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Abstract

NeuroHackademy (https://neurohackademy.org) is a two-week event designed to train early-career
neuroscience researchers in data science methods and their application to neuroimaging. The event
seeks to bridge the big data skills gap by introducing participants to data science methods and
skills that are often ignored in traditional curricula. Such skills are needed for the analysis and
interpretation of the kinds of large and complex datasets that have become increasingly important
to neuroimaging research due to concerted data collection efforts. In 2020, the event rapidly
pivoted from an in-person event to an online event that included hundreds of participants from all
over the world. This experience and those of the participants substantially changed our valuation
of large online-accessible events. In subsequent events held in 2022 and 2023, we have developed
a “hybrid” format that includes both online and in-person participants. We discuss the technical
and sociotechnical elements of hybrid events and discuss some of the lessons we have learned
while organizing them. We emphasize in particular the role that these events can play in creating a
global and inclusive community of practice in the intersection of neuroimaging and data science.
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1 Introduction

1.1 Human neuroscience in the age of large open datasets

The study of the human brain has entered a new and exciting era of big data. Concerted
data collection efforts such as the Human Connectome Project [1, 2], the Adolescent

Brain Cognitive Development (ABCD) study [3], the 1000 Functional Connectomes Project

(FCP) and its successor, the International Neuroimaging Datasharing Initiative (INDI)[4],
and many other similar projects, have recently given the human neuroscience research
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community access to datasets whose scales and scopes were infeasible even just a decade
ago.

Thanks to their scales, and to the efforts made to sample individuals with a variety of
characteristics and susceptibilities to a range of neurodevelopmental and mental health
disorders, these datasets have substantial scientific potential both for basic and clinical
research. However, they also pose a host of new challenges for researchers who are
generating, processing, accessing, analyzing, and trying to understand these data. One of
these challenges is the so-called “big data skills gap”: research projects that use these
datasets require a different knowledge base and skill set, and a different set of technical

and conceptual tools, than traditional small-scale experimental studies that have been the
mainstay of human neuroscience for many years [5]. These skills and tools augment research
on the human brain with elements of software engineering, automation, scalable computing,
provenance tracking, and advanced statistical and data visualization methods, which are
sometimes collectively known as “data science” [6, 7]. While there is a growing appreciation
for the importance of data science tools and skills in neuroscience research, there is still a
dearth of opportunities for students and researchers in neuroscience to learn about them.

One of the ways that human neuroscience has responded to the need to develop these

skills has been by organizing hackathons. These are time-bounded events where participants
come together to propose and work on ad-hoc (usually technical) solutions to a range of
challenges. In scientific contexts, hackathons have been taken up as a way for technically-
oriented researchers to collaborate on software for data analysis, and come up with creative
solutions. In particular, the Brainhack organization (https://brainhack.org/) has organized a
range of hackathon events around human neuroscience research since 2012, both in tandem
with the Organization for Human Brain Mapping (since 2013), and in local and distributed
formats as well [8, 9]. In addition to convening technically-oriented researchers, and by
co-locating them with major conferences, these events were designed to be welcoming

to a broader audience and to provide opportunities for cross-over between technical
developments and the broader neuroimaging community.

Meanwhile, another broader response to the need for data science training was being
offered by grassroots efforts for peer learning of the various skills. Prominent among these
efforts, The Carpentries (originally also known as “Software Carpentry”), is a volunteer
organization founded in 1998 that provides researchers with practical training in computing
skills, with a focus on automation, data management, and basic programming [10]. It is hard
to overestimate the impact that Software Carpentry has had. Over the years it has existed,
Software Carpentry has expanded to include a veritable army of more than 1,200 volunteer
instructors worldwide, who have taught more than 2,000 workshops in 56 countries since
2012, reaching well over 26,000 learners. In addition, its open-source materials are freely
available, contributing to a broader movement promoting computational literacy in the
research community.

