children, both neutral and emotional changes elicited an
early discriminative negativity peaking before 100 ms. In
adults, even if visual inspection revealed a small early deflec-
tion in the neutral condition, no significant early discrimina-
tive response was recorded. In all conditions for both groups,

both MMN and P3a deflections were observed. All measured
deflections differed significantly from zero, as revealed by
one-tailed t tests (Table 2).

All the peak amplitude effects reported below were also
observed in the mean amplitude measures.

Early discriminative negativity analysis in children

A significant condition effect was found on the early discrim-
inative negativity latency in children [F(1, 25) = 9.30, p =
.005, ηp

2 = .271] due to a shorter latency for the emotional
than for the neutral condition, but no amplitude difference was
observed.

MMN analysis

MMN amplitudeNo age or condition effect and no interaction
were observed for MMN amplitudes. A laterality effect was
found on MMN amplitudes [F(2, 76) = 3.45, p = .037, ηp

2 =
.083], regardless of age and condition, due to a smaller
MMN amplitude over left-hemisphere electrodes than over
medial (p = .013) electrodes.

MMN latency A group by condition interaction [F(1, 38) =
18.82, p < .001, ηp

2 = .331] revealed that the emotional
MMN latency was significantly shorter than the neutral
MMN latency in adults (p < .001; emotional condition,
141 ms ± 19; neutral condition, 181 ms ± 15), and that the
emotional MMN latency was shorter in adults than in children
(173 ms ± 21; p < .001). Otherwise, the MMN latencies did
not differ (e.g., the latencies to neutral deviants were similar
across groups and similar between the neutral and emotional
MMNs in children [neutral condition, 182 ms ± 23; emotional
condition, 173 ms ± 21]; see Fig. 3). Correlations of MMN
latency with age were found to be significant for the neutral
condition (R2 = .44, F = 19.05, p < .001), but not for the
emotional condition (R2 < .01, F < .01, p = .94) in children
(Fig. 5). The correlation slopes differed between conditions
(neutral slope [95% CI] = – 0.66 [– 0.98; – 0.35]; emotion
slope [95% CI] = 0.01 [– 0.37; 0.40]; difference = 0.68, p =
.007), as well as the correlation intercepts (neutral intercept
[95% CI] = 256.89 [220.66; 293.12]; emotion intercept [95%
CI] = 170.86 [126.67; 215.05]; difference = – 86.03, p = .006).

P3a analysis

P3a amplitude No effect of age was observed on P3a ampli-
tudes. A significant condition effect [F(1, 38) = 6.52, p = .015,
ηp

2 = .147] was observed for P3a amplitudes, with a larger
neutral P3a than emotional P3a. An anterior–posterior effect
[F(2, 76) = 10.14, p < .001, ηp

2 = .211] was also observed, due
to a larger P3a amplitude over Cz than over either Fz (p =
.027) or Pz (p < .001).

Fig. 2 Event-related potentials (ERPs) to neutral and emotional stimuli in
the equiprobable sequence and in the oddball sequence, in which the
stimuli were deviants (with the equiprobable equiNeutral2 and
equiAngry and deviant stimuli neutralDev and angryDev shown in
different colors).
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P3a latency A significant group difference was found for P3a
latencies [F(1, 38) = 33.15, p < .001, ηp

2 = .466], due to
shorter P3a latencies in adults (neutral condition, 265 ms ±
22; emotional condition, 271 ms ± 23) than in children
(neutral condition, 311 ms ± 31; emotional condition,
300 ms ± 27). A group by condition interaction [F(1, 38) =
8.18, p = .007, ηp

2 = .177] further indicated that in addition to
the latency differences between groups (ps ≤ .001), a shorter

P3a latency was found for the emotional than for the neutral
condition in children only (p < .001). Correlations of P3a
latencies with age were significant for both the neutral (R2 =
.59, F = 34.03, p < .001) and emotional (R2 = .24, F = 7.41,
p = .012) conditions in children (Fig. 5). The correlation
slopes did not differ between conditions (neutral slope [95%
CI] = – 1.20 [– 1.62; – 0.77]; emotion slope [95%CI] = – 0.60
[– 1.06; – 0.15]; difference = 0.60, p = .101), whereas a

Fig. 3 Brain responses to neutral and emotional prosodic deviancy in (A)
children and (B) adults. Graphs show the difference waveforms in
response to the neutral (cool color) and emotional (warm color)

prosodic change and scalp potential distributions of the early
discriminative negativity, MMN, and P3a.
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significant difference was observed between the correlation
intercepts (neutral intercept [95% CI] = 451.46 [402.36;
500.56]; emotion intercept [95% CI] = 365.61 [312.63;
418.59]; difference = – 85.85, p = .041).

