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Neuroimaging research requires purpose-built analysis software, whichiis
challenging to install and may produce different results across computing
environments. The community-oriented, open-source Neurodesk
platform (https://www.neurodesk.org/) harnesses acomprehensive and
growing suite of neuroimaging software containers. Neurodesk includes
abrowser-accessible virtual desktop, command-line interface and
computational notebook compatibility, allowing for accessible, flexible,

portable and fully reproducible neuroimaging analysis on personal
workstations, high-performance computers and the cloud.

Neuroimaging data analysis is challenging. Aside from the scientific
background motivating the choice of analysis, advanced domain knowl-
edgebeyond the researcher’s expertise is needed; for example, signal
and image processing, software engineering, statistics and machine
learning. Researchers faced with this task rely on specialized software
packages typically developed by research teams with limited resources.
The resulting analysis tools often have limited technical support, can
be difficult to install, have conflicting dependencies or are inconsist-
ently available across operating systems' . These issues not only are
frustrating and time consuming, but also ultimately compromise repro-
ducibility, afoundational scientific principle. We therefore developed

Neurodesk, acommunity-oriented open-source solution for neuroim-
aging analysis with four guiding principles: accessibility, portability,
flexibility and, overarchingly, reproducibility.

Ideally, scientific analysis workflows should be easily accessible, so
users can deploy them fromany computing environment with minimal
time and effort*, and portable, so that users can tractably shift analysis
pipelines between computing environments once developed. Many
researchers prototype analysis pipelines using their laptop or desktop
computer, and then switch to workstations and high-performance
computing clusters for processing at scale. Accessible and portable
workflows allow for the optimized allocation of computing resources
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Fig.1| The Neurodesk platform. a, Neurodesk is built by and for the scientific
community, enabling anyone to contribute containers. b, Community-
contributed software recipes are automatically used to build software
containers stored in the Neurocontainers repository. ¢, Each container
packages a tool together with all its dependencies. d, Neurodesk provides two

L Diverse computing environments J

Computational
notebooks

layers of accessibility: (1) Neurodesktop: a browser-accessible virtual desktop
environment; (2) Neurocommand: acommand-line interface that runs the same
software containers programmatically. These interfaces allow users to reproduce
analyses across computing environments (HPC: high-performance computing).

while supporting shared development workloads®. Unfortunately,
many analysis workflows are neither readily accessible nor portable®’,
and many existing solutions to these issues lack flexibility®. For exam-
ple, single-install preprogrammed analysis pipelines are popular with
clinicians, but researchers typically customize analysis pipelines for
specific projects’ ™. Virtual machines or dual-boot computers partially
addressthesebarriers, but they are resource intensive and still do not
reconcile conflicts between software packages or their dependencies.
Beyond productivity costs, inaccessible and unstable neuroimaging
tools also pose a wider threat to reproducibility’>”, that is, running
the same software on the same input data and obtaining the same
result'. The transparency and openness promotion guidelines, which
have over 5,000 journals, publishers and other related organizations
assignatories, state that all reported results should be independently
reproduced before publication®. But realistically, results verification
is usually too impractical toimplement at review®.

Theseissues are not unique to neuroimaging or scientific research,
andsimilarissuesinthe software space led to the development of soft-
ware containers; lightweight and portable solutions that package appli-
cations and their dependencies. Container engines such as Docker,
Podman and Apptainer/Singularity allow containerized software to
seamlessly shift between computing environments without relying
on, or conflicting with, software outside the container'®. Containers
arethuswell suited to address the issues facing neuroimaging analysis
and formthe core of the Neurodesk project” (Fig.1). Neurodesk makes
containerized neuroimaging software easier tobothaccess and create
through the Neurocontainersrepository,acomprehensive and growing

collection of versioned neuroimaging software containers (Fig.1a,b).
Neurocontainers contributed by the community are automatically
made available to access through Neurodesk (Fig. 1a). Each Neuro-
container includes the packaged tool and all dependencies required
to execute a specific version of that tool (Fig. 1c). Because containers
isolate dependencies, different Neurocontainers can provide different
versions of the same tool, allowing researchers to seamlessly switch
software versions.

