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Music to Electric Ears
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ABSTRACT: The sounds of music play with many perceptual dimensions. We
devised a set of psychophysical procedures to better understand how recipients
of cochlear implants perceive basic sound attributes involved in music listening.
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INTRODUCTION
The technology of cochlear implants (CIs) consists of directly stimulating the
auditory nerve of profoundly deaf patients to restore some aspects of auditory function. Much research and progress has been made toward improving speech perception by cochlear implant recipients. However, music perception has not received the
same amount of interest so far. Music is, however, an integral part of the auditory
experience of each and every individual, and there is a growing demand from implant recipients for improvement of their musical experiences. Subjective assessments of music appreciation indicate that whereas rhythm cues are satisfactorily
transmitted by the implant, other aspects of music may not be.1 A common method
of evaluating pitch perception consists of testing the recognition of familiar tunes;
other performance measures use simple pitch discrimination tasks (for recent reviews, see Refs. 2 and 3). For timbre perception, which is also part of musical listening, performance measures address the recognition of musical instruments.4
Recognition tasks rely on the familiarity of the listeners with the stimulus to be
recognized, and a successful recognition can be attributed to many different cues.
We aimed to address pitch and timbre perception by cochlear implant recipients using a set of psychophysical measures of performance that focus on distinct aspects
of these musical attributes and that do not rely on the previous musical experience
of listeners.
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PSYCHOPHYSICAL PROCEDURES TO TEST
PITCH AND TIMBRE PERCEPTION
The first pitch task was a higher–lower pitch judgement. It is more complex than
a discrimination task, because a ranking judgement is requested; however, it still
addresses a basic level of pitch processing. The second task involved the comparison
of two short random melodies.5 Listeners first heard a four-note chromatic melody,
and then the melody repeated with a pitch difference introduced in one of the notes
at random. Their task was to indicate which note had been altered. This task is easy
when presented to normal hearing listeners, even if they are nonmusical, provided
that a pitch is clearly heard for each of the notes.5
Stimuli were bandpass-filtered harmonic complex tones delivered acoustically.
The repetition rate of the tones was varied to control pitch, whereas the spectral
region remained fixed. This meant that the fundamental frequency of the sounds
(∼100 Hz) was absent for most trials. Presentation level was roved to reduce cues
unrelated to pitch.
The timbre tasks measured just-noticeable differences on two important dimensions of musical timbre: attack time and spectral center of gravity. These dimensions
repeatedly appear in multidimensional scaling studies of timbre of musical instruments (e.g., McAdams et al.6), indicating that they underlie the more salient perceptual differences among instruments. Bandpass-filtered complex tones were again
used. For the attack time, the spectral content of the sound was fixed, whereas the
temporal envelope was varied. For the spectral center of gravity, the temporal envelope was fixed, whereas the rate of decay between successive harmonics was varied.
All tasks, pitches, and timbres were adaptive procedures with feedback and an
N-alternative unforced choice.7 A training period was included when listeners could
ask for feedback before giving their answers.

PITCH, MELODIES, AND TIMBRE
We now describe the first results obtained with these objective tasks, obtained in
the framework of a larger clinical study. Subjects were postlingually implanted
patients using the Advanced Bionics HiRes™ stimulation scheme.
Listeners had higher–lower pitch-ranking thresholds ranging between 2 and 7
semitones. This is higher than what is observed with a non–age-matched control
group (0.2 semitones), but it is in line with previous results.3 The melody task, however, proved impossible for most implant recipients. Note that all intervals between
the notes of the melodies were chosen to be larger than the pitch-ranking threshold
for each individual listener. The control group, as expected, displayed ceiling performance for the melody task.
On both dimensions of timbre tasks that we investigated, implant recipients performed almost as well as the control group. The dimensions we investigated were
not necessarily familiar to our listeners, and we could not describe in the experimental instructions how they would sound after being processed by the implant. After
the feedback received during the training period, however, all listeners could
perform the task to a good level of performance.
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CUES TO MUSICAL SOUNDS PERCEPTION
Models of pitch perception show that pitch is correlated with spectral cues, fine
structure temporal cues, and envelope cues.5 The processing schemes of the implants
as well as inherent limitations of electrical stimulation of the auditory nerve reduce
both spectral and fine-structure cues. This could explain the reduced performance of
implant recipients for the pitch-ranking task. The melody task raises another question. Memory for pitch is different from memory for other auditory attributes, in that
it allows for the short-term encoding of more items.8 Pitch, thus, is especially suited
for conveying melodies that extend in time. If the percepts associated with repetition
rate for implant recipients do not have the memorization characteristics of pitch,
specific impairments in the perception of melodies would be predicted.
Discrimination along dimensions of musical timbre proved to be accurate in our
group of implant recipients. We thus hypothesize that the processing scheme used in
the implant provided informative timbre cues, even though they might be different
from what listeners were used to hearing before implantation. The fact that these
cues can subserve discrimination should allow for musical instrument recognition
after some training.
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