Cognition and Natural Sensory

Processing Workshop 2025
(2—3 September)



2025 Workshop Programme

(All times Irish standard time)

Day 1 (Tuesday 2 September)
Start (4.00pm) : Introduction and welcome
Keynote (4.10pm) | Jean-Rémi King — Emergence of language in the human brain
Break (5.10pm)

Tutorial (5.20pm) i Aaron Nidiffer — Encoding/decoding models, multivariate analysis, models validation, etc. in the
MATLAB mTRF-Toolbox, a beginner’s tutorial | data+code

Break (6.20pm)

Tutorial (6.30pm) : Hugo Weissbart — Bridging complexity in neural dynamics: Non-linear approaches to temporal
response function analysis | data | code

End (8.00pm)

Day 2 (Wednesday 3 September)

Start (4.00pm) | Welcome
News (4.05pm) | Giovanni Di Liberto — CNSP Updates

Keynote (4.20pm) : Sam Nastase — Unifying the structures of language in a neural population code
Break (5.20pm)

Talk (5.30pm) | Dana Boebinger — Rapid and dynamic construction of acoustically invariant speech
representations in the human auditory cortex

Talk (6.00pm) : Ashley Symons — Towards a behavioural measure of attentional capture by continuous natural
speech

Break (6.30pm)

Tutorial (6.40pm) : Maximilian Nentwich - Modelling recurrent connectivity and temporal response functions
data | code

End (8.10pm)


https://github.com/CNSP-Workshop/CNSP-resources/tree/main/CNSP/tutorial
https://osf.io/gsvbd/files/osfstorage
https://github.com/Hugo-W/CNSP25_tutorial_HWeissbart
https://osf.io/6rwgv/
https://github.com/MaxNentwich/varx_tutorial

Cognition and Natural Sensory Processing Workshop

The CNSP initiative aims to develop and collect resources, such as analysis scripts
and publicly available neural data, for the study of cognition and natural sensory perception. In doing so, we
propose a standardised pipeline for recording, analysing, storing, sharing, and comparing datasets involving
natural sensory processing, such as speech/music perception and watching movies. The CNSP workshop
2025 will provide the fundamental insights on the standardised pipeline and analysis scripts via a set of
tutorials delivered by organisers, as well as giving space to other tutorials from researchers in the field,
providing a comparison of current methodological techniques, as well as proposing new approaches for the
field. This fourth edition of the CNSP workshop will also feature two international keynote speakers, who have
contributed significantly to the field, and two short talks from rising junior researchers. Please visit our website
at https://cnspworkshop.net.

Background:

In recent years, research has demonstrated the importance of studying perception in real-world scenarios
involving naturalistic tasks. Recent advances in computational resources, neural signal processing and
machine learning have led to the development of research frameworks to quantify neurophysiological activity
under such naturalistic conditions. The possibility of carrying out these realistic experiments is
ground-breaking, as it leads to datasets that are particularly information-rich and suited to being re-analysed
from a variety of angles. Recent attempts to share that type of datasets have resulted in a valuable yet
heterogeneous set of publicly available resources, whose strengths are diminished by the lack of a clear
domain-specific standardised pipeline and resource sharing approach. The CNSP initiative is collecting and
standardising that set of resources, as well as developing and sharing numerous original standardised analysis
scripts that serve as tutorials and blueprint for researchers that are transitioning into this rising field of
research. This material is designed to be accessible to researchers from a variety of disciplines. Nevertheless,
while this makes it easier to analyse the data, researchers must have the appropriate understanding of the
core methodological aspects of this analysis pipeline, which is provided in the form of tutorials during the
CNSP workshop. In addition, the CNSP workshop 2025 will host international keynote speakers at the top of
this field of research, two tutorials that have been selected based on an open call for submission, and two
invited speakers who work with continuous neural signals in exciting and groundbreaking manners.


https://cnspworkshop.net

Keynote Speakers

Emergence of language in the human brain

Jean-Rémi King is a CNRS researcher at Ecole Normale Supérieure currently
detached to Meta Al, where he leads the Brain & Al team. This team aims to
identify the brain and computational bases of human intelligence, with a focus on
language. For this, they develop deep learning algorithms to decode and model
brain activity recorded with MEG, EEG, electrophysiology and fMRI.

Unifying the structures of language in a neural population code

Sam Nastase is an assistant professor in the Department of Psychology at the
University of Southern California. The core question driving his research is "How do
we share our thoughts with one another?"—using language and other coordinated
actions. His expertise is in combining deep learning with naturalistic neuroimaging
to better answer this question in real-world contexts.

