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Abstract
Neuroscience education is challenged by rapidly evolving technology and the development of interdisciplinary approaches
for brain research. The Human Brain Project (HBP) Education Programme aimed to address the need for interdisciplinary
expertise in brain research by equipping a new generation of researchers with skills across neuroscience, medicine, and
information technology. Over its ten year duration, the programme engaged over 1,300 experts and attracted more than 5,500
participants from various scientific disciplines in its blended learning curriculum, specialised schools and workshops, and
events fostering dialogue among early-career researchers. Key principles of the programme’s approach included fostering
interdisciplinarity, adaptability to the evolving research landscape and infrastructure, and a collaborative environment with a
focus on empowering early-career researchers. Following the programme’s conclusion, we provide here an analysis and in-
depth view across a diverse range of educational formats and events. Our results show that the Education Programme achieved
success in its wide geographic reach, the diversity of participants, and the establishment of transversal collaborations. Building
on these experiences and achievements, we describe how leveraging digital tools and platforms provides accessible and highly
specialised training, which can enhance existing education programmes for the next generation of brain researchers working
in decentralised European collaborative spaces. Finally, we present the lessons learnt so that similar initiatives may improve
upon our experience and incorporate our suggestions into their own programme.

Keywords Neuroscience training · Education · Interdisciplinarity · Digital research infrastructure · Human brain project

Introduction

Achieving a complete understanding of the brain and theway
it functions continues to be a challenge. In this investiga-
tive pursuit, the fields of neuroscience and engineering have
integrated on many levels over the last decades, (Altimus
et al., 2020) resulting in a deeply interdisciplinary research
field. This synergy has been fueled by rapidly evolving
methods and technology that enable collection of large
datasets, analysis on an unprecedented scale and large-scale
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simulations, e.g. high-resolution recording techniques and
high-performance computing. Some of these methods were
not new as such and were widely used by other communities
but not yet applied for neuroscientific research. Neuroengi-
neering, neuroinformatics and computational neuroscience
research fields have emerged, but these developments require
educational and training efforts to equip both emerging tal-
ent and established scientists with the skills and mindsets to
remain competitive and at the forefront of discovery (Akil et
al., 2016; Litt, 2015; Buhusi et al., 2023). While some uni-
versities and institutions offer courses combining computer
science and neuroscience (Fox, 2007), there is a scarcity of
reports on integrating computational approaches in neuro-
science curricula (Latimer et al., 2019) and the traditional
mathematics requirements for neuroscience majors are often
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Fig. 1 Overview of the main HBP Education Programme event for-
mats. The education formats covered increasing levels of specialisation.
While specialised events targeted a more narrow range of participants,
high-level formats, such as the HBP Education E-Library, provided
learning content to a wide range of participants. Event formats framed

yellow were supported via Open Calls for administrative and finan-
cial support. The top four formats focusing on increased reach and
early-career researchers are discussed in more detail in the following
Sections Value of Adaptable Training and Approaches and HBP Stu-
dent Events

insufficient for analysing big data sets in contemporary neu-
roscience research (Hoy, 2021). As a response to the scarcity
of interdisciplinary training in traditional education pro-
grammes, specific training initiatives have been developed.

At local levels, in the United States the Johns Hop-
kins’ NeuroEngineering Training Initiative (NETI) and the
UCLA’s neuroengineering programme for example provide
an interdisciplinary offer combining engineering, mathe-
matics, and neuroscience to address the growing need for
computational skills in neuroscience (Davidovics & Colon,
2007; Judy & Tobin, 2003), while other postgraduate pro-
grammes in neuroengineering have been launched in Europe
and North America, specifically for implantable and wear-
able neural technologies (Ghannam et al., 2020). On a
cross-institutional level, the Advanced School AI (AS-AI)1

1 https://as-ai.org/

is an example for an interdisciplinary training programme
in neuroengineering with a focus on machine learning and
brain modelling.

