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Schedule 
Friday, Dec. 16 - Morning Session: Pattern Recognition Methodology in Neuroimaging 

7:30-8:00 Introduction and Overview (the organizers) 

8:00-8:40 Invited talk: Gael Varoquaux - Multi-subject models of the resting brain, 

8:40-8:55 Fani Deligianni et al.: Relating brain functional connectivity to anatomical connections: Model Selection.  

8:55-9:30 Coffee break, day 1 posters 

9:30-10:00 Invited talk: David Keator - Design and application of a biologically inspired feature model, a Bayesian  mixture of experts 

model, and a topic model to functional brain imaging 

10:00-10:15 Chris Hinrichs et al.: MKL-based sample enrichment and customized outcomes enable smaller AD clinical trials.  

10:15-10:30 Discussion 

10:30-15:30 Lunch break / day 1 posters 

Afternoon Session: Decoding of Higher Cognitive States from Neural Data 

16:00-16:40 Invited talk: Elia Formisano - Combining functional neuroimaging, machine learning and computational modeling to 

understand auditory perception and cognition 

16:40-16:55  Sebastien Crouzet et al.: The neural basis of rapid categorization: Linking computational models and electrophysiology 

16:55-17:10 George Chen et al.: Deformation-Invariant Sparse Coding for Modeling Spatial Variability of Functional Patterns in the Brain 

17:10-17:30 Coffee break / day 1 posters 

17:30-17:45 Justin Dauwels et al.: Inferring Brain Networks through Graphical Models with Hidden Variables 

17:45-18:00  Rajeev Raizada : A new approach to neural decoding: acting on the similarities between activation patterns, rather than on the 

patterns themselves             

18:00-19:00 Panel session (all invited speakers, from all 4 sessions) 

19:00-19:30 Poster session continued 

Saturday, Dec. 17  Morning Session: Causal Inference in Neuroimaging 

7:30-7:35  Opening remarks: Moritz Grosse-Wentrup 

7:35-8:20 Invited talk: Richard Scheines - TBA      

8:20-9:05 Invited talk: Pascal Fries - Inter-areal synchronization and attention   

9:05-9:30 Coffee break / day 2 posters 

9:30-10:30 Open problems session: Moritz Grosse-Wentrup, Joris Mooij & Michael Wibral 

10:30-11:30 Day 2 posters 

11:30-15:30 Lunch break 

Afternoon Session: Linking ML and Neuroimaging 

16:00-16:40 Invited talk: Polina Golland - Alignment-Free Exploratory Analysis of fMRI Data 

                    

16:40-17:20 Invited talk: Daniel Rueckert - Learning and Discovery of Clinically Useful Biomarkers in Neuroimaging 

17:20-17:40 Coffee break / day 2 posters 

17:40-18:20 Invited talk: James V. Haxby - Aligning feature spaces for multi-subject multivariate pattern analysis of fMRI 

18:20-19:10  Panel session (all invited speakers, from all 4 sessions) 

18:10 Closing 
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Day 1 - morning 
Pattern Recognition Methodology in Neuroimaging 

Introduction and Overview 
Moritz Grosse Wentrup, Georg Langs, Brian Murphy, Irina Rish 

Gael Varoquaux: Multi-subject models of the resting brain 

Talk: Relating brain functional connectivity to anatomical connections: 

Model Selection 
Fani Deligianni (Imperial College London), Gaël Varoquaux (Parietal team,INRIA Saclay-Ile-de-France / CEA, DSV, 

I2BM, Neurospin).  Bertrand Thirion (Parietal team,INRIA Saclay-Ile-de-France / CEA, DSV, I2BM, Neurospin), 

Emma Robinson (Imperial College London), David Sharp (Imperial College London), David Edwards (Imperial 

College London), Daniel Rueckert (Imperial College London) 

We aim to learn across several subjects a mapping from brain anatomical connectivity to functional connectivity. 

Following \cite{Deligianni:2011IPMI}, we formulate this problem as estimating a multivariate autoregressive (MAR) 

model with sparse linear regression. We introduce a model selection framework based on cross-validation. We select 

the appropriate sparsity of the connectivity matrices and demonstrate that choosing an ordering for the MAR that lends 

to sparser models is more appropriate than a random. Finally, we suggest randomized LASSO in order to identify 

relevant anatomo-functional links with better recovery of ground truth. 

David Keator: Design and application of a biologically inspired feature 

model, a Bayesian  mixture of experts model, and a topic model to 

functional brain imaging 

Talk: MKL-based sample enrichment and customized outcomes enable 

smaller AD clinical trials 
Chris Hinrichs (University of Wisconsin), Vikas Singh (University of Wisconsin - Madison), Sterling Johnson 

(University of Wisconsin - Madison), Maritza Dowling (University of Wisconsin - Madison) 

Recently, the field of neuroimaging analysis has seen a large number of studies which use machine learning methods to 

make predictions about the progression of Alzheimer's Disease (AD) in mildly demented subjects. Among these, Multi-

Kernel Learning (MKL) has emerged as a powerful tool for systematically aggregating diverse data views, and several 

groups have shown that MKL is uniquely suited to combining different imaging modalities into a single learned model. 