Neurodesk enables researchers to use Neurocontainers directly
through the cloud or download containers for offline use through two
possibleinterfaces, without the need to install neuroimaging software
locally. First, Neurodesktop is a browser-accessible virtual desktop
environment with all containerized tools accessible fromthe applica-
tion menu (Fig. 1d). Neurodesktop has the look and feel of working
on one’s local computer, and can be executed using local or cloud
resources. Second, Neurocommand canbe used to launchandinteract
with Neurocontainers through the command line. Neurocommand is
suitable for usein high-performance computing environments, and can
beusedtointeract with neuroimaging software through computational
notebooks suchas Google Colab or Jupyter Notebooks™ (Fig. 1d). These
Neurodeskinterfaces can be launched from most common operating
systems by installing the Neurodesk App, or by launching remote
instances online. Extensive documentation, tutorials and examples are
available at the Neurodesk website (https://www.neurodesk.org/). By
harnessing these easy-to-use interfaces, researchers can flexibly take
advantage of large open datasets, reproduce reported analyses, and
switchbetween neuroimaging modalities and computational platforms
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Fig.2|Inter-computer differences in an fMRI processing pipeline.

a,c, Absolute mean inter-computer image intensity differences within
subcortical structures after image registration with FSL-FLIRT. Projections are
shown for locally installed software (a) and Neurodesk (c). b,d, Inter-system

c Absolute mean inter-
system intensity difference
Neurodesk
L R
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0o
d Mean inter-system
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classification disagreement after image segmentation with FSL-FIRST, averaged
across participants. Projections are shown for locally installed software (b) and
Neurodesk (d) (note the difference in color scale range).

within and between projects. Containerized software reduces unneces-
sary computational variability between execution systems, making it
possible to share analyses between laboratories and collaborate on
large datasets without artificial differences between sites. Further,
for developers, the effort to containerize and add one’s software to
Neurodesk may be minimal compared with testing software and sup-
porting users across diverse computing platforms.

Studies have shown that subtle differencesin hardware, firmware
and software dependencies can systematically alter results across com-
puting environments"?, meaning it is often impossible to replicate
results even when given the original data, code and software version.
This effect hasbeen well described for functional magnetic resonance
imaging (fMRI) processing pipelines'. To evaluate whether Neurodesk
addresses these issues, we therefore set out to replicate and extend
upon these findings; we ran four identical MRI analysis pipelines, in
two separate computing environments, using software installed locally
and through Neurodesk. We found meaningful differences in image
intensity and subcortical tissue classification between the two com-
puters for pipelines run on locally installed software (Fig. 2a,b), but
not for pipelines runon Neurodesk (Fig. 2c,d). These results show that
Neurodesk allows researchers to adhere to the highest possible repro-
ducibility standards with minimal changes to their typical workflow.
See the Supplementary Notes for the full results of this case study.

Neurodesk not only facilitates access to reproducible neuro-
imaging data analysis, but also makes sharing these workflows less
burdensome. Neurocontainers are accessible within computational
notebooks (for example, running FreeSurfer? within Google Colab),
enablingresearchersto share reproducible code and results alongside
published manuscripts. Notably, this approach requires authors to
ensure interoperability of the linked code and data, ensuring that
readers do not need to spend time downloading large datasets from
remote repositories, or overcome issues with executing notebooks
duetoinsufficient cloud computing resources. Recent developments
in reproducible preprints present an enriched publication path that
simplifies the sharing of data and analysis code®. NeuroLibre, for
example, hosts interactive notebooks and associated data, allowing
readers to modify and re-execute code*. Neurocontainers are ideally
suited for such integrated and reproducible approaches.

Neurodesk is also impactful as an educational tool in workshops
and courses. The platform was first conceptualized during a ‘hack-
athon’”, anevent where people with diverse skill sets collaborated on
projects and developed research skills. Variability in analysis environ-
mentsacross attendees’ computers presents ahurdle for neuroimaging
training workshops such as this. Facilitators often spend considerable
time troubleshooting software installations specific to unique comput-
ing environments. Neurodesk, which provides access toastandardized
analysis environment with the requisite tools preinstalled with almost
no set up, allows researchers to efficiently tackle complex scientific
problems by eliminating technical troubleshooting. Moreover, Neu-
rodesk is scalable to different class sizes and computational demands,
can be accessed remotely and enables trainees to easily access their
analyses after the workshop. Containerized platforms in other fields
have made a substantial impact in this way, for example, the Galaxy
platform for bioinformatics®.

