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Objectives: This study examined the ability of prelingually deaf children with bilateral implants to identify
emotion (i.e. happiness or sadness) in speech and music.
Methods: Participants in Experiment 1 were 14 prelingually deaf children from 5–7 years of age who had
bilateral implants and 18 normally hearing children from 4–6 years of age. They judged whether
linguistically neutral utterances produced by a man and woman sounded happy or sad. Participants in
Experiment 2 were 14 bilateral implant users from 4–6 years of age and the same normally hearing
children as in Experiment 1. They judged whether synthesized piano excerpts sounded happy or sad.
Results: Child implant users’ accuracy of identifying happiness and sadness in speech was well above
chance levels but significantly below the accuracy achieved by children with normal hearing. Similarly,
their accuracy of identifying happiness and sadness in music was well above chance levels but
significantly below that of children with normal hearing, who performed at ceiling. For the 12 implant users
who participated in both experiments, performance on the speech task correlated significantly with
performance on the music task and implant experience was correlated with performance on both tasks.
Discussion: Child implant users’ accurate identification of emotion in speech exceeded performance in
previous studies, which may be attributable to fewer response alternatives and the use of child-directed
speech. Moreover, child implant users’ successful identification of emotion in music indicates that the
relevant cues are accessible at a relatively young age.
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Introduction
Cochlear implants (CIs) have made auditory-verbal
communication accessible to many children with pro-
found hearing loss (e.g. Geers et al., 2003). The
benefits for congenitally deaf children seem greatest
when they receive their implants early, say by 1–3
years of age (Geers, 2004; Nicholas and Geers, 2006;
Waltzman and Cohen, 1998). Such early access to
language facilitates social and emotional develop-
ment. For example, deaf children with good language
skills (oral or sign language) are reported to have fewer
psychosocial difficulties than their peers with more
limited skills (Dammeyer, 2010). For child CI users
with hearing parents, exposure to a spoken language
has been linked to greater social well-being (Percy-
Smith et al., 2008), perhaps because few hearing
parents are sufficiently proficient in sign language to
enable optimal parent–child communication.
A critical aspect of interpersonal communication in

general and of parent–child communication in

particular is the exchange of affective messages, both
verbal and non-verbal. Aspects of visual communi-
cation of affect by facial expression, posture, and
movement are universal, as are aspects of auditory
communication by vocal and non-vocal means
(Bachorowski, 1999; Balkwill and Thompson, 1999;
Scherer, 2003; Zentner et al., 2008). The ease with
which children with CIs identify the emotional
valence of vocal, non-verbal sounds has implications
for their emotional well-being, as assessed by self-
report (Schorr et al., 2009). There is relatively little
research, however, on the ability of CI users to identify
the intended emotions in speech and music.

Portrayals of emotion in speech and music are
guided both by universal aspects of emotional
expression and by socio-cultural conventions
(Bachorowski, 1999; Balkwill and Thompson, 1999;
Scherer et al., 2001). Well before children acquire the
rudiments of language, they are exposed to some
of these modes of expression. For example, mothers
convey emotion in their speech to pre-verbal infants
by means of exaggerated prosody (Fernald, 1991;
Papoušek, 1992) and heightened affect (Trainor
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et al., 2000), which confer a musical flavor to such
speech (Fernald, 1989). From the early months,
infants prefer infant-directed speech to adult-directed
speech, the latter being more neutral in emotional
tone (Cooper and Aslin, 1990; Fernald, 1985; Singh
et al., 2002). Mothers across cultures also sing expres-
sively to their infants (Trehub et al., 1993), at times for
playful purposes and at times for soothing purposes
(Trehub and Trainor, 1998). Infants prefer infant-
directed singing to informal but non-infant-directed
singing (Trainor, 1996), even in the newborn period
(Masataka, 1999), which suggests that such expressive
singing may have intrinsic appeal.
Congenitally deaf infants do not have access to these

affective auditory stimuli in the early months of life
because even with early diagnosis, they are unlikely
to receive implants much before 12 months of age
(Holt and Svirsky, 2008). Owing to delays in receiving
expressive vocal input, one would expect delays in
child CI user’s ability to interpret and transmit vocal
affect. Even in the post-implant period, the degraded
pitch and spectral cues provided by implants (Geurts
and Wouters, 2001; Loizou, 1998) interfere with the
processing of vocal emotion. Variations in fundamen-
tal frequency (F0), or pitch, contribute to the differen-
tiation of emotions in speech and music, although
amplitude, tempo (rate), and rhythm are also impor-
tant (Bachorowski, 1999, Laukka et al., 2005;
Scherer, 1986, 2003). Amplitude and timing variations
are accessible to CI users (Loizou, 1998), but for
normal-hearing (NH) individuals, these cues are typi-
cally used in conjunction with pitch variations to
differentiate vocal emotions (Bachorowski, 1999;
Scherer, 2003). The available literature indicates that
CI users have considerable difficulty identifying
emotion in speech (Hopyan-Misakyan et al., 2009;
Luo et al., 2007; Most and Aviner, 2009). For
example, prelingually deaf children from 7–13 years
of age with unilateral implants are as accurate at iden-
tifying facial expressions (happy, sad, angry, fearful)
as their hearing peers, but CI users perform at
chance levels on affective speech prosody that is per-
ceptible to NH children (Hopyan-Misakyan et al.,
2009).
Variations in pitch, amplitude, and timing charac-