At a larger scale, the International Neuroinformatics
Coordinating Facility (INCF) was established in 2005 to
coordinate global neuroinformatics research and resources,
with a focus on developing international standards for neu-
roscience data and models (de Schutter, 2009). Recognising
the gap between traditional neuroscience curricula and the
computational skills required for big data analysis, the INCF
Training and Education Committee developed the INCF
Training Space (INCF, 2024), an open-access hub of neu-
roscience educational resources launched in 2019 (George et
al., 2022). Computational neuroscience and neuroinformat-
ics training resources and databases are also available from
the Allen Institute for Brain Science (Allen Institute, 2024a),
together with workshops on specific topics (Allen Institute,
2024b). In Europe, interdisciplinary neuroscience training

123

https://as-ai.org/


Neuroinformatics

courses are also offered within the Cajal advanced neuro-
science training programme (Cajal Programme, 2024).

In this context, we here discuss the educational effort
implemented within the Human Brain Project (HBP). As
one of severalmajor international initiatives to investigate the
brain, the HBPwas launched in 2013 to pioneer an integrated
research approach that combines neuroscience, medicine as
well as information and communication technology (ICT) to
gain a new level of understanding of the brain (Markram et
al., 2011). To achieve this, experts capable of working at the
intersection of these fields were needed, but scientists with
such interdisciplinary knowledge were scarce at the time. To
help address this gap, the HBP Education Programme was
set up with four major aims:

• Attract and equip talents with essential skills across sci-
ence, technology, innovation, and responsible research.

• Provide early-career researchers with foundational edu-
cation in complementary disciplines for interdisciplinary
research.

• Offer space for extensive intra- and interdisciplinary
dialogue to a new generation of researchers to foster
cross-disciplinary collaborations.

• Extend education opportunities to the broader scientific
community and the public.

To serve these aims, the HBP Education Programme
implemented a framework of education formats, for an inter-
disciplinary audience with different skill and experience
levels (see Fig. 1). Over the duration of the Education Pro-
gramme, more than 1,300 experts volunteered to train, teach
and create content formore than 5,500 participants frommul-
tiple scientific disciplines. This resulted in 700 educational
videos and almost 100 training and educational events, in-
person and online2.

In the following, we discuss how the HBP Education Pro-
gramme successfully addressed three main challenges, in
alignment with the original objectives outlined above: 1)
Equipping brain researchers with interdisciplinary knowl-
edge and skills (Section Value of an Interdisciplinary
Approach); 2) Adapting neuroscience training programmes
to the rapidly changing landscape of digital tools for brain
research and education (Section Value of Adaptable Train-
ing and Approaches); and 3) Making education pivotal
in increasing synergies and collaborations among different
fields, career stages and international brain research ini-
tiatives (Section Value of a Collaborative Approach). In
conclusion, for all these challenges, we highlight the impact
the HBP Education Programme had on the HBP and neuro-
science research (Section Impact Highlights). Starting from

2 https://www.humanbrainproject.eu/en/education-training-career/
education-programme/e-library/

a summary of the lessons learnt, we also provide recommen-
dations for future educational events and activities that could
be incorporated into similar large-scale research programmes
or implemented on a wider European level (Section Towards
Integrated Neuroscience Education).

Glossary

• ECR – Early-Career Researcher is defined as
master’s student carrying out research, PhD stu-
dent, and researchers who have received their
doctoral degree within the past three years at
the time of their application for training in the
EU and wider Europe. In some contexts, ECRs
were also referred to asYoung Researchers (for
example in the Young Researchers Events series
(see Section HBP Young Researchers Events).

• EPO – Education Programme Office was in
charge of the operative management of the pro-
gramme.

• EBRAINS – European Brain Research
INfrastructureS is an open research infrastruc-
ture that gathers curated research data, tools and
computing facilities for brain-related research,
built with interoperability at the core. It is a key
outcome and legacy of the EU-funded Human
Brain Project.

• EBRAINS AISBL – EBRAINS Association
Internationale Sans But Lucratif is an inter-
national non-profit association, headquartered in
Brussels, Belgium, founded during the Human
Brain Project.

• ESFRI – European Strategy Forum on
Research Infrastructure is a self-regulated
body, composed of national delegates nominated
by research ministers of EU countries and Hori-
zon2020-associated countries. It plays a key role
in policy-making on European Research Infras-
tructures, and established the ESFRI Roadmap
for research infrastructures.