1.2 A brief history of NeuroHackademy prior to the COVID-19 pandemic

NeuroHackademy is a summer institute in neuroimaging and data science, established in
2016. It was started as a response to the big data skills gap and as a partial solution to
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the training needs of researchers in human neuroscience. In essence, the course merges

the Brainhack approach with the Software Carpentry approach in the same setting: The
course takes an innovative approach to training, by splitting the time devoted to the

course into two phases. The first phase is designed as an explicit learning phase in which
participants attend lectures about the application of data science methods to topics in human
neuroscience. These lectures include both discussions of general themes like neuroethics

or data governance and tutorials on specific topics, such as introductions to programming,
software engineering, data visualization, and machine learning. The second phase of the
course is an implicit project-based learning phase. In this phase, participants engage in a
hackathon, where they can propose projects and ideas to work on, and form teams together
with other participants [11]. During this phase, the course instructors and organizers serve
as mentors in an as-needed capacity, giving participants an opportunity to learn by doing.
The efficacy of this kind of active learning is supported by extensive research, including by
a metaanalysis of 225 studies of the effects of active learning on failure rates in college-level
STEM lectures [12]. Similarly, collaboration and problem-based learning are considered
effective not only in improving retention, but also in improving student motivation and
inclusion of members of under-represented groups [13]. These benefits are particularly
salient for the second phase of the event, but the design of the first phase is also motivated
by this body of research. Instruction during the first week emphasizes active exploration of
the topics, particularly for hands-on tutorials in version control, programming and machine
learning. These lessons are inspired and designed based on the teaching principles that guide
the Carpentries [14]. In section 2.2 of the paper, we will discuss some of the technical
elements that facilitate these hands-on explorations.

NeuroHackademy is hosted by the eScience Institute, an interdisciplinary hub for data
science at the University of Washington, and relies on the physical, intellectual, and
administrative infrastructure that exists at the Institute. The NeuroHackademy directors

(AR and NB) are members of the core research staff at the eScience Institute, and many

of the NeuroHackademy instructors are also members of the eScience core research staff,

or affiliated with the eScience Institute. The first NeuroHackademy was held in 2016 as

a one-week, 40-participant event, held at the University of Washington eScience Institute
Data Science Studio. A second similar —40 participant, one-week—format was held in
2017. That year, the project was also awarded an R25 grant from the National Institute of
Mental Health, which would support the expansion of the course in 2018 to include more
participants (60 participants) and a longer duration (two weeks). This expansion necessitated
the migration of the event to another physical location at the University of Washington, the
Alder Hall conference center, which includes a large lecture hall, several smaller classrooms
and a large modular commons space, which could accommaodate a larger and longer event.
NeuroHackademy 2019 was held in the same space and in similar format.

2 How do you move a summer school online?

In Spring 2020 there was a lot of uncertainty. That year’s NeuroHackademy event was
already intended to take place for the fifth time in July. 70 participants had already been
selected from the more than 300 applications to participate in the event, and instructors were
already planning what they would teach. But as the COVID-19 pandemic was spreading
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over the entire world, and as most academic researchers found themselves isolated in their
homes for longer and longer periods of time, it became apparent that no large gatherings

of people would be possible that summer. As organizers of NeuroHackademy, we strongly
considered canceling the event altogether with the intention of reconvening in the summer
of 2021. However, an alternative possibility also occurred to us: to adapt the set of online
technologies that we so frequently employed in service of distributed work on data science
projects (e.g., on GitHub; see section 3.1) to the task of holding a globally distributed
online NeuroHackademy event instead. Such an event need not be limited in attendance

by the constraints of physical space (e.g., in terms of the number of participants), so

we decided to open up the registration to the 2020 event to anyone who was interested

in participating, and advertised it through social media and several popular neuroscience
mailing lists. Within a few weeks, we had more than 1,400 registrants who had filled out

a simple online registration form. Of these, more than 500 participants logged in on the
first day of the event, and more than 100 remained on the last day of the event, which was
shortened to five days. The new experience of delivering a remote course was eye opening.
First of all, it was clear that there was substantial interest in such training regardless of its
delivery modality (and maybe particularly when everyone was locked-in at home). Second,
we learned that many individuals who would be reluctant to make the trip to Seattle even

