W) Check for updates

The Laryngoscope
© 2025 The American Laryngological,
Rhinological and Otological Society, Inc.
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Objective: Music, like all forms of art, seeks to communicate emotional content to its audience. The signal provided by
cochlear implants (CI) does not faithfully represent the psychophysical relationships inherent in music; however, it is unknown
whether targeted musical emotions are conveyed through electric only stimulation with a cochlear implant.

Methods: Twenty musical excerpts for which there was concordance among normal hearing (NH) listeners as to the emo-
tion conveyed: (1) happy, (2) sad, (3) scary, or (4) peaceful were presented to cochlear implant (CI) subjects (n = 20) and age-
matched NH controls (n = 8) through a specifically designed iPad application. The musical clips were original recordings of
western music from various musical genres but not widely familiar to participants. Subjects also completed a music back-
ground questionnaire.

Results: CI users identified the target emotion in only 57% of excerpts compared with NH listeners who correctly identi-
fied the target emotion in 76.9% of excerpts. Musical excerpts with the target emotion of happy were recognized in 84% of
cases by CI users compared with 75% among NH controls while the remaining target emotions were much more difficult for
CI users compared with NH raters. Length of CI experience, speech perception scores, and musical training or listening habits
did not correlate with performance on this task.

Conclusions: Current CI technology and processing strategies do not convey the range of emotions conveyed in music as
recognized by normal hearing subjects. This difficulty may explain the reported lack of interest many patients have in music
after CI despite a passion for music before onset of hearing loss.

Level of Evidence: 3
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INTRODUCTION

Cochlear implants (CIs) have made oral
communication possible for adults and children with
severe-to-profound hearing loss. Today, open-set speech
perception is often common for early implanted children
and post-lingually deafened adults!. Unfortunately, these
strategies primarily encode only the temporal envelope of
the signal, making tasks that rely on pitch differences,
such as music perception, difficult for listeners.?>

Many CI users report that music sounds unpleasant
with their device and avoid music exposure.*® CI lis-
teners have difficulty in almost all aspects of music per-
ception involving spectral cues, including pitch, interval,
melody, and timbre recognition relative to normal hear-
ing (NH) listeners (see Limb & Roy,® for a review). Even
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when processing strategies are modified to provide some
of these cues, performance improvements are modest.”®
Performance is often better for temporal tasks, such as
rhythm discrimination.®™1*

Strikingly, many CI users report a desire to listen to
music as one of their chief motivations for pursing
implantation.'®'® Music listening is associated with an
increased quality of life, likely because of the enjoyment
and emotion it conveys. Despite the limitations imposed
by CI signal processing strategies, surveys show that CI
listeners continue to listen to and derive pleasure from
music, though less than prior to their hearing losses.***¢
These findings suggest that there are aspects of music
that can be perceived by CI listeners.

Several studies have investigated emotion percep-
tion in music for CI listeners, primarily using synthesized
music'”® in studies of children using stimuli from
Peretz'® et al. consisting of 32 synthesized piano excerpts
from Western classical music. Compared with aged-
matched normal hearing controls, children with Cls were
significantly less accurate at identifying the intended
emotion (77.5% correct vs 97.3%), but performed above
chance. In studies of adult CI users, Ambert-Dahan
et al.?° found that while performance was above chance
for all emotions, “peaceful” stimuli were not rated signifi-
cantly differently than ratings from normal hearing con-
trols. However, Vannson et al.?! found conflicting results
using synthesized piano excerpts.
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Emotion is generally conveyed in music using two
major cues: the mode (arraignment of the scale used,
often simplified as “minor” or “major”) and the tempo
(number of beats per minute). These two cues can be var-
ied independently to elicit differing emotions. Major
modes and fast tempos are typically associated with
“happy,” while minor modes and slow tempos are associ-
ated with “sad.” Other related cues, such as melodic con-
tour, rhythm, pitch range, and consonance contribute to a
lesser extent but can be used to evoke other emotions,
such as “fear” and “pleasantness.”?? Three studies have
explored modifying the mode or tempo of music to deter-
mine if CI users can take advantage of these cues for
emotion detection. Hopyan et al.?® and Giannantonio
et al.2* tested children using the same synthesized piano
excerpts as Hopyan et al.,!” which were rated as either
“happy” or “sad.” Both studies found that altering the
tempo significantly impaired the judgment of musical
emotion for children with CIs more than controls. Alter-
ations to mode did not significantly impair CI children,
whereas controls decreased significantly in accuracy.
Caldwell et al.,2° replicated these findings in adults using
a novel synthesized melody played in two modes (major
and minor) and two tempos (fast and slow). NH controls
used both mode and tempo, such that the minor/slow con-
dition was rated the saddest and the major/fast condition
was rated the happiest. By contrast, CI users rated both
fast excerpts as happy and both slow excerpts as sad,
with no difference in valence for different modes. In gen-
eral, these results suggest that performance on emotion
identification in music appears to be poorer for CI users
than for NH controls, though often above chance. Based
on studies, it appears CI users primarily rely on temporal
cues to determine musical emotion and is relatively
insensitive to changes in spectral cues.