The next phase of this research is to employ these predictive abilities to design more efficient clinical trials. Two issues 

can hamper a trial's effectiveness: the presence of non-pathological subjects in a study, and the sensitivity of the chosen 

outcome measure to the pathology of interest. We offer two approaches for dealing with these issues: trial enrichment, 

in which MKL-derived predictions are used to screen out subjects unlikely to benefit from a treatment; and custom 

outcome measures which use an SVM to select a weighted voxel average for use as an outcome measure. We provide 

preliminary evidence that these two strategies can lead to significant reductions in sample sizes in hypothetical trials, 

which directly gives reduced costs and higher efficiency in the drug development cycle. 

 

 

 

Day 1 - afternoon 
Decoding of Higher Cognitive States from Neural Data 
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Elia Formisano: Combining functional neuroimaging, machine learning 

and computational modeling to understand auditory perception and 

cognition 

Talk: The neural basis of rapid categorization: Linking computational 

models and electrophysiology 
Sebastien Crouzet (Brown University), Maxime Cauchoix (Universite de Toulouse, CNRS, Centre de Recherche 

Cerveau et Cognition), Denis Fize (CerCo, Universite de Toulouse, France), Thomas Serre (Brown University)  

Studies based on rapid visual presentations have demonstrated the incredible speed and accuracy of our visual system 

for some of the most challenging visual recognition tasks in natural scenes [22, 30, 5]. Several computational models 

have been proposed that try to account for the underlying visual processes [26,19,27,20]. However, most of the 

evidence regarding the plausibility of these computational models is based on their ability to match behavioral data and 

remains indirect. Here, using multivariate pattern analysis techniques, we tested directly the ability of computational 

models to explain neural activity measured from electrodes in intermediate visual areas (V2 and PIT) of the primate 

visual cortex while a monkey was actively engaged in a rapid animal vs. non-animal categorization task. 

Talk: Deformation-Invariant Sparse Coding for Modeling Spatial 

Variability of Functional Patterns in the Brain 
George Chen (MIT), Evelina Fedorenko (MIT), Nancy Kanwisher (MIT) , Polina Golland (MIT) 

For a given cognitive task such as language processing, the location of corresponding  functional regions in the brain 

may vary across subjects relative to anatomy. We present a probabilistic generative model that accounts for such 

variability as observed in fMRI data. We relate our approach to sparse coding that estimates a basis consisting of 

functional regions in the brain. Individual fMRI data is represented as a weighted sum of these functional regions that 

undergo deformations. We demonstrate the proposed method on a language fMRI study. Our method identified 

activation regions that agree with known literature on language processing and established correspondences among 

activation regions across subjects. 

Talk: Inferring Brain Networks through Graphical Models with Hidden 

Variables 
Justin Dauwels (NTU), Hang Yu, Xueou Hang (NTU), Francois Vialatte, Charles Latchoumane, Andrzej Cichocki 

Inferring the interactions between different brain areas is an important step towards understanding brain activity. Most 

often, signals can only be measured from some specific brain areas (e.g., cortex in the case of scalp 

electroencephalograms). However, those signals may be affected by brain areas from which no measurements are 

available (e.g., deeper areas such as hippocampus). In this paper, the latter are described as hidden variables in a 

graphical model; such model quantifies the statistical structure in the neural recordings, conditioned on hidden 

variables, which are inferred in an automated fashion from the data. As an illustration, electroencephalograms (EEG) of 

Alzheimer's disease patients are considered. It is shown that the number of hidden variables in AD EEG is not 

significantly different from healthy EEG. However, there are fewer interactions between the brain areas, conditioned on 

those hidden variables. 

Talk: A new approach to neural decoding: acting on the similarities 

between activation patterns, rather than on the patterns themselves 
Rajeev Raizada (Cornell University) 

It might seem almost too obvious to be worth stating that neural decoding should take as its input neural activation 

patterns. However, we propose a different approach, in which decoding is applied not the neural activation patterns 

themselves, but instead to the similarity relations between them. This similarity-based decoding does not use a 

classifier, but instead permutes condition-labels in order to produce a match between two similarity spaces. We review 

work demonstrating two advantages of this approach. First, it is able to reveal what makes different people's neural 

representations alike: people's ``neural fingerprint'' activation patterns are subject-specific and idiosyncratic, but their 

neural similarity-spaces turn out to have a shared structure, allowing highly accurate across-subject decoding. Second, a 

similarity-based approach can match neural similarities directly onto semantic similarities, thereby providing a new and 

successful method of decoding the meanings of untrained words. Finally, we discuss striking parallels between our 

proposed decoding approach and work in machine-learning and the philosophy of mind 
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Day 2 - morning 
Causal Inference in Neuroimaging 

Opening remarks: Moritz Grosse-Wentrup 

Richard Scheines 

Pascal Fries: Inter-areal synchronization and attention 
Attention is most likely implemented by modulations in the effective connectivity among brain areas. We have 

proposed that effective connectivity depends on rhythmic synchronization. We have therefore assessed neuronal activity 

with 252 electrodes distributed across one hemisphere between primary visual cortex and prefrontal cortex. We find that 

attention is subserved by strong and specific enhancements of interareal synchronization. The inter-areal influence is 

often directed, typically bottom-up in the gamma-band and top-down in the beta-band. These results suggest that inter-

areal synchronization subserves effective inter-areal interactions. 