Invited Talks

Rapid and dynamic construction
of acoustically invariant speech representations in the human auditory cortex

Dana Boebinger, PhD, is a postdoctoral fellow in the lab of Samuel
Norman-Haignere, PhD, at the University of Rochester Medical Center. She
received her doctoral degree from Harvard University’s Speech and Hearing
Bioscience and Technology program, her master's degree in Cognitive
Neuroscience from University College London as a Fulbright Scholar, and her
undergraduate degrees in Psychology and Music from Florida State University. Her
research focuses on how the human brain perceives and understands sounds like
speech and music.

Towar havioural m re of ntional r ntin natural h

Ashley Symons is a Lecturer (Assistant Professor) at Royal Holloway, University
of London. Her research combines behavioural and EEG methods to explore how
different individuals navigate the challenges to speech perception, and how speech
perception strategies change across the lifespan. She earned her PhD from the
University of Manchester under the supervision of Prof Sonja Kotz and most
recently worked as a postdoctoral researcher with Prof Adam Tierney.



https://www.cnrs.fr/en
https://lsp.dec.ens.fr/fr
https://ai.meta.com/
https://kingjr.github.io/

Hands-on Tutorials

Modelling recurrent connectivity and temporal response functions | data | code

Temporal response functions are widely used encoding models to analyze speech processing. Current
methods to compute temporal response functions do not separate immediate sensory responses from
recurrent internal dynamics. We recently introduced a vector-autoregressive model with external input (VARX)
model that allows separating the internal dynamic from linear input responses (1, 2), by combining Granger
analysis and temporal response functions (Figure 1A).

This tutorial applies the VARX toolbox (https://github.com/Icparra/varx) to intracranial EEG data and
eyetracking data from an example patient’s movie watching and resting state recordings (3). The aim is to
provide an introduction to the toolbox and illustrate the utility of the model to remove recurrent dynamics from
temporal response functions (Figure 1B), and remove spurious connections from internal dynamics (Figure
1C). The tutorial will give an overview of the toolbox and will demonstrate 1) the effect of including various
external inputs on intrinsic connectivity, 2) the effect of modelling intrinsic connectivity on encoding models, 3)
how to compare intrinsic connectivity between movies and resting state, and 4) analysis of asymmetric
connections.

This introduction will allow users of our toolbox to conduct analysis of intrinsic connectivity and a variety of
external inputs from recordings in trial based and naturalistic settings and a variety of recording modalities. The
toolbox further offers flexibility in computing the significance of connections, allowing users to implement
statistical tests beyond the Granger formalism.
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Figure 1: A) Schematic of the VARX model, with filters B for extrinsic effects, and filter A for
intrinsic ‘connectivity’. B) VARX filter B is shorter and weaker than the temporal response function.
C) Including external inputs reduced the number of spurious connections.

Maximilian Nentwich is a post-doc at the Feinstein Institutes for Medical
Research (Northwell Health, New York, USA) where he studies multimodal
attention in recordings of human intracranial EEG. He is also interested in arousal
states and slow fluctuations of brain signals. During his PhD at the City College of
New York he analyzed neural responses to visual semantic novelty in movies. The
intracranial EEG movie data recorded during his PhD and post-doc will be made
publicly available soon.



https://osf.io/6rwgv/
https://github.com/MaxNentwich/varx_tutorial

Bridging complexity in neural dynamics:

Non-linear approaches to temporal response function analysis | data | code

This tutorial presents advanced methodologies to extend Temporal Response Function (TRF) analysis beyond
its usual linear framework, deepening our understanding of complex neural interactions. Traditionally, TRF
derives “evoked potential’-like responses from continuous recordings with arbitrary stimulus signals,
accommodating diverse event and predictor structures. We briefly review fundamental usage, including model
equation solutions and regularisation strategies—such as incorporating prior spectral information in singular
value decomposition-based TRF solutions.

Building on this, we propose using non-linear mappings to synthesise more complex signals, empowering
linear convolutional models to extract precise temporal responses to sophisticated neural features, such as
phase clustering and phase-amplitude coupling (see Figure 1). We also introduce a technique that modulates
samples using ongoing neural phase or other stimulus-bound data, weighting samples entering the TRF
decomposition, and enabling hierarchical representations of stimulus dependencies.

Tutorial Structure and Goals:
This interactive Jupyter Notebook tutorial will guide participants through:

e A hands-on introduction to standard and advanced TRF estimation with sample data (only using standard
toolboxes for scientific computing, MNE-python used only to load data),

e |Implementation and interpretation of various regularisation techniques,

e Application of non-linear TRF mappings (e.g., phase-amplitude coupling) with Python.

Participants will gain practical skills in state-of-the-art TRF methods and an understanding of how such
techniques can deepen analysis of neural dynamics.
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Figure 1: A diagram representing how to compute phase-amplitude coupling elicited by potentially distinct
stimuli features using Temporal Response Functions (TRF). The TRF weights are estimated from the
regression of the complex analytical signal composed of the phase and amplitude at different frequency bands
of one or different M/EEG signals.