It is possible that these results in CI listeners are
poor due to the synthesized nature of the stimuli used
and occasionally natural, but unfamiliar musical excerpts
played with single instruments. Excerpts taken from nat-
ural recordings may allow CI users to take advantage of
more subtle cues to determine the intended emotion, such
as harmonics, style, or timbre. The goal of the present
study was to examine musical emotion identification
using multi-instrumental excerpts from the Western
musical cannon from different genres. We hypothesize
that the use of ecologically valid stimuli will increase the
ability of CI users to detect emotion in music. We expect
tempo to be the primary cue for emotion detection but
hypothesize that other cues, such as mode, may contrib-
ute as well.

METHODS

Subjects

Twenty cochlear implant listeners participated in this
experiment. Written informed consent was obtained from all par-
ticipants, and all procedures were approved by our IRB
(s15-00634). All participants were post-lingually deafened adults
with at least one year of CI experience. Demographic characteris-
tics of the study subjects are listed in Table I. Participants with
bilateral cochlear implants (n =8) were tested with both
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implants. Bimodal listeners (n = 12) were asked to remove their
hearing aid. An earplug and muff was used in the acoustic hear-
ing ear for listeners with thresholds better than 60 dB HL to
limit acoustic hearing.

Eight NH control subjects of a similar age range (52—
64 years) to the CI listeners were recruited and tested under
identical experimental conditions. All listeners reported no his-
tory of hearing loss or active ear infections and passed a hearing
screening at 25 dB HL for 500, 1000, 2000 Hz pure tones.

Stimuli

Twenty instrumental excerpts from Western musical canon
were adopted from a prior study.?® There were four intended
emotions (“happy,” “sad,” “scared,” and “peaceful”) with five
examples each 30 seconds in duration. The pieces use real multi-
instrument orchestration, similar to natural music. Musical gen-
res included classical, jazz, and movie scores. Appendix A
includes the titles and artist for each stimulus, from Quintin
et al.?®

Music Background Questionnaire (MBQ)

A modified version of the Musical Background Question-
naire (MBQ)?” was developed for CI and NH subjects as seen in
Appendix B. NH listeners were given a similar modified MBQ
with a subset of these questions. The questionnaire was included
to consider the impact of prior musical experience and to com-
pare listening habits pre- and post-cochlear implantation as pre-
dictors of performance on these tasks.

Procedure

Both the MBQ and music emotion test were administered
via a tablet computer. Subjects were seated in a sound-
attenuating booth. Stimuli were presented at 60 dBA as mea-
sured 1 meter from a single, forward-facing loudspeaker routed
from the tablet. The task was a four-alternative forced choice,
with each emotion (“happy,” “sad,” “scared,” and “peaceful”)
depicted using cartoon faces and labels as used in Quintin
et al.?® Subjects were allowed to repeat stimuli twice before
deciding. Each stimulus was presented for judgement one time
in a random order. For each trial, participants were also asked to
rate the intensity of the chosen emotion and their confidence in
their selection using a sliding scale labeled from most to least
(Appendix C). Emotion identification was scored as correct or
incorrect based on the intended emotion described,?® and scores
were computed for overall and individual emotions among CI
and NH subjects. Intensity and confidence values were automati-
cally converted from slider location to a continuous value
between 0 and 5.