Given previous findings of a larger P3a amplitude in the
emotional than in the neutral condition (Domínguez-Borràs,
Garcia-Garcia, & Escera, 2008a, 2008b), we secondarily ex-
amined this component in the ERPs in response to deviants
with the same mixed-design ANOVA that we had used for the
P3a derived from the difference waveforms. Aside from a
significant anterior–posterior effect [F(2, 76) = 21.08, p <
.001, ηp

2 = .357], a significant condition effect was observed
[F(1, 38) = 4.26, p = .046, ηp

2 = .101], with a larger amplitude
for the emotional deviant P3a than for the neutral deviant P3a.
A significant anterior–posterior by group by condition inter-
action [F(2, 76) = 4.61, p = .013, ηp

2 = .108] was also report-
ed, due to a larger amplitude to emotional than to neutral
deviants at fronto-central sites in children (p < .001 at frontal
sites, and p = .016 at central sites), whereas this effect was
only reported at frontal sites in adults (p = .018).

Discussion

In the present study, we investigated the early processing of
emotional prosodic change in school-age children. The main

aim was to test whether a specific brain response to emotional
change was present in children by comparing it to the brain
response elicited by neutral change, which had never been
done until now. To this end, oddball and equiprobable se-
quences composed of neutral and emotional stimuli were pre-
sented to adults and school-age children. The use of both
sequences ensured that the influences of low-level factors
(acoustic parameters) and neural adaptation are greatly
limited.

In children and adults, both neutral and emotional
changes generated MMN and P3a deflections. An addition-
al early negative deflection occurring before 100 ms was
also present in children. Both children and adults groups
showed differentiated detection of emotional and neutral
changes; however, the results clearly highlighted that dif-
ferent brain mechanisms are involved in this process in
childhood and adulthood.

Brain responses to prosodic changes in adults

In adults, shorter MMN latencies were found for angry than
for neutral deviancy. This finding is partly consistent with
previous MMN studies showing a shorter latency for positive
emotions than for neutral stimuli (Schirmer et al., 2016;
Schirmer et al., 2005). These results suggest that this effect
might be valence-independent and present for different basic
emotions. This latency difference may reflect an earlier MMN
for angry change than for neutral change related to a priority
processing of emotional deviancy. From its evolutionary sig-
nificance to its major role in human social interactions, emo-
tion has long been recognized as high priority information.
For instance, stimuli of identical duration are perceived as
being longer when they are emotional than when they are
neutral (Grommet et al., 2011). The observed latency differ-
ence might therefore be related to a faster brain activation for
the detection of emotional deviancy through the amygdala
“fast route” as evidenced in the visual domain (Taylor &
Fragopanagos, 2005; Vuilleumier, 2005). In the auditory mo-
dality, fMRI studies that have reported an absence of signifi-
cant amygdala activation in response to emotional prosody of
speech or speech-like sounds (Gebauer, Skewes, Hørlyck, &
Vuust, 2014; Wiethoff et al., 2008; Wildgruber et al., 2005)
did not support the existence of a quick subcortical route for
vocal sounds. However, amygdala lesion has been shown to
reduce the activation of auditory cortices that is commonly
observed in response to the emotional prosody of speech-
like stimuli (Frühholz et al., 2015). Moreover, the amygdala
was recently considered to be a central region in a large brain
network involved in the decoding of affective meaning from
sound (Frühholz, Trost, & Kotz, 2016). Therefore, the
subcortical-route theory (Liebenthal, Silbersweig, & Stern,
2016) remains a valuable explanation that needs to be consid-
ered. This latency difference might also reflect a delayed

Fig. 4 Age group effects on responses to neutral and emotional prosodic
deviancy. Brain responses are represented in gray lines for children and
black lines for adults.