Hugo Weissbart is a postdoctoral researcher at the Donders Institute, Nijmegen.
His research investigates how predictive neural computations contribute to speech
comprehension, focusing on how the brain forms and updates robust linguistic
representations in real time. He examines how different levels of linguistic
information interact and how slow dynamics modulate oscillatory mechanisms
supporting comprehension. Using MEG and naturalistic stimuli, he studies the
cortical dynamics underpinning these processes and complement this with
computational modeling to explore the mechanisms enabling fast and flexible
language understanding.



https://osf.io/gsvbd/files/osfstorage
https://github.com/Hugo-W/CNSP25_tutorial_HWeissbart

The CNSP Team
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Nottingham Trent University
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PhD Student
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John O’Doherty

PhD Student
Trinity College Dublin
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Workshop Resources

Shared by Sam Nastase: "Podcast" ECoG Tutorials | "Podcast" ECoG Dataset | "Narratives" fMRI Dataset

Tutorial data and scripts: These materials are also available on our resource page for CNSP 2025. The readme
for each repository containing scripts provides setup instructions.

e mTRF-Toolbox (2 Sep): data+code

e Non-linear approaches to temporal response function analysis (2 Sep): data | code

e Modelling recurrent connectivity and temporal response functions (3 Sep): data | code

Zoom webinar: You will receive an invitation to the scheduled Zoom calls on Tuesday and Wednesday.

Discord: Please join our server.

Video recordings will be available after the workshop on the CNSP website.

Where to find CNSP:

chspworkshop@gmail.com
m https://cnspworkshop.net
© github.com/CNSP-Workshop/

X CnspWorkshop
% cnspworkshop.bsky.social



https://hassonlab.github.io/podcast-ecog-tutorials/html/index.html
https://openneuro.org/datasets/ds005574
https://openneuro.org/datasets/ds002345
https://cnspworkshop.net/resourcesCNSP2025.html
https://github.com/CNSP-Workshop/CNSP-resources/tree/main/CNSP/tutorial
https://osf.io/gsvbd/files/osfstorage
https://github.com/Hugo-W/CNSP25_tutorial_HWeissbart
https://osf.io/6rwgv/
https://github.com/MaxNentwich/varx_tutorial
https://discord.gg/FCc9TUK9tv
https://cnspworkshop.net/workshops.html
mailto:cnspworkshop@gmail.com
http://github.com/CNSP-Workshop/
https://x.com/CnspWorkshop
https://bsky.app/profile/cnspworkshop.bsky.social

Acknowledgements

Giovanni is supported by Research Ireland under Grant Agreement No. 13/RC/2106_P2 at the ADAPT Centre
at Trinity College Dublin. ADAPT, the Research Ireland Centre for Al-Driven Digital Content Technology, is
funded through the Research Ireland Centres Programme.

Aaron is supported by NIH grants DC016297 and DC021140 and the Friends of Del Monte Pilot program.
Giorgia is supported by the Agence Nationale de la Recherche with project ANR-22-CE28-0023.
Stephanie is supported by Brown University Provost's STEM Postdoctoral Fellowship.

Xinyi is supported by the Swiss National Science Foundation (SNSF) [Grant no. 218975].

Magda is supported by the Wellcome Trust IFRC Postdoctoral Fellowship at Birkbeck University.

Danna is supported by the China Scholarship Council (CSC) (Grant No. 202408320071) and the General
Project of the National Social Science Foundation of China (No. 23BYY190).

John is supported by the Irish Research Council under grant number 2023/4841 at the ADAPT Centre at Trinity
College Dublin. ADAPT, the Research Ireland Centre for Al-Driven Digital Content Technology, is funded
through the Research Ireland Centres Programme.

Doinity College Dueiin ;i Taighde Eireann IRISH RESEARCH COUNCIL
"’ The University of Dublin n omhairie um aighde Iin Eirinn
: Research Ireland

‘?*g p #*%
E E ﬂ'il gw
<l

National Institutes

of Health B ROWN J‘%OLARS\’“QO
© ¢
anr agence nationale BlrkbeCk Swiss National

de la recherche UNIVERSITY OF LONDON science Fou ndation

We thank Trinity College Dublin for offering their resources for managing the registration for the workshop.

We also thank all our colleagues who have engaged in previous CNSP workshops, as well as all the speakers
of CNSP 2025 for their key contributions to this year’s workshop. Finally, thank you all for your participation!
We really hope that this workshop has been helpful and that its future editions will continue to be helpful.

Finally, our thanks to Jasmine Florentine for designing the CNSP logo! Check out her work on her website.

All materials, logos, and scripts are protected by copyright (BSD 3-Clause License). Datasets were previously
shared and protected by copyright (see each dataset for more information on their particular license).


https://www.jasmineflorentine.com
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