terize music as well as speech. Music and speech also
share some cues to specific emotions (Juslin and
Laukka, 2003). The adverse consequences of degraded
pitch and spectral information for music processing
have been well documented (see Kraus et al., 2009;
McDermott, 2004, for reviews). This research has
focused largely on CI users’ difficulty differentiating
melodies (Galvin et al., 2007; Vongpaisal et al.,
2006, 2009) and identifying familiar music on the
basis of pitch cues alone (Cooper et al., 2008;
Cullington and Zeng, 2011; Hsiao, 2008; Kong

et al., 2004; Nimmons, 2007; Stordahl, 2002). Not sur-
prisingly, this difficulty makes music unpalatable to
many postlingually deafened CI users (Gfeller et al.,
2000; Lassaletta et al., 2007; Leal et al., 2003), but
congenitally or prelingually deaf children with CIs
typically enjoy music listening and music making
(Gfeller et al., 2000; Nakata et al., 2006; van
Besouw et al., 2011; Vongpaisal et al., 2006). To
date, however, there is only one published study of
emotion identification in music by child CI users
(Hopyan et al., 2011). Hopyan et al. (2011) found
that prelingually deaf children from 7–13 years of
age with unilateral implants distinguished happy
from sad classical music excerpts but their accuracy
was significantly below that of same-age NH children.
The goal of this investigation was to ascertain

whether bilateral CI users from 4–7 years of age
could identify happiness and sadness in speech and
music. Previous research with CI users with 7–13
years of age indicated that they were unable to differ-
entiate speech prosody expressing happiness, sadness,
anger, and fear (Hopyan-Misakyan et al., 2009), but
they could distinguish happy from sad intentions in
instrumental (piano) music (Hopyan et al., 2011).
Children’s judgments of emotion in speech were exam-
ined in Experiment 1, and their judgments of emotion
in music were tested in Experiment 2.

Experiment 1
In typical studies of emotion identification in speech
among NH listeners, participants hear utterances
with neutral content spoken in a manner that portrays
specific emotions. They respond by selecting one of
several emotions from a closed set (see Scherer,
2003, for a review). Luo et al. (2007) used such a
task to present adult CI users with men’s and
women’s utterances that conveyed happiness,
sadness, anger, anxiety, and emotional neutrality.
Amplitude cues were preserved in some cases and nor-
malized in others. Even with amplitude cues preserved,
CI users identified less than half of the emotions, per-
forming substantially below the levels attained by NH
adults. Most and Aviner (2009) compared children and
adolescents with CIs (10–17 years of age) with same-
age NH individuals and with deaf hearing aid users
on their identification of happiness, sadness, fear,
anger, surprise, and disgust in auditory, visual, and
audio-visual contexts. In the auditory context, the per-
formance of both deaf groups was significantly worse
than that of hearing individuals. Although hearing
individuals performed better in audio-visual than in
visual contexts, the addition of auditory cues provided
no advantage for CI and hearing aid users. In other
words, auditory cues resolved the ambiguity of some
facial expressions for hearing listeners but not for
deaf listeners. CI users’ difficulty differentiating the
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six vocal emotions is in line with 7- to 13-year olds’ dif-
ficulty differentiating happy, sad, angry, and fearful
vocal emotions (Hopyan-Misakyan et al., 2009). In
short, the available research seems to indicate that
the pitch and spectral cues provided by CIs are insuffi-
cient for reliable differentiation of vocal emotions.
Unquestionably, NH individuals outperform CI

users on the identification of vocal emotion, but
their performance is far from perfect. In a number of
studies, NH adults have identified 60–70% of the
target emotions in tasks involving multiple emotions,
with some emotions identified more readily than
others (Luo et al., 2007; Scherer, 2003). Moreover,
NH individuals perform better with familiar talkers
or with talkers who have well-modulated voices such
as those exhibiting expressive variations in pitch, loud-
ness, and timing (see Bachorowski, 1999, for a review).
Luo et al. (2007) found that CI users often confused
happiness with anger or fear, which have overlapping
acoustic cues, and sadness with neutrality, which also
have overlapping cues. Although NH listeners were
much more accurate than CI listeners, both had
similar confusion patterns. Furthermore, the removal
of amplitude cues impaired the performance of NH
listeners as well as CI users. Most and Aviner (2009)
found similar confusion patterns in NH listeners and
their counterparts with hearing loss. Happiness was
identified the most accurately, followed by anger and
disgust. It is clear, then, that vocal emotions are
more difficult to discern than emotional facial
expressions, even for listeners who have access to the
full range of pitch and spectral cues.
Acoustic cues may be insufficient for accurate

