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Background and Concept

A major obstacle in the study of human brain function is that we have limited understanding of how
the measurements made by different instruments, such as fMRI and EEG, relate to one another
and to the underlying neuronal circuitry. Significant efforts have led to development of models
within several specialist fields, but fragmentation has limited our capacity to accurately interpret
the spatiotemporal characteristics of non-invasive imaging signals. In this project, we will develop
a set of connecting, empirically driven models to predict how sensory stimuli are encoded in
neuronal population activity underlying electrophysiological measures (AIM 1) and hemodynamic
measures (AIM 2). These specific models will allow us to formulate a comprehensive integrative
model (AIM 3). The integrative model will improve our understanding of the information we can
obtain from fMRI, the modality with the highest potential for mapping detailed functions
non-invasively in humans.
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Fig. 3 PRF models fit to BOLD, ECoG broadband, and ECoG gamma in V1. Predictions (green) and data (blue). Gamma
responses differ from BOLD and broadband. BOLD and broadband fit by a model based on second-order contrast; Gamma fit by
a model based on orientation bandwidth.

Approach

Aim 2
Vasculature

AIM 2: Characterize, model and quantify the hemodynamic response in
single voxels to external stimulation

Aim 2 will determine the relative contribution of the two known vascular compartments to the fMRI signal, the capillary bed and
intracortical/pial vessels. Models will be developed that describe the responses in the two vascular compartments, parameterized by
spatial and temporal properties, building on current vascular models (model-e), and how these responses contribute to the various
hemodynamic measurements (model-f). Current vascular models are based on rodent physiology. We will obtain similar
measurements in rodents and humans to relate the models between the species.
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To achieve this, we will combine electrophysiological and hemodynamic measurements at multiple spatial scales in humans. This will include non-invasive (fMRI at 3T and 7T, MEG and EEG)
and invasive (optical imaging, ECoG) modalities. Models across spatial scales will be constructed and validated with data from the multiple modalities and three brain systems (visual, somatosensory, and motor). We will link measurements and models to the detailed micro-scale models
available from invasive animal research, by comparing the same somatosensory paradigms in
humans and in rodents, using high resolution rodent measurements (9.4T fMRI, optical imaging,
and intracranial electrophysiology). By obtaining multiple modality recordings from the same individuals, using the same stimuli and tasks, we will unequivocally link precisely defined electrophysiological information to widely used fMRI technology, while significantly improving our understanding of the electrical and hemodynamic phenomena underlying human brain activity.

In Aim 3, a bridging model will be developed that takes the
detailed neuronal population activity as input, extracts the relevant
features of the population response, and from these quantifies the
input to the local vascular response. The comprehensive model
will be validated for visual and somatosensory cortex, and we will
then test the generalizability in motor cortex, measuring ECoG
and fMRI signals in the same patient volunteers.

...

(ECoG/EEG/MEG)

Aim 1 develops new models for the neurophysiological signals in visual and somatosensory cortex in response to stimulation and
task. Rather than modeling the output of a particular instrument, we will instead model the signals in a neuronal population (models-a
and b), and from this population activity predict the electrophysiological responses measured by the instrument (model-c). This
requires a significant extension of pRF models to incorporate multiple circuit responses.
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AIM 3: Build comprehensive and
integrative models linking neuronal
population activity to the
hemodynamic signal.
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AIM 1: Characterize, model and quantify the electrophysiological response
of neuronal populations to external stimulation and task
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Deliverables
• A unique, publicly available data set of functional human brain
activity, spanning multiple measurement modalities and scales,
linked by a common set of carefully controlled experimental
stimuli and tasks
• New computational models of neuronal population activity in
visual and somatosensory cortex, implemented using public,
state-of-the-art software infrastructure
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Fig. 4. BOLD response for different
vascular contributions across cortical
depth in human visual cortex.
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Fig. 5. Multiple imaging methods for rodent (top row) and human (bottom row).

• Parallel, public data sets in human and rodent, including
high-resolution fMRI, neuronal, and optical measurements,
enabling direct tests of how rodent models of neurovascular
signals translate to human