in normal times, due to a variety of constraints (including the financial burden of travel to
Seattle, childcare or other care constraints, and the limitations on accessibility and duration
of visa applications to enter the US), may very well prefer the online modality. Similar
advantages were identified by other globally distributed neuroscience training efforts such
as Neuromatch Academy [15-17] 1. However, the size of the 2020 event precluded an
effective hackathon from taking place, despite an attempt to organize one on the last day

of the event. The challenge of creating teams and finding ways to collaborate remotely
with such a large number of participants was cacophonous. In the subsequent year, 2021,
while in-person on-campus work was slowly resuming, we decided to nevertheless hold an
online-only event. Based on the experience of 2020, we tailored the parameters of the event
more precisely for this format, offering shorter days of lectures and tutorials in the first week
(with the schedule running from 9:30am to 1:30pm or 2pm PT each day) and a more relaxed
pace of hacking in the second week. We also reduced the cohort size to only 30 participants
this time, allowing for a more organic process of team formation to take place.

2.1 Lessons learned: adapting NeuroHackademy to the post-COVID world

Our experience during 2020 and 2021 taught us two things:

1. We can reach a wider and more diverse audience of people with online and
hybrid workshops than we can using in-person workshops alone;

2. It is possible (if not easy) to hold an online workshop that includes a meaningful
hackathon experience for online participants.

Moving forward, and as we applied for renewed funding from NIH for five more years
of grant support, we proposed to hold a “hybrid” event, where some participants would

IThe similarity in names does sometimes lead to confusion: Every year since, we have received a few applications to participate in
Neuromatch Academy whenever we have put out a call for applications to NeuroHackademy
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attend in person in Seattle, and others would attend through the Zoom tele-conference
software from wherever they were. In 2022, even though the US public health emergency
declaration was still in force, we elected to hold the first hybrid in-person and online

event. In consideration of the public health emergency, we arranged for a range of

COVID precautions, including daily testing by participants and instructors, requesting that
participants wear face masks when indoors, and using air purifier devices in all of the
spaces where the course took place. The public health emergency officially ended on May
11, 2023, and the second hybrid event that took place in August 2023 included fewer
COVID precautions, in line with UW policies and also consistent with many other scientific
gatherings that took place in 2023 (e.g., the OHBM conference in Montreal).

2.2 The hybrid format

The hybrid events held in 2022 and 2023 serve as the basis for some preliminary reflections
on the advantages and challenges of such events (described in this section), as well as for
formulating some of the best practices in organizing these events (described in section 3.2).

The operation of a hybrid hackweek requires substantial coordination among participants,
instructors, and administrators. In additional to the administrative task of ensuring that all
in-person participants and instructors arrive at the required location at the correct time,
administrators must ensure that remote participants and instructors are able to join the
hackweek’s events, that announcements and event details can be found by both types of
participants (remote and in-person), that lectures are not only viewable by but also inclusive
of both types of participants, that instructors are able to provide lecture materials and
tutorials in a format that is accessible to and usable by all participants, that all participants
are able to access and use all lecture materials, and that both types of participants are

able to participate meaningfully in the hackathon portion of the workshop. We consider
these challenges by dividing them into three categories: challenges related to teaching and
communication, challenges related to computation and infrastructure, and challenges related
to remote/in-person integration.

Teaching and communication.—In early 2020, existing tools for remote teaching and
communication proliferated and improved rapidly due to the COVID-19 pandemic, and
the fruits of this proliferation provided much of the technological foundation for running

a hybrid event. The primary technological tools used for communicating with students in
the lead-up to the event and about day-to-day matters during the event was Slack (https://
slack.com/). Slack has many advantages, one of which is that it is broadly used in industry
for inter- and intra-team communication. We chose to use Slack because it is a versatile
communication tool that enables both real-time chat during lectures or hack-work as well
as easy asynchronous communication between instructors, administrators, and participants
throughout the event. During the event, participants and administrators can create specific
channels, which are used to review lectures, to coordinate hackathon teams, and to organize
other events such as lightning talks or breakout sessions.

