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 Introduction 

 Music plays an important role in the everyday life of 
normal-hearing (NH) people as well as hearing-impaired 
people. People associate music with certain life events, 
stages and even moods. Music is used for entertainment, 
enjoyment and relaxation [Pankseep, 1995], either inde-
pendently or in a social setting. The social enjoyment of 
music is often missing in the lives of people with pro-
found or severe hearing loss (HL) [Gfeller and Knutson, 
2003].

  Previous studies indicate that cochlear implant (CI) 
users also consider experiencing music important for 
quality of life [Schulz and Kerber, 1994]. Electrical hear-
ing, however, is known to be very different from acoustic 
hearing. Earlier studies found that electrical hearing pro-
duces a much narrower dynamic range, much steeper 
loudness growth, temporal pitch limited to several hun-
dred Hertz and much broader or no tuning [Zeng, 2004]. 
Despite these limitations, in the last 15 years, studies have 
shown a steady improvement in speech understanding 
with improved coding strategies. Many people currently 
using unilateral CIs (UCIs) have good speech under-
standing in quiet, and as many as 54% can converse on a 
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 Abstract 

 Music plays an important role in the daily life of cochlear im-
plant (CI) users, but electrical hearing and speech processing 
pose challenges for enjoying music. Studies of unilateral CI 
(UCI) users’ music perception have found that these subjects 
have little difficulty recognizing tempo and rhythm but 
great difficulty with pitch, interval and melody. The present 
study is an initial step towards understanding music percep-
tion in bilateral CI (BCI) users. The Munich Music Question-
naire was used to investigate music listening habits and en-
joyment in 23 BCI users compared to 2 control groups: 23 UCI 
users and 23 normal-hearing (NH) listeners. Bilateral users 
appeared to have a number of advantages over unilateral 
users, though their enjoyment of music did not reach the 
level of NH listeners.  Copyright © 2009 S. Karger AG, Basel 
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mobile telephone [Anderson et al., 2006]. However, CI 
users’ performance on speech tasks drops dramatically in 
adverse signal-to-noise ratios. The same holds true for 
music perception. Due to a more complex sound spec-
trum, a wider range of frequencies, a wider dynamic 
range and less redundancy of the signal, music is much 
more prone to the limitations of electrical hearing than 
speech. Furthermore, music perception is more complex 
than speech perception. Gfeller et al. [1997] stated that 
musical perception and appreciation with a CI are influ-
enced by a number of important factors beyond personal 
taste. Several variables have a probable impact: the struc-
tural characteristics of the music, individual user differ-
ences and technical features of the device or processing 
scheme. 

  Over the past decade, music perception and music ap-
preciation in UCI users have been assessed using various 
methods. Studies using questionnaires and rating scales 
[Schulz and Kerber, 1994; Gfeller et al., 2000; Brockmeier 
et al., 2002; Brockmeier et al., 2007] have shown that mu-
sic habits and appreciation vary greatly and are influ-
enced by the factors already mentioned. Gfeller et al. 
[2002a] surveyed 65 CI users with the Iowa Musical Back-
ground Questionnaire and found that musical enjoyment 
is influenced by the listening environment and features 
of the music. General enjoyment was positively correlated 
with the time spent listening to music after implantation. 
Results from the Iowa Musical Background Question-
naire were that 75% of CI users enjoyed and listened to 
music extensively prior to HL, but 83% reported a decline 
in musical enjoyment after implantation [Gfeller et al., 
2000]. Results from the Munich Music Questionnaire 
(MUMU) in 103 adults using the COMBI 40/40+ device 
[Brockmeier et al., 2002] showed that 65% of subjects reg-
ularly listened to music, with 51% of subjects describing 
it as ‘pleasant’ and only 31% as ‘natural’. These results are 
consistent with other reports [Schulz and Kerber, 1994; 
Pijl and Schwartz, 1995; McDermott and McKay, 1997; 
Leal et al., 2003].

  The complexity of the music also seems to play a role. 
Gfeller et al. [2003] developed a test for measuring the ap-
praisal of complex yet common, naturalistic musical 
stimuli. They found that not only were CI users signifi-
cantly less familiar with the items used in the test than 
the NH subjects, but CI users also appraised listening to 
complex songs quite differently. Unlike NH subjects, CI 
users did not show distinct stylistic preferences or prefer-
ences for familiar items across genres. Gfeller et al. [2003] 
concluded that for CI users, there are most likely other 
factors related to device features affecting complexity ap-

praisal. However, Brockmeier et al. [2007] showed that 
although it is necessary to consider the speech coding 
strategy, subjects in their study using both older (SPEAK) 
and more modern (ACE, CIS+) speech coding strategies 
rated their musical activities and preferences similarly. 