RESULTS

Emotion Identification

Overall emotion identification scores for CI and NH
subjects and performance for individual emotions are
shown in Figure 1. CI subjects did better than chance,
but not nearly and NH subjects. The mean overall score
in CI subjects was 57.0% (SD: 11.6%; range: 25-70%),
whereas the mean score for NH subjects was 76.9% cor-
rect (SD: 15.6%; range: 60-100%). An independent t-test
showed this difference was statistically significant
(t (26) =3.71, p <0.01). For individual emotions, there
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TABLE I.
Demographics and Characteristics of Study Participants.
Cl Users (n = 20) NH Listeners (n = 8) p-Value
Gender 7 Male, 13 Female 2 Male, 6 Female 1.0
Age at test Mean: 66.6, range:42.6-83.2 Mean: 57, range: 52-64 0.03
Age at Cl Mean: 59.8, range:31.4-82.2

Cl experience Mean: 6.8, range:1.0-14.9
Configuration 8 Bilateral, 12 bimodal

Device 14 Cochlear, 3 MED-EL, 3 AB
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Fig. 1. Overall identification of emotion in music in our Cl subjects and NH subjects, as well as performance by individual emotion. Error bars
indicate +1 standard deviation. [Color figure can be viewed in the online issue, which is available at www.laryngoscope.com.]

was a statistically significant difference between groups
for the identification of “sad” (¢ (26) = 2.62, p = 0.01), and
“scared” (¢ (26) =4.36, p <0.01), but not for “happy”
t (26) =1.06, p=0.30) or “peaceful” (¢ (26) = 2.26,
p=0.03) after Type I error correction using Rom’s
method?® with a critical p-value of 0.0127.

The bubble plot (Figure 2) displays the patterns of
emotion selection for CI users (left) and NH listeners
(right). For CI users, performance was best for “happy”
stimuli (84% correct) and roughly equal for the other
three emotions (46-50% correct). For NH listeners, per-
formance was best for “scared” stimuli (92.5% correct)
and roughly equal for the other three emotions (67.5%—
75% correct). CI users did not select each emotion approx-
imately 25% of the time, as shown by a one-way repeated-
measures ANOVA on ranks due to non-normal distribu-
tion of the data (y%(3) = 9.19, p = 0.03). Post-hoc analyses
showed that “happy” was selected more often than
“scared” (median 25% vs median 20%), but that there
were no other significant differences among selections.
For NH listeners, there was no bias. A one-way
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repeated-measures ANOVA showed no difference in the
percentage of time an emotion was selected from the
hypothesized 25% (F' (3, 7) = 0.68, p = 0.57).

Some patterns of errors were similar for both groups.
For example, “sad” was most often miscategorized as
“peaceful” for both groups, and “scared” was most often
miscategorized as “sad.” However, other patterns of
errors differed: NH listeners were most likely to
miscategorize “happy” as “peaceful,” whereas CI users
were more likely to miscategorize it as “scared.” NH lis-
teners were more likely to miscategorize “peaceful” as
“sad,” whereas CI users were equally likely to
miscategorize it as “happy” or “sad.”

Intensity and Confidence

First, the median intensity and confidence ratings
for each emotional category were calculated on an indi-
vidual subject basis by averaging across the 5 stimuli per
emotion. For the CI users, a one-way repeated-measures
ANOVA on ranks (due to non-normal distributions and
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Fig. 2. Bubble plots showing confusions for Cl subjects (left) and NH subjects (right). [Color figure can be viewed in the online issue, which is

available at www.laryngoscope.com.]

missing data) showed a small but statistically significant
difference in the intensity ratings across the four emo-
tions (y%(3) = 8.3, p = 0.04). “Happy” stimuli were rated
as the most intense (median 3.63/5), and “sad” stimuli
were rated as the least intense (3.25/5). There was also a
statistically significant difference in the confidence rat-
ings across the four emotions (4*(3)=12.5, p <0.01).
Again, CI users were most confident regarding their rat-
ings for “happy” stimuli (median 3.96/5) and least confi-
dent for “sad” stimuli (3.29/5).

For NH listeners, a one-way repeated-measures
ANOVA showed that the intensity ratings were signifi-
cantly different across emotions (F' (3, 7) = 7.05, p < 0.01).
“Scared” stimuli were rated as the most intense (median
4.23/5), and “peaceful” stimuli were rated as the least
intense (2.51/5). There were no significant differences
detected in confidence ratings across stimuli (F' (3.7)
= 2.60, p = 0.07). Comparing the CI and NH listeners,
there was no statistically significant difference in their
confidence ratings when averaged across all stimuli
(t (26) = —1.49, p = 0.15).

