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Editorial of the Research Topic
 From Raw MEG/EEG to Publication: How to Perform MEG/EEG Group Analysis With Free Academic Software



Free and open-source academic toolboxes have gained increasing prominence in the field of MEG/EEG research to disseminate cutting-edge methods, share best practices between different research groups, and pool resources for developing essential tools for the MEG/EEG community. Large and vibrant research communities have emerged around several of these toolboxes in recent years. Training events are regularly held around the world where the basics of each toolbox are explained by its respective developers and experienced power users. However, most training material and tutorials only show analysis of a single “typical best” subject, whereas most real MEG/EEG studies involve group data analysis. It is then left to the researchers to figure out how to make the transition and obtain group results. This special Research Topic addresses this gap by publishing detailed descriptions of complete group analyses for which code and data are also shared. The level of detail of the description should be such that the readers will be able to fully reproduce the analysis and results and port the analysis to their own data.

A total of 25 articles, summarized in Table 1, were accepted for this special issue. In particular to foster comparable analysis with different tools and strategies, we encouraged authors to reuse a dataset containing responses to face stimuli acquired by Richard Henson and Daniel Wakeman (Wakeman and Henson, 2015; https://openfmri.org/dataset/ds000117/) (HW dataset). This dataset is formatted following the Brain Imaging Data Structure specification (Gorgolewski et al., 2016), which has become increasingly popular in the MEG (Niso et al., 2018), EEG (Pernet et al., 2019) and iEEG fields (Holdgraf et al., 2019). The specific dataset contains multiple modalities, including EEG (with digitized electrode positions), MEG, fMRI, and anatomical MRI, making it suitable for demonstrating multimodal analysis pipelines. Out of the 25 published articles, 10 are using this data (Table 1). All other articles used data that is also publicly available.


Table 1. Article part of the special issue by order of publication date.
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The articles in this special issue focus on different aspects of MEEG data processing. Some articles processed EEG data (n = 9), MEG data (n = 8), joint EEG/MEG data (n = 7), or even EEG/MEG/fMRI data (n = 1). Four articles focused on automated processing of EEG data, 10 dealt

with source localization, 3 with connectivity analysis, 3 with statistical analysis, 2 with EEG data classification. Other topics included microstates and Bayesian modeling. Submissions were based on existing MEEG software, in particular EEGLAB (n = 7), FieldTrip (n = 7), MNE (n = 4), SPM (n = 3), Brainstorm (n = 2), and NUTMEG (n = 1). Of the 25 articles, 21 are using MATLAB, 4 are using Python, and 1 is partially using R. Most scripts and tools were released under the GNU/GPL license (n = 10), BSD or MIT commercial friendly license (n = 2), no specific license (n = 11), or a combination of licenses (n = 2).

For researchers starting to process MEG/EEG data, we would recommend downloading the HW dataset (https://doi.org/10.18112/openneuro.ds000117.v1.0.5) and trying the methods described in this special issue. A simplified BIDS version of this dataset with EEG only is also available (https://doi.org/10.18112/openneuro.ds002718.v1.0.5). Furthermore, we recommend researchers to format their own data to BIDS to facilitate the application of some of the tools in this special issue and help the field move toward better tool integration centered on the BIDS framework.

Overall, there is tremendous potential in using different tools to process the same datasets. First, it forces tool developers to use a standard data format (BIDS) and increases interoperability between tools. Second, these tools offer common features, so the community may compare and check the numerical validity of each approach. Validity checking of MEEG signal processing approaches is important for open-source software, which often has limited resources assigned for testing purposes. Being able to process the same dataset using different tools also makes it simpler for users to compare them and see which one fits their style best, whether it is mixed GUI/script tools like EEGLAB, Brainstorm, SPM and NUTMEG or pure scripting tools such as Fieldtrip or MNE. Finally, making it possible to combine the signal processing pipelines of different tools allows users to develop approaches, leading to new methodological developments.
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