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In a recent study, a collaboration of 200 researchers demonstrated how the choice of brain imaging pipeline can have a
non-negligible impact on the findings of a study (Botvinik-Nezer et al., 2020). In this landmark paper, researchers - divided
in 70 teams - used the *same* dataset to answer the *same* predefined research questions with the only varying
parameter being the analysis pipeline that was selected by each team based on its expertise. In total, the 70 teams chose
70 different pipelines and in multiple instances, the results obtained across pipelines were contradictory.

The pipeline-space in neuroimaging is especially large. Many steps are needed to prepare and analyze neuroimaging
data including: motion correction, registration to a standardized space, spatial smoothing, etc. And for each step, different
algorithms are available, implemented in various neuroimaging software. While some good practices exist to guide some
of those choices, researchers are left with many choices to be made. This thesis will focus on providing a better
understanding of the relationships that exist between different pipelines.

The goal of this thesis is to build a “map” of the neuroimaging pipeline-space that will be used to investigate one or more
of the following challenges: 1) Pipeline debugging; 2) Identify when pipelines suffer from violations of their underlying
assumptions; 3) Eliminate unsuitable pipelines given an input dataset.

Debugging. Some pipelines have been shown to be unstable in the presence of small perturbation in the input
data, questioning the robustness of their implementation (Kiar et al., 2020). The goal of pipeline debugging is to
identify those pipelines that do not behave as expected due to the presence of a bug.

Assumption violation. Each step of an analytic pipeline is the implementation of a method that comes with
some assumptions. If those assumptions are not met, this can lead to an incorrect behaviour of the pipeline.


https://www.zotero.org/google-docs/?EZ5i5n
https://www.zotero.org/google-docs/?bENalH
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Dataset-specific unsuitability. In other instances, a pipeline will fail for a given dataset due to the particular
properties of these data (e.g. specific noise properties, etc.).

In all of the cases above, a systematic investigation of the pipeline space is impractical. In addition, there is usually no
ground truth that can be used to benchmark pipelines results in neuroimaging. In this thesis, we propose instead to
provide a representation of fMRI statistics in a lower dimensional space and to use this space to estimate how close or
distant different pipelines are. Using this map of distances across pipelines in different contexts, we will derive a solution
for the problems exposed above. This work will take advantage of the largest database of fMRI statistic map: NeuroVault
(https://neurovault.org/) (Gorgolewski et al., 2015) to build an encoder (GAN, autoencoder, etc.), building on previous

work available at: https:/github.com/gkiar/analytical-stability.

Ce document est a renvoyer par la direction de I'unité de Recherche aux animateurs du Pole Recherche et a I'école
Doctorale pour le 8 février 2021 au plus tard



https://neurovault.org/
https://www.zotero.org/google-docs/?CPsuSi
https://github.com/gkiar/analytical-stability

