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e Electro-encephalo (Greek: “brain”)-graphy (EEG) is the
measurement of the electric potentials on the scalp
surface generated (in part) by neural activity originating
from the brain
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e Magneto-encephalo (Greek: “brain”)-graphy (MEG) is
the measurement of the magnetic fields produced by
electrical currents generated (in part) by neural activity
originating from the brain

E Boto et al. Nature 555, 657-661 (2018) doi:10.1038/nature26147



Cue interval 0.5 to 1.0 sec




Response interval 1.5 to 2.0 sec
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ERP Amplitude (V)

Event-Related Potentials (ERPs)
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The time-varying mean over K
trials of EEG following an
experimental stimulus.
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Nunez, M. D., Nunez, P. L., & Srinivasan, R. (2016) Electroencephalography (EEG). neurophysics, experimental methods, and signal processing


https://www.researchgate.net/publication/290449135_Electroencephalography_EEG_neurophysics_experimental_methods_and_signal_processing

Single-trial ERPs with Singular Value Decomposition (SVD)

Essentially: Principal Component Analysis (PCA) on traditional
ERP data with resultant channel weights applied on each trial
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Click here for example Python script
(simple SVD method starting line 189)

Nunez, M. D. , Vandekerckhove, J., & Srinivasan, R. (2017). How attention influences perceptual decision making: Single-trial EEG correlates of drift-diffusion
model parameters.



https://gist.github.com/mdnunez/cdec35e64ea3f8c3ef31c90187fb09a3
https://gist.github.com/mdnunez/cdec35e64ea3f8c3ef31c90187fb09a3
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5397902/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5397902/
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O'Connell, Dockree, & Kelly, 2012; Nature Neuroscience



https://www.nature.com/articles/nn.3248
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Abstract

We present motivation and practical steps necessary to find parameter estimates of joint models of behavior and neural
electrophysiological data. This tutorial is written for researchers wishing to build joint models of human behavior and
scalp and intracranial electroencephalographic (EEG) or magnetoencephalographic (MEG) data, and more specifically those
researchers who seek to understand human cognition. Although these techniques could easily be applied to animal models,
the focus of this tutorial is on human participants. Joint modeling of M/EEG and behavior requires some knowledge of
existing computational and cognitive theories, M/EEG artifact correction, M/EEG analysis techniques, cognitive modeling,
and programming for statistical modeling implementation. This paper seeks to give an introduction to these techniques as they
apply to estimating parameters from neurocognitive models of M/EEG and human behavior, and to evaluate model results
and compare models. Due to our research and knowledge on the subject matter, our examples in this paper will focus on
testing specific hypotheses in human decision-making theory. However, most of the motivation and discussion of this paper
applies across many modeling procedures and applications. We provide Python (and linked R) code examples in the tutorial
and appendix. Readers are encouraged to try the exercises at the end of the document.

Keywords Computational modeling - Cognitive modeling - Electroencephalography (EEG) -
Magnetoencephalography (MEG) - Psychology - Neuroscience



https://link.springer.com/article/10.3758/s13428-023-02331-x
https://link.springer.com/article/10.3758/s13428-023-02331-x

How to jointly
model and

a distance between boundaries
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Ghaderi-Kangavari, Rad, Nunez. 2023; Computational Brain & Behavior



https://link.springer.com/article/10.1007/s42113-023-00167-4

Directional Joint
Models
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Brain measures are independent
variables with dependent cognitive
parameters that describe

on every trial



Single-trial Integrative
Models

Ghaderi-Kangavari, Rad, Nunez. 2023; Computational Brain & Behavior



https://link.springer.com/article/10.1007/s42113-023-00167-4
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zi ~ N(ydlr 0-2)

Brain measures and are

both dependent on cognitive
parameters



But which model is
better?
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Qualitative differences

Directional Joint

~DDM(a,t,0;, )

8; ~ N(Az; + b,n?)

Zj

~ N(MZ' O-zz)

Identifiable
Assumes noiseless neural data
Literature-established

Multiple fitting procedures available

Single-trial Integrative

x; ~DDM(a,t,0; )

2
8; ~ N(us,m5)
2
z; ~N(yd;,0°)
® Identifiability 1ssues
® Appropriately accounts for noise

® New and unestablished

® Only one tested fitting procedure
NPE in BayesFlow (tutorial at 4pm!)



Quantitative differences

PDF of our CCN 2026 poster
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https://www.dropbox.com/scl/fi/hoj58vwmmv1i0v72u7ys9/Nunez_CCN2026_Poster_online.pdf?rlkey=blj5kcuvxhf717nfkur1peu9b&dl=0

Further reading

Original integrative Good directed
modeling paper modeling example

More lab info on https://www.michaeldnunez.com



https://www.michaeldnunez.com
https://link.springer.com/article/10.1007/s42113-023-00167-4
https://link.springer.com/article/10.1007/s42113-023-00167-4
https://www.sciencedirect.com/science/article/pii/S1053811925003520
https://www.sciencedirect.com/science/article/pii/S1053811925003520
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