Lectures themselves were held over Zoom (https://zoom.com/): remote lecturers simply
logged into a preset Zoom room in which lectures were scheduled and delivered the lecture
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using screen-sharing for slides; in-person lectures were given from a computer that was
also logged into the preset lecture Zoom room. Communication between lecturers and
participants could also be facilitated over Zoom, with in-person speakers and microphones
specifically wired such that questions from the remote audience that could be heard by
in-person participants and vice versa. Although Zoom offers a “webinar” mode specifically
for large lectures, we found that the standard meeting mode was sufficient and encouraged
conversations during lectures.

Computation and infrastructure.—A substantial challenge directly related to
hackathons and technical workshops is ensuring that all participants are able to follow
lectures—especially live-coding lectures—and to work together using shared software tools.
Traditionally, this task is extremely difficult because variation in the operating systems

and software configurations among participants and instructors is very high. An instructor
presenting a tutorial on git, for example, would typically need to account for small changes
in the lecture due to some participants using Windows or Mac, rather than, for example,
Linux. For lessons using bespoke or idiosyncratic scientific libraries, many of which are not
designed for a broad range of platforms, these challenges can be substantially magnified.

One solution to the problem of diverse computational environments is the use of a

shared server or cloud platform. There are many options for providing students with

logins to a shared and managed computational environments, but many of these options
create substantial overhead for the hackweek administrators. For example, procuring and
administering a private server is not only expensive with respect to monetary cost but

also highly demanding in terms of administrative cost. Such a server would also be
fundamentally inelastic and thus would likely be underused during lectures but heavily used
during hack projects.

Fortunately, contemporary cloud computing provides a similar but substantially more elastic
solution in the form of bespoke cloud-based servers [18]. Because Neuro-Hackademy
focuses on teaching Python and Python-based libraries, we commissioned a managed
JupyterHub server from the International Interactive Computing Consortium (https://
2i2c.org/), a non-profit organization devoted to making tools from the Jupyter ecosystem
accessible to a wide and international audience. This managed server approach had

several substantial advantages. Primarily, it allowed us to provide a standard computation
environment, including both the ecosystem of installed software available to students and
the datasets (or lecture aids) that were needed for demonstrations or examples. This allowed
instructors to prepare live-coding sessions or demonstrations during their lectures without
worrying that some subset of students would be unable to follow along. Additionally,
because the JupyterHub server operated in the cloud, compute resources and storage

space could be dynamically adjusted during the instruction and hackathon portions of the
workshop, based on the participants’ needs. Because JupyterHub grants both the ability

to engage with Python using browser-based notebooks and the ability to interact with

the underlying Unix server via browser-based terminals, all hackathon activities, such as
coordinating code on GitHub, can be accomplished using the server. Finally, the use of a
JupyterHub server for virtually all hackweek activities creates an equity of access to course
materials and activities that is otherwise difficult to ensure. Participants in a hackweek,
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whether in-person or remote, are likely to have very different computational resources at
their disposal, and it is paramount to organize the course such that participants without a
powerful personal computer are not excluded from activities.

Hybrid in-person/remote integration.—A critical task for the administrators of a
hybrid hackweek is ensuring that in-person and remote participants are able to coordinate
and integrate with each other throughout the experience. To a large extent, this goal can

be accomplished using the technology mentioned above, such as Zoom and Slack. In the
case of Slack, so long as official communications are made over Slack, all participants
should have equal access to all information. Similarly, the use of Zoom as the primary
lecture and meeting venue enables all students to participate. However, one reality of hybrid
hackweeks is that some students will be attending in the same timezone as the in-person
participants while others will be in very remote timezones. It is thus not sufficient to merely
hold lectures online. In such a case, recording and promptly posting videos of lectures
online helps remote students without the ability to attend lectures synchronously get the
most out of the course. Zoom fortunately has the ability to automatically record meetings to
the cloud, and such recordings can be posted to the eScience Institute’s YouTube channel
(https://www.youtube.com/@UWeSciencelnstitute) usually on the same day.