• FET – Future and Emerging Technolo-
gies Flagship Projects are long-term (ten
years) science-driven, large-scale, interdisci-
plinary research initiatives built around an ambi-
tious unifying vision. They are designed to con-
vert scientific advances into technology devel-
opments, enabling concrete innovations that
benefit Europe’s society and economy.

• HBP – Human Brain Project was a European
FETFlagship project that ran from2013 to 2023.

• HPC – High Performance Computing infras-
tructure of the HBP provided computing and
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storage services at leading European supercom-
puting and data centres. These are part of the
Fenix research infrastructure, which itself is an
outcome of the HBP, as it was funded specifi-
cally to be developed for HBP and EBRAINS.

• ICT – Information and Communication
Technology is an area of technology that com-
bines hardware and software, which deals with
the processing of information as well as its com-
munication and storage.

• SLU – Scientific Liaison Unit of the HBP sup-
ported navigating the complexity of EBRAINS
by creating a shared understanding of the
research plans of the scientists and the associ-
ated technical requirements for the engineers,
and developing related training material on how
to translate research plans into technical require-
ments.

• SGA – Specific Grant Agreements. The 10-
year long HBPwas divided into specific funding
SGA phases: SGA1 lasted from April 2016 –
March 2018, SGA2 from April 2018 – March
2020, and SGA3 from April 2020 – September
2023. The SGAs were preceded by the project’s
initial phase, the Ramp-up Phase, from April
2013 – March 2016. The SGA ICEI (Interactive
Computing e-Infrastructure) funded the devel-
opment of the initial version of the FenixRI from
January 2018 – September 2023.

• SA – Student Ambassadorswere nominated by
and represented the student community of their
HBP Work Package.

• SR – Student Representatives were directly
elected by, and acted as spokespersons for the
project’s student community in official commit-
tees.

Value of an Interdisciplinary Approach

Recent research efforts have highlighted the importance of
interdisciplinarity in brain research (Dyson, 2012; Huang &
Luo, 2015). Thebenefits are two-fold: (1) for neuroscience, to
fully exploit novel technologies and neuroinformatics tools
to improve data collection, experimental design, and data
analysis, and derive theoretical models on brain function;
and (2) for engineering and ICT, to develop novel technolo-
gies inspired by brain functioning. In this section we will
describe how the HBP Education Programme addressed the
interdisciplinary nature of the project and aimed at enhancing

knowledge transfer, collaboration and trust among disci-
plines.

Leveraging the collective expertise of diverse disciplines
is critical. As such, collaborations between, for example,
engineers andphysicians, statisticians andbiologists, or com-
puter scientists and cognitive scientists have become more
common. However, these partnerships encounter difficulties,
mainly due to differences in terminology, methodologies,
and perspective. Bridging these gaps to equip scientists
with knowledge and skills that are transversal to disciplines
requires interdisciplinary training, common frameworks, and
a culture of openness (Gobet, 2018; Grisham et al., 2016).
Although brain research concepts were present in univer-
sity curricula for biology, social sciences, medicine, or
computational sciences, at the time of the HBP Education
Programme’s conception, there were virtually no interdis-
ciplinary brain science programmes combining these fields
and, specifically, the need for more computational and quan-
titative training had been pointed out for students from life
science backgrounds (Goldman & Fee, 2017).

HBP Education events were organised by panels of sci-
entists representing diverse fields and career levels of the
HBP. Similarly, events were always open to scientists from
all disciplines. Participants ranged from engineers and com-
puter scientists to neurobiologists and medical doctors. As
an example, the word cloud in Fig. 2 illustrates the wide
spectrum of topics of abstracts submitted to the Student
Conferences, showing diverse brain research fields simi-
larly represented. These events aimed at providing ECRs

Fig. 2 Abstract topics for HBP Student Conferences. The word cloud
illustrates topics presented at 6 out of 7 HBP Student Conferences,
covering a total of 395 abstract topics. It shows the wide spectrum of
disciplines represented in the conferences
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(see Glossary 1) with knowledge and skills from various
disciplines independent of their specialisation, and promot-
ing interaction and communication across different fields.
As a result, HBP Education training events contributed to
acquiring new skills and establishing new collaborations
(see Sections Value of Adaptable Training and Approaches
and Value of a Collaborative Approach and Supplementary
material Section A.1).