Next, we examined how intensity and confidence rat-
ings affected scores on an item-by-item basis by finding
the median rating for each item across all members of a
group. For CI users, there was a statistically significant
but weak correlation between the median confidence rat-
ing and the mean percent correct for each of the 20 items
(r =0.48, p = 0.03). After Type I error correction using
Rom’s method with a critical p-value of 0.0127,%® there
were no relations detected between the percentage of
time a stimulus was labeled as any of the four emotions
and intensity ratings (r-value range: —0.35 to 0.32,
p-value range: 0.13-0.83) or confidence ratings (r-value
range: —0.37 to 0.53, p-value range: 0.02-0.23). There
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was no correlation detected between BPM and intensity
(r=-0.01, p=0.96) or confidence (r=0.38, p =0.09)
ratings. For NH listeners, there was a strong correlation
between the median confidence rating and the mean per-
cent correct for each of the 20 items (r = 0.58, p < 0.01).
Unlike CI users, NH listeners showed a positive correla-
tion between intensity ratings and the likelihood of label-
ing a stimulus as “scary” (r=0.79, p<0.01) and a
negative correlation between intensity ratings and the
likelihood of labeling a stimulus as “peaceful” (r = —0.67,
p <0.01). After Type I error correction using Rom’s
method and a critical p-value of 0.0127, there were no sig-
nificant correlations detected between confidence ratings
and propensity to label a stimulus as any of the four emo-
tions (r-value range: —0.26 to 0.55, p-value range: 0.01—
0.40). Interestingly, the NH listeners showed a significant
positive correlation between their median intensity and
confidence ratings for each stimulus (r = 0.71, p < 0.01),
which was not seen for CI users (r=0.25, p = 0.29).
There was no correlation detected between BPM and
intensity (r = —0.23, p = 0.32) or confidence (r = —0.13,
p = 0.6) ratings.

Relationship of Emotion Identification With
Patient Factors

After Type I error correction, there were no statisti-
cally significant correlations between overall performance
and age at test (r = —0.35, p = 0.49), age at implantation
(r=-0.31, p=0.18), or duration of CI experience
(r=0.03, p =0.90). There was also no effect of gender
(t (18) =0.16, p=0.88) or number of implants
(t (18) = 0.23, p = 0.82). Finally, we found no correlations
between speech perception scores (either words or
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sentences in noise) and performance on the task
(p = 0.63-0.77). For NH listeners, there was also no cor-
relation between age at testing and performance
(r=-0.40, p =0.33) or a difference between genders
(t(6)=-0.31,p =0.77).

MBQ

The first six CI subjects tested did not complete the
MBQ); thus, results are presented for 14 subjects. There
was no difference between subjects who reported any
music training/experience (n = 6) and those who did not
(n = 8) on performance for the emotion identification task
(Mann—Whitney test; U (12) = 14.5, p = 0.23). Attitude
towards listening to music prior to CI (r=-0.39,
p = 0.17) and reported frequency of music listening with
a CI (r=-0.28, p =0.33) were not related to perfor-
mance. NH listeners had a similar split between subjects
with music experience (n = 3) and without music experi-
ence (n =5), but again, we found no difference between
the groups on the emotion identification task (¢ (6) = 2.0,
p = 0.09). There was also no effect of frequency of music
listening (r=0.12, p=0.77) or attitude towards
music (all listeners reported the same answer of “listen
and enjoy”). As expected, CI users reported less hours of
weekly music listening post-implantation than NH lis-
teners (U = 25.50, p = 0.04) and poorer attitudes towards
music (U = 20.00, p = 0.006).

Assessment of Temporal Cues

The average tempos for excerpts within each emo-
tional category were compared. The categories were sig-
nificantly different from each other (one-way ANOVA;
F (3, 16) =13.05, p<0.01). “Happy’ excerpts
(mean = 129 BPM, SD = 27.02) were significantly faster
than “sad” (mean =57 BPM, SD = 16.05) or “scared”
(mean = 89.0 BPM, SD = 18.51) excerpts, but not “peace-
ful” (mean = 112.0, SD = 12.55) excerpts. “Peaceful”
excerpts were also significantly faster than “sad”
excerpts, but there were no differences between “peace-
ful” and “scared” or between “scared” and “sad” excerpts.
There was a trend towards better identification as BPM
increased (r = 0.40, p = 0.08) for CI users. It is worth not-
ing CI users performed the best identifying “happy” stim-
uli, which were also the fastest stimuli. As expected given
the good overall performance for NH listeners, there was
no correlation between the performance for individual
excerpts and the BPM (r = —0.16, p = 0.51).

