
Dynamics of Pupil and Neural Responses to Contextual Speech Predictions
Sebastian Andric1, Peter Donhauser2, Sylvain Bailllet3

1. Integrated Program in Neuroscience, McGill;
2. Montreal Neurological Institute, McGill; 

3. Department of Neurology and Neurosurgery, Biomedical Engineering and Computer Science, McGill

Introduction

Method

Discussion

Acknowledgments

References

Results
• Incoming raw sensory content is diverse and dynamic,

posing a challenging computational problem for brain
processing1.

• Internal representations of sensory contexts may alleviate
this processing; these models modulate the gain of
incoming information depending on whether they are
expected or unexpected. Mechanistically, this is referred to
as predictive coding2.

• Human and animal studies show that pupil diameter is
associated with attention and arousal3, and has been
shown to increase in size during presentation of
unpredictable audio events and processing of complex
auditory stimuli4.

• The first goal of the project is to determine whether pupil
dynamics are related to contextual speech predictions and
to better understand the interaction between attentional
and predictive processes.

• Some theories of predictive coding posit that the brain
implements the predictive processing strategy through
neural oscillations organized in different timescales5 ,
where higher-order regions manifest slower dynamics.

• The second goal of the project is to determine whether
auditory processing is organized within hierarchical
neurophysiological activity during speech listening
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• Speech Dataset: The speech data used in neural network
training and the magnetoencephalography (MEG)
experiment were taken from the TED-LIUM corpus6.

• Pupil Data: Pupil videos were taken during MEG recording,
the Facemap toolbox was used for interpolation7.

• Language Model: long short-term memory neural
network, for complete specification see reference 1.

• Event Related Pupil Responses: Mean pupil response
time=locked to highly surprising speech content.

• Ridge Regression and Cross Validation: Pupil dilation was
predicted as a linear combination of the design matrix
columns with penalty β. Leave-one-out cross validation
was used to evaluate the model fit.

• Temporal Response Function (TRF): Regression weights
averaged across regressors reshaped to produce a time-
series sampled at temporal lags τ. TRFs were generated for
a speech-audio feature space and the full model feature
space.

Contextual Speech Predictions • Contextual speech 
predictions generated by 
the neural network at the 
word- and phoneme-level. 

• Contextual uncertainty is 
quantified by the entropy 
of the predictive 
distribution of the 
upcoming phoneme. 

• Surprise is a measure of 
unexpectedness for the 
phoneme that is actually 
presented. 

• We can analyze pupil 
responses and brain 
dynamics in response to 
the generated speech 
parameters

• Contextual Speech Predictions: Predictions generated by 
the neural network have been previously shown to be 
associated with modulations in neural activity1. Here, we 
explored whether autonomic signals (pupil dilation) are 
also modulated by such predictions.

• Event Related Pupil Response: Pupil diameter increased 
during highly surprising speech segments, inline with 
previous literature describing pupil responses to 
unexpected events4.

• Modeled Pupil Dynamics: The full contextual prediction 
model did not appear to improve predictions of the 
pupillary dynamics compared to the speech audio model. 
This might be due to noise in the traces of the pupil 
dynamics or overfitting introduced by the greater number 
of regressors. 

• Modeled Neural Dynamics: The modeled neural responses 
reflect the differing timescales in neurophysiological 
activity; higher-order activity is better predicted at slower 
frequencies (delta) and downstream activity is better 
predicted at higher frequencies (theta)

• Current Directions: Different variations of the contextual 
predictions model will be assessed against the speech-
audio model. Once a better suited model is identified, we 
may then investigate whether pupil dynamics are related 
to top down neural signals also related to predictions, 
such as beta oscillation bursting8. This may further 
illuminate the link between neural activations and 
autonomic functions.
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Positive Surprise Event Selection

Event Surprise Histogram
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Speech-Related Neuophysiological Activity

• A: Spatial components representing regions of activity well-explained by speech features
• B: TRFs averaged across all features (same as pupil TRF)
• C: Predicted neural responses from the regression model
• D: Regression model performance across the frequency spectrum