Neurodesk exists within alarger ecosystem of projects providing
accessible, reproducible, flexible and portable neuroimaging analysis,
and, where possible, seeks tointeroperate with related platforms. While
Neurodeskisnotthe only project to address any one of these principles,
Neurodesk is unique in addressing all four principles. Projects such
as NeuroDebian' and Neurofedora” increase accessibility for GNU/
Linux operating systems, but offer limited support for portability or
reproducibility. Other projects such as Brainlife?®, BIDSApps®, Fly-
wheel (https://flywheel.io/), XNAT*°, Code-Ocean®, Qmenta (https://
www.qgmenta.com/), CBRAIN*?and Biocontainers® all support repro-
ducibility through containerization, but have different use-cases to
Neurodesk. For example, Brainlife facilitates reproducible and trace-
able cloud-based analysis using community-contributed workflows.
However, the platform is designed to allow users to run pre-coded
analysis pipelines, rather than to flexibly access software to develop
their own pipelines. To this end, the Neurodesk and Brainlife teams
are increasing interoperability between the platforms by providing
Brainlife development environments on Neurodesk, and running Neu-
rodesk containers on Brainlife. Thus, in cases where flexibility is less
important, Neurodesk can also be harnessed to support the complete
workflow reproducibility offered by preprogrammed analysis pipelines
with Brainlife. Similarly, we have integrated the ‘BIDSApps’ repository
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of containerized workflows, allowing users to access or adapt these
workflows. In this way, users already accustomed to other platforms
and tools will also benefit from the Neurodesk project.

Neurodesk has some limitations that warrant discussion. One
area of ongoing development relates to the inclusion of proprietary
and licensed software without compromising accessibility. Another
challenge for a flexible platform with as wide a range of applications
as Neurodesk is the project’s long-term sustainability. Neurodesk’s
community-driven, continuous integration model provides a powerful
and flexible way to address both of these expanded use-cases without
dependingonasingle development team. We have developed multiple
pathways for sustainability, including the federated support of the
underlying hostinginfrastructure, flexibility in the continuousintegra-
tion and deployment infrastructure and a potential for acommercial
model to offer tailored support for institutions and workshops.

The challenges of accessibility, portability, flexibility and repro-
ducibility discussed here are not unique to neuroscience. In turn,
Neurodesk’s core foundation could be used to deploy software specific
to any other discipline, and it is our sincere hope that this platform is
adapted assuch. The Neurodesk platform has the potential toimprove
the way scientists analyze dataand communicate results. Specifically,
Neurodesk allows any scientist, anywhere in the world, to conveniently
access, develop and adapt their neuroimaging analysis tools, and apply
theminafully reproducible manner fromany computing environment.

Online content

Any methods, additional references, Nature Portfolio reporting sum-
maries, source data, extended data, supplementary information,
acknowledgements, peer review information; details of author con-
tributions and competing interests; and statements of data and code
availability areavailable at https://doi.org/10.1038/541592-023-02145-x.
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Methods

How to use Neurodesk: accessibility, flexibility and portability
The Neurodesk platform’s website (https://www.neurodesk.org/)
is user-friendly and open to community contributions. The website
containsinformationabout the included software and is automatically
updated through continuous integration. Therefore, there is always
up-to-date documentation, lists of currently available applications and
arelease history. The website also hosts clear instructions for accessing
andinteracting with Neurodesk from various computing environments
and tutorials on using various software packages.

Neurodesk makes reproducible neuroimaging data analysis
accessible inalmost any computing environment and brings the same
dependencies to all supported platforms. This portability extends to
the Neurodesktop graphical user interface, which provides the same
desktop environment across all supported computing environments.
Containerized analyses look, feel and run the same way across differ-
ent computing environments. Thus, researchers reading or reviewing
manuscripts with open data and code can use Neurodesk to replicate
the exact pipeline using the reported tool versions without being
required to install additional software.