Next, we examined responses and tempo (Figure 3).
Each plot shows the percentage of the time a given
excerpt was categorized as each emotion (one per plot)
compared with the BPM of the excerpt. Data points are
color-coded based on the intended emotion of the excerpt.
For “Happy,” there was a highly significant positive cor-
relation between BPM and probability of correct classifi-
cation (r = 0.57; p < 0.01). Interestingly, the “non-happy”
excerpt most likely to be classified as “happy” had a simi-
larly high BPM as true “happy” excerpts. For “Sad,”
there was a significant negative correlation between BPM
and probability of correct -classification (r= 0.39;
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p <0.01). “Scared” and “Peaceful” plots show no rela-
tion between BPM and the percent those emotions were
identified (r = —0.05, p =0.85 and r = —-0.30, p = 0.19,
respectively). NH listeners showed an almost identical
pattern of results (Figure 4): Higher BPM was correlated
with identifying a stimulus as “happy” (= 0.63,
p <0.01), and lower BPM was correlated with identifying
a stimulus as “sad” (r = —0.66, p < 0.01). There was no
relation detected between BPM and identifying a stimu-
lus as “scared” (r=-0.18, p=0.46) or “peaceful”
(r=10.28,p = 0.24).

Assessment of Spectral Cues

Each excerpt was categorized as being primarily
minor or major mode by a professional musician. Overall,
seven excerpts categorized in major mode (4 “happy,”
3 “peaceful”), twelve excerpts were categorized in minor
mode (1 “happy,” all 5 “sad,” all 5 “scared,” 1 “peaceful”),
and one excerpt (“peaceful”) could not be categorized as
being in either mode and was thus excluded from further
analyses because of elements of both modes in the seg-
ment. We found that excerpts in a major mode had a
higher average BPM than those in a minor mode
(t (17) = 3.80, p < 0.01). CI users showed equal accuracy
at emotion identification for excerpts from both modes
(t (17) =1.44, p = 0.17) but were more likely to identify
an excerpt as “happy” if it was major (¢ (17) = 3.13,
p<0.01) and “sad” if it was minor (¢ (17) = —3.24,
p <0.01). We did not detect an influence of mode on iden-
tification of excerpts as “scared” (¢ (17) = —1.87, p = 0.08)
or “peaceful” (¢t (17) = —0.302, p = 0.77). There were no
detected relationships between mode and intensity rat-
ings (¢ (17) = —14, p=0.18) or confidence ratings
(t (17) = 1.86, p = 0.08). Results were similar for the NH
listeners: No detected difference in accuracy based on
mode (¢ (17) = —1.41, p = 0.18), and excerpts in a major
mode were more likely to be identified as “happy”
(U =10.5, p <0.01). After Type 1 error correction using
Rom’s method and a criterion p-value of 0.0127, there
were no other significant differences detected between
modes for emotion identification (sad: U =21, p = 0.07;
scared: U = 20.5, p = 0.05; peaceful: U = 17.5, p = 0.04).
However, unlike the CI users, NH listeners were more
likely to rate minor excerpts as being more intense than
major excerpts (¢t (17) = —2.73, p = 0.01), though there
were no differences detected in confidence ratings
(t(17) = -1.65,p = 0.12).

DISCUSSION

This study examined the ability of CI users to cate-
gorize music samples as one of four emotions: happy, sad,
scared, or peaceful. The group performed above chance
(57% correct) but significantly worse than NH listeners of
a similar age range (77% correct). These scores are simi-
lar to a prior study using similar methodology.?® Other
studies reporting better identification rates had much
younger NH controls,?® allowed the use of contralateral
residual hearing,?* or only asked subjects to discriminate
between two emotions.'”?!

Friedmann et al.: Music Emotion with a Cochlear Implant

SUSO | SUOWIWIOD 9A 1R a|eat|dde ayy Aq pausenob afe Sapiie YO ‘3sN JO SajnJ 104 ARlg 17 aUlUQ A3 1A UO (SUO I PUOD-PUR-SLLLIB)LI0D" A3 1M Aeq 1 U 1UO//SdNY) SUOIHIPUOD pue SWid | a3 39S *[9202/10/92] o AriqiauliuQ A(IM ‘AIsBAIUN 3o A MON AQ Sy0ZE AR |/Z00T OT/I0p/W0d A |1M: Ar.d 1 puljuo//Sdny WoJ) papeoumoq ‘9 ‘G20z ‘S667TEST



