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Abstract

Most current functional Magnetic Resonance Imaging (fMRI) decoding analyses rely on statistical sum-
maries of the data resulting from a deconvolution approach: each stimulation event is associated with
a brain response. This standard approach leads to simple learning procedures, yet it is ill-suited for
decoding events with short inter-stimulus intervals. In order to overcome this issue, we propose a novel
framework that separates the spatial and temporal components of the prediction by decoding the fMRI
time-series continuously, i.e. scan-by-scan. The stimulation events can then be identified through a de-
convolution of the reconstructed time series. We show that this model performs as well as or better than
standard approaches across several datasets, most notably in regimes with small inter-stimuli intervals
(3 to 5s), while also offering predictions that are highly interpretable in the time domain. This opens the
way toward analyzing datasets not normally thought of as suitable for decoding and makes it possible
to run decoding on studies with reduced scan time.
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1. Introduction

The application of multivariate analysis tech-
niques to fMRI datasets, aka decoding, has become
a popular approach to probe the relationships be-
tween stimuli and brain activity [20] 24] [14]. The
very nature of fMRI data makes it a challenging
problem: relatively few samples (events or blocks
corresponding to stimulus presentation) are avail-
able, in comparison with the high dimensionality
—number of voxels— of each observation. This mis-
match leads to the so-called curse of dimensional-
ity: learning distributed patterns from few samples
is a hard problem. The power of high-dimensional
regression methods is thus needed to achieve high
accuracy and return an interpretable discriminative
pattern (see e.g. [5]). However, the sluggishness
of the Blood-Oxygen-Level-dependent (BOLD) re-
sponse observed in fMRI implies that the occur-
rence of brain activity is not synchronous with the

Preprint submitted to Neuroimage

presentation of stimuli, but delayed by approxi-
mately 6s and smooth in time [J]. For the sake of
statistical analysis, a preliminary regression step is
thus typically performed, so that pairs of stimulus
events and associated brain response can be consid-
ered. This prior regression is simply carried out by
the traditional General Linear Model (GLM) used
in standard statistical analyses of fIMRI [8].

Although it is the standard solution used by
nearly all practitioners, this two-step approach is
not optimal; in particular, the intermediate event-
related brain response estimates are very noisy, lim-
iting decoding accuracy. The reason is that, un-
like traditional brain mapping settings in which
all events from one condition end up being one
single regressor, for decoding purpose, events are
split into different regressors, resulting in a loss
in design efficiency and high-variance estimates.
This approach is also bound to perform poorly on
event-related tasks using small inter-stimuli inter-
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