Open problems session 
Moritz Grosse-Wentrup, Joris Mooij & Michael WibralPoster session 

Day 2 - afternoon 
Linking Machine Learning and Neuroimaging 

Polina Golland: Alignment-Free Exploratory Analysis of fMRI  
We present an exploratory method for simultaneous parcellation of multisubject fMRI data into functionally coherent 

areas. Our motivation comes from visual fMRI studies with increasingly large number of image categories. The method 

is based on a solely functional representation of the fMRI data and a hierarchical probabilistic model that accounts for 

both inter-subject and intra-subject forms of variability in fMRI responses. The resulting algorithm finds a functional 

parcellation of the individual brains along with a set of population-level clusters. The model eliminates the need for 

spatial normalization while still enabling us to fuse data from multiple subjects. Joint work with Danial Lashkari, Ed 

Vul and Nancy Kanwisher. 

Daniel Rueckert: Learning and Discovery of Clinically Useful 

Biomarkers in Neuroimaging 
Three-dimensional (3D) and four-dimensional (4D) imaging plays an increasingly important role in neuroimaging. In 

particular there is now wide range of diverse neuroimaging techniques available that go beyond anatomical imaging. 

This includes diffusion tensor MR imaging (DT-MRI) as well as functional MR imaging (fMRI). In addition, non-

imaging information such as genetics and metabolomics offer complementary information about the patient's health. At 

the same time, advances in machine learning have transformed many of the classical problems in computer vision into 

machine learning problems. This talk will focus on machine learning techniques for the discovery and quantification of 

clinically useful information from medical images. To illustrate this I will show several examples such as the 

segmentation of neuro-anatomical structures, the discovery of biomarkers for neurodegenerative diseases such as 

Alzheimer’s and the quantification of temporal changes such as growth in the developing brain. I will also discuss some 

of the challenges for machine learning in integrating imaging and non-imaging information in this context. 

James V. Haxby: Aligning feature spaces for multi-subject multivariate 

pattern analysis of fMRI 

Panel discussion (all invited speakers) 
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Posters - day 1 

Title: Assessing brain effective connectivity from EEG -- a simulation of 

the simplest realistic case  
Abstract: We consider the problem of estimating brain effective connectivity (that is, the directed time-lagged 

information flow between brain source regions) from electroencephalographic (EEG) measurements. Such analysis is 

challenging, since the signals related to multiple brain and noise sources are mixed into all EEG channels owing to 

volume conduction in the head. We present selected results of a larger realistic simulation study in which we tested the 

ability of various measures of effective connectivity to recover the information flow between the underlying sources, as 

well as the ability of various machine learning approaches to inverse source reconstruction and blind source separation 

(BSS) to improve the estimation. It turns out that factors related to volume conduction dramatically limit the 

neurophysiological interpretability of sensor-space connectivity maps and may even (depending on the connectivity 

measure used) lead to conflicting results. On the other hand, the estimation of connectivity on source activity obtained 

with some of the tested machine learning methods as preprocessing yielded correct and interpretable results. The 

success here crucially depends on the correctness of the source demixing, which in turn depends on the capability of the 

method to model (multiple) interacting sources.  

Author Names: Stefan Haufe*, Berlin Institute of Technology, Klaus-Robert Mueller, Berlin Institute of Technology, 

Guido Nolte, Fraunhofer Institute FIRST, Berlin 

Title: Non-separable spatiotemporal deconvolutions improve decoding of 

neural activity from fMRI signals  
Abstract: The goal of many functional Magnetic Resonance Imaging (fMRI) studies is to infer neural activity from 

hemodynamic signals. Classical fMRI analysis approaches assume that the hemodynamic response function (HRF) is 

identical in every voxel, i.e. it is separable in voxel-space and time. This study demonstrates to our knowledge for the 

first time directly that although the non-separable part is small, it significantly improves the decoding performance of 

intracortical neural signals from multivariate fMRI time series. Our results confirm previous findings using non-

canonical HRFs and demonstrate that there is more neural information in fMRI signals than detected by classical 

analysis methods.  

Author Names: Felix Bießmann*, TU Berlin, Yusuke Murayama, MPI Biological Cybernetics, Nikos Logothetis, MPI 

Biological Cybernetics, Klaus-Robert Mueller, Berlin Institute of Technology, Frank Meinecke, TU Berlin 

Title: Induction in Neuroscience with Classification: Issues and Solutions  
Abstract: Machine learning and pattern recognition techniques are increasingly adopted in neuroimaging-based 

neuroscience research. In many  applications a classifier is trained on brain data in order to predict a variable of interest. 

Two leading examples are brain decoding and clinical diagnosis. Brain decoding consists of predicting stimuli or mental 

states from concurrent functional brain data. In clinical diagnosis it is the presence or absence of a given  medical 

condition that is predicted from brain data. Observing accurate classification is considered to support the hypothesis of 

variable-related information within brain data. Assessing the confidence in this hypothesis is a difficult task since only a 

small sample is available for both training and testing the classifier. We claim that the current approaches to this 

hypothesis testing problem are sometimes suboptimal, do not cover all useful settings and that they could lead to wrong 

conclusions. We present a more accurate statistical test and provide examples of its superiority.  

Author Names: Emanuele Olivetti*, Bruno Kessler Foundation, Susanne Greiner, Bruno Kessler Foundation, Paolo 

Avesani, Bruno Kessler Foundation 

Title: Fine-Grained Functional Connectivity using Spatial Regularization  
Abstract: Discovering functional connectivity between and within brain regions of interest (ROIs) is a key concern in 

neuroscience. Due to the limitations of fMRI technology, it is challenging to model spatial and temporal correlations 

between individual voxels, although these are important sources of information. We propose a new spatially regularized 

functional connectivity method which can model interactions between brain regions at the voxel level, and is 

specifically tailored to small datasets characteristic of fMRI data. We validate our method by recovering the retinotopic 

mapping between areas V1 and VP using only a short localizer scan.  