  Several studies have investigated music perception in 
UCI users using objective testing. These suggest that CI 
users have little or no difficulty recognizing tempo and 
rhythm. On average, CI users perceive rhythm about as 
well as NH listeners [Kong et al., 2004; McDermott, 2004; 
Szelag et al., 2004], and CI users’ tempo discrimination is 
also very similar to that of NH subjects [Kong et al., 2004]. 
However, when a rhythm identification task is used rath-
er than a discrimination task, performance levels drop 
[Leal et al., 2003; Kong et al., 2004]. Melody, timbre and 
pitch tasks are also much more difficult for CI users [Mc-
Dermott, 2004; Zeng, 2004]. Melodies with a distinctive 
rhythmic pattern are generally easier to identify or rec-
ognize, but when no rhythmic cues are available, perfor-
mance is reduced to chance [Schulz and Kerber, 1994; 
Gfeller et al., 2000; Kong et al., 2004]. Studies suggest that 
tune or melody recognition by CI users improves when 
lyrics are present [Fujita and Ito, 1999; Leal et al., 2003; 
Looi et al., 2004]. Melodic pattern recognition experi-
ments with no rhythmic or verbal cues [McDermott, 
2004] pose great problems for CI users. This is because at 
the time of these studies, CI users had to extract the pitch 
information from either the temporal envelope or the 
spectral pitch associated with the electrode position 
[Zeng, 2004]. Finally, the results of several investigations 
into instrument discrimination and identification indi-
cate that this is also problematic for CI users, even on 
closed-set tests using a small number of instruments 
[Schulz and Kerber, 1994; Gfeller et al., 2002b; McDer-
mott and Looi, 2004]. 

  There is currently very little research on the music per-
ception abilities of bilateral CI (BCI) users. Research on 
speech understanding in adult CI users did establish very 
early on that bilateral users can combine information 
from both CIs into one hearing sensation [Van Hoesel et 
al., 1993; Van Hoesel and Clark, 1995] and use this infor-
mation to gain significantly increased speech under-
standing [Mawman et al., 2000; Mueller et al., 2000] both 
in quiet and noise [Mueller et al., 2002; Brown and Bal-
kany, 2007; Tyler et al., 2007; Wackym et al., 2007; Buss 
et al., 2008]. Mueller et al. [2002], and later Schoen et al. 
[2002], Schleich et al. [2004] and Litovsky et al. [2006b], 
concluded that BCI users benefit from all the effects 
known from normal acoustic hearing: the head shadow 
effect, squelch effect and binaural summation effect. Al-



 Music Perception in CI Users and 
Normal-Hearing Subjects  

Audiol Neurotol 2009;14:315–326 317

though speech and musical signals are processed differ-
ently and very little is known about bilateral music per-
ception, there may still be some bilateral advantage for 
music processing. 

  The aim of this investigation was to gain insight into 
BCI users’ music perception. This was done using a cus-
tom designed questionnaire querying subjective music 
habits, perception and enjoyment. Surveys are common-
ly used in studies of musical preference and enjoyment 
[Boyle and Radocy, 1987]. Results from BCI subjects were 
compared to those from both unilaterally implanted and 
NH subjects. We also aimed to assess whether subjects 
experience music differently after receiving a second de-
vice (CI 2). 

  Methods 

 The Questionnaire 
 The version of the MUMU (developed by Dr. S.J. Brockmeier 

with input from patients, statisticians, musicians and music sci-
entists) used in the current study of BCI subjects was adapted 
from the original (32 questions), used in a study of UCI users
and NH controls [Brockmeier et al., 2002]. The current version
of the MUMU questionnaire for unilaterally implanted CI users
is  available at www.medel.com/english/50_Rehabilitation/Free-
download/index.php?navid=41.

  For this study, the MUMU included 30 questions on music 
behavior, appreciation, perception, experience and education, 
and the role of music during the subjects’ lives, i.e. in childhood 
and adulthood for NH subjects, and for CI subjects, before the 
onset of HL, immediately before implantation and after implanta-
tion. The BCI version of the MUMU contained follow-up ques-
tions on the subjects’ experiences after receiving CI 2, as this is 
the BCI group’s current situation. One extra question was added 
to the questionnaire in order to directly compare listening to mu-
sic with 1 versus 2 CIs. The version for NH subjects contained the 
same number of questions to keep the questionnaire equivalent 
to the length of the CI groups’ versions. The only difference was 
that retrospective questions (‘before hearing loss’ and ‘before im-
plantation’) queried childhood and adolescence. The only NH 
group responses presented were those pertaining to ‘your adult-
hood’. 

  Subjects 
 Subjects included 23 BCI users, 23 UCI users and 23 NH lis-

teners ( table 1 ). CI subjects were all postlingually deafened, native 
German-speaking adults familiar with the musical genres men-
tioned in the questionnaire. They were recruited from the follow-
ing centers: Technical University of Munich and University of 
Würzburg, Germany, and University of Bern, Switzerland. They 
used MED-EL devices in one or both ears, either the MED-EL 
COMBI 40/40+ device or the PULSARCI 100  device with the CIS(+) 
speech coding strategy. The BCI subjects were all those who had 
been implanted in the participating centers at the beginning of 
this study. None of the sequentially implanted BCI subjects were 
subjects in the original evaluation study. UCI and NH subjects 

were recruited from a large group of subjects (103 UCI subjects 
and 97 NH subjects) from a study by Brockmeier et al. [2002]. All 
subjects had at least 12 months’ experience in their current CI 
condition at the time of questionnaire completion. 