756 Cogn Affect Behav Neurosci (2018) 18:748–763



MMN to neutral change, related to the coexistence of both
neutral and angry deviants in the same sequence. Indeed, the
presence of emotions can influence behavioral and neuronal
responses to neutral stimuli. At the behavioral level, the per-
ception of a neutral stimulus is modified when preceded by an
emotional distractor (Lui, Penney, & Schirmer, 2011). At the
neuronal level, studies have highlighted that brain responses
to change might be delayed when the context contains more
salient variations (Campanella et al., 2002). The saliency of
emotional angry change could thus have delayed the automat-
ic detection of neutral change in the present study.

Although the first-order parameters of the ecological stim-
uli displayed in the present study were carefully controlled,
one cannot rule out the possibility that the specificity of the
overall envelope inherent to the emotional stimulus could
have entailed, at least partly, the latency difference between
neutral and emotional MMNs. Software such as DAVID
(Rachman et al., 2018), which allows researchers to modulate
different acoustic parameters of ecological vocal recordings
independently, could be useful for determining the dependen-
cy of our results on acoustics. Such tools could be valuable to
determine the existence of a specific emotion effect, which
would be comparable to the specific « vocal effect » recently

evidenced by Agus, Paquette, Suied, Pressnitzer, and Belin
(2017; a temporal brain activation was observed specifically
to voices but not to acoustic chimeras).

Some previousMMN studies conducted in adults have also
reported an effect of emotion onMMN amplitude (Jiang et al.,
2014; Pakarinen et al., 2014; Schirmer et al., 2005), whereby
the emotional MMN was larger than the neutral MMN.
However, potential low-level modulators of the MMN were
not always controlled in these studies. Using a tightly con-
trolled paradigm, we did not find any amplitude difference
between neutral and emotional deviancy, suggesting that
MMN amplitude differences were driven by low-level param-
eters. Fundamental frequency differences between
emotional and neutral stimuli might have influenced MMN
amplitude, as evidenced by Jiang et al., (2014) who showed
that a combined effect of physical and emotional deviancies
resulted in a larger MMN amplitude than did a simple emo-
tional deviancy condition (e.g., no acoustic difference be-
tween neutral and emotional stimuli). Even in studies that
have controlled fundamental frequency differences with a re-
verse oddball sequence, acoustical differences between stim-
uli within a given sequence could have influenced brain re-
sponses to these stimuli. Another explanation for the lack of

Fig. 5 (A) Post-hoc analyses of age and condition effects on the MMN
and P3a latencies (mean amplitudes over Fz, Cz, and Pz). Error bars
represent standard deviations. Significant results are marked by ** (p <

.001). (B) MMN and P3a latencies as a function of age in children (dots,
with correlations between latency and age) and in adults (stars) in both the
neutral (cool color) and emotional (warm color) conditions
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difference in MMN amplitude between conditions could be
linked to the neural adaptation effect observed in oddball
paradigms (Jacobsen & Schröger, 2001). In reverse oddball
sequences, the MMN is generated from the subtraction of
the same stimulus either presented as standard or deviant in
two different sequences. This type of paradigm allows to
control for acoustic processing but does not control for dif-
ferences in neural adaptation produced by the different
stimuli. The use of an equiprobable sequence that ensures
both controlled processing of physical features and close
probability of occurrence of stimuli could reduce this neural
adaptation effect (Jacobsen & Schröger, 2001), leading to
smaller differences between deviancy conditions.
Decreased probability of occurrence of emotional as com-
pared to neutral deviants (Pakarinen et al., 2014) or segre-
gation of neutral and emotional deviants in two different
sequences (Schirmer et al., 2005) might also have influ-
enced the relative saliencies of deviants. To conclude on
the MMN, we did not replicate all the results from the lit-
erature, probably because we chose an experimental proce-
dure allowing us to study preattentional emotional catego-
rization while reducing the influence of low-level parame-
ters. This approach aimed at revealing an effect of emotion
that was as genuine as possible (Grandjean et al., 2005).
The control of the saliency of neutral and emotional devi-
ants relative to the neutral standard (i.e., acoustic differ-
ences between the two pairs of stimuli were similar) and
the use of deviant stimuli behaviorally recognized as neu-
tral and emotional resulted in the absence of an amplitude
difference, while a latency effect, which appeared to be
specific of the emotional deviancy, was observed.