Enabling seamless communication between participants on hybrid hackathon teams

is a separate challenge from coordinating lectures. During the hackathon portion of
NeuroHackademy, we provided hybrid teams with OWLs (https://owllabs.com/). OWLs are
remote communication devices intended for hybrid round-table meetings that serve as both
a camera/microphone and a speaker. Using an OWL, the in-person portion of a team can

sit at a table and converse easily with team members who are online on Zoom. OWLs also
make excellent cameras and speakers for hybrid lectures, in which they serve as the primary
conduit between the in-person students and the online students, who can ask questions
through the OWL’s speaker/microphone interface.

3 Discussion and conclusion

3.1 The importance of a community of practice

Although an event like NeuroHackademy covers some of the needs in terms of training and
skills that were mentioned in section 1.1, it also serves a host of other needs. In particular,
data science skills are tightly bound with the notion of a community of practice (CoP), first
formalized by cognitive theorists Lave and Wenger [19]. According to their definition, CoPs
are groups of people who share an interest and learn from each other through continuous
interaction: a fluid weaving-together of learning, working and innovating [20]. In this theory,
learning certain knowledge and skills occurs by becoming a practitioner within a field.
Embodying this idea, NeuroHackademy aims to connect participants in the event to a CoP of
likely collaborators and colleagues. This nation is specifically supported by the burgeoning
existing CoP around the use of data science in neuroimaging, which has a long history
stemming from the data-intensive nature of the field [5, 21].

CoPs have also received a significant boost from the adoption of the specific practices
common in many open-source software projects related to data science more generally.
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Many of the tools for managing and analyzing large datasets are created and maintained
by distributed networks of dozens or hundreds of individuals contributing to publicly
maintained open-source codebases. As a paradigmatic example, the Scipy package for
Scientific computing [22] is very widely used (the paper describing the software has more
than 23,000 citations since its publcation in 2020, according to Google Scholar). It has
been in continuous development since 2021 and currently counts more than 1,400 unique
contributors. The development of the software is still very active with dozens of new
commits to the codebase every week. An annual conference (https://conference.scipy.org/)
serves as a focal point for this community of developers and an extended community of
users. Thanks to their collaborative nature and the fact that they are open to participation,
CoPs that transcend geographic and institutional boundaries, such as the Scipy community,
have driven important recent innovations in data science. One of the main tools used by
these communities is the GitHub online platform. This platform facilitates asynchronous,
open and collaborative development of the software tools that are foundational to data
science. The distributed and asynchronous nature of their development is among the
causes for democratization of these tools. One particular bridge-head for the adoption

and acculturation of these practices in human neuroscience occurred surrounding the
development of tools for neuroimaging in the Python programming language [23], building
upon the foundation laid by the Scipy community.

By contrast, the vast majority of neuroimaging results and analysis tools are generated by

a very small number of people working in private. An explicit goal of NeuroHackademy,
which is emphasized by the hands-on second week of team projects, is to change this culture
of neuroscience by introducing neuroimaging researchers to the tools and practices that
allow projects in data science to proceed in an extremely rapid and highly collaborative
manner. Recent research on CoPs demonstrates that a CoP grows organically and thrives
through the process of “thinking together,” in which practitioners share their understandings
of problems in areas of mutual interest with each other and offer guidance. These exchanges
do not just demonstrate skills; they also indirectly teach novices the conventions and
idiosyncrasies of a practice that are difficult to communicate through formal instruction [24].
By using hands-on tutorials and collaborative hackweek projects that guide the participants
of NeuroHackademy through “legitimate peripheral participation” in data science—i.e.,
small meaningful activities of professional data science practice—it can lower the barrier-to-
entry into the CoPs that exist at the intersection of neuroimaging and data science. Notably,
many NeuroHackademy hackathon projects have involved legitimate peripheral participation
through contributions to existing projects in which course faculty were deeply ingrained.
For example, through engagement with the Brain Imaging Data Structure (BIDS) [25, 26],

a CoP focused on standards for organizing and sharing neuroimaging data, which comprises
data scientists and neuroscientists from all over the world (including several course faculty).
NeuroHackademy also aims to empower participants to pass on the habits and knowledge
they have acquired at NeuroHackademy to their colleagues and trainees when they return to
their home institutions through the CoP approach.
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3.2 Dos and don’ts of a hybrid event

We believe that NeuroHackademy has been a resounding success in each of the eight years
that it has been held, including, in particular, the two recent years in which it was held as a
hybrid event. This success has been due in no small part to the enthusiasm that the students
and instructors bring to the event and has occurred despite many mistakes, misconceptions,
and lessons that we as administrators have learned during its execution. Here, we attempt
to distill several of these lessons into high-level advice for those who wish to translate the
success we have observed to other educational events. We focus here on advice specifically
about hybrid event administration.