  All but one BCI subject received CI 2 after at least 6 months of 
experience with their first CI (CI 1). The time between receipt of 
CI 1 and CI 2 ranged from 0.62 to 9.01 years (average 2.54, stan-
dard deviation 2.25). One subject was implanted simultaneously. 
This subject’s data were treated as missing data in the retrospec-
tive, within-subject analysis because retrospective comparison 
for this subject was not possible in the same way that it was for 
sequentially implanted subjects. However, the subject felt capable 
of making that comparison (of listening with 1 vs. 2 CIs) at the 
time. 

  Matching Criteria 
 All 3 groups were matched for age and listening to music, play-

ing an instrument and/or singing before their HL (for BCI and 
UCI users) or in adulthood (for NH subjects). Additionally, the CI 
users were also matched for listening to music before CI 1 and for 
their musical experiences since CI 1 ( table 1 ). If no perfect match 
could be found, age was used as the main criterion. 

  Data Analyses 
 Data were analyzed in 3 different ways. Firstly, to assess wheth-

er BCI subjects experience music differently after CI 2 as com-
pared to CI 1, we performed a within-subject comparison. Sec-
ondly, to objectively assess any differences between uni- and bi-
lateral cochlear implantation, we compared BCI and UCI subjects’ 
results with those of NH subjects as a control (between-group 
comparison). Thirdly, we investigated possible associations be-
tween different subtopics in the BCI subjects’ responses and pos-
sible correlations between subtopics and BCI subject demograph-
ics. In the second analysis, by comparing the UCI and BCI sub-
jects in their current situation, which does not require any 
retrospection, control for a potential positive (spurious) bias in 
the first analysis, due to the BCI subjects receiving an additional 
intervention alone, is exercised. However, to not lose sight of the 
norm, we also matched a group of NH subjects as a second control 
group to the BCI group (between-group comparison). All 3 groups 
were compared simultaneously as matched triads. For statistical 
analysis, we changed the answer categories in the questionnaire 
to a 5-level, ordinal Likert scale. Current situations were com-
pared for all 3 groups: BCI subjects after CI 2, UCI subjects after 
CI 1 and NH subjects in adulthood. 

  Statistics 
 Associations between different subtopics for BCI responses 

and correlations with BCI demographics were evaluated using 
Spearman’s correlation coefficient. The Mann-Whitney U test 
and Wilcoxon signed rank tests were conducted to compare data 
where normal distribution could not be assumed. The Kruskal-
Wallis H test and Jonckheere-Terpstra test were used for ordered 
data with more than 2 groups. The Jonckheere-Terpstra test was 
applied when the assumption of equal numbers of subjects in each 
group was fulfilled.

  One-way analysis of variance (ANOVA) was performed to ex-
amine mean group values for normally distributed data. To look 
for statistically significant differences between pairwise combi-
nations of the mean group values, post hoc tests, such as the Schef-
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fé test for data with equal variances and the Tamhane’s T2 test for 
data with unequal variances, were carried out.

  A  �  2  test was carried out to compare frequencies. For 2  !  2 
tabulations of frequencies when expected counts were below 5, 
Fisher’s exact test was used. Statistical analysis was performed 
with SPSS version 16.0 for Windows (Chicago, Ill., USA, http://
www.spss.com). The level of significance was set to 0.05.

  Results 

 BCI Group Comparison after CI 1 and CI 2
(Within-Subject Comparison) 
 The responses of BCI subjects mostly showed an im-

provement in music listening abilities and habits from
CI 1 to CI 2. When asked to make a direct comparison of 
music quality between CI 1 and CI 2, 95.5% of the BCI 
subjects reported that music generally sounds better, 90% 
reported it is more natural and 85% reported it is more 
pleasant after CI 2. If it was not better than with one im-

plant, it was worse; no subjects answered that the quality 
stayed the same after receiving CI 2. 

  We also found a significant increase (p = 0.016) in the 
role music plays in BCI subjects’ lives after CI 2 compared 
to after CI 1. Furthermore, we found that BCI subjects 
start listening to music significantly faster after CI 2 than 
after CI 1 (p = 0.025). However, even though subjects re-
ported listening to music a little earlier after CI 2, there 
is evidence that, for part of the group (33%), a second pe-
riod of acclimatization was still required. An increase in 
‘yes’ answers was found for the question ‘Which catego-
ries of music do you listen to?’ across all categories from 
CI 1 to CI 2, though this was only significant for classical 
music (p = 0.004). There was a highly statistically signif-
icant increase in the number of categories listened to 
from CI 1 to CI 2 (p = 0.001). Only 3 subjects reported 
listening to fewer categories of music after receiving CI 2; 
9 subjects reported the same number and 11 subjects re-
ported an increase after CI 2. BCI subjects also reported 