Author Names: Christopher Baldassano*, Stanford University, Marius Cătălin Iordan, Stanford University, Diane Beck, 

University of Illinois at Urbana-Champaign, Li Fei-Fei, Stanford University 
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Title: Finding Consistencies in MEG Responses to Repeated Natural 

Speech  
Abstract: Considering the perception of natural speech and the possibility to infer from the brain responses what the 

person has heard, an essential first step is to find the perceptual correlates of speech in the measurement data. Natural 

speech, with its changing characteristics, offers a challenge to find such correlates or signal features that would reflect 

the perceptual processing in temporal domain. In this paper, a modeling approach based on the canonical correlation 

analysis was adopted to find MEG signal subspaces where the correlation between the single-trial responses to a 49-s 

audiobook passage was maximized; and to predict the corresponding time series with test data.  

Author Names: Miika Koskinen*, Aalto University 

Title: Pairwise Analysis for Longitudinal fMRI Studies  
Abstract: In longitudinal fMRI studies the challenge is to localize in the brain the behavioural differences caused by a 

treatment interleaving two consecutive recordings. The issue is to assess how the treatment affects the BOLD response, 

independently of the underlying inherent variance of the measured signal caused by the subject variability or by the 

scanner sensitivity to environmental conditions. In this work we propose a model-free method able to compute a brain 

map capturing the effects of the treatment. The approach, performing a pairwise (dis)similarity-based analysis of two 

fMRI sessions, allows to reproduce the known results in literature, highlighting new brain regions of possible interest as 

well. We report the empirical results on a dataset concerned with a study on aphasia rehabilitation.  

Author Names: Diego Sona*, Italian Institute of Technology (IIT), Paolo Avesani, Bruno Kessler Foundation, Stefano 

Magon, Gianpaolo Basso, Gabriele Miceli, 

Title: Data-driven modeling of BOLD drug response curves using 

Gaussian process learning.  
Abstract: This paper presents a data-driven approach for modeling the temporal profile of phMRI data. To date, this 

type of data has been analysed using a univariate framework with a pre-defined drug response curve. In contrast, the 

approach presented here fits a basis function to the data, the parameters of which are set in a Bayesian framework using 

Gaussian processes. This method outperforms two previous multivariate approaches to fMRI analysis while also 

providing information about the shape of the BOLD response and hence, increasing the model interpretability.  

Author Names: Orla Doyle*, King's College London, Mitul Mehta, King's College London, Adam Schwarz, Eli Lilly, 

Michael Brammer, King's College London, Andre Marquand, King's College London 

Title: Looking Outside the Searchlight  
Abstract: Information mapping with pattern classifiers is a popular method of fMRI analysis often used to localize 

informative voxel clusters. Applicability and interpretation is limited, however, by its dependency on searchlight radius 

and susceptibility to overfitting. These problems are demonstrated in a dataset in which, contrary to common 

expectation, voxels identified as informative do not clearly contain more information than those not so identified.  

Author Names: Joset Etzel*, Washington University in St. Louis, Michael Cole, Washington University in St Louis, 

Todd Braver, Washington University in St Louis 

Title: The Dynamic Beamformer  
Abstract: As the number of possible neural sources is much higher than the number of MEG or EEG sensor readings, 

the inverse problem of estimating source amplitudes from sensor readings has many solutions. A common approach to 

tackle this problem is to assume that all sources are independent from each other. This approach is widely used in the 

neuroscience community and is known as beamforming. Since the source amplitude is likely to change smoothly over 

time, we expect to improve the source localization by taking the temporal dynamics into account. In this paper, we 

incorporate the independence assumption of the standard beamformer in a linear dynamic system, and we show that by 

using the leadfield matrix as the observation model and setting the covariance of the observation noise to be 

proportional to the covariance of the observation, we arrive at the dynamic beamformer.  

Author Names: Ali Bahramisharif*, Radboud University Nijmegen, Marcel van Gerven, jan-Mathijs Schoffelen, 

Zoubin Ghahramani, Tom Heskes, 
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Title: Covert Attention as a Paradigm for Subject-Independent Brain 

Computer Interfacing  
Abstract: Covert attention has been introduced as a paradigm for gaze-independent brain computer interfacing (BCI). 

As we know that the applicability of a BCI system depends on the consistency of its paradigm over a group of subjects, 

one important feature of a BCI is its subject-independence. To generalize a BCI to be applicable for new users, one can 

think of either to use a machine learning algorithm above a standard BCI to improve the generalization or to choose a 

more appropriate paradigm. Various machine learning algorithms have been applied on imaginary movement based 

paradigms towards having a subject-independent BCI, yet there are a few efforts on testing other paradigms in this 

context. In this paper we show that covert attention can be used as a robust paradigm for subject-independent brain 

computer interfacing.  