Finally, the P3a amplitude measured on the difference
wave was smaller in the emotional than in the neutral con-
dition. This result is in agreement with a previous study by
Schirmer et al. (2005), although their work focused mainly
on the MMN. This finding may seem counterintuitive at
first glance. Because P3a amplitudes are generally larger
for greater deviancy (Alho et al., 1998), a larger P3a
amplitude could have been expected for the emotional
condition, as previously showed in the visual modality
(Ke i l e t a l . , 2002) and in c ros s -moda l s tud i e s
(Domínguez-Borràs et al., 2008a, 2008b). A larger P3a
was found for the emotional than for the neutral condition,
measured directly on deviants ERPs in this study.
Modulation of late ERPs by emotion, and more especially
by negative emotions, has also been observed in ERP studies
(Kanske & Kotz, 2007). The subtraction of this already sub-
stantial emotional saliency effect from the regularity violation
in the oddball sequence probably caused the smaller P3a am-
plitude in the difference wave for the emotional than for the
neutral condition. In view of these results, previous findings of
greater P3a amplitudes in emotional conditions might be con-
sidered cautiously.

Brain responses to prosodic changes in children

In children, an early discriminative negativity was elicited
regardless of condition, resulting in a clear double-peaked
discriminative response (i.e., early negative deflection and
the MMN), whereas in adults only the MMN was significant.
This early discriminative response is consistent with an early
response occurring between 70 and 100 ms after stimulus
onset, reported in a previous voice study in children (Rogier,
Roux, Belin, Bonnet-Brilhault, & Bruneau, 2010). The pres-
ent early discriminative negativity is unlikely to be attributed
either to first-order acoustic differences, since duration, loud-
ness, and mean fundamental frequency were monitored, or to
sensory processing, since each stimulus was used as its own
control in the subtraction process.Moreover, several studies in
adults have tended to indicate that such early brain responses
are elicited by vocal sounds (Bruneau et al., 2013; De Lucia,
Clarke, & Murray, 2010; Murray, Camen, Gonzalez Andino,
Bovet, & Clarke, 2006; Rigoulot &Armony, 2016) and would
be sensitive to irregularities in vocal sequences (Graux et al.,
2013).

Pegado et al. (2010) also distinguished two negativities in
response to deviancy in adults. The early deflection culminat-
ing over frontal sites was sensitive to SOA duration: longer
SOAs yielded a decrease in the amplitude of this early deflec-
tion. One could assume that this finding might be related to the
reduction of neural adaptation to the repeated presentation of
standard stimuli for larger SOA. Longer SOAs induce an
overall lower stimulation of the neurons responding to stan-
dard stimuli, which in turn are able to return to a nonadaptive
mode similar to that of neurons responding to deviant stimuli
(Lanting, Briley, Sumner, & Krumbholz, 2013; May &
Tiitinen, 2010). Pegado et al. interpreted their findings in re-
lation to the echoic memory process: the more the SOA in-
creases, the more the echoic trace fades and the amplitude of
the deflection is reduced. In the present study, we controlled
for neural adaptation with an equiprobable sequence. Yet an
early negative deflection was still present in children. This
response could therefore reflect the involvement of echoic
memory. Behavioral studies have shown that children rely
more on echoic memory than do adults during an auditory
working memory task (Engle, Fidler, & Reynolds, 1981).
This stronger dependence on echoic memory to process in-
coming events could explain the existence of a distinct early
discriminative negativity for all conditions in children, while
this negativity appears to be nonsignificant in adults.