Table 1. Overview of the matching criteria and data for each of the 3 groups

Group parameter Statistic BCI UCI NH

Total number of subjects n 23 23 23
Listened to music prior to HL/adulthood n 21 23 23
Played an instrument/sang prior to HL/adulthood 2 ! n 27 22 28
Listened to music before CI 1 n 8 7 –
Listened to music since CI 1 n 18 17 –
‘How long did/do you listen to music after CI 1?’ median1 2.00 2.00 –

25th 1.00 1.00 –
75th 3.00 3.25 –

‘What role does/did music play after CI 1?’ median2 4.00 3.00 –
25th 2.00 2.00 –
75th 4.00 4.00 –

‘When did you start listening to music after CI 1?’ median3 2.00 3.00 –
25th 1.00 1.00 –
75th 4.00 4.00 –

Age at testing, years mean 49.12 49.30 49.09
SD 13.76 14.78 13.46
range 22–74 19–74 23–73

Age at implantation with CI 1, years mean 43.49 43.91 –
SD 12.59 14.87 –
range 16–65 15–69 –

Length of experience with CI 1, years mean 5.62 5.57 –
SD 2.63 3.84 –
range 1–10 1–19 –

SD = Standard deviation; 25th = 25th percentile; 75th = 75th percentile.
1 Likert scale used: 1 = <30 min; 2 = 30 min–1 h; 3 = 1–2 h; 4 = >4 h.
2 Likert scale used: 1 = no role; 2 = little role; 3 = average role; 4 = big role; 5 = very big role.
3 Likert scale used: 1 = after first fitting; 2 = after a week; 3 = after a month; 4 = after 3 months; 5 = after 6 

months; 6 = after a year; 7 = after 2 years; 8 = later.
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listening to music for longer periods of time after CI 2 
than after CI 1, though this difference was not signifi-
cant. 

  Comparison of All 3 Groups (Between-Group 
Comparisons – Matched Triads) 
 Some of the questions were specifically related to lis-

tening to music through (a) CI(s), and for these, there are 
no NH responses. We found that more BCI than UCI sub-
jects described music as ‘natural’ and ‘pleasant’; 82.6% of 
BCI subjects said music sounds ‘natural’ versus 39.1% of 
UCI subjects, and 80% of BCI subjects said music sounds 
‘pleasant’ versus 56.5% of UCI subjects. Of these respons-
es, only the difference for naturalness is significant (p = 
0.006). 

  Although no significant difference was found for the 
question ‘What does music sound like through your 
CI(s)?’, a larger percentage of BCI than UCI subjects re-
ported being able to distinguish between high and low 
frequencies (100 vs. 87%), recognize rhythm (100 vs. 
90.9%) and recognize melody (78.3 vs. 63.6%). A smaller 
percentage of BCI than UCI subjects reported that music 
sounds like ‘unpleasant noise’ (15.8 vs. 31.8%) or even 
‘pleasant noise without melody’ (44.4 vs. 63.6%). 

  As mentioned above, BCI subjects started listening to 
music significantly sooner after CI 2 than they had after 
CI 1. As both groups were matched for this question (after 
CI 1), it was also found that BCI subjects started listening 
to music significantly sooner (after CI 2) than UCI sub-
jects (p = 0.012). 

  As expected, a significant difference was found be-
tween the 3 groups for the question ‘Do you listen to mu-
sic?’ (p = 0.018). All NH subjects reported listening to 

music, while 21 BCI and only 17 UCI subjects did. Even 
though there were 2 BCI subjects who reported not listen-
ing to music, both reported they had tried and then an-
swered the rest of the questions in a manner consistent 
with a ‘no’ response on this question. Post hoc testing 
yielded a significant difference between UCI and NH 
subjects (p = 0.032). There was no significant difference 
between groups for the ‘time spent listening to music’.

  Significant differences between groups were found for 
the following responses to the question ‘Why do you lis-
ten to music?’ ( fig. 1 ): ‘to be happy’ (p  !  0.001), ‘to relax’ 
(p  !  0.001) and ‘to influence my mood’ (p = 0.007). Post 
hoc testing for the response ‘to be happy’ revealed a sig-
nificant difference between the BCI and UCI subjects
(p  !  0.001), as well as the NH and UCI subjects (p = 0.001). 
Both the NH and BCI subjects selected ‘to be happy’ sig-
nificantly more often than UCI subjects. For the response 
‘to relax’, another significant difference between BCI and 
UCI subjects (p  !  0.001) and NH and UCI subjects (p  !  
0.001) was found. Again, the UCI subjects selected this 
response significantly less often than the other 2 groups. 
For the response ‘to influence mood’, a significant differ-
ence was only found between the UCI and BCI subjects 
(p = 0.005). In general we can say, though, that group 
membership (NH, BCI or UCI) played a role. One differ-
ence between the CI groups was that BCI subjects select-
ed significantly more reasons in total for listening to mu-
sic (p  !  0.001) than UCI subjects did. Most BCI subjects 
chose 2–4 reasons for listening to music, whereas 70% of 
the UCI subjects chose none. 