Author Names: Hans Wouters, Marcel van Gerven, Matthias Treder, Tom Heskes, Ali Bahramisharif*, Radboud 

University Nijmegen 

Title: Searchlight based feature extraction  
Abstract: A multi voxel pattern analysis classification framework suitable for neuroimaging data is introduced. The 

framework includes a novel feature extraction method that uses local modeling based on domain specific knowledge, 

and therefore, can produce better whole-brain global classification performance using a smaller number of features. In 

particular, the method includes spherical searchlights in combination with local SVM modeling. The performance of the 

framework is demonstrated on a challenging fMRI classification problem, and is found to be superior to the 

performance of state-of-the-art feature selection methods used in neuroimaging.  

Author Names: , Shahar Jamshy*, Balvatnik School of Computer Science, Tel Aviv University, Tel Aviv, Israel, Omri 

Perez, Sackler Faculty of Medicine, Tel Aviv University, Tel Aviv, Israel, Yehezkel Yeshurun, Balvatnik School of 

Computer Science, Tel Aviv University, Tel Aviv, Israel, Talma Hendler, Sackler Faculty of Medicine, Tel Aviv 

University, Tel Aviv, Israel, Nathan Intrator, Balvatnik School of Computer Science, Tel Aviv University, Tel Aviv, 

Israel 

Title: A comparative study of algorithms for intra- and inter-subjects fMRI 

decoding  
Abstract: Functional Magnetic Resonance Imaging (fMRI) provides an unique opportunity to study brain functional 

architecture, while being minimally invasive. Reverse inference, a.k.a. decoding, is a recent approach that has been used 

with success for deciphering activity patterns that are thought to fit the neuroscientific concept of population coding. 

This method can be used to assess the specificity of several brain regions for certain cognitive tasks, by evaluating the 

accuracy of the prediction of a behavioral variable of interest – the target – based on the activations measured in these 

regions. In this paper, we compare two important sub-problems that naturally arise: namely, which model is best suited 

for intra- versus inter-subject kind of decoding. While inter-subject prediction aims at finding predictive regions that are 

stable across subjects,it is plagued by the additional inter-subject variability (lack of voxel-to-voxel correspondence), so 

that the best suited prediction algorithms used in reverse inference may not be the same in both cases. We benchmark 

different prediction algorithms in both intra- and inter-subjects analysis, and we show that using spatial regularization 

improves reverse inference in the challenging context of inter-subject prediction.  

Author Names: , Vincent Michel*, Inria Parietal, Alexandre Gramfort, Parietal team, INRIA Saclay-Ile-de-France / 

CEA, DSV, I2BM, Neurospin, Evelyn Eger, INSERM U562 / CEA, DSV, I2BM, Neurospin, Gaël Varoquaux, Parietal 

team,INRIA Saclay-Ile-de-France / CEA, DSV, I2BM, Neurospin, Bertrand Thirion, Parietal team,INRIA Saclay-Ile-

de-France / CEA, DSV, I2BM, Neurospin 

Title: Restoring the Generalizability of SVM based Decoding in High 

Dimensional Neuroimage Data  
Abstract: We demonstrate that variance inflation leads to an increased neuroimage decoding error rate for Support 

Vector Machines. However, good generalization may be recovered in part by a simple renormalization procedure. We 

show that with proper renormalization, cross-validation based parameter optimization leads to the acceptance of more 

non-linearity in neuroimage classifiers than would have been obtained without renormalization.  

Author Names: Trine Abrahamsen*, DTU Informatics, Lars Hansen, DTU Informatics 
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Title: How does the brain represent visual scenes? A neuromagnetic scene 

categorization study  
Abstract: Recent studies have suggested that humans are able to infer global properties of scenes and categorize them 

efficiently from brief exposures. How are natural scenes represented in the brain for categorization purposes? We 

analyzed magnetoencephalography (MEG) data acquired during the categorization of aerial and terrestrial scenes, using 

multivariate pattern analysis (MVPA). Classifiers trained (1) to categorize scenes separately on spatial envelope (SpEn) 

statistics [1] and neural activation patterns were correlated in their pattern of errors, and (2) on aerial scenes and tested 

on terrestrial scenes (or vice versa) were successful only for those categories which share SpEn statistics across aerial 

and terrestrial views. Our results suggest that neural representation of scenes relevant for behavioral categorization are 

similar to low-level statistical representations of scenes.  

Author Names: Pavan Ramkumar*, Aalto University, Sebastian Pannasch, Aalto University, Bruce Hansen, Colgate 

University, Adam Larson, Kansas State University, Lester Loschky, Kentucky State University 

Title: Beyond brain reading: randomized sparsity and clustering to 
simultaneously predict and identify  
Abstract: The prediction of behavioral covariates from functional MRI (fMRI) is known as brain reading. From a 

statistical standpoint, this challenge is a supervised learning task. The ability to predict cognitive states from new data 

gives a model selection criterion: prediction accuracy. While a good prediction score implies that some of the voxels 

used by the classifier are relevant, one cannot state that these voxels form the brain regions involved in the cognitive 

task. The best predictive model may have selected by chance non-informative regions, and neglected relevant regions 

providing duplicate information. In this contribution, we address the support identification problem. The proposed 

approach relies on randomization techniques which have been proved to be consistent for support recovery. To account 

for the spatial correlations between voxels, our approach makes use of a spatially constrained hierarchical clustering 

algorithm. Results are provided on simulations and a visual experiment.  