For a data analysis environment to be portable, such that it can
easily shift between computing environments, it also needs to be light-
weight with asmall storage footprint. To thisend, our accessibility layer
harnesses the CernVM File System (CVMFS)**. The CVMFS layer allows
accessing the software from aremote host withoutinstallation, so only
parts of a container that are actively used are sent over the network
and cached on the user’s local computer. Users can access terabytes
of software without explicitly downloading or storing it locally. The
Neurodesk platform has several CVMFS nodes worldwide, providing
low latency and direct access to Neurocontainers. Thus, to use Neu-
rodesk, users only install the required container engine to access the
Neurocontainer of their choice. The current release of Neurodesktop,
which facilitates access to all tools in the Neurocontainers repository,
islessthan1.6 GBin download size.

Anticipating thatinstalling athird-party container engine software
may be a barrier to entry for some researchers, there is an entirely
cloud-based solution: ‘Neurodesk Play’ (https://play.neurodesk.
org/). Neurodesk Play is accessible globally, allowing anyone to use a
cloud-based graphical desktop environment for neuroimaging data
analysis and teaching. Neurodesk play instances are Binderhub*
instances deployed based on the zero-to-binderhub guide, coupled
with the full suite of Neurocontainers delivered via CVMFS. Neurodesk-
top can also run on institutional or cloud computing resources ena-
bling access to large amounts of computing resources or datasets. For
example, the Australian Research Data Commons (ARDC) provides
Neurodesk ontheir Virtual Desktop Service freely available to anyone
with an Australian Access Federation account.

The accessibility, flexibility and portability of this platform can
be best assessed through its utility to users. We, therefore, display
up-to-date usage statistics for the platformonourwebsite (https://www.
neurodesk.org/docs/overview/metrics/). Further, the platform has
already beenreferenced in several peer-reviewed studies®* ™,

Long-term sustainability of the Neurodesk platform

Neurodesk has a wide selection of tools available spanning many
domains of neuroimaging data analysis. Extended Data Table 1 shows
thetoolsavailable at the time of publication, although this list is grow-
ing rapidly as the community and developers contribute software
through recipes created using the open-source Neurodocker project*.
Theserecipes canbe based on the Neurodebian project’. Users can find
afulland up-to-datelist at https://www.neurodesk.org/applications/.
Neurodesk uses atwo-pronged approach to staying up to date withnew
neuroimaging tools and new versions of already included software:
(1) The Neurodesk maintainers add tools as they become aware of
new developments or community members request the addition of

new packages. The Neurodesk GitHub organization (https://github.
com/NeuroDesk/) has an active discussion forum where develop-
ers respond to requests for new software containers. (2) In addi-
tion to this developer-centric route to new software containers, we
actively encourage contributions from the research community. A
core aim for developing the Neurodesk platform was to build it as a
community-driven project that is not contingent on a specific team of
developers. As such, we provide a template and detailed instructions
for creating build scripts for new software containers. Moreover, we
aimto ensure long-term executability of the containers by storing the
containersin different formats: docker, podman, singularity/apptainer
and an unpacked chroot environment. This comes with the benefit of
increased accessibility for users and the advantage that when technol-
ogy progresses and standards change over the years, users will still be
ableto execute the software through standard GNU/Linux kernel tools
(chroot and mount)*"*,

Reporting summary
Furtherinformation onresearch designisavailableinthe Nature Port-
folio Reporting Summary linked to this article.

Data availability

The datathat support the findings of the case study are available from
the ICBM database (https://www.loni.usc.edu/). There arerestrictions
that apply to the availability of these data, which were used under
approved permission for the current study, and thus are not publicly
available but are available from ICBM upon request. Source data are
provided with this paper.

Code availability

The codefor this projectis publicly available on GitHub, across multi-
ple repositories under the https://github.com/NeuroDesk/ organiza-
tion. It has also been archived on Zenodo at https://doi.org/10.5281/
zenodo.8053090. The code is licensed under the MIT License.

All stages of development, from the initial conception as a hackathon
project, through to the most current iteration of Neurodesk, with
up-to-date community-built Neurocontainer recipes, are documented
publicly across the project’s GitHub repository and the platform’s
website; which contains descriptions of how code is organized on the
GitHub repository, and how to contribute to the project (https:/www.
neurodesk.org/).