  Using ANOVA, significant differences between the 3 
groups were found for the recognition of instruments 
( fig. 2 ), i.e. for violin (p = 0.002), guitar (p = 0.037), flute 

Why do you listen to music? 

34.8

56.5

8.78.78.7
4.3

30.4

17.4
13.0 13.0

0 0
8.7

34.8
26.1

73.9
82.6

26.126.1

78.3

91.3

0

20

40

60

80

100

To be 
happy

To relax To influence
mood

For
emotional

satisfaction

To dance For
professional

purposes

To stay
awake

Ye
s 

(%
)

NH subjects
BCI subjects
UCI subjects

  Fig. 1.  The x-axis describes the various 
reasons why a person would listen to mu-
sic; the y-axis is the percentage of ‘yes’ an-
swers for the NH, BCI and UCI subjects. 
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(p  !  0.001), piano (p = 0.049) and saxophone (p = 0.003). 
Post hoc testing showed that the difference in the reports 
for violin and guitar was between the UCI and NH sub-
jects (p = 0.001, p = 0.030), with fewer UCI subjects rec-
ognizing these instruments than NH subjects. For the 
flute, the difference between UCI subjects and both of the 
other groups was significant. Only 17.4% of the UCI 
group reported recognizing the flute, compared with 
60.9% of NH subjects (p = 0.006) and 69.6% of BCI sub-
jects (p = 0.001). Significantly more BCI than UCI sub-
jects reported recognizing the piano (p = 0.047). The dif-
ference for the saxophone is again mainly explained by 
the difference between UCI (13%) and NH subjects 
(60.9%) (p = 0.002). Again, the difference between the 2 
CI groups was not only in which instruments they re-
ported recognizing, but also in the number of instru-
ments (BCI subjects reported recognizing more). Even 
though these highly recognized instruments showed a 
moderate to high correlation with the instruments ( ta-
ble 2 ) that BCI subjects reportedly like, this seems to be 
of little import, as UCI and BCI subjects mostly reported 
liking the same instruments, except for the saxophone 
( fig. 3  and next paragraph). 

  Significant differences were also found in the appre-
ciation of instruments between each of the 3 groups 
( fig. 3 ). Some instruments, like the violin, were liked 
more by NH subjects, while others seem to be liked more 
by CI subjects (e.g. the trumpet, clarinet, tuba, kettle 
drum and cymbals). Significant differences were found 
for the violin (p = 0.003) and saxophone (p = 0.038). For 

the violin, significant mean group differences were found 
between the NH group and both the BCI (p = 0.009) and 
UCI groups (p = 0.014). NH subjects reported liking the 
violin significantly more often than BCI and UCI sub-
jects. Finally, a significant difference in preferences for 
the saxophone was found between BCI (47.8%) and UCI 
subjects (13.6%) (p = 0.036). 

  In answer to the question, ‘Where do you listen to mu-
sic?’ ( fig. 4 ), NH subjects tended to select more locations 
than BCI subjects, and BCI subjects selected more than 
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  Fig. 2.  The x-axis describes the various instruments to be recognized in musical pieces; the y-axis is the percent-
age of ‘yes’ answers for the NH, BCI and UCI subjects.  

Table 2. Correlation coefficients (Spearman’s r) for BCI subjects 
(n = 23) between Question 10 (‘Which instruments do you recog-
nize?’) and Question 11 (‘Which instruments do you like?’) for 
each instrument

Instruments r p value

Violin 0.438 0.037
Guitar 1.000 0.000
Flute 0.633 0.001
Clarinet 0.833 0.000
Trumpet 0.521 0.011
Tuba 0.735 0.000
Kettle drum 0.439 0.036
Piano 0.797 0.000
Saxophone 0.763 0.000
Cymbals 0.628 0.001

All p values are statistically significant (p < 0.05).
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UCI subjects .  A significant difference between the 3 
groups was found for the categories ‘in the car – radio’
(p = 0.004) and ‘at home – TV’ (p = 0.006). NH subjects 
reported listening to the radio in the car significantly 
more often than UCI subjects (p = 0.003), while BCI sub-
jects listened to music on TV significantly more often 
than NH subjects (p = 0.005). 

