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Introduction

Music listening with a cochlear implant (CI) is challenging due to the poor
representation of fine structure information [1]. Therefore, extensive research
has been initiated in the quest for improved music perception with a CI [2]. For
this purpose, objective and feasible music tests are in demand [3]. Thus, the aim
of this study is to design and validate two novel musical EEG-paradigms for use in
future CI research.

Figures

In a wider perspective, the study aims to investigate whether a novel sound
processing strategy implementing output compression may be beneficial for music
listening with a CI, as compared to front-end automatic gain control strategies.

Methods

EEG paradigms
1. The CI MuMuFe MMN-paradigm is adapted from the musical multifeature
paradigm developed by Vuust et al. [4]. It integrates a new approach introduced
by Kliuchko et al. [5] in which no standard stimuli are presented. Deviants in
pitch, timbre, intensity and rhythm are embedded in an Alberti bass pattern and
presented randomly at four levels of magnitude: small (S), medium (M), large (L)
and extra large (XL) (figure 1).
2. The Free-listening paradigm is based on a new methodology introduced by
Poikonen et al. [6]. Using the Music Information Retrieval (MIR) toolbox [7], it is
possible to investigate the relation between extracted musical features such as
Spectral Flux, a measure of increases in pitch or timbre, and event related
potentials (ERPs). Here, participants listened to a 3:52 min excerpt of a live
orchestral recording of the tango piece Adios Noñino (figure 2).
Neither of the two approaches have previously been tested on CI-users.
Participants
Eleven experienced (Mage: 56 y) CI-users were included in the study. Furthermore,
14 normal hearing (NH) controls (Mage: 63.4 y) were recruited for reference and
validation of the paradigms. CI-users listened to the stimuli unilaterally via a
direct audio input cable; NH listened bilatterally through in-ear headphones.
Behavioral test
The experiment included a 3-AFC test, testing behavioral discrimination of the
same music features and levels of magnitude as presented in the MMN-paradigm.

Results/Discussion

In line with our hypothesis, the new CI MMN-paradigm elicited significant
responses to all deviants across levels in both experimental groups. This is an
indication of both the paradigm’s potential to measure CI-users’ discrimination of
details in music and the success of the CI in transmitting them. Consistent with
previous reports, we found significantly smaller overall MMN responses in the CIusers compared to NH listeners (figure 3).

Figure 1. The CI MuMuFe no standards, 4 deviants/4 levels MMN paradigm.
Notes have a duration of 200 ms and an interstimulus interval of 5 ms.

Figure 2. First bars of the Free-listening
paradigm. Total duration: 3:52 min.
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Figure 3. MMN difference waves for all four deviants across levels in NH controls (left) and CI-users (right). Statistics on Fz
mean amplitudes, rereferenced to all channels in 30 ms time window centered on peak latencies.
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Figure 4. Average MMN difference waves across deviants as a function of deviation magnitude levels in the NH controls and CI-users.

Across deviants, NH listeners showed MMN responses that were in accordance
with the deviation level magnitude. By contrast, CI users’ MMN amplitudes were
less consistent with level hierarchy. Post-hoc analyses indicate that this mismatch
is mainly due to undifferentiated responses to the changes in pitch and an
abnormally weak response to the XL level of the rhythm deviant (figure 4).
In the behavioral test, CI-users scored above chance but significantly below the
NH group in discrimination of all deviants except rhythm. Hit rates corresponded
well with levels of deviation magnitude (figure 5).
Free-listening paradigm analyses showed significant N1 og P2 ERPs to increases in
spectral flux and loudness in NH controls, but not in CI-users. For spectral flux,
however, the N1 response of CI-users was not significantly smaller than that of
NH, suggesting basic detection of changes in timbral features of “real music”. The
lack of a significant response to increases in loudness may be explained by the
strongly reduced dynamic range of the CI sound transmission (figure 6).
Conclusion
To sum up, these results suggest encouraging potential for using the two novel
EEG-paradigms as tools for objective measurements of music discrimination.
Despite high complexity, the CI Mumufe MMN paradigm is well-functioning and
capable of providing strong and detailed evidence of CI users’ musical
discrimination abilities. Furthermore, the Free-listening paradigm shows
promising capacity of allowing unprecedented estimations of CI-users’ music
perception in a naturalistic setting. However, to make firm conclusions more
participants and further analyses are needed.

Figure 5. Violin plots showing behavioral hit rates for the four deviants at the four different levels for NH controls and CI-users.
Dotted lines: chance level. Solid lines: mean % correct.

Figure 6. ERP responses for NH controls and CI-users exposed to the Free-listening paradigm. Left: ERPs to increases in the
feature spectral flux. Right: ERPs to increases in the feature loudness. The analyses have been performed by use of a novel
methodology based on Spike Density Component Analysis (SCA) [8].
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