The HBP Curriculum on Interdisciplinary Brain Research
consisted of four core subject courses (Neurobiology, ICT,
Brain Medicine and Cognitive Systems “for non-specialists”),
complemented by two courses teaching horizontal topics
(’Research Ethics and Societal Impact’, and ’Intellectual
Property Rights, Translation and Exploitation of Research’).
Since this curriculum was not only directed at students
working in the HBP, it was structured as an online course
(Section Adaptability of a Blended/Hybrid Educational
Approach), with an option for complementary workshops
and examinations for receiving ECTS credits.

Interdisciplinary training represents a challenge also for
lecturers and teachers. Based on a survey to speakers from the
HBP education events, understanding diverse backgrounds
and previous knowledge and providing clear explanations
and definitions of field-specific concepts and terminology

were crucial aspects to be considered when teaching to an
interdisciplinary audience, as illustrated in Fig. 3. Indeed,
balancing content accessibility and managing varying levels
of prior knowledge from the participants were the biggest
challenges for the majority of speakers. Using real-world
examples, favouring discussion and hands-on experience,
exploiting common tools and infrastructure built for interdis-
ciplinary audiences were other important factors to consider.
Many speakers considered fostering dialogue and addressing
conflictingperspectives amongdisciplines a very challenging
aspect of interdisciplinary teaching. On the other hand, fos-
tering inclusivity and respect for diverse viewpoints was not
considered as a significant challenge in the context of inter-
disciplinary training by the speakers. Whether this reflects
a trend in increased respect for inclusion and diversity in
interdisciplinary contexts (Baillie et al., 2011) or the need to
further increase awareness for speakers could not be iden-
tified. A helpful solution could be to provide speakers with
student surveys/data prior to events (e.g. diverse backgrounds
and knowledge but also sense of inclusion from the par-
ticipants) so that they can assess all aspects of learning
environment prior to lectures.

In conclusion, theHBPEducationProgramme implemented a
set of training activities where organisers, target audience,

Fig. 3 Survey results conducted among speakers and tutors at HBP SGA3 Education events to assess the value and challenges of training an
interdisciplinary audience. Entries below 6% are omitted
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contents, and teachers represented awide range of disciplines
contributing to brain research. These activitieswere designed
with an interdisciplinary mindset, with the goal of promoting
knowledge transfer among scientific fields and in such a way
that researchers with a wide range of backgrounds and in
different career stages could take advantage of them. Train-
ing was mainly focused on neuroinformatics and computer
science skills that are required by the rapidly evolving land-
scape of digital tools for neuroscience, while experimental
neuroscience training remains a challenge due to the higher
complexity of infrastructure needed (seeLesson1 in the box2
in Section Towards Integrated Neuroscience Education).

Value of Adaptable Training and Approaches

The rapidly evolving landscape of digital tools for brain
research and education requires neuroscience education
programmes to be flexible and easily adapt to novel neu-
roinformatics and computational resources available.

Adaptability to an Evolving Research Infrastructure

Complementary to experimental tools, digital tools are
rapidly evolving andwidely used in brain research, including
online databases for neural data sharing, neuroinformatics for
data analysis and software packages for neural circuit mod-
elling and simulation (Neuro Cloud, 2016; Gleeson et al.,
2010;Dai et al., 2020a, b). From the outset, theHBP (Amunts
et al., 2016) envisioned the design, development, and deploy-
ment of a shared ICT andHPC infrastructure (seeGlossary 1)
to support its research goal. This entailed a collaborative
effort to co-design an ICT infrastructure for brain research
and to provide specialised ad hoc training on its function-
alities and usage to the neuroscience community. Providing
continuously updated specialised and hands-on training on
the use of these digital toolswas essential to increase usability
and standardisation, thereby continuously integrating feed-
back from the end-users (see Lesson 2 in the box 2 in Section
Towards Integrated Neuroscience Education).

For example, in March 2016, during SGA1 (see Glos-
sary 1), six initial HBP platforms were launched: neuroin-
formatics, brain simulation, high-performance analytics and
computing, medical informatics, neuromorphic computing
and neurorobotics. An adaptive educational programme was
required to provide relevant training material alongside the
rapid evolution of the platforms.

