
Nature Methods

nature methods

https://doi.org/10.1038/s41592-023-02145-xBrief Communication

Neurodesk: an accessible, flexible and 
portable data analysis environment for 
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Neuroimaging research requires purpose-built analysis software, which is 
challenging to install and may produce different results across computing 
environments. The community-oriented, open-source Neurodesk 
platform (https://www.neurodesk.org/) harnesses a comprehensive and 
growing suite of neuroimaging software containers. Neurodesk includes 
a browser-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-
edge beyond 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 systems1–3. These issues not only are 
frustrating and time consuming, but also ultimately compromise repro-
ducibility, a foundational scientific principle. We therefore developed 

Neurodesk, a community-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 from any computing environment with minimal 
time and effort4, 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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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 
possible interfaces, without the need to install neuroimaging software 
locally. First, Neurodesktop is a browser-accessible virtual desktop 
environment with all containerized tools accessible from the 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 can be used to launch and interact 
with Neurocontainers through the command line. Neurocommand is 
suitable for use in high-performance computing environments, and can 
be used to interact with neuroimaging software through computational 
notebooks such as Google Colab or Jupyter Notebooks18 (Fig. 1d). These 
Neurodesk interfaces 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 
switch between neuroimaging modalities and computational platforms 

while supporting shared development workloads5. Unfortunately, 
many analysis workflows are neither readily accessible nor portable6,7, 
and many existing solutions to these issues lack flexibility8. For exam-
ple, single-install preprogrammed analysis pipelines are popular with 
clinicians, but researchers typically customize analysis pipelines for 
specific projects9–11. Virtual machines or dual-boot computers partially 
address these barriers, 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 reproducibility12,13, that is, running 
the same software on the same input data and obtaining the same 
result14. The transparency and openness promotion guidelines, which 
have over 5,000 journals, publishers and other related organizations 
as signatories, state that all reported results should be independently 
reproduced before publication15. But realistically, results verification 
is usually too impractical to implement at review6.

These issues are not unique to neuroimaging or scientific research, 
and similar issues in the 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 container16. Containers 
are thus well suited to address the issues facing neuroimaging analysis 
and form the core of the Neurodesk project17 (Fig. 1). Neurodesk makes 
containerized neuroimaging software easier to both access and create 
through the Neurocontainers repository, a comprehensive and growing 
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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. c, Each container 
packages a tool together with all its dependencies. d, Neurodesk provides two 

layers of accessibility: (1) Neurodesktop: a browser-accessible virtual desktop 
environment; (2) Neurocommand: a command-line interface that runs the same 
software containers programmatically. These interfaces allow users to reproduce 
analyses across computing environments (HPC: high-performance computing).
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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 differences in hardware, firmware 
and software dependencies can systematically alter results across com-
puting environments19–21, meaning it is often impossible to replicate 
results even when given the original data, code and software version. 
This effect has been well described for functional magnetic resonance 
imaging (fMRI) processing pipelines19. 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 run on 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 FreeSurfer22 within Google Colab), 
enabling researchers to 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 
due to insufficient cloud computing resources. Recent developments 
in reproducible preprints present an enriched publication path that 
simplifies the sharing of data and analysis code23. NeuroLibre, for 
example, hosts interactive notebooks and associated data, allowing 
readers to modify and re-execute code24. 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’25, an event where people with diverse skill sets collaborated on 
projects and developed research skills. Variability in analysis environ-
ments across attendees’ computers presents a hurdle 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 to a standardized 
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 bioinformatics26.

Neurodesk exists within a larger ecosystem of projects providing 
accessible, reproducible, flexible and portable neuroimaging analysis, 
and, where possible, seeks to interoperate with related platforms. While 
Neurodesk is not the only project to address any one of these principles, 
Neurodesk is unique in addressing all four principles. Projects such 
as NeuroDebian1 and Neurofedora27 increase accessibility for GNU/
Linux operating systems, but offer limited support for portability or 
reproducibility. Other projects such as Brainlife28, BIDSApps29, Fly-
wheel (https://flywheel.io/), XNAT30, Code-Ocean31, Qmenta (https:// 
www.qmenta.com/), CBRAIN32 and Biocontainers33 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 

Absolute mean inter-
system intensity di�erence

Absolute mean inter-
system intensity di�erence

Mean inter-system
disagreement in label

Mean inter-system
disagreement in label

Image intensity di�erences

Classification di�erences

0

0.400

0.800

1.200

a c

b d
Local install Neurodesk

Local install Neurodesk
L R

L RL R
L R

L R
L R L R L R

0

0.400

0.800

1.200

0.004

0.008

0.012

0.016

0.040

0.080

0.120

0.160

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 

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).
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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 
depending on a single development team. We have developed multiple 
pathways for sustainability, including the federated support of the 
underlying hosting infrastructure, flexibility in the continuous integra-
tion and deployment infrastructure and a potential for a commercial 
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 as such. The Neurodesk platform has the potential to improve 
the way scientists analyze data and communicate results. Specifically, 
Neurodesk allows any scientist, anywhere in the world, to conveniently 
access, develop and adapt their neuroimaging analysis tools, and apply 
them in a fully reproducible manner from any 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 are available at https://doi.org/10.1038/s41592-023-02145-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 
contains information about the included software and is automatically 
updated through continuous integration. Therefore, there is always 
up-to-date documentation, lists of currently available applications and 
a release history. The website also hosts clear instructions for accessing 
and interacting with Neurodesk from various computing environments 
and tutorials on using various software packages.

Neurodesk makes reproducible neuroimaging data analysis 
accessible in almost 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 a small storage footprint. To this end, our accessibility layer 
harnesses the CernVM File System (CVMFS)34. The CVMFS layer allows 
accessing the software from a remote host without installation, 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, 
is less than 1.6 GB in download size.

Anticipating that installing a third-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 Binderhub35 
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 on their 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 platform on our website (https://www. 
neurodesk.org/docs/overview/metrics/). Further, the platform has 
already been referenced in several peer-reviewed studies36–39.

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 
the tools available 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 project40. 
These recipes can be based on the Neurodebian project1. Users can find 
a full and up-to-date list at https://www.neurodesk.org/applications/. 
Neurodesk uses a two-pronged approach to staying up to date with new 
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 
aim to ensure long-term executability of the containers by storing the 
containers in 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 
able to execute the software through standard GNU/Linux kernel tools 
(chroot and mount)41–99.

Reporting summary
Further information on research design is available in the Nature Port-
folio Reporting Summary linked to this article.

Data availability
The data that support the findings of the case study are available from 
the ICBM database (https://www.loni.usc.edu/). There are restrictions 
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 code for this project is 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

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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