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Context
10 years ago, neuroinformatics – i.e. the equivalent of the field of bioinformatics but for brain imaging – faced a
reproducibility crisis which put into question the validity of published findings (Button et al., 2013; Poldrack et al.,
2017). Since then many progress have been made to improve the reliability of neuroimaging findings, including
open science practices such as the sharing of open data.

Yet, throughout the years, the different tools and approaches available to analyse brain imaging data have
multiplied. Each approach provides its own version of the results and overall pipeline multiplicity leads to a very
large space of possible results leaving practitioners at a loss to find the right answer to their research question.
Until recently, this analytical variability – i.e. the variability induced by different pipelines on the results – has
typically been ignored, effectively considering that it was negligible compared to other sources of variability. But In
recent years, increasing evidence has shown that the exact choice of pipeline has a non-negligible impact on
research findings. Analytical variability affects many fields in science (Hoffmann et al., 2021).

For brain imaging research, analytical variability has been shown to manifest in different contexts (Carp, 2012). A
particularly striking finding here observed that results varied depending on whether they were obtained using a
CentOS or a Fedora operating system (Glatard et al., 2015). Other authors have shown that the version of
domain-specific software also had a non-negligible impact on research findings. In (Bowring et al., 2021, 2022), we
examined variations across the three main neuroimaging software packages used in functional Magnetic
Resonance Imaging (fMRI).

In 2020 the NARPS study (Botvinik-Nezer et al., 2020) aimed at highlighting the variability in the findings obtained
by the re-analysis of the same neuroimaging dataset by different expert teams. Each team chose a different
pipeline and – what is more worrying – those differences in pipelines led to contradictory findings. This creates an
urgency to find solutions to guide practitioners in the multiverse of pipelines in order to identify results that are both
valid and generalizable.

In 2021, the Empenn team started to develop as a tool to help the research community explore analytical variability
in the context of NARPS. This led to the NARPS Open Pipelines project, an open-source and contributive
codebase reproducing the 70 pipelines of the NARPS study
(https://github.com/Inria-Empenn/narps_open_pipelines).
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The goal of the internship will be to reproduce fMRI experiments from the NARPS study, contribute to NARPS
open pipelines and study analytical variability in brain imaging.

Main activities
Initially, you will need to familiarise yourself with the field of functional brain imaging and in particular with the
processing chains used in fMRI (preprocessing, statistical analysis, etc.). In addition, you will carry out a literature
review on the vibration of results.

The first objective of this work will be to reproduce the work of Chen and colleagues (Chen et. al. 2022) which
focused on using FSL (one of the three most popular neuroimaging software packages) within Nipype (the workflow
engine used in NARPS open pipelines). To do this, you will have to program an fMRI processing chain on real data
(Python), document your efforts and check that the results obtained are consistent between FSL alone and FSL in
Nipype.

In a second stage, you will be able to contribute to NARPS Open Pipelines, specifically the FSL-based pipelines.
Finally, you will work on the NARPS open pipeline codebase to study analytical variability in fMRI (see for example
(Germani & Maumet, 2022)).

Requirements
We look for strong candidates motivated by research topics in brain imaging, in the context of open science. The
applicant should present a background in image processing and/or computer science. Basic knowledge in Python
language is required.
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If you are interested in this internship or have any questions, please do not hesitate to contact the
supervisors by email (see top of this document).
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