To make the infrastructure accessible to a wider commu-
nity and test its potential, several workshops were organised
that enabled scientific use cases and covered data, analysis,
simulation, and visualisation requirements.

Following the HBP platforms and services consolida-
tion into EBRAINS, voucher programmes (Schneider, 2019)
allowed external researchers to participate and learn how
to integrate their tools and ideas with the existing hard-
ware and software services. Co-design projects 3 during
SGA2 helped the interconnection of tools, enabling new
and complex workflows to be envisioned. This new phase
of integration also brought a new wave of training, work-
shops, and education offers which aimed at helping brain
research experts understand the possibilities of exchanging
information between tools (e.g. databases, neuroinformatics
pipelines for data analysis, modelling and simulation work-
flows) and maximising the scientific output resulting in these
pipelines. With the rise of big data, also questions regarding
FAIR principles, reproducible science, good software devel-
opment practices and cybersecurity started to take a main
role in several of the training offerings (Martone, 2003).

In 2021, the EBRAINS RI was selected for the ESFRI
Roadmap of European Research Infrastructures (see Glos-
sary 1). This meant that all developers and scientists in
the HBP had to focus on enhancing the technology readi-
ness level of their tools, creating thorough documentation
and following strict guidelines of technical integration to
ensure higher adoption, integration, and standardisation of
the infrastructure. The education and training activities devel-
oped around the infrastructure became an essential feedback
loop to enhance its usability and quality during the last phases
of the project.

These processes were supported and partly directed by the
EducationProgrammeOffice (EPO, seeGlossary 1) to imple-
ment feedback mechanisms, such as regular participants’
surveys, which allowed to identify necessary adjustments to
the programme and the infrastructure. Also, in the context
of an inclusive, interdisciplinary and collaborative edu-
cation approach (see Sections Value of a Collaborative
Approach and Impact on Diversity and Equal Opportunities
in Neuroscience Training), the EPO as coordinating layer
proved essential, as it helped to facilitate collaborations and
strengthen networks, drove progress, supported the provision
and sharing of resources and ensured that all stakeholders
have the necessary tools and resources to implement activi-
ties (Rincón-Gallardo & Fullan, 2016).

Adaptability of a Blended/Hybrid Educational
Approach

While providing training on the digital infrastructure for
brain research developed within the HBP, the HBP Educa-

3 Co-design projects were cross-cutting work activities within the
HBP aimed at promoting exchange between scientific requirements
and technology development, combining efforts across work packages
(https://www.humanbrainproject.eu/en/about-hbp/project-structure/
work-packages/).
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Fig. 4 Monthly views (red) and
proportion of new viewers (blue)
on the HBP Education E-Library
hosted on YouTube covering the
period from December 2016
(first videos published) to March
2024. View numbers increased
steadily along the HBP phases.
Average monthly views from
December 2016 to March 2020
(SGA1, SGA2): 1669.95 (SD:
500.70) and for April 2020 -
March 2024 (SGA3 and
beyond): 2833.65 (SD: 704.63)

tion Programme also evolved to integrate digital tools into
the training practice. The use of digital tools in education
has increased over the past decades (Gubbins et al., 2023)
in many disciplines, including neuroscience (Rajan & Pan-
dit, 2022), with benefits for inclusivity and accessibility of
training (an Viegen et al., 2021). The COVID-19 pandemic
starting in early 2020 accelerated this trend and made online
learning, and not just digital tools, common for many educa-
tion programmes, from schools to universities and researcher
training (Wee, 2022; Achakulvisut et al., 2020). Since the
beginning, the HBP Education Programme has valued digi-

tal and online learning (Grasenick & Guerrero, 2020) along
with in-person training, with a two-fold impact: making edu-
cational material available online during and after the events,
and expanding the audience of training events (including
thosewho could not afford to travel to an on-site event). Digi-
tal training contents (videomaterial producedduring theHBP
Education Programme activities) contributes to the legacy
of the HBP Education Programme: an e-library of courses
and lectures, organised into corresponding topics following
various HBP events, is shared with the public through the

Fig. 5 Number of views by country on the HBP Education E-Library hosted on YouTube covering the period from December 2016 to March 2024.
E-Library videos have reached a wide geographic audience well beyond the European dimension of the HBP
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Fig. 6 Number of views by age category on the HBP Education
E-Library hosted on YouTube. E-Library videos have been mainly
watched by young audiences with more than 90% of views coming
from individuals younger than 35

HBP Education Programme E-Library4 and made available
on YouTube5.

