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Context: What kind of relationships can one draw between the brain and the mind ? This cognitive
neuroscience question has motivated the acquisition and analysis of many brain imaging datasets
that assess such relationships. These datasets typically associate brain responses with a description
of the stimuli assumed to involve given cognitive functions under investigation. This information
is currently gathered in repositories such as NeuroVault http://neurovault.org [5]. Analyzing
these resources is thus a way to map cognitive labels with brain patterns associated with them.
When considered together, the contrasts in these images form a manifold that embeds cognitive
terms into a common observation space in a complex way.
As a resource contributed on a voluntary basis by the community, NeuroVault is however very
inhomogeneous: it also contains images with an incomplete field of view, as well as atlas images
that do not represent any brain activity. Some images may also have a defective spatial definition
(coordinate system). From a practical perspective, it is thus essential to understand the statistical
structure of this large image set, that brings together relevant brain patterns, noise and outliers.
The difficulty is to make such analysis scale to tens of thousands of brain images.
Proposed work:
In this work, we propose to rely on the automatic NeuroVault data downloader built as part of
the Nilearn library http://nilearn.github.io to perform quality checking on the output of the
ensuing data stream. We will thus perform an unsupervised analysis of NeuroVault, i.e. an analysis
that progressively discards all the data that do not contain actual brain activity and cannot be
used to build models of cognitive representations.
For this, we will rely on unsupervised machine learning tools (principal and independent components
analysis, distance-based analysis, clustering); a major challenge is to ensure the scalability of these
tools: we will rely on random projection and subsampling approaches [1, 3, 4]. We will consider
the possibility to supervise this learning problem using techniques such as FIX [2]. We will finally
study the impact of cleaning strategies on the structure of the image dataset and the correspondence
between cognitive terms and images.
Required skills: The successful candidate will be interested in applications of machine learning and
in the understanding of human cognition. Knowledge of scientific computing in Python (Numpy,
Scipy) is encouraged. All the work will be done in Python based on the Nilearn library http:
//nilearn.github.io.
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