identification of discrete emotional categories in
adult speech (e.g. Bachorowski, 1999). Such cues
may be more useful for indicating the talker’s
arousal level, whether high or low, than for differen-
tiating positive from negative valence (Bachorowski,
1999; Bänziger and Scherer, 2005). Indeed, NH listen-
ers tend to confuse emotions associated with similar
arousal levels. For example, they confuse happiness
with anger, which share high arousal levels and the
acoustic cues of high pitch, rapid speaking rate, and
pitch and amplitude variability. They also confuse
neutrality and sadness, which share low arousal
levels and the acoustic cues of low pitch, slow speaking
rate, as well as reduced pitch and amplitude variability.
Perhaps CI users would be more successful at emotion
identification if the emotions in question had contras-
tive arousal levels (high or low), such as happiness and
sadness, and the cognitive demands of the task were
reduced by having two response choices rather than
four or five. They might also be more successful with
child-directed speech, which is more affectively expres-
sive than adult-directed speech. Aside from the fact
that child-directed speech is more familiar and more

engaging to young children, emotional intentions
(e.g. approval, comfort, and prohibition) are more
transparent in child-directed than in adult-directed
speech because of its exaggerated prosody (Bryant
and Barrett, 2007; Fernald, 1989).

Maternal prosody to infants and toddlers with CIs
is tuned to their listening experience and linguistic
capabilities as opposed to their chronological age
(Bergeson, 2011; Kondaurova and Bergeson, 2011).
There is no comparable research on maternal
prosody to older children with CIs, but the available
research indicates that other aspects of maternal
speech to deaf children are responsive to the children’s
linguistic proficiency (DesJardin and Eisenberg, 2007;
Nienhuys et al., 1984). The result is that maternal
speech to CI users tends to be similar to speech to
younger NH children.

In this experiment, young bilateral CI users were
required to identify child-directed speech samples as
happy or sad. CI users from 5–7 years of age and
a control group of NH children listened to natural,
expressive utterances produced by a man and a
woman. The man’s speech had potential processing
advantages for CI users because of its lower pitch
range (Chatterjee and Peng, 2007; Vongpaisal et al.,
2010), but it was also possible that the woman would
express emotion more distinctively (Luo et al., 2007).
Owing to the use of a child-directed speaking style,
emotion categories that contrasted in arousal, and
only two response alternatives, young CI users in the
present experiment were expected to differentiate
emotions more effectively than older CI users in pre-
vious studies (Luo et al., 2007, Most and Aviner,
2009, Hopyan-Misakyan et al., 2009). Nevertheless,
because of child CI users’ diminished access to pitch
and spectral cues, they were expected to perform
more poorly than their NH peers.

Method
Participants
The participants included 14 bilateral CI users (five
girls and nine boys, M= 5.8 years, SD= 0.6, range:
5.1–7.0) from middle-class families who were recruited
from a large metropolitan area (see Table 1). Four chil-
dren had progressive hearing loss from birth and 10
children were congenitally or prelingually deaf. All
participants used Nucleus 24 Contour implants with
Freedom, SPrint, or CP810 processors (see Table 1)
programmed with the Advanced Combinational
Encoder processing strategy, and each had a
minimum of 2.5 years of implant experience (M=
4.3 years, SD= 0.8, range: 2.8−5.3). With the excep-
tion of children with progressive hearing loss, their
first implant was activated between 9 and 27 months
of age. When tested with their implants, absolute
thresholds for tones within the speech range were
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within normal limits (10–30 dB HL). All children with
CIs participated in auditory-verbal therapy for at least
2 years after implantation. They also communicated
exclusively by auditory-verbal means and were in
age-appropriate school classes with their NH peers.
A comparison sample of NH children from middle-
class families consisted of 18 preschoolers (12 girls
and 6 boys, M= 5.4 years, SD= 0.5, range: 4.8–6.2)
recruited from the local community whose mean age
was slightly younger than the mean for the CI group,
t(30)= 2.05, P= 0.049. No NH child had a personal
or family history of hearing problems, and all children
were free of colds on the day of testing.

Apparatus and stimuli
Aman and awoman were instructed to produce happy
and sad versions of the following three sentences: A
chair has four legs, Flowers grow in the garden, and
The lamp is on the table. The ‘actors’ were asked to
speak naturally but in an expressive manner, as if
talking to children. Both had considerable experience
interacting with young children. Fundamental fre-
quency (F0), amplitude, and duration of all utterances
from the two talkers were calculated by means of

PRAAT software (Boersma and Weenink, 2005).
Table 2 provides information about mean F0, F0
range, amplitude, and duration for happy and sad utter-
ances produced by the man and woman. F0 contours of
the stimuli produced by the two talkers are illustrated in
Fig. 1. Stimuli largely conformed to cultural conven-
tions for the vocal portrayal of happiness and sadness,
as described by Johnstone and Scherer (2000).
Specifically, the man’s and woman’s sad utterances
had a smaller F0 range and were lower in overall ampli-
tude than their happy utterances. Although the man’s
sad utterances were longer in duration than his happy
utterances, as expected, the woman’s happy utterances
were longer in duration than her sad utterances
(Table 2). As a result, duration was not a reliable cue
to the target emotion in the present set of stimuli.
The stimuli were recorded in a 3 m × 2.5 m double-

walled, sound-attenuating chamber (Industrial
Acoustics Corporation) with a microphone (Sony
F-V30T, Tokyo, Japan) connected directly to a
Windows XP computer workstation. High-quality
digital sound files (44.1 kHz, 16-bit, mono) were
created using a digital audio editor (Sound Forge
6.0). Four-colored digital photographs (headshots) of