More than 700 videos are available in theE-Library, reach-
ing close to 4, 000monthly viewsbyApril 2024. SinceMarch
2023, on average, 53.9% of monthly views are from new
viewers, as shown in Fig. 4. The views by countries indi-
cate that the E-Library has reached geographic audiences
well beyond the European dimension of the HBP, as shown
in Fig. 5. For example, India and the United States of Amer-
ica are among the top five countries with the highest number
of viewers. Regarding viewer age, Fig. 6 shows that the main
age group using the E-library were 25-34 year-olds, followed
by18-24year-olds,which indicates that themain target group
of ECRs (including undergraduate and graduate students,
OECD, 2019) is well reached by the E-Library content.

In addition to the digital education material, other online
activities were implemented to enhance the cohesiveness of
the community, help early-career researchers keep connected
and engaged with the developments in the field, and pro-
vide an open space for interaction during times of physical
disconnect of the pandemic years (2020-2022). The Tea &
Slides events were launched in 2020 (see Section HBP Tea&
Slides) and the Student Conferences and Young Researchers
Events weremoved to an online and hybrid format from 2021
onwards (see Sections HBP Student Conferences and HBP
Young Researchers Events). As shown in (Fig. 7), having
online and hybrid training events increased the number of
participants and geographic reach, contributing to enhancing
accessibility and equity of training across more countries.
Particularly, formats that were moved from in-person to a
hybrid/virtual format saw an increased geographic diversity.
In general, also small-sized purely virtual events such as the

4 https://www.humanbrainproject.eu/en/education-training-career/
education-programme/e-library/
5 https://www.youtube.com/@HBPEducation

Tea & Slides format (mean number of participants: 38.6)
reached a considerable geographical diversity, with on aver-
age 15 countries represented per event.

The digitisation of content and hybrid format of events
have ensured that educational material about the EBRAINS
RI6 is available to researchers around the world. The variety
of multimodal training and education material has been pre-
served and documented online7 to help ensure progressive
adaptation opportunities by the research community to the
developments of the HBP technical and scientific outputs.

Value of a Collaborative Approach

The launch of large international initiatives for brain research
(Amunts et al., 2016; National Institutes of Health, 2014;
Yuste & Bargmann, 2017) and the availability of digital
education platforms have facilitated the development of col-
laborative bottom-up approaches for neuroscience training.
Within theHBPEducation Programme, collaboration among
ECRs, senior scientists, and other neuroscience training ini-
tiatives has been a core element of the educational offer. In
the following section, we provide an overview of the diverse
mechanisms implemented to increase collaboration inside
and outside the HBP community through education.

HBP Education Community

The involvement of students and young researchers in the
HBP education activities was a substantial part of the Edu-
cation Programme, with students playing a pivotal role,
especially in shaping the format and content of educa-
tion events. In particular, student representatives (SR) and
ambassadors (SA) represented the interests of the student
community within the HBP. They played a crucial role in
strengthening the community by promoting awareness of the
HBP Education Programme, and facilitating communication
between students and members of the whole HBP commu-
nity. Their main activities included (HBP, 2017a, b):

• Representing the student body during HBP Educa-
tion Programme committee meetings and distribution of
information within their respective network.

• Contributing to shaping the strategy for the HBP’s Edu-
cation Programme in its operational phase by providing
valuable input from a student perspective.

• Acting as a bridge between different groups within the
HBP’s ecosystem by connecting the growing student
community with the Education Programme Office and

6 https://www.ebrains.eu/
7 https://www.humanbrainproject.eu/en/education-training-career/
education-programme/e-library/
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Fig. 7 Worldwide reach of education events from 2020-2023. Bubble
size represents the number of participants per event (the legend shows
exemplary bubble sizes for the events based on median and min/max
participants numbers). Hybrid and virtual events increased geographic
reach of the HBP Education Programme. Also smaller formats, such

as the HBP Tea & Slides webinars (see Section HBP Tea & Slides),
reached between 8 and 21 countries per session, indicating increased
geographic diversity of virtual formats. Geographic reach is defined as
self-reported residence at registration

senior scientists, as well as fostering collaboration with
the broader HBP consortium.