  There was a trend for more complex categories of mu-
sic (e.g. classical, religious and opera) to be more popular 

with NH subjects and less complex categories (e.g. 
‘Schlager’, a style of music prevalent in central and west-
ern Europe, containing emotional lyrics, a simple melody 
and pop and folk elements, techno and folk) to be more 
popular with CI subjects ( fig. 5 ). A significant difference 
was found between groups for more complex categories 
like classical (p = 0.027) and religious music (p = 0.022); 
opera was not quite significantly different between the 
groups (p = 0.054). A larger gap for listening to classical 
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  Fig. 3.  The x-axis describes the various instruments to be liked in musical pieces; the y-axis is the percentage of 
‘yes’ answers for the NH, BCI and UCI subjects. 
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music was seen in the significant difference between the 
responses of NH subjects and those of UCI subjects (p = 
0.021), while the responses of BCI subjects lay in between. 
For religious music, NH subjects responded significantly 
more often with ‘yes’ than UCI subjects (p = 0.030), while 
the responses of BCI subjects were again in between. 

  No significant difference was found between groups 
for playing an instrument, though there was a significant 
difference for singing (p = 0.016). Ten of 23 BCI and 8 of 
23 UCI subjects reported never singing versus only 1 NH 
subject. The differences were significant between the NH 
and UCI subjects (p = 0.011) as well as the BCI subjects
(p = 0.034). Differences were also found in where people 
like to sing. In general, NH subjects selected more places 
than CI subjects ( fig. 6 ). Between the 3 groups there was 
a significant difference in answers for singing with friends 
(p = 0.034). Post hoc testing showed that this difference 
came from the difference in responses between the NH 
and UCI subjects (43.5 and 13%; p = 0.023). A significant 
difference was also found between the groups for singing 
in church (p = 0.017). Significantly more NH than UCI 
subjects reported singing in church (p = 0.013).

  The above comparison focused on each group’s cur-
rent situation, i.e. NH subjects in their adulthood, UCI 
subjects after CI 1 and BCI subjects after CI 2. To further 
understand the differences or similarities between the 
NH and BCI subjects, we also compared the NH subjects 
to the BCI subjects before HL and after CI 1. The only 

clear finding was that although no significant difference 
was found between the 2 groups in their current situa-
tions with regard to musical tastes (categories listened to), 
there were significant differences when considering the 
BCI subjects before HL. The BCI subjects listened less 
often to classical music (p = 0.017), religious music (p = 
0.007) and opera/operetta (p = 0.075). This difference was 
even more pronounced when comparing the NH subjects 
with the BCI subjects after CI 1 in the category of classi-
cal music (p = 0.002), but was minimized after CI 2 ( ta-
ble 3 ).

  Correlations with Subject Demographics and 
Associations between Sub-Questions (for the BCI 
Subjects) 
 No strong correlations were found between BCI sub-

ject characteristics (age or implant experience) and any of 
the responses given. A moderate positive correlation was 
found between the subjects’ ages and their responses to 
the statement: ‘I only hear unpleasant noise (when listen-
ing to music)’. Older subjects answered ‘yes’ more often 
than younger subjects, though not significantly more
(p = 0.10). Older subjects were significantly less likely to 
report enjoying pop/rock music than younger subjects
(r s  = –0.521, p = 0.016).

  Several associations were found between the different 
sub-questions for the BCI subjects. Most interactions 
were found between Question 2 (‘How long did/do you 
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listen to music?’), Question 3 (‘How does music sound?’), 
Question 9 (‘Which elements of music do you recog-
nize?’) and Question 23 (‘What role did/does music 
play?’). We found that if the subject already listened to 
music for longer periods after CI 1, there was a trend for 
music to play a larger role after CI 2 (p = 0.080). If the 
subject listened to music longer after CI 2, they more of-
ten reported recognizing melody (p = 0.052) and also re-
ported a larger role of music in their life after CI 2 (p = 
0.009).  �  2  testing showed there was also a significant as-
sociation between music sounding ‘natural’/‘pleasant’ 
and reports of recognizing the melody (p = 0.001 for 
both). Another finding was that when music played a 
large role in the subject’s childhood, they were more like-
ly to report that music sounds ‘unnatural’ (p = 0.028) and 
‘unpleasant’ (p = 0.022) with their CIs. In cases where 
music played a smaller role before implantation, subjects 
tended to report that music sounded ‘natural’ (p = 0.082) 

and ‘pleasant’ (p = 0.066) with their implant. However, 
this was only an observed trend, as there was no signifi-
cant association between both questions. 

  Discussion 

 BCI subjects are generally more positive about their 
music listening experiences than UCI subjects, reporting 
a general improvement in the perception and apprecia-
tion of music after CI 2. For most MUMU questions, BCI 
responses more closely resembled NH responses than 
UCI responses, though there were some questions for 
which BCI responses were closer to UCI responses. 

  One advantage for the BCI subjects was that they start-
ed listening to music sooner after CI 2 than CI 1 (and 
sooner than the UCI group did after receiving a CI). 
There may be several reasons for this: (1) that adapting to 
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Table 3. Question 13: ‘Which kind(s) of music did/do you listen to?’ 