Table 1 Demographic variables of children with CIs

Participant Gender
Age at test (years) Age at CI activation Processors

EtiologyExp 1; 2 Ear 1; 2 (L/R when different)

CI-1* M 6.4; 6.4 3.4; 3.4 Freedom Genetic
CI-2 M 5.2; 5.5 0.8; 1.7 CP810 Genetic
CI-3 M 5.4; 5.4 1.1; 1.1 Freedom Genetic
CI-4 F 6.3; 6.3 1.0; 3.6 Freedom/SPrint Genetic
CI-5* F 7.0; 6.9 2.5; 4.0 Freedom Unknown
CI-6 M 5.3; 5.3 1.0; 4.6 Freedom Genetic
CI-7 M 5.1; 5.8 0.9; 1.8 Freedom Genetic
CI-8 M 6.1; 6.3 0.8; 1.5 Freedom Genetic
CI-9* M 6.4; 6.4 3.1; 6.3 Freedom Mondini dysplasia
CI-10 F 5.1; - 1.1; 1.1 Freedom Genetic
CI-11 F 6.3; 6.9 1.0; 3.5 Freedom/SPrint Unknown
CI-12 M 6.4; - 1.3; 2.3 Freedom Genetic
CI-13 F 5.1; 5.1 1.1; 3.4 Freedom Unknown
CI-14* M 5.5; 5.5 2.7; 2.7 Freedom Unknown
CI-15 F 5.8 1.7; 1.7 Freedom/CP810 Unknown
CI-16 F 4.1 1.1; 1.1 Freedom Unknown

*Progressive hearing loss from birth.

Table 2 Happy- and sad-sounding speech stimuli

Emotion/Gender Sentence Mean F0 (Hz) F0 range (Hz) Mean Amplitude (dB) Duration (s)

Happy/female Chair 313.8 (SD= 83.2) 184.6–520.3 67.7 (SD= 9.5) 1.7
Happy/female Flowers 289.2 (SD= 86.1) 169.8–519.2 67.0 (SD= 10.9) 1.9
Happy/female Lamp 285.2 (SD= 99.2) 156.4–486.5 66.6 (SD= 11.5) 1.6
Happy/male Chair 132.4 (SD= 28.5) 90.9–199.2 65.2 (SD= 11.6) 1.9
Happy/male Flowers 156.2 (SD= 41.6) 95.9–231.9 67.3 (SD= 11.0) 1.6
Happy/male Lamp 134.9 (SD= 27.6) 76.3–183.3 66.3 (SD= 10.7) 1.4
Sad/female Chair 190.2 (SD= 32.4) 154.8–269.4 63.9 (SD= 10.8) 1.5
Sad/female Flowers 176.2 (SD= 19.6) 149.3–232.9 63.9 (SD= 10.1) 1.5
Sad/female Lamp 186.3 (SD= 18.3) 162.2–219.6 64.5 (SD= 11.2) 1.4
Sad/male Chair 94.2 (SD= 6.8) 79.1–115.2 63.6 (SD= 10.1) 1.9
Sad/male Flowers 96.7 (SD= 10.1) 81.9–127.3 64.1 (SD= 11.2) 1.8
Sad/male Lamp 102.1 (SD= 9.7) 82.9–125.9 64.6 (SD= 11.2) 1.6
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the speakers were taken against a white background.
One showed the man with a happy facial expression
and another with a sad expression. The two other
photographs showed happy and sad facial expressions
featuring the woman (see Fig. 2).
Testing took place in a double-walled sound-attenu-

ating booth, either at the university laboratory
(Industrial Acoustics Corporation, 3 m × 2.5 m) or at
a local children’s hospital (4.3 m × 2.7 m). A computer
workstation and amplifier (Harman/Kardon
HK3380, Harman International Industries, Stanford,
CT) located outside the university booth were con-
nected with a 17-inch touch-screen monitor (Elo
LCD TouchSystems, Tyco Electronics Corporation,
Berwyn, PA) and two high-quality loudspeakers
(Audiological GSI, Eden Prairie, MN) inside the
booth. At the hospital venue, a GSI-61 two-channel
clinical audiometer (Grason-Stadler Instruments,
Eden Prairie, MN) replaced the amplifier. The loud-
speakers were placed at 45° azimuth to the participant
with the touch-screen monitor at the midpoint. An
interactive computer program (customized for
Windows XP) presented stimuli and recorded response
selections when the participant touched the screen.

The experimenter could record participants’ responses
using a portable keyboard connected to the worksta-
tion when young children preferred to point to their
selection rather than touching the screen. All stimuli
were played at a comfortable listening level of approxi-
mately 65 dB SPL.

Procedure
Participants were tested individually. A parent was
present in the booth for a number of participants,
especially the younger ones who wanted their parent
nearby. The child was seated facing the computer
monitor, with the experimenter off to one side and
the parent out of the child’s line of sight. Parents
were instructed to refrain from interacting with their
child, and all complied fully. The experimenter
explained to the children that they were going to
hear a man or a lady talk and that they should
decide whether the talker sounded happy or sad.
Participants were explicitly instructed to attend to
how the talker sounded, not what he or she said.
There were four practice trials to familiarize children
with the task. Such practice trials were considered
necessary because of young children’s tendency to
focus on the content of spoken messages rather than
on the speaking style (Morton and Trehub, 2001).
During practice trials, the experimenter answered the
children’s questions but provided no feedback about
the accuracy of their responses. Although children
were told that they could listen to any utterance
more than once before responding (i.e. as often as
they liked), no child asked for repetitions. When chil-
dren were very hesitant after hearing an utterance,
which occurred periodically for CI users, the exper-
imenter provided a repetition, which usually elicited
a prompt response.