Author Names: Alexandre Gramfort*, Parietal team, INRIA Saclay-Ile-de-France / CEA, DSV, I2BM, Neurospin, Gaël 

Varoquaux, Parietal team,INRIA Saclay-Ile-de-France / CEA, DSV, I2BM, Neurospin, Bertrand Thirion, Parietal 

team,INRIA Saclay-Ile-de-France / CEA, DSV, I2BM, Neurospin 

Posters - day 2 
 

Title: Multivariate mapping of fMRI data using kernel regression with 

multiple predictors  
Abstract: Multivariate regression is being increasingly employed in the neuroimaging field as it allows associating 

distributed patterns of brain activity with continuous variables. Multivariate Linear Kernel Regression (MLKR) 

algorithms are particularly suited in learning high dimensional patterns from continuous ratings, or predictors, as they 

combine good generalization on unseen data with the ability to map voxels' relevance. In the current MLKR 

formulation each predictor is treated independently of the others. The predictive map associated with a predictor, 

however, does not explicitly account for the presence of other predictors whose activity partly overlaps with the one 

considered, and we show that this can severely affect the interpretability of the estimated maps. To overcome this 

limitation of MLKR, we propose a new model that can correctly identify the spatial patterns associated with a predictor 

while achieving similar generalization. The proposed formulation is independent of the MLKR algorithm employed. 

This method is validated on simulated fMRI data and on the publicly available PBAIC 2007 dataset.  

Author Names: Giancarlo Valente*, Maastricht University, Elia Formisano, Maastricht University 

Title: Variational Bayesian Learning of Sparse Representations and Its 

Application in Functional Neuroimaging  
Abstract: Recent theoretical and experimental work in imaging neuroscience reveals that activations inferred from 

functional MRI data have sparse structure. We view sparse representation as a problem in Bayesian inference following 

a machine learning approach and construct a non-factorized generative latent-variable model employing adaptive 

sparsity-inducing priors. The construction allows for automatic complexity control and regularization as well as 

denoising. The performance of the proposed algorithm is demonstrated on some representative experiments.  
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Keywords: Sparse representations, variational Bayesian learning, hierarchical generative models, complexity control, 

wavelets, fMRI  

Author Names: Evangelos Roussos*, University of Oxford, Steven Roberts, University of Oxford, Ingrid Daubechies, 

Duke University 

Title: Identification of functional clusters in the striatum using infinite 

relational modeling  
Abstract: The striatum is the main input structure into the basal ganglia where cortical and subcortical inputs are 

integrated for further processing within the cortico-basal ganglia-thalamocortical loop. In the current study we 

investigate how resting state fMRI data can be used to identify subregions within the striatum. The analysis is based on 

relational clustering using the Infinite Relational Model (IRM). The maximum a posteriori (MAP) assignment solutions 

from 100 random initializations are found and the Evidence Accumulation Clustering framework used to estimate the 

final voxel similarity. The groups found by IRM are very symmetric, voxels in bilateral striatal hemispheres are 

grouped together, which suggest that the IRM model is able to cluster voxels in bilateral hemispheres which are known 

to be involved in the same neural computations. The stability of the MAP assignment solutions was assessed using 

normalized mutual information and cophenetic correlation and was found to be very robust to the random initializations.  

Author Names: Kasper Jørgensen*, DTU Informatics, Kristoffer Madsen, Danish Research Centre for Magnetic 

Resonance, Hartwig Siebner, Danish Research Centre for Magnetic Resonance, Lars Hansen, DTU Informatics 

Morten Mørup, DTU Informatics, Technical University of Denmark 

Title: Limiting Factors for Mapping Corpus Based Semantic 

Representations to Brain Activity  
Abstract: Mitchell et al. have explored how a linear mapping from corpus based semantic representations to fMRI brain 

activations can be learned with activation prediction performance levels significantly above chance. Here we use 

improved semantic vectors and artificial brain activation vectors to investigate the factors that limit what can be 

achieved with this approach.  

Author Names: John Bullinaria*, University of Birmingham, Joseph Levy, University of Roehampton 

Title: A Latent Feature Analysis of the Neural Representation of 

Conceptual Knowledge  
Abstract: Bayesian probabilistic analysis offers a new approach to characterize semantic representation by inferring the 

most likely feature structure directly from the patterns of brain activity. The neurally-inspired semantic representation is 

consistent with some existing conjectures regarding the role of different brain areas in processing different semantic and 

psycholinguistics features.  

Author Names: Kai-min Chang*, Carnegie Mellon University, Brian Murphy, Marcel Just 

Title: Investigating the Spatiotemporal Dynamics of Long-term Memory 

Retrieval using Multivariate Pattern Analyses on 

Magnetoencephalography Data  
Abstract:  It is generally accepted that long‐term memory (LTM) representations are synaptically encoded in the brain. 

The temporal dynamics of retrieval of these LTM representations however, remain to be elucidated. In the current 

study, we utilize multivariate pattern analyses (MVPA) on magnetoencephalography (MEG) data of a paired‐associate 

recall task, where pictures of objects are randomly paired to different types of gratings. By training and testing a 

classifier algorithm on data segments of the recall interval, we attempt to predict the orientation or color of the grating 

being recalled by the subject, on a trial‐by‐trial bases. We consistently observe an increase in classification accuracy 

at around 500 milliseconds after object cue presentation, albeit not statistically significant on the group level. 

Exploratory analyses of the topographic plots of classifier parameters reveal that data from posterior sensors contain the 

most informative features for the purpose of classification. This observed importance of posterior regions may relate to 

a previously reported positive ERP component during a paired‐associate recall task. If so, results from our study 

suggest that this ERP component concerns processing of representational information and possibly reflects the 

macroscopic aggregate of so‐called pair‐coding neurons, earlier observed in monkey inferior temporal cortex. In 
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conclusion, our exploratory MPVA of MEG data speculatively provides some support for temporally specific 

neurophysiological processes underlying LTM retrieval during paired-associate recall. 