Any issues can be logged at https://github.com/orgs/NeuroDesk/
discussions/. Contributions can be made by any community member
with a GitHub account and the eagerness to create pull requests.
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Extended Data Table 1| Tools currently available in Neurodesk

Category

Tool

Editors and Programming

VS Code, Gedit, Emacs, Vim, Python, Git, Julia, Matlab,
ROOT, RStudio

Data Synchronisation Tools

Rsync, Rclone, Nextcloud client, Owncloud client, Globus
personal connect

Workflows

Nipype=, ASLPrep=, fMRIPrep=, MRIQCs, QSMxTz

Data Organisation

dcm2niixs, BIDScoin«, BIDStools:=, Convert3Da

Diffusion MRI

Diffusion Toolkits, DSI Studios, MRtrixsz, MRtrix3Tissue
(www.3Tissue.github.io), TrackViss

Rodent Imaging

AIDAmris, RABIES=

Spectroscopy

LCModel (http://s-provencher.com/Icmodel.shtml),
MRSIProcs

Structural and/or Functional
Imaging

AFNIs, ANTs=, ASHS=, BART
(https://mrirecon.github.io/bart/) , CAT12s, CLEAR-SWi,
Conne, Connectome Workbenchs, FatSegNets, FreeSurferz,
FSLe:, HD-BETss, LASHiSs, LayNiiez, MINCe, MRItoolss, NiftyReg
(https://www.nitrc.org/projects/niftyreg/ ),

NiiStat (https://www.nitrc.org/projects/niistat/ ), OSHy-Xz,
Palm Alphaz, PhyslO», ROMEOQ=, Slicer=z, Spinal Cord
Toolboxz=, SPM=, TGVQSMs, elastixzs, mfcsce

Electroencephalography
(EEG) and/or
Magnetoencephalography
(MEG)

Brainstorms=, EEGLAB=, FieldTrip=z, MNE=, Sigviewers

Machine Learning and
Statistics

Rs, Deep Retinopys, Delphi=

Visualisation and Image
Editing

ImageMagicks, GIMP (www.gimp.org), itk-SNAP=,
MRIcrons, MRIcroGLs, SicerSALTs, Surf Ice= , VesselVios

BIDS App

Automatic Analysis=, BARACUSs, BrainSuites,
HCPPipelines==, MRtrix3_connectome
(https://github.com/bids-apps/MRtrix3 connectome)

Molecular biology

MGLTools (https://ccsb.scripps.edu/mgltools/ ), AutoDock
Vinasw

The Neurodesk development team uses a broad definition of what constitutes a ‘tool’ and is guided by the community in what level of granularity would most flexibly facilitate neuroimaging
data analysis on a case-by-case basis. Note that each tool has been listed under only one category, although some may span multiple categories. An up-to-date table can be retrieved from

https://www.neurodesk.org/applications/. Details on the tools are available in refs. 41-99.
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All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

The data that support the findings of this study are available from the International Consortium for Brain Mapping (ICBM) database (www.loni.usc.edu/ICBM). The
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ICBM project (Principal Investigator John Mazziotta, M.D., University of California, Los Angeles) is supported by the National Institute of Biomedical Imaging and
BioEngineering. ICBM is the result of efforts of co-investigators from UCLA, Montreal Neurologic Institute, University of Texas at San Antonio, and the Institute of
Medicine, Juelich/Heinrich Heine University - Germany. There are restrictions that apply to the availability of these data, which were used under approved
permission for the current study, and so are not publicly available, but available from ICBM upon request.

Human research participants

Policy information about studies involving human research participants and Sex and Gender in Research.

Reporting on sex and gender This study made use of an existing dataset, and thus no sex or gender data were specifically recorded. As the focus of the
analyses were on reproducibility in general, no sex or gender specific analyses were performed.

Population characteristics The ICBM dataset aimed to broadly sample the population. While specific population data are not available for each subject,
the curators of the dataset have stated that data were sampled from "geographical locations as disparate as Japan and
Scandinavia and spanning the age range from 18 to 90 years. Special efforts have been made to obtain a wide range of racial
and ethnic diversity"

Recruitment Participants for the ICBM dataset used were originally recruited by advertisement, and then selected according to a series of
inclusion criteria to ensure uniformity in the dataset. The effects of these recruitment protocols has been evaluated in detail
here: Mazziotta, J. C., Woods, R., lacoboni, M., Sicotte, N., Yaden, K., Tran, M., ... & International Consortium for Brain
Mapping (ICBM. (2009). The myth of the normal, average human brain—the ICBM experience:(1) subject screening and
eligibility. Neuroimage, 44(3), 914-922.

