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Multi-Response Deconvolution Preserves pABR Estimation Quality Despite Increasing Response Overlap 

Results
Panel D shows that increasing the number of parallel stimuli 

decreases the SNR of responses estimated via conventional pABR 

averaging, whereas multi-response deconvolution preserves stable 

SNR across overlap conditions. 

Panel E compares the first ABR template with its estimation for 

increasing numbers of parallel stimuli. Consistent with Panel D, 

increasing the number of parallel stimuli reduces SNR, but this 

decrease has a negligible effect on ABR morphology.

Panel F shows that ABRs estimated using multi-response 

deconvolution preserve their morphology despite increasing 

response overlap.
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Motivation
• The parallel auditory brainstem response (pABR) enables the 

simultaneous acquisition of frequency-specific ABRs across ears, 

substantially reducing time compared to serial paradigms.

• In pABR, increasing the number of simultaneous stimuli produces 

overlapping responses that may degrade estimation quality. 

• This study characterises this interference and evaluates whether 

deconvolution can mitigate it and improve response estimation.
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Conclusions
• Increasing the number of simultaneous parallel stimuli reduces 

SNR in conventional pABR averaging.

• Despite this SNR decrease, ABR morphology is minimally 

affected due to the large jitter of Poisson-distributed sequences.

• Multi-response deconvolution preserves both SNR and waveform 

morphology, supporting its use in pABR paradigms involving large 

numbers of simultaneous stimuli.

4 Department of Otolaryngology-Head and Neck Surgery, University of Michigan, Ann Arbor, MI, USA
5 Research Centre for Information and Communications Technologies, University of Granada, Granada, Spain
6 Department of Linguistics, Macquarie University, Sydney, Australia

Methods
A simulation framework was developed to characterise the 

effect of increasing the number of parallel stimuli on pABR 

estimation quality.

• Panel A shows the 10 real ABR responses (5 female, 22–36 years 

old)1,2 used as templates. Stimulus artefacts were blanked.

• For each parallel stimulus, an event sequence consisting of 1200 

Poisson-distributed events at 40 events/s was generated3.

Panel B shows the histogram of the inter-stimulus intervals (ISI), 

demonstrating an exponential distribution with large jitter.

• A noise-free electroencephalogram (EEG) was synthesised by 

convolving the event sequence of each parallel stimulus with its 

corresponding ABR template. 

Panel C shows an example EEG synthesized with 10 parallel 

stimuli, together with the Poisson-distributed event sequences.

• For each parallel stimulus, two ABRs were estimated using: (1) 

conventional pABR averaging3, and (2) multi-response 

deconvolution in a reduced space of 50 functions per decade4.

• ABR quality was quantified as the SNR in dB between the 

template and estimation error over the 2.5–10 ms interval.

• A Monte Carlo simulation of 200 runs evaluated the effect of 

increasing the number of parallel stimuli on estimation quality.

• The QR code links to the simulation programming code.
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