100 | e 100 |
) ° o Happy Sad
é 80 | ° g 80 |
& 60 1 © ® 2 60
& 3 @ ©e
04
& 40 < 40 1 o
a © [ ) [ ]
% N @) (] ®
< 201 e R 20 e 0
%oo .8 e e °
0 1 D 0 1 «@e
25 50 75 100 125 150 175 200 25 50 75 100 125 150 175 200
BPM BPM
@ Happy
O Sad
@® Scared
@ Peaceful
100 | 100 |
Scared | Peaceful
S 80 8 80 e
1= o
o Q.
o | ) | @)
é 60 . 8 60 %
B 40 2 40 ©_°
5 e o 8 o}
[0]
S o) © ® ® o 20 o °® °
X @) N @)
oo ® oo e
ol B ® o 0 o0
25 50 75 100 125 150 175 200 25 50 75 100 125 150 175 200
BPM BPM

Fig. 3. Percentage of responses for each of the given emotions plotted against the tempo of the piece for Cl subjects. [Color figure can be
viewed in the online issue, which is available at www.laryngoscope.com.]

There were no patient factors, including music expe-
rience, for which we detected significant relationships
with performance. When looking at recognition for spe-
cific emotions, CI users were not significantly worse than
NH listeners for music intended to convey “happy” and
“peaceful” emotions but did differ for music intended to
convey “sad” or “scared.” Previous studies have also
shown impaired identification for some musical emotions,
but not others. Hopyan et al.!” found that CI children
were better at identifying “happy” than “sad” music, and
Vannson et al.?! found that adults identified “happy” just
as accurately as NH controls. Similarly, Ambert-Dahan
et al.?® showed adults with CIs performed equal to NH
controls at identifying “peaceful” music. These deficits in
emotion identification may be due to the limited spectral
information conveyed by the implant. Differences in
choice biases and error patterns between NH controls
and CI users further suggest that the groups are receiv-
ing different auditory signals.

It is well established that Cls are limited in their
ability to convey pitch but fairly accurate in their repre-
sentation of rhythm.? In studies of musical abilities, CI
users tend to perform poorly on tasks that rely on pitch
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perception’??? but well on tasks that rely on rhythm per-
ception.®?%3! Similarly, CI users show preference for
music with strong rhythms.®? In our study, we found CI
users were best at identifying “happy” music, which also
had the fastest average tempo. Accordingly, they were
most confident in their ratings for “happy” stimuli and
also rated them as the most intense of the four emotions.
There was a highly significant correlation between BPM
and the probability of classifying an excerpt as “happy,”
suggesting that CI users were relying on temporal cues to
make their judgements. NH listeners also showed a corre-
lation between BPM and the probability of classifying an
excerpt as happy but showed more equal performance,
intensity, and confidence ratings across stimuli. This dif-
ference suggests they have relied on other cues, such as
pitch or timbre, to aid their classifications. It is unknown
how factors such as musical genre, complexity, or famil-
iarity with excerpts affected performance.

We did not find a significant effect of mode (major
versus minor) on accuracy for either group of listeners.
While CI users were more likely to identify major
excerpts as “happy” and minor excerpts as “sad,” it is dif-
ficult to separate out the effect of mode from tempo, as
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Fig. 4. Percentage of responses for each of the given emotions plotted against the tempo of the piece for NH subjects. [Color figure can be
viewed in the online issue, which is available at www.laryngoscope.com.]

major excerpts had a higher average BPM. Other studies
using synthesized music have attempted to separate the
effects of tempo and mode by having listeners classify
four versions of the same excerpt: minor/slow, major/slow,
minor/fast, major/fast. CI users were sensitive to changes
in tempo but not mode,2> 2% suggesting the pitch cues
underlying differences in modes, particularly the ability
to discriminate differences in interval size, are inaccessi-
ble to CI users.>?

CONCLUSIONS

In summary, adult CI users show impaired identifi-
cation for some, but not all musical emotions. In particu-
lar, there were no differences in accuracy for “happy” and
“peaceful” stimuli compared with the reference, normal
hearing group. Given that the “happy” stimuli had the
fastest tempo, our results support the hypothesis that CI
users primarily rely on temporal cues to make judge-
ments about musical emotion. Poor representation of
spectral cues likely impairs discrimination between musi-
cal excerpts with similar tempos that convey different
emotions, which may explain why CI users listen to and
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enjoy music less than NH controls. Future research is
needed to reduce the technological constraints on music
processing to improve musical emotion perception and
enjoyment in CI listeners.
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