Despite similar response waveforms between neutral and
emotional conditions in children (e.g., a double-peaked dis-
criminative response), an emotion effect was observed with a
shorter early discriminative negativity in the emotional than in
the neutral condition. Aside from average acoustic differences
(e.g., frequency and loudness), the modulation of acoustic
parameters throughout the sounds allows differentiating
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neutral and emotional stimuli. Given that echoic memory is
sensitive to physical stimulus characteristics (Engle et al.,
1981), differences of some acoustic parameters, such as
harmonic-to-noise ratio (which has been proposed to be a
major component in hierarchical processing of voices; Lewis
et al., 2009), in particular during the first 40 ms of sounds,
might engage echoic memory differently and be responsible
for the early discrimination of conditions. This discrimination
indicates that the high saliency of emotion influences
preattentional mechanisms as soon as 6 years of age.

The presence of a double-peaked response for the
emotional condition is in accordance with previous MMN
studies conducted in children with vocal stimuli, which
have reported two negative deflections in response to com-
manding deviant stimuli, though these occurred at later la-
tencies (Korpilahti et al., 2007; Lindström et al., 2012).
This latency difference could have arisen from the use of
shorter stimuli in the present study (400 ms long) than in
other studies (between 538 and 775 ms). Because the
stimulus durations differed greatly, the timing of occur-
rence of spectro-temporal differences might have influ-
enced the timing of the change detection response. The
difference could also be related to the rather short SOA
used (700 ms), even though this parameter should have
affected MMN amplitudes rather than latencies (Sabri &
Campbell, 2001). These findings suggest the existence of
sequential processing of prosodic change, requiring two
steps in children. The similarity of the neutral and emotion-
al waveforms and scalp distributions suggests that this two-
step process relies on the same neuronal networks for both
conditions.

In contrast, the MMN amplitudes and latencies did not
differ across conditions in children. Previous emotional
MMN studies conducted in children have either reported dif-
ferences between healthy and pathological groups (Korpilahti
et al., 2007) or differences between emotions in typically de-
veloping subjects (Lindström et al., 2012). Because previous
MMN studies conducted in children did not use a neutral
MMN comparison, assessment of the emotional deviancy ef-
fect per se has not been possible. In our study, the use of both
neutral and emotional deviants suggests that in children the
MMN reflects the change detection process, but that its am-
plitude is not modulated by the emotional nature of the
change. Lindström et al. (2012) showed significant MMN
amplitude and latency differences between commanding,
sad, and fearful deviants, suggesting that the MMN might
index the discrimination between different emotions during
childhood. However, this study did not use a control sequence.
Given the absence of such a sequence, MMNs were obtained
from the subtraction of standard and deviant stimuli differing
in their physical features and probabilities of occurrence, thus
preventing them from ruling out an influence of low-level
factors in the emotional MMN responses. These findings

emphasize how important it is to use proper control sequences
(Ruhnau, Herrmann, & Schröger, 2012), particularly in chil-
dren, in whom the neural adaptation effect might be specific.

Altogether, our findings indicate that in children the auto-
matic detection of emotional change is indexed bymodulation
of an early discriminative response rather than by variation in
the MMN latency range. Our study also showed early auto-
matic processing of vocal emotional modulations in school-
age children. In this way, it provides information beyond pre-
vious developmental studies on emotion processing, which
showed a late effect of emotion on auditory ERPs. Early ef-
fects might not have been observed in these previous studies
because they were performed either in 7-month-old infants
(Grossmann et al., 2005) or during an explicit detection task
(Chronaki et al., 2012).

Comparison of brain responses to prosodic changes
in children and in adults

In both children and adults, emotional change was clearly
differentiated from neutral change at a preattentional level,
in either the early discriminative negativity or the MMN, re-
spectively. These findings are in accordance with behavioral
studies that have pointed out an ability for children to detect
emotion involuntarily. When testing response times to differ-
ent prosodic voices through a same–different task, children’s
mean response times to commanding stimuli were shorter than
their response times to neutral stimuli (Lindström et al., 2012).
Moreover, response times were found to be longer in children
when they faced contradictory emotional speech and prosody
than when the speech and prosody were congruent (Morton &
Trehub, 2001).