Classical Religious Folk ‘Schlager’ Opera/operetta Pop/rock Jazz/blues Techno Total

NH 17 11 11 10 14 11 8 1 83
BCI before HL 8 2 9 16 7 13 7 2 64
BCI after CI 1 5 4 4 7 7 10 8 2 47
BCI after CI 2 13 5 8 12 9 13 11 5 76

The number of ‘yes’ answers for each musical category/genre and the sum of the answers are shown here for each group, i.e. NH 
subjects in adulthood and BCI subjects before the onset of HL and after CI 1 and CI 2.
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music through 2 CIs is easier than adapting to music 
through the first CI; (2) BCI subjects might have been 
more motivated to start listening to music because of 
their experience with CI 1, or (3) BCI subjects already had 
one experienced ear to utilize for music listening, even if 
the second ear was not contributing at that point. Some 
BCI users do still need a period of acclimatization to mu-
sic listening, similar to that needed with speech under-
standing when starting to listen with CI 2. From the au-
thors’ clinical experience working with sequentially im-
planted subjects, these tend to be subjects with a longer 
time between CI 1 and CI 2. One BCI subject reported 
needing more time to start listening to music after CI 2. 
Because there were no open-ended questions, the reason 
remains unknown. However, it is possible that the ear 
implanted last was the poorer ear or that, initially, listen-
ing to music bilaterally was distorted compared to listen-
ing with CI 1 only. 

  Another self-reported advantage for most BCI sub-
jects was that they recognize elements of music such as 
melody, rhythm, high and low frequencies and instru-
ment timbre, whereas UCI subjects only reported recog-
nizing rhythm. This concurs with existing reports of UCI 
users using more objective assessment tools [Schulz and 
Kerber, 1994; Gfeller et al., 2002b; Gfeller and Knutson, 
2003; McDermott and Looi, 2004; Zeng, 2004]. Interest-
ingly, 44.4% of the BCI subjects still reported hearing 
pleasant noises without melody. As more BCI subjects re-
ported being able to distinguish between high and low 
pitches and recognizing melody, it is probable that they 
reported music to be more natural and pleasant as a re-
sult. When asked to make a comparison between listen-
ing to music with 1 versus 2 implants, the BCI subjects 
reported that it sounds better, more natural and more 
pleasant with 2. Rhythm is reportedly heard by both UCI 
and BCI subjects and does not seem to contribute to mu-
sic quality. These findings seem to support the theory 
that it is necessary for a person to hear the different ele-
ments of music in order to recognize it as music and find 
it natural and pleasant. 

  It is unclear why a large percentage of the BCI subjects 
would have reported less difficulty in recognizing melo-
dy and timbre. One possible explanation might be that 
with bilateral implantation the better ear is always cap-
tured. Another might be that there is more redundancy 
with two ears; for example, an electrode in one ear may 
be in a region with poor neural survival, whereas the 
complementary electrode in the other ear is located in a 
region with better neural survival. A third explanation 
might be that binaural effects are indeed important for 

music listening. This is supported by objective music test-
ing, which showed better music perception by BCI com-
pared to UCI subjects [Brill et al., 2005]. Unlike speech, 
though, music is processed in both hemispheres of the 
brain. Melody perception is located in the right hemi-
sphere, while rhythm perception is mainly located in the 
left hemisphere [Jourdain, 1998]. This could be another 
reason why bilateral implantation enhances music per-
ception. 

  The associations between the different questions for 
the BCI subjects indicate that the role music plays in the 
BCI subjects’ lives also depends on the role music had 
with only CI 1. Subjects for whom music played a fairly 
large role with CI 1 were more likely to also attribute a 
large role after CI 2. This seems understandable given 
that music usually becomes even more enjoyable after CI 
2. However, when music played a fairly large (small) role 
in the subject’s childhood, they tended to report poor 
(good) quality. This leads us to believe that subjects who 
remember how music should sound can also easily com-
pare music with and without CIs and find it unnatural 
and unpleasant with (a) CI(s). Conversely, subjects with 
less prior experience listening to music seem to adapt bet-
ter to its sound and quality through a CI and perhaps ex-
perience greater satisfaction.

  A small percentage of BCI subjects reported that music 
sounds worse, less natural or less pleasant after receiving 
CI 2. One factor may be that these subjects, although they 
had at least 12 months of experience with CI 2, were still 
acclimating to CI 2 when the MUMU was administered. 
It is also possible that the second ear might have a detri-
mental effect on perception and processing of the sound if 
it introduces distortion, which has been reported in some 
cases of bilateral hearing aid fitting or use of a hearing aid 
on the other ear [Litovsky et al., 2006a]. In these cases, we 
would expect the second device to also have a negative ef-
fect on speech understanding. There is little or no evidence 
in the literature indicating that a second CI might cause 
this; however, investigation into those who might not ben-
efit from bilateral implantation could be worthwhile. For 
one of the subjects who reported a negative effect of CI 2 
both on music and speech perception, a pitch reversal was 
found at a later stage. After reprogramming, the subject 
reported increased quality for all acoustic stimuli. 