Ethics oversight As per the original curators of the ICBM dataset, "All subjects who participated in this project as well as all of the screening
materials, exclusion criteria and procedures for applying them were approved by the UCLA Institutional Review Board. All
subjects signed an informed consent describing the process, risks and benefits. They were also given a Subject's Bill of
Rights."

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Field-specific reporting

Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.

Life sciences |:| Behavioural & social sciences |:| Ecological, evolutionary & environmental sciences

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Life sciences study design

All studies must disclose on these points even when the disclosure is negative.

Sample size This case study aimed to replicate that reported by:

Glatard, T., Lewis, L. B., Ferreira da Silva, R., Adalat, R., Beck, N., Lepage, C,, ... & Evans, A. C. (2015). Reproducibility of neuroimaging analyses
across operating systems. Frontiers in neuroinformatics, 9, 12.

We used the same dataset as the original study, thus sample size was determined as that matching the study we sought to replicate, which
was the full size of the dataset (157 participants).

Data exclusions  No data were excluded.

Replication This case study was, in itself, a replication of an existing study (see above). Further, the experiment was run twice on each operating system to
verify intra-system reproducibility.

Randomization  Randomization is not relevant to this study, as all factors were within-subjects (i.e. each subject's data was analysed using each computing
system).

Blinding Blinding is not relevant to this study, as data were structural images, and all images were subjected to all analysis conditions.

Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.
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Materials & experimental systems Methods

Involved in the study n/a | Involved in the study

|:| Antibodies |Z |:| ChiIP-seq

|:| Eukaryotic cell lines |:| Flow cytometry

|:| Palaeontology and archaeology |:| MRI-based neuroimaging

|:| Animals and other organisms
[] clinical data

|:| Dual use research of concern

XXNXXNXNX s

Magnetic resonance imaging

Experimental design
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Design type Resting state

Design specifications Structural scans (e.g. no functional imaging of behavioral task).

Behavioral performance measures  No behavioral task.

Acquisition

Imaging type(s) Structural

Field strength T3

Sequence & imaging parameters These are described in detail in the manuscript describing the collection of the dataset used:
Mazziotta, J. C., Toga, A., Evans, A., Fox, P., Lancaster, J., & Woods, R. (2000). A probabilistic approach for mapping the
human brain: the International Consortium for Brain Mapping (ICBM). In Brain mapping: the systems (pp. 141-156).
Academic Press.

Area of acquisition Whole-brain

Diffusion MRI [ ] used X Not used

Preprocessing

Preprocessing software Analyses were run using the FMRIB Software Library (FSL) 6.0.5.135. Brain extraction (Brain Extraction Tool [FSL-BET]), tissue
classification (FMRIB’s Automated Segmentation Tool [FSL-FAST]), image registration (FMRIB’s Linear Registration Tool [FSL-
FLIRT]), and subcortical tissue segmentation (FMRIB’s Integrated Registration and Segmentation Tool [FSL-FIRST]) were
performed using the default settings.

Normalization N/A. All analyses were performed on the results of preprocessing pipelines.
Normalization template N/A. All analyses were performed on the results of preprocessing pipelines.
Noise and artifact removal N/A. All analyses were performed on the results of preprocessing pipelines.
Volume censoring N/A. All analyses were performed on the results of preprocessing pipelines.

Statistical modeling & inference

Model type and settings N/A. All analyses were performed on the results of preprocessing pipelines.

Effect(s) tested We evaluated the consistency of results (DICE similarity coefficient) between Neurodesk and natively installed software. No
statistical tests were performed on this effect, as Neurodesk typically was so reproducible as to have 0 or nearly 0 variance
across systems. Results were reported as summary statistics.

Specify type of analysis:  [X| Whole brain ROI-based Both 3
pecify typ y ] ]

Statistic type for inference N.A - No statistical tests were performed on the main effect of interest, as Neurodesk typically was so reproducible as to have S

(See Eklund et al. 2016) 0 or nearly O variance across systems. Results were reported as summary statistics.

Correction N/A- No statistical tests were performed on the main effect of interest, as Neurodesk typically was so reproducible as to have

0 or nearly O variance across systems. Results were reported as summary statistics.




Models & analysis

n/a | Involved in the study
|:| Functional and/or effective connectivity

IZ |:| Graph analysis

|:| Multivariate modeling or predictive analysis
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