Although previous studies have reported either a right-
lateralized emotional MMN (Korpilahti et al., 2007) or no
lateralization of the response in children (Lindström et al.,
2012), the present study showed that regardless of condition,
the MMN peaked at central sites, revealing no hemispheric
dominance. This result was consistent across age groups, even
if a nonsignificant tendency toward right-hemisphere laterali-
zation was observed. This absence of significant lateralization
corroborates the existence of a bilateral network for the im-
plicit processing of angry prosody (Castelluccio, Myers,
Schuh, & Eigsti, 2016; Frühholz, Ceravolo, & Grandjean,
2012), but it might also has been influenced by stimulus type
(e.g., stimuli with/without speech content) and attention level
(e.g., implicit/explicit; Frühholz & Grandjean, 2013).

Despite these common points, differences between the
groups were also reported at the preattentional level. A devel-
opmental effect was found on the early negative response. The
amplitude of the early deflection was reduced with age and
appeared nonsignificant at adulthood. Although no group dif-
ference was shown for MMN amplitudes, a significant inter-
action between age and condition was reported on MMN
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latencies. The emotional MMN latency was significantly
shorter in adults than in children, whereas no such effect was
observed for the neutral MMN. This result highlights larger
age-related changes in the emotional condition in order to
reach an adult-like preattentive response to emotional change.
The correlations between age and MMN latency in the child
group revealed that the neutral MMN latency decreased be-
tween 6 and 12 years of age, whereas no correlation was found
for the emotional MMN latency. However, a smaller intercept
was found for the emotional than for the neutral correlation.
Because the latency of the emotional MMN is longer in chil-
dren than in adults, these results would indicate that the short-
ening of the emotional MMN latency takes place during
adolescence.

An emotion-specific response was also evidenced at the
P3a level. In both groups, P3a amplitudes were smaller in
the emotional than in the neutral condition. However, a shorter
P3a latency was shown for the emotional deviant than for the
neutral deviant in children, whereas no latency difference was
present in adults. Analyses of linear correlations of the slopes
and intercepts of P3a latencies with age tend to indicate that
this finding reflects an earlier, rather than a faster, maturation
of the orientation of attention to emotional relative to neutral
change.

Overall, neutral change detection responses appeared
similar between adults and children. In contrast, emotional
change detection responses changed with age. Since develop-
mental changes in the MMN take place along with brain
maturation, the difference between children and adults for
the emotional MMN but not for the neutral MMN response
highlights the specificity of the automatic detection of
emotional deviancy.

The presence of an early discriminative response in both
conditions suggests that children more likely use low-level
acoustic factors to differentiate neutral and emotional condi-
tions. Yet children present an emotion-specific P3a response
and an earlier maturation of attention orientation to emotional
than to neutral change. We hypothesize that this early emo-
tional P3a maturation promotes an automatization of
preattentive brain responses to emotional change during ado-
lescence. This developmental change would allow the grow-
ing brain to process emotional change faster than neutral
change and to be more independent of echoic memory
processes.

Limitations

Although our study provides new insight into emotion-
specific discrimination in school-age children, it has some
limitations. First, more subjects would allow researchers to
(1) evaluate the developmental trajectory through the use of
multiple age groups and (2) estimate potential gender effects,
as previously reported in adults (Schirmer et al., 2005).

Moreover, in this study, conclusions drawn about age-related
differences were based on group comparisons, and longitudi-
nal studies on the development of prosodic change detection
could provide more reliable information about the maturation
of neutral and emotional prosodic change detection. Second,
behavioral tests of emotional prosody perception and produc-
tion would have been beneficial for this study. Such tests
would allow researchers to establish more clearly the devel-
opmental relevance of an emotion-specific response in chil-
dren. Finally, we used only an angry deviant in this study. In
this regard, the observed effects might not be generalizable to
all basic emotions, or even to all negative basic emotions.
Further work will be necessary to assess whether similar re-
sponses are present for other emotions and how they relate to
the children’s social behavior.

Conclusions

This study has allowed, for the first time, the identification of
specific effects of emotional deviancy in school-age children.
The paradigm usedmade it possible to overcome confounding
effects related to emotion processing in order to observe
brain responses to emotional change per se. The findings
underlined that despite developmental differences, both chil-
dren and adults present an emotion-specific response in the
automatic detection of prosodic change. Similar research into
neurodevelopmental pathologies such as autism spectrum dis-
order, characterized by both social and sensory difficulties,
would be of great interest for determining why the processing
of changing emotional stimuli is so challenging for these
patients.
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