  The questions for which the BCI answers were more 
similar to those of the UCI group (and thus different from 
NH answers) related to liking the violin, singing and lis-
tening to music on TV. The violin seems to be disliked by 
the majority of CI users. This could be because it pro-
duces high-pitched, complex sounds and is mostly used 
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with a slow attack or onset time, possibly rendering per-
ception more difficult. Gfeller et al. [2002b] also report 
that CI users rated stringed and higher-frequency instru-
ments significantly more poorly than NH adults did. 
Singing is also more complex than enjoying simple mu-
sic, because an intact feedback loop is needed to sing in 
tune and maintain a note. Many CI users report that their 
own voice sounds different through the CI, which might 
make self-monitoring during singing more difficult. 
Gfeller and Knutson [2003] also report that their CI users 
found it difficult to sing along to an external pitch, as they 
had problems perceiving pitches and recognizing melo-
dies. However, the majority of the BCI subjects in this 
study reported recognizing pitch. This means that either 
they do not perceive the subtle pitch changes necessary to 
perform this kind of task or that the task involves cues 
beyond pitch alone. An alternative explanation may be 
that BCI subjects may have overestimated their own pitch 
recognition abilities. The difference between the CI and 
NH responses regarding singing in public indicates that 
receiving (a) CI(s) restores neither the ability nor the con-
fidence to sing in front of others. 

  In the literature on music training for CI users, users 
are advised to take a multisensory approach to music, i.e. 
to utilize visual, aural, tactile and kinesthetic elements 
and lyrics [Farlow, 1998]. Gfeller and Knutson [2003] also 
conclude that videos can help hearing-impaired listeners 
make sense of the dialogue and music. This might ex-
plain why our BCI subjects listen to music on TV more 
often than matched NH subjects. 

  The BCI subjects also differed from NH subjects with 
regard to musical taste before HL and after CI 1. However, 
after CI 2, BCI responses more closely resembled those of 
NH subjects. Having a second CI seems to play a major 
role, because the UCI subjects did not report listening to 
more complex musical genres like classical, religious and 
opera, while both the BCI and NH groups did.  

  The difference found between the NH and UCI sub-
jects for listening to music in the car is quite common. 
Most hearing-impaired people have difficulty listening 
to speech or music in the car because of the level of back-
ground noise. The fact that no significant difference was 
found between BCI and NH subjects might suggest either 
that this problem, for at least some of the BCI subjects, is 
solved by receiving CI 2, or that some NH listeners also 
struggle with music in the car. The former is supported 
by a number of studies showing spatial release from 
masking and/or bilateral redundancy in bilateral users 
[Schleich et al., 2004; Johnstone and Litovsky, 2006; Tyler 
et al., 2007]. 

  Both NH and BCI subjects reported many reasons for 
listening to music, while UCI subjects clearly did not use 
music for certain purposes, e.g. relaxation or improving 
mood. This is an important finding, as music loses much 
of its value when it cannot be used in such ways. Even if 
bilateral implantation cannot fully restore music percep-
tion and appreciation, it is a great accomplishment if 
some BCI subjects can utilize music for relaxation, enjoy-
ment and happiness. 

  Additionally, as Brockmeier et al. [2007] suggested, we 
need to consider the speech coding strategy used by the 
subjects at the time of the investigation. Currently, im-
plant manufacturers are investing in improvements in 
speech coding strategies, related to pitch perception, which 
will hopefully lead to improvements in music perception. 

  We recognize the limitations of a study with a retro-
spective questionnaire. In future studies, a prospective de-
sign comparing MUMU results gathered after CI 1 with 
those gathered after CI 2 would be more ideal. In compar-
ing the BCI group to the UCI group and a group of NH 
listeners, we attempted to eliminate (as much as possible) 
a potential bias from a second intervention (CI 2). How-
ever, a second bias may have been introduced here, as this 
BCI group could have been more enthusiastic about their 
first CI than the UCI group (who did not have a second CI 
at the time of the questionnaire). We also tried to elimi-
nate this bias, again as much as possible, by matching both 
groups for musical experiences with CI 1. Furthermore, it 
is difficult to determine whether the positive outcomes for 
the BCI subjects are from the BCI and NH subjects having 
similar musical experiences or whether the questionnaire 
is not sensitive enough to show subtle differences between 
the NH group and the high performers in the BCI group. 
However, Brill et al. [2005] were able to show in another 
study that BCI subjects do perform better than UCI sub-
jects and similar to NH subjects on the Musical Sounds in 
Cochlear Implants Test [Fitzgerald et al., 2006], which ex-
amines several aspects of music perception and recogni-
tion in more detail using live instrument recordings. A 
future multicenter study including both subjective data 
from the MUMU and objective data from the Musical 
Sounds in Cochlear Implants Test is planned.

  Results from this study using the MUMU question-
naire indicate that BCI users enjoy some significant ad-
vantages over unilateral users when it comes to appreciat-
ing, perceiving and accessing music for a variety of pur-
poses. Though objective data and data using the latest 
processing strategies are needed, our research indicates 
several areas where there could be improvement in the 
experience of music through 2 CIs.
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