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Measures
Technologies - brain

Method Cost Temporal resolution Spatial resolution

EEG Low 3 7

MEG High 3 ~
(f)MRI High 7 3

fNIRS Medium ~ 7

eCochG Low 3 7
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Measures
Temporal and spatial resolution

(He et al., 2011)
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Measures
Technologies - other
• Eye

– Gaze
– Pupil dilation

• Otoacoustic emissions
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Fitting
Introduction
Benefits of objective fitting
• No response bias
• No active participation required
• Zoom in to brain region of interest
• If fully automatic: no qualified audiologist requied
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Fitting
Current practice
Used to find thresholds
• ABR (auditory brainstem response)

– transient response
– visual inspection of waveform
– mostly broadband

• ASSR (auditory steady-state response)
– Steady-state response
– Frequency-specific
– Fully automatic detection
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Fitting
Research
• EEG-based

– Supra-threshold fitting: loudness growth (Van Eeckhoutte et al.,
2016)

– Supra-threshold cochlear implant fitting:
Jan Wouters (KU Leuven): Enhanced speech reception in
cochlear implants using auditory steady-state brain responses

• Eye-gaze tracking
Tobias Neher (Oldenburg): Using eye-gaze tracking to uncover
the effect of hearing aid use on speech comprehension
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Fitting
Towards self-fitting auditory prostheses
• Requirement: objective outcome measure

– Speech intelligibility
– Sound quality
– Listening effort
– . . .

• Supplemented with
– Automatic fitting parameter adjustment (e.g., Başkent et al.,

2007)
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Fitting
Measuring speech envelope coding
• Envelope fluctuations are critical for speech understanding

(Shannon et al., 1995)
• Measure neural coding of the speech envelope using EEG (e.g.,

Ding and Simon, 2013)
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Fitting
Objective measure of speech intelligibility
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• Speech reception threshold
(SRT): behavioural measure
of speech intelligibility

• CT: novel objective measure
of speech intelligibility

• SRT highly correlated with
CT (ρ = 0.69, p = 0.001)
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Neuro-steered hearing aids
Noise suppression: fundamental problem
• Main problem of HA users: speech perception in noise
• Mitigated by noise suppression algorithms

– Beamforming algorithms result in SRT improvements
– Blind source separation algorihms are improving

• Fundamental problem: which source to enhance?
– Heuristics: frontal direction, largest power, . . .
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Neuro-steered hearing aids
Solutions
• Eye gaze detection

– Assumption: gaze is directed at target speaker
– Steer beamformer towards gaze direction

• Auditory attention detection
– No assumptions
– Derive attended speaker from EEG
– Multi-modal signal processing to enhance attended speaker

Alexander Bertrand (KU Leuven): Neuro-steered hearing aids:
Acoustic noise suppression based on auditory attention detection
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EEG recording
How to record EEG?
• Research

– Lab: high-quality multi-channel setup
– Mobile EEG

• Hearing aids
– In-ear electrodes
– Preben Kidmose (Aarhus): Objective audiometry in hearing aids

• Unobtrusive electrodes
– Martin Bleichner (Oldenburg): The transparent EEG concept:

From smartphone based ear-EEG acquisition to hearing aid
control
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Summary
Summary
• Objective measures differ in temporal/spatial resolution

– EEG is cheap and suitable for auditory applications
– Technology for chronic EEG recording becoming available

• For fitting
– Expert assisted
– Automatic

• Steering hearing aids
– Auditory attention detection
– Eye-gaze
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Summary
Program - part 1
• 14h00 Tom Francart (Leuven): Introduction
• 14h20 Tobias Neher (Oldenburg): Using eye-gaze tracking to

uncover the effect of hearing aid use on speech comprehension
• 14h40 Jan Wouters (Leuven): Enhanced speech reception in

cochlear implants using auditory steady-state brain responses
• 15h00 Discussion, spillover to coffee break (latest 15h30)
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Summary
Program - part 2
• 15h40 Preben Kidmose (Aarhus): Objective audiometry in

hearing aids
• 16h00 Martin Bleichner (Oldenburg): The transparent EEG

concept: From smartphone based ear-EEG acquisition to
hearing aid control

• 16h20 Alexander Bertrand (KU Leuven): Neuro-steered hearing
aids: Acoustic noise suppression based on auditory attention
detection

• 16h40 Discussion
• 17h10 Wrap-up
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