• Co-organising the annual HBP Student Conference with
the EPO and voluntary students to facilitate network-
ing opportunities and knowledge sharing among students
involved in the programme.

• Organising networking events and student gatherings
at the HBP Education Programme events, promoting a
sense of community and fostering connections between
participants.

• Organising student community contributions and side
events at major HBP events like the annual “HBP Sum-
mits”, which were large conferences with hundreds of
participants – an opportunity for students to get visibility
for their work early on in their careers and to meet with
their peers in the community.

Over the course of the three funding phases, lasting from
2016 - 2023 (SGA1-3), 14 men and 11 women participated
as SA and SR. SRs were periodically elected by the ECR
community for a voluntary duration.

To further develop and maintain the community, the HBP
Education Programme Office maintained various communi-
cation channels tomultiply the Programme’s reach, including
amonthlyHBPEducationnewsletterwith 3, 800 subscribers,
social media presence reaching more than 14, 000 follow-

ers across platforms by the end of the HBP, and an open
HBP Student Community Slack Channel with more than 600
members.

HBP Student Events

All student events, including the HBP Student Conferences,
the Young Researchers Events and the Tea & Slides webinar
series were organised by the SA for students inside and out-
side theHBPcommunity. The scientific contentwas designed
to encourage collaboration across disciplines (see Section
Value of an Interdisciplinary Approach) and discussion with
peers and principal investigators. Hands-on workshops and
interactive sessions were organised for learning new skills
and giving students new networking opportunities with other
users and developers of tools.

HBP Student Conferences

Seven HBP Student Conferences (Simidjievski et al., 2017;
Santuy et al., 2018; Urbain et al., 2019; HBP, 2020; Bogdan
et al., 2021; Covelo et al., 2022; Cano-Astorga et al., 2023)
were organised by ECRs for ECRs with the aim to encour-
age collaboration and scientific exchange across the fields
of neuroscience, brain medicine and computer science. The
ideawas that student-organised conferences allow bottom-up

123



Neuroinformatics

Fig. 8 SGA1 and SGA2 HBP Student Conference survey results. Entries below 5% are omitted

perspectives and innovative ideas from the young scientific
community, while providing a supportive environment for
students presenting their work, often for the first time. ECRs
had the chance to present their own research and engage in
extensive discussions with peers and principal investigators
from within and outside the HBP, often in an informal envi-
ronment.

The event quality (scientific content, programme schedule
and interactivity) and the organisational aspects (communi-
cation before the event, assistance from the organisers and
usability of the event tool in case of virtual/hybrid events)
were rated and assessed in post-event surveys. The mean
outcome of the first four conferences is depicted in Fig. 8
(SGA1 – SGA2), and the 5th to 7th conference (SGA3)
in Fig. 9. Between the 4th and 5th conferences, the survey
format was changed to consolidate and simplify the ques-
tions, which reduced the number of questions and provided
a streamlined polling process. In response to the COVID-
19 pandemic, from the 5th conference onwards, a virtual or
hybrid question format was implemented. The number of
survey participation for the SGA1 and SGA2 phases and for
SGA3 is further detailed in the Supplementary material, Sec-
tion B.

Importantly, most respondents had a positive impression
of the conferences (see Overall Satisfaction in both plots).
According to the poll, many students may have used the con-
ferences to learn more about other disciplines than their own
(Broadened your overview). Based on the received feedback,
student-led conferences represented a highly educational
experience for ECRs gaining newknowledge (e.g.,New skills
and Acquisition of new information in Fig. 8, A) and know-
how in highly rated lectures (e.g., Scientific Content in Fig.
9, B). Many students indicated that they gained many new
ideas (see Fig. 9, A, New ideas for my research), particu-
larly during the SGA3 phase. This may correlate with the
increased networking possibilities provided. Furthermore,
another aspect which may influence new ideas is that the stu-
dents may appear more engaged when interacting with and
between early-career researchers like themselves. An indica-
tion of this is reflected inContact with