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Abstract
Speech signals have a remarkable ability to entrain brain activity to the rapid fluctuations of
speech sounds. For instance, one can readily measure a correlation of the sound amplitude
with the evoked responses of the electroencephalogram (EEG), and the strength of this
correlation is indicative of whether the listener is attending to the speech. In this study we
asked whether this stimulus-response correlation is also predictive of speech intelligibility.
We hypothesized that when a listener fails to understand the speech in adverse hearing
conditions, attention wanes and stimulus-response correlation also drops. To test this, we
measure a listener's ability to detect words in noisy speech while recording their brain
activity using EEG. We alter intelligibility without changing the acoustic stimulus by pairing it
with congruent and incongruent visual speech. For almost all subjects we found that an
improvement in speech detection coincided with an increase in correlation between the
noisy speech and the EEG measured over a period of 30 minutes. We conclude that
simultaneous recordings of the perceived sound and the corresponding EEG response may
be a practical tool to assess speech intelligibility in the context of hearing aids.

Introduction
When listening to sounds, brain activity follows the the fast fluctuations of the acoustic
stimulus (<1s; Ding and Simon 2014, Haegens 2018). This is particularly true for speech,
where both amplitude and spectral fluctuations of the sound have been shown to correlate
with fluctuations in the EEG and MEG (Luo 2007, Nourski 2009, Ding 2015, Doelling 2014,
Horton, 2014). This stimulus-related brain activity has been linked to attention (Ding 2012,
Dmochowski 2017), in particular in a “cocktail party” scenario (Zion Golumbic 2013,
O’Sullivan 2015, O’Sullivan 2017, Horton 2014, Power 2012), where the correlations are
thought to reflect the ability of a listener to follow the attended speech. Correlation with the
stimulus is sometimes referred to as ‘speech tracking’. Others refer to it as ‘neural
entrainment’, suggesting that the stimulus entrains endogenous ongoing neural activity
(Peele 2013, Ding 2015). Correlation of the neural signals has also been linked to an
engagement with the stimulus (Dmochowski 2017) and the perception of phonemes (Kösem
2017). We attribute this phenomenon to an exogenous stimulus-driven process, which is
illustrated by the consistent responses elicited across subjects by the same auditory
stimulus (Ki 2016, Cohen 2017).
Interestingly, for speech in noise, brain responses remain correlated to the
amplitude envelope of the clean speech (Ding and Simon 2013, Vanthornhout 2017),
suggesting that neural processing is resistant to this acoustic degradation. This may be a
reflection of the human ability to understand speech despite significant distortions. In fact, a
number of studies have found a significant correlation between this neural correlate and the
comprehension of noisy speech (Luo and Poeppel 2007, Ding and Simon 2013, Peele 2013,