Auditory stimuli were presented in two blocks, one
for both talkers, with a short break between blocks.
In both groups of children, the order of blocks (man–
woman or woman–man) was balanced. Stimuli
within each block consisted of three sentences in
both emotions, with each sentence repeated three
times and order randomized for a total of 18 trials in
both blocks. As noted, the participant had the
option of hearing a stimulus repeated before making
a decision. At the beginning of each trial, colored
photographic images of a man or woman (depending
on the trial block) with a happy and sad facial
expression were presented on the monitor. Before
beginning each block of trials, the experimenter veri-
fied that the child could identify the facial expression
in each image by asking ‘Is the man/lady in this
picture happy or sad?’ The spatial arrangement of
images (left/right) was identical for all participants
across all trials. After listening to each stimulus, chil-
dren responded by touching one of the images. No

Figure 1 Pitch contours (displayed in semitones referenced
to 200 Hz) of happy and sad versions of The lamp is on the
table by male and female talker (Experiment 1).

Figure 2 Response alternatives (photos of happy and sad
facial expressions) for the female talker (Experiment 1).
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feedback was provided other than periodic encourage-
ment and praise to maintain the children’s enthusiasm
and cooperation.

Results and Discussion
Preliminary analyses revealed that performance was
not distributed normally for either the man talker,
P= 0.027, or the woman talker, P= 0.020, or for
performance averaged across talkers, P= 0.034
(Kolmogorov–Smirnoff tests). Although overall per-
formance in the CI group was more variable than in
the NH group, this difference fell short of statistical
significance, F(13, 17)= 3.37, P= 0.076 (Levene’s
test). Nevertheless, subsequent analyses used nonpara-
metric tests.
We first examined the number of children who per-

formed significantly better than chance. With a bino-
mial test (normal approximation, correcting for
continuity, P < 0.05, one-tailed), overall performance
required 24 correct responses on the 36 trials to exceed
chance levels. For child CI users, 12 of 14 surpassed
chance, and for NH children, 17 of 18 did so. In
short, performance was remarkably good in both
groups and consistent across individuals.
The performance of child CI users and NH children

is shown in Fig. 3. A direct comparison of groups on
overall performance confirmed that the NH children
performed significantly better than the child CI
users, P= 0.047 (Mann–Whitney U test). Poorer per-
formance for child CI users than for NH children
was evident for the woman talker (P= 0.029), but
not for the man (P= 0.107) (Mann–Whitney U
tests). Although NH children showed significant

improvement from the first to the second block of
trials (P= 0.013), comparable improvement was not
evident among the CI children (P= 0.135)
(Wilcoxon signed rank tests).
Performance of the child CI users collapsed across

talkers was associated positively with duration of
implant use (i.e. years since first implant activation),
r= 0.60, N= 14, P= 0.012 (one-tailed), which is an
impressive finding in view of the small sample. Fig. 4
depicts individual scores of children with CIs. Two
of them exhibited error-free performance across
talkers. An additional two had error-free performance
for the woman talker only, and two others had
error-free performance for the man talker only.
Interestingly, only six NH children achieved error-
free performance on both trial blocks, although their
performance was generally more consistent than that
of children with CIs.
CI users mistook sad-sounding speech as happy

(76% of all errors) more often than they mistook
happy-sounding speech as sad. This was especially
noticeable for the poorest performing CI users. This
pattern of confusions was also reported by Luo et al.
(2007) and Most and Aviner (2009), which may
reflect a response bias for positive emotions rather
than greater ease of identifying happy-sounding
speech. In any case, young CI users performed success-
fully on a two-alternative forced-choice task that
required them to differentiate happy from sad
speech, unlike older CI users who failed to identify
happy and sad utterances in the context of a four-
alternative forced-choice task (Hopyan-Misakyan
et al., 2009).
As noted, natural speaking rate and amplitude vari-

ations were preserved in the present stimuli and were
available, in principle, as cues. In practice, however,
differences in overall amplitude and amplitude vari-
ation were consistent across talkers, but differences in
speaking rate across emotion categories were inconsist-
ent across speakers (see Table 2). As a result, speaking

Figure 3 Box plots showing performance of child CI users
and NH children on happy and sad speech (Experiment 1).
Lower and upper borders of each box indicate first and third
quartiles, respectively; line within each box indicates the
median; and whiskers depict the highest and lowest scores,
except for outliers. The single outlier in the NH group is
indicated by an asterisk.