Author Names: Alexander Backus*, Donders Institute, Marcel van Gerven, Donders Institute 

Title: Categorized EEG Neurofeedback Performance Unveils 

Simultaneous fMRI Deep Brain Activation  
Abstract: Decades of Electroencephalogram (EEG)-NeuroFeedback (EEG-NF) practice proved that people can be 

effectively trained to selectively regulate their brain activity, thus may improve its performance. A common protocol of 

EEG-NF training aimed to guide people via a closed-loop operation of shifting from high-amplitude of alpha (8-14Hz) 

to high-amplitude of theta (4-7 Hz) oscillations resulting in greater theta/alpha ratio (T/A). The induction of such a shift 

in EEG oscillations has been shown useful in reaching a state of relaxation in psychiatric conditions of anxiety and 

mood disorder. However, the clinical implication of this practice remained elusive and considered of relatively low 

therapeutic yield, possibly due to its poor specificity to a unique brain mechanism. The current project aims to use 

simultaneous acquisition of Functional Magnetic Resonance Imaging (fMRI) and EEG in order to unfold in high spatial 

and temporal resolutions, respectively the neural modulations induced via T/A EEG-NF. We used real time EEG 

preprocessing and analysis during the simultaneous T/A EEG-NF/fMRI. Off-line we ran data driven algorithm to 

categorize individuals runs into responders and non-responders to the EEG-NF practice via a temporal signature of T/A 

continuous modulation along with their parasympathetic Heart-Rate reactivity profile. Projection of these group 

variations in the T/A to the fMRI whole brain maps revealed networks of activation reflecting induced relaxation, 

uniquely among responders.  

Author Names: Sivan Kinreich*, Functional Brain Center, Wohl Institute for Advanced Imaging, Tel-Aviv Sourasky, 

Ilana Podlipsky, Nathan Intrator, Talma Hendler, Functional Brain Center, Wohl Institute for Advanced Imaging, Tel-

Aviv Sourasky 

Title: Real-time functional MRI Classification of Brain States using 

Markov-SVM Hybrid Models: Peering inside the rt-fMRI black box  
Abstract: Machine Learning (ML) methods applied to real-time functional MRI (rt-fMRI) data provide the ability to 

predict and detect online any changes in cognitive states. Applications require appropriate selection of features, 

preprocessing routines, and models in order to both be practical to implement and deliver interpretable results. They 

also must compensate for non-stationarity due to instrumentation issues, subject motion, or evolving cognitive 

processes. Here, we evaluate blind MVPA feature selection methods against a priori defined spatial IC maps, as well as 

incorporate Markov models to address non-stationarity. We compare the performance of offline modeling and 

prediction with online, and the effectiveness of blind machine learning algorithms such as SVM with hybrid Markov-

SVM models that utilize history of states to predict future occurrences. We show that a neurologically informed set of 

features are more resilient against non-stationarity and that incorporating Bayesian inference gives large improvements 

in prediction accuracy. Collectively, we explore what is inside the "black box" of real-time fMRI, and examine both the 

advantages and shortcomings when ML methods are applied to predict and interpret cognitive states in the real-time 

context.  

Author Names: Ariana Anderson*, UCLA, Dianna Han, UCSB, Pamela Douglas, UCLA, Jennifer Bramen,, Mark 

Cohen, UCLA 

Title: Identification of OCD-relevant brain areas through Multivariate 

Feature Selection  
Abstract: In this work we apply multivariate feature selection methods to construct a classifier that is able to 

differentiate among controls and OCD patients, with the purpose of bringing out regions of the brain that are relevant 

for the detection of the disease. Results show a discovery of regions with great agreement with traditional methods used 

in OCD problems, but with the advantage of showing which ones are representative of controls or patients and 

providing cleaner and more accurate region maps.  

Author Names: Emilio Parrado-Hernández*, Univ. Carlos III de Madrid, Vanessa Gómez-Verdejo, Univ. Carlos III de 

Madrid, Manel Martinez-Ramon, Univ. Carlos III de Madrid, Pino Alonso, Bellvitge Biomedical Research Institute and 

Carlos III Health Institute, Spain, Jesús Pujol, CRC Hospital del Mar, Barcelona, Spain, José Menchón, Bellvitge 

Biomedical Research Institute and Carlos III Health Institute, Spain, Narcís Cardoner, Bellvitge Biomedical Research 

Institute and Carlos III Health Institute, Spain, Carles Soriano-Mas, Bellvitge Biomedical Research Institute and Carlos 

III Health Institute, Spain 
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Title: Predicting clinically definite multiple sclerosis from onset using 

SVM  
Abstract: We aim to determine, with the support vector machine (SVM), whether a combination of MRI and 

demographic features at onset can better predict conversion to CDMS than the single best feature, and which 

combination is the best predictor. These features were extracted from MRI scans: lesion count, lesion load, lesion size 

distribution, average lesion intensity, average distance of lesions from centre, and presence of centre lesions. Other 

features include type of presentation, age, and EDSS at onset. Using knowledge of further clinical event within one 

year, we first used individual features and then combinations of features to perform SVM classification by leave-one-

out. The best classification accuracies from the two are compared. Combinations of features gave higher classification 

accuracy (77.3%) than the single best feature (61.4%). The best feature combination is: lesion load, T2 greyscale, 

distance from centre, and type of presentation. 

