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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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To achieve this, we will combine electrophysiological and hemodynamic measurements at multi-
ple 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 construct-
ed and validated with data from the multiple modalities and three brain systems (visual, somato-
sensory, 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 indi-
viduals, using the same stimuli and tasks, we will unequivocally link precisely defined electro-
physiological information to widely used fMRI technology, while significantly improving our un-
derstanding of the electrical and hemodynamic phenomena underlying human brain activity. 

Approach

Fig. 1. Modality-specific (L) 
vs integrated (R) model

Fig. 2. Modeling 
overview of 3 Aims Fig. 6. non-linear temporal phenomena
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Population Receptive Fields (pRF) in sensorimotor cortex 
describe the preferred body part/finger digit (i.e. pRF center) for 
each neuronal population, and to what extent that population 
responds to adjacent body parts/finger digits (pRF spread).

Fig. 3. pRF model

pRF centers from sequential single finger movement (7T fMRI) projected on the pial 
flattened surface of 1 healthy participant (total n=8). pRF centers show an orderly and 
coherent somatotopy of the hand in M1 and S1. Finger flexion was separated from extension, 
resulting in different somatotopies.

Fig. 4. pRF center for flexion and extention of fingers

Fig. 5. cross-modal pRF: fMRI & ECoG

pRF center and spread from 1 ECoG patient for 7T fMRI 
and 65-95 Hz power ECoG (see top inset, dots mark 
electrodes). The model applies to both ECoG and fMRI, 
showing similar hemodynamic and electrophysiological 
representations of pRF center and spread

Sensorimotor population receptive fields
We extended the pRF modeling approach from visual to sensorimotor 
function. The model provides a framework for in-depth investigation of 

the source of fMRI signal in sensorimotor cortex.

Background and Concept

A single model accounts for responses to variations in 
contrast, stimulus duration, and interstimulus interval 
for paired stimuli.

We implemented a model with canonical neuronal 
computations: convolution, exponentiation, and normalization. 
A key feature is that the normalization is delayed relative to 
the other components. The model accurately fits the ECoG 
broadband time series measured in human patients. 

Various temporal 
phenomena are not 
predicted by simple, 
linear models. 

Figure  3A shows how the model response amplitude, convolved 
with an HRF, following a finger movement task changes depending 
on the pRF center and spread. Figure 3B shows recorded BOLD 
(dots) versus modeled (line) signal.

Visuotemporal population receptive fields
We extended the pRF modeling approach from the visuospatial to the visuotemporal 

domain. The model predicts the response to contrast patterns with arbitrary 
temporal profiles, measured with both fMRI and ECoG.  
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Fig. 7. dynamic normalization model

Fig. 8. contrast and temporal phenomena 
accounted for with a single model
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