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Understanding the organization of the human brain and its network of connections is a central
goal of neuroscience. Functional magnetic resonance imaging (fMRI) provides a powerful tool
for studying brain activity through blood oxygenation level-dependent (BOLD) signals,
enabling the estimation of functional connectivity and the construction of functional
connectomes. However, the high dimensionality and complexity of fMRI connectivity data
pose major challenges for traditional statistical methods. Machine learning offers promising
tools for identifying subtle patterns in these data, with applications ranging from clinical
classification to cognitive prediction and the study of brain development. In particular,
dynamic functional connectivity highlights the importance of temporal changes in brain
organization, suggesting that both spatial and temporal dimensions should be considered in
fMRI analysis.

In this seminar, | will discuss the use of deep learning models for neuroimaging data, focusing
on how different architectures exploit the spatio-temporal structure of fMRI signals. We start
from simple temporal models, such as LSTMs, and then consider GNN-based approaches
designed to model the connectome’s relational structure. While GNNs can capture spatial
patterns between brain regions, many existing approaches rely on static connectivity
representations that may overlook the evolving nature of brain dynamics. Building on this
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motivation, we explore temporal graph-based models adapted to dynamic brain connectivity
data. Our evaluation of predictive models from the literature shows that simple temporal
architectures can outperform more recent spatial or spatio-temporal approaches. These
results emphasize the central role of temporal dynamics in fMRI analysis and suggest that
explicitly adding graph-based spatial information may increase model complexity without
necessarily improving performance. At the same time, they underscore the need for more
effective strategies to jointly integrate spatial and temporal information across different
architectural paradigms.
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