Technology.—The role of technology in a hybrid event should be to facilitate and simplify
hybrid activities such as tutorials and teamwork. The pandemic greatly accelerated the
availability and adoption of such technology, such that students need not arrive with any
software installed aside from a web-browser. With reasonable planning, the technological
challenges stereotypically faced by participants in workshops and classrooms can be nearly
eliminated from such an event.

DO provide a common computational environment (coordinating lessons and tutorials
across disparate environments and operating systems is very difficult).

DO Use technology that facilitates group interactions over teleconference. For example,
NeuroHackademy relies heavily on OWL cameras that provide a wide field of view and
better sound over teleconference.

DO make sure official communications happen in a hybrid-friendly space (like Slack).

DO think about what participants will be able to do after the event is over. For example, how
to translate software and data from a Jupyterhub to their own computers.

Hybrid-friendly activities.—Certain scientific programming such as poster sessions are
common at educational events like NeuroHackademy, but not all such events are equally
useful for an in-person and a hybrid cohort. When choosing what additional activities to
include in a hybrid program, it is critical that administrators consider the experience from
the perspective of both online and in-person participants.

DON’T organize a poster session. Though this is an opportunity to increase visibility of all
participants [27], we have found that this tends to split the group into two, leaving many of
the online participants feeling particularly excluded.

DO have lightning talks instead of a poster session. This also provides an opportunity for all
participants to be visible, but gives a much more similar experience for remote and in-person
participants 2.

2Including an opportunity to present their own work is also helpful to some students, because many departments provide travel support
for students on the condition that they present at a meeting/event
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Anticipating the differences.—Many of the difficulties inherent in participating
remotely in a large educational event arise from mismatches between the expectations
of participants and those of the administrators. In many cases, these expectations can be
mitigated with minimal planning.

DON'’T pretend that online and in-person participants have the same experience. Both may
have a valuable experience, but they are not identical.

DON’T require remote participants to attend events synchronously, allowing them to operate
in their own time zone. For example, uploading videos quickly to be viewed asynchronously
is crucial.

DO Include several participants in each remote time-zone that you have, so that they
have a cohort that they can interact with synchronously, even during times that activities
are not taking place in-person at the main event site, because of the late hour. This is

akin to Neuromatch Academy’s “pod” structure [17], which forms and matches groups of
participants in each time-zone based on their interests.

DON’T require all instructors to attend in-person; make sure that instructors have an online
presence (e.g., through Zoom office hours).

Creating a community.—Finally, one of the greatest challenges of hybrid education
events is ensuring that online and in-person participants have similar access to the
community that inherently grows out of participant interactions during group learning
and projects. While it is unlikely that in-person and remote participants will have similar
exposure to such communities through the event, some strategies can explicitly encourage
such access.

DO build in ways for online and in-person participants to interact with each other (e.g., in
hybrid ice-breaker sessions).

DO ensure that online participants can be involved in hack-groups from the beginning; i.e.,
make sure that initial group formation happens in a hybrid-friendly space rather than using
an inherently in-person medium such as a whiteboard.

DO take advantage of existing communities to foster legitimate peripheral participation.
For example, the Neurostars website (https://neurostars.org) is a Q&A website for the
global neuroinformatics community, where discussions that start at NeuroHackademy could
continue and provide a place for participants to continue their involvement in the CoP
around data science and neuroimaging.

DO Make an effort to create “online interaction rituals”, This concept refers to repeated
activities that happen online and form a shared experience [28]. For example, in one of the
first NeuroHackademy events, one of the instructors would kick off every day in the event
by posting a picture of a squirrel to Slack. At the hybrid events, we formalize an online
interaction ritual by starting each day with a *“stand-up” session, where each project team
reports on the progress of their work.
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