Figure 4 Performance of individual child CI users on happy
and sad speech (Experiment 1).
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rate, which usually distinguishes happy- from sad--
sounding speech, was an unreliable cue for the
female talker, which may help to explain group differ-
ences for the woman talker but not for the man.
Differences in F0 range between happy and sad
stimuli were large and consistent across talkers
(Table 2). Differences in F0 contour also provided
reliable cues to happy and sad speech but they may
have been inaccessible to CI users (Geurts and
Wouters, 2001; Loizou, 1998). When contour contrasts
are substantial, however, as in statements versus ques-
tions, CI users perform above chance levels although
well below the levels attained by NH listeners
(Meister et al., 2009; Most and Peled, 2007; Peng
et al., 2008). It is possible that the young CI users in
the present experiment used a combination of acoustic
cues to differentiate the happy from sad utterances
although amplitude cues would have been the most
prominent of these. In the absence of feedback,
however, it is clear that CI users had reasonable rep-
resentations of happy and sad vocal qualities on the
basis of their everyday experience. Their ability to
differentiate music excerpts expressing happy and sad
emotions in conventional ways was assessed in
Experiment 2.

Experiment 2
There is increasing interest in the non-musical and
musical consequences of children’s short- and long-
term involvement in musical activities (Kirschner
and Tomasello, 2010; Schellenberg, 2006). For
example, listening to pleasant music has consequences
for children’s prosocial behavior (Kirschner and
Tomasello, 2010) and their performance on a variety
of tasks (Schellenberg and Hallam, 2005;
Schellenberg et al., 2007). Moreover, music lessons
have been linked to long-term cognitive outcomes
(Schellenberg, 2006, 2011).
In addition, there is long-standing interest in adults’

and children’s ability to understand emotion in music.
Typical tasks in this realm require children to link
musical excerpts to discrete emotional categories
such as happiness, sadness, anger, and fear. Despite
the ubiquity of this type of task, it seems less appropri-
ate for describing emotional aspects of music than it
does for speech or facial expressions (Trehub et al.,
2010). Such labels aptly describe the feelings associ-
ated with vocal or facial emotional expressions, but
they are much less suitable for instrumental musical
excerpts. Instead of discerning the emotion of the per-
former or composer or the emotional consequences on
the listener, which may involve non-specific arousal or
general feelings of pleasure (Salimpoor et al., 2009),
listeners are typically expected to discern the emotion-
al intentions of the performance. To do so requires

familiarity with culturally typical uses of emotional
labels in relation to music.

Adults use some combination of tempo, loudness,
pitch level, mode (major or minor), and consonance
or dissonance to judge the emotional intentions of
music excerpts, but tempo and mode have received
the most empirical attention (see Hunter and
Schellenberg, 2010, for a review). In general, western
adults judge music in the major mode and with rapid
tempo as happy and music in the minor mode and
with slow tempo as sad (Peretz et al., 1998). Unlike
tempo, which often differentiates happy- from sad-
sounding music across cultures, mode does not (e.g.
Balkwill and Thompson, 1999). Despite the cross-cul-
tural importance of tempo to musical emotions, it is
still necessary to learn the cultural conventions invol-
ving tempo as well as mode. With excerpts from the
classical repertoire, 4-year-old children fail to link
musical mode, tempo, or their combination with hap-
piness and sadness, 5-year-old children use tempo to
differentiate happy from sad musical excerpts, and
6- to 8-year-old children link both cues, separately
and in combination, to happiness and sadness (Dalla
Bella et al., 2001). When the stimuli consist of chil-
dren’s songs rather than classical music, 4-year-old
children are able to use tempo to distinguish happy
from sad excerpts (Mote, 2011). In general, however,
listeners of all ages find it easier to differentiate high-
arousal emotions (e.g. happiness, anger) in music
from low-arousal emotions (e.g. sadness or peaceful-
ness; Hunter et al., 2011).

Given the musical pitch processing difficulties of
CI users (Brockmeier et al., 2011; Cooper et al.,
2008; McDermott, 2004), it is not surprising that
they are unable to discriminate major from minor
melodic patterns (Vongpaisal et al., 2006). Although
CI users can resolve timing differences and they use
such differences in music-recognition tasks (Hsiao,
2008; Kong et al., 2004; Stordahl, 2002), it is
unclear when child CI users first link those and
other acoustic cues with musical emotions. Hopyan
et al. (2011) found that child CI users from it 7–13
years of age reliably differentiated happy from sad
excerpts of classical music that had been used in
emotion recognition research with NH adults and
children (Dalla Bella et al., 2001; Peretz et al.,
1998). Not surprisingly, the CI users performed
more poorly than same age NH children. Although
the stimuli had tempo, mode, and other cues to
emotion, the authors speculated that CI users based
their judgments primarily on tempo. When timing
cues are available, adult CI users distinguish happy
from sad musical excerpts, as do their NH counter-
parts (Brockmeier et al., 2011).