Author Names: , Philip Kwok*, University College London, Daniel Alexander, University College London, Olga 

Ciccarelli, University College London, Declan Chard, University College London, David Miller, University College 

London 

Title: Decoding Complex Cognitive States Online by Manifold 

Regularization in Real-time fMRI  
Abstract: Human decision making is complex and influenced by many factors on multiple time scales, reflected in the 

numerous brain networks and connectivity patterns involved as revealed by fMRI.  We address mislabeling issues in 

paradigms involving complex cognition, by considering a manifold regularizing prior for modeling a sequence of neural 

events leading up to a decision. The method is directly applicable for online learning in the context of real-time fMRI, 

and our experimental results show that the method can efficiently avoid model degeneracy caused by mislabeling.  

Author Names: Toke Hansen*, DTU, Lars Hansen, DTU Informatics, Kristoffer Madsen, 

Title: A new feature selection method - evaluating stability and 

classification accuracy in neuroimaging data.  
Abstract: Recently we proposed a feature selection method based in stability theory. In this work we present a grid 

search through a subset of its parameters space in order to evaluate its performance in different contexts. The main 

contributions of the present work are: we show that the method can improve the classification accuracy in relation to the 

wholebrain in different functional datasets; we evaluate the influence of the parameters on the results, getting some 

insight in reasonable ranges of values; and we show that combinations of parameters that yield the best accuracies are 

stable (i.e., they have low rates of false positive selections).  

Author Names: Jane Rondina*, King's College London, John Shawe-Taylor, University College London, Janaina 

Mourão-Miranda, University College London 

Title: Unsupervised Connectivity-based Cortex Parcellation using the 

Information Bottleneck Method  
Abstract: One of the most promising avenues for compiling connectivity data originates from the notion that individual 

brain regions maintain individual connectivity profiles; the functional repertoire of a cortical area ("the functional 

fingerprint") is closely related to its anatomical connections ("the connectional fingerprint") and, hence, a segregated 

cortical area may be characterized by a highly coherent connectivity pattern. Despite the relative success of this 

technique in producing anatomically sensible results, existing clustering techniques in the context of connectivity-based 

parcellation typically depend on several nontrivial assumptions. The information bottleneck method used in this paper 

compresses and therefore clusters anatomical connectivity data that avoids many drawbacks offered by previous 

methods. The automatic parcellation of the inferior frontal gyrus together with the precentral gyrus reveals cortical 

subunits consistent with cytoarchitectonic maps and previous parcellation studies.  

Author Names: Nico Gorbach*, Max Planck Institute, Jenia Jitsev, Max Planck Institute 

Corina Melzer, Max Planck Institute, Tania Douglas, University of Cape Town, Marc Tittgemeyer, Max Planck 

Institute 



MLINI 2011 

13 

Title: The neural dynamics of visual processing in monkey extrastriate 

cortex: A comparison between univariate and multivariate techniques  
Abstract: Understanding the brain mechanisms underlying invariant visual recognition has remained a central tenet of 

cognitive neuroscience. Much of our current understanding of this process is based on visual areas studied individually. 

Previous electrophysiology studies have emphasized the role of the ventral stream of the visual cortex in shape 

processing and, in particular, of higher level visual areas in encoding abstract category information. Surprisingly, 

relatively little is known about the precise dy- namics of visual processing along the ventral stream of the visual cortex. 

Here we recorded intracranial field potentials (IFPs) from multiple inter- mediate areas of the ventral stream of the 

visual cortex in two behaving monkeys engaged in a rapid face categorization task. Using multivariate pattern analysis 

(MVPA) techniques, we quantified at millisecond pre- cision the face category information conveyed by IFPs in areas 

of the ventral stream. We further investigate the relationship between the se- lectivity and latency of individual 

electrodes as estimated with classical univariate vs. multivariate techniques and conclude on the similarity and 

differences between the two approaches.  

Author Names: Maxime Cauchoix, CerCo, Universite de Toulouse, France, Ali Arslan*, Brown University, Denis Fize, 

CerCo, Universite de Toulouse, France, Thomas Serre, Brown University 

Title: Timbre Population Codes for High-Level Categorization of Music  
Abstract: We present experimental evidence in support of distributed neural codes for timbre that are implicated in 

discrimination of musical styles. We used functional magnetic resonance imaging (fMRI) in humans and multivariate 

pattern analysis (MVPA) to identify activation patterns that encode the perception of rich music audio stimuli from five 

different musical styles. Whole-brain sensitivity analysis revealed that bilateral temporal cortices were implicated in the 

discrimination, specifically, the superior temporal sulcus (STS) of both hemispheres. We conducted a multivariate 

regression experiment to investigate the possible link between spectral envelope features of the auditory stimuli and the 

discriminating neural population codes in STS. We found that timbre features successfully predict the neural population 

code in a binary retrieval task, whereas features corresponding to pitch-chroma content and whole-spectrum do not. 

These results show that human brain responses to complex, natural music can be differentiated by timbral audio 

features, emphasizing the importance of timbre in auditory perception.  

Author Names: Michael Casey*, Dartmouth College, Jessica Thompson, Dartmouth College, Olivia Kang, Dartmouth 
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