According to Dalla Bella et al. (2001), children
younger than 5 years of age are unable to use tempo
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and those younger than 6 years are unable to use mode
to differentiate conventionally happy from sad musical
excerpts from the classical repertoire. In the present
experiment, selected piano excerpts from Vieillard
et al. (2008), which were composed in the style of
romantic film music, were used to evaluate the
ability of 4- to 7-year-old child CI users to distinguish
happy- from sad-sounding music. On average, these
children had roughly 4 years of implant experience
compared with the 7 years of average implant experi-
ence of children in Hopyan et al.’s (2011) study of
emotion recognition. Clinically, the hearing age of
the present sample would be considered 4 years, corre-
sponding to their years of auditory input. In line with
the findings by Dalla Bella et al. (2001), child CI users
with less than 5 years of auditory experience might be
unable to associate music excerpts with happy and sad
emotions. Aside from a reduced quantity of auditory
input relative to same-age peers, child CI users
would have had a reduced quality of musical input.
In view of their limited auditory and musical experi-
ence, it was important to ascertain whether they
could differentiate emotions from samples of music.
Unlike the happy and sad speech samples in
Experiment 1, which differed in amplitude variability,
the tones in all musical excerpts were equivalent in
amplitude, eliminating an important cue to happiness
and sadness. Mode cues were available in the present
stimuli, but they were expected to be potentially
useful only for the control sample of NH listeners.

Method
Participants
The participants were 14 CI users (six girls and eight
boys), 12 of whom took part in Experiment 1. The
average age of participants was 5.8 years (SD= 0.8,
range: 4.1–6.9), and the average duration of implant
experience was 4.2 years (SD= 1.0, range: 2.8–5.9).
The two additional participants, both girls, were con-
genitally deaf and satisfied the criteria for participants
in Experiment 1. The control sample consisted of the
same 18 NH children who were tested in Experiment
1. At the time of testing, three children, all CI users,
were taking piano lessons, one (CI-8) for 2 years,
one (CI-6) for 6 months, and one (CI-2) for 2
months. Two NH children participated in early child
music programs when they were approximately 3
years of age. In general, parents expressed favorable
attitudes toward music, both for themselves and for
their children, and all of them were providing informal
musical exposure at home. In addition, all children
were getting some exposure to music in their preschool
or elementary school programs. Nevertheless, child CI
users would have had less overall exposure to music by
virtue of their lesser ability to profit from overhearing.

Apparatus and Stimuli
The musical stimuli consisted of 10 10-second syn-
thesized piano excerpts, five happy and five sad
excerpts, from the corpus of Vieillard et al. (2008),
which includes excerpts for both emotions (as well as
scary- and peaceful-sounding excerpts). The excerpts
(copyright Bernard Bouchard, 1998) were composed
in the style of romantic film music to express these
four emotions. Each excerpt comprised different
tones and tone durations but all tones were of equal
amplitude. The 10 excerpts used here were selected
from a larger sample because of adults’ relative ease
of identifying their emotional status (Hunter et al.,
2011). The happy-sounding excerpts were in the
major mode and had a rapid tempo (mean of 137
beats per minute), in contrast to the sad-sounding
excerpts, which were in the minor mode and had a
slow tempo (mean of 46 beats per minute). Visual
depictions of happiness and sadness consisted of
close-ups of a frame from each of two animated
films by Hirao Miyazaki, ‘My Neighbor Totoro’
(1988), and ‘Spirited Away’ (2001). Whereas the
photographs of a man and woman with happy and
sad facial expressions in Experiment 1 could be
linked logically to the male and female talkers, they
had no natural link to the instrumental music.
Instead, imaginative cartoon portrayals, one of a
child laughing and another of a child wiping tears
from her eyes, were chosen for use with the expressive
musical portrayals of happiness and sadness. The
apparatus was identical to that of Experiment 1.

Procedure
The procedure was similar to that of Experiment 1
except that no practice trials were deemed necessary
(i.e. unlike Experiment 1, there were no potentially dis-
tracting words). First, children were asked whether the
children in the pictures looked happy or sad, which
every child answered correctly without hesitation.
NH children heard five happy- and five sad-sounding
excerpts presented randomly for a total of 10 trials.
They were not given a second block of trials, as orig-
inally intended, because their performance was near-
perfect. Children with CIs heard two blocks of the
10 trials with the order of stimuli randomized in
both blocks. No feedback was provided for correct
or incorrect responses.

Results and discussion
NH children, who only received one block of trials,
performed near ceiling (97.8% correct), and they
were much less variable than the child CI users,
F(13, 17)= 22.84, P< 0.001 (Levene’s test).
Moreover, performance was not distributed normally
(P= 0.005) (Kolmogorov–Smirnov test). Thus, non-
parametric analyses were used, as in Experiment
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1. We initially examined how many children exceeded
chance levels, which required scores of 9 or 10 correct
on the 10 trials in each block (binomial test, P <0.05,
one-tailed). On the first block, 5 of 14 children with
CIs and 17 of 18 NH children exceeded chance. On
the second block of trials, 10 of 14 CI children sur-
passed chance. For the first block (i.e. the only block
completed by both groups), the difference between
groups in the proportion of children exceeding
chance was significant (χ2(1, N= 32)= 12.64, P<
0.001). A nonparametric comparison of actual
scores, contrasting the NH children with CI users
(first block, see Fig. 5), also confirmed an advantage
for the NH group (P< 0.001) (Mann–Whitney U
test). For child CI users, improvement across trial
blocks was not significant (P= .283) (Wilcoxon
signed rank test). Individual differences among the
CI children, collapsed across blocks, are illustrated in
Fig. 6. In general, the performance of 4- to 7-year-
old CI users (first block: 76.4% correct; second
block: 83.6%) was comparable to that reported by
Hopyan et al. (2011) for 7- to 13-year-old CI users
(78% correct), who were tested on a similar (happy/
sad) task with a different set of music excerpts.
Child CI users readily distinguished happy- from

sad-sounding music although not with the extraordi-
nary accuracy shown by their hearing peers, who
could capitalize on pitch structure as well as tempo
cues. Despite their limited auditory and musical
exposure, young CI users’ ability to identify happy
and sad emotions in samples of instrumental music

devoid of amplitude cues implies that (1) they would
fare far better with real-world samples that feature
amplitude as well as tempo cues, including children’s
music (Mote, 2011); and (2) cognitive or task factors
must underlie the inability of some 4-year-old
hearing children to identify musical emotions (Dalla
Bella et al., 2001).

For child CI users, the association between duration
of implant use (i.e. months since first implant acti-
vation) and performance collapsed across blocks was
significant (r= 0.49, N= 14, P= 0.038) (one-tailed),
as it was in Experiment 1, which is impressive once
again in light of the small sample size. It is likely
that excellent cognitive skills in combination with
auditory experience enabled some children to learn
which emotional labels are linked to which acoustic
cues in speech and music. We also correlated perform-
ance on the first block of trials with performance from
Experiment 1 separately for the 18 NH children and
the 12 CI users who participated in both experiments.
For the NH group, the correlation was not significant
(P= 0.367), presumably because of high levels of per-
formance and little variation in either experiment. For
the CI group, however, there was a positive association
(r= 0.51, N= 12, P= 0.043) (one-tailed). Although
there are some common cues to emotion in speech
and music, such as pitch, tempo, and amplitude
(Juslin and Laukka, 2003), pitch cues to happiness
and sadness were unlikely to have been useful for
child CI users, tempo cues were inconsistent in the
speech samples of Experiment 1, and amplitude cues
were unavailable in the music excerpts.

CI-8, the only CI user who performed perfectly in
the speech and music tasks, had the typical profile of
so-called ‘star’ performers, which includes genetic,
non-syndromic congenital deafness (Kawasaki et al.,
2006; Wu et al., 2008), well-educated and highly
involved parents (Geers and Brenner, 2003; Teagle
and Eskridge, 2010), and at 6.3 years of age, over
5 years of implant experience. At the time of testing,

Figure 5 Box plots showing performance of child CI users
and NH children on happy and sad music (Experiment 2).
Lower and upper borders of each box indicate first and third
quartiles, respectively; line within each box indicates the
median; and whiskers depict the highest and lowest scores.
Ceiling performance for most NH children resulted in
identical values (100%) for the median, lower, and upper
quartiles, and maximum.

Figure 6 Performance of individual child CI users on happy
and sad music (Experiment 2).
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moreover, he had been taking piano lessons for 2
years.

General discussion
In two experiments, 4- to 7-year-old deaf children with
bilateral CIs and age-matched NH children identified
happiness and sadness in speech and music in the
context of a two-alternative forced-choice task. CI
users performed well above chance levels but signifi-
cantly below their hearing peers. The present findings
with speech stimuli contrast with the poor perfor-
mance of child CI users in previous studies of
emotion identification in speech (Hopyan-Misakyan
et al., 2009; Luo et al., 2007; Most and Aviner,
2009). Note, however, that listeners in those studies
were required to identify vocal emotions from four
or more alternatives, some of which had overlapping
acoustic cues arising from similar arousal levels (e.g.
happiness and anger). Variations in pitch or intona-
tion, which contribute to emotion identification, are
more likely to pose difficulty for CI users, but intona-
tion differences are often accompanied by differences
in speaking rate and amplitude, which would be acces-
sible to CI users. Although hearing listeners can
usually count on reliable pitch cues to emotion, CI lis-
teners are likely to make use of alternative cues to
emotion in the speech signal. Young CI users’ ability
to identify basic vocal emotions such as happiness or
sadness on the basis of incidental exposure suggests
that training in this realm could lead to enhanced per-
ception and production of emotional prosody. In light
of the consequences of vocal emotion identification for
socialization and well-being in young CI users (Schorr
et al., 2009), the addition of such training to the
current habilitation agenda for child CI users seems
warranted.
The ability of 4- to 7-year-old CI users to differen-

tiate happy from sad classical music excerpts extends
the findings of Hopyan et al. (2011) to younger chil-
dren with lesser implant experience and adds to the
growing literature on the accessibility of music to pre-
lingually deaf implant users. Although the present
findings indicate that young CI users can discern the
emotional intentions expressed in music, they shed
no light on the emotional consequences of music for
CI users. There are indications that young CI users
enjoy music (Mitani et al., 2007; Stordahl, 2002;
Vongpaisal et al., 2006), but it remains to be deter-
mined whether they experience changes in arousal
and mood comparable to those experienced by indi-
viduals with NH (e.g. Balkwill and Thompson, 1999;
Husain et al., 2002). Music training is associated
with enhanced speech perception (Moreno et al.,
2009), executive function (Degé et al., 2011; Kraus
and Chandrasekaran, 2010; Moreno et al., 2011),
and IQ (Schellenberg, 2004) in NH children. Such

training may have even greater benefits for children
with CIs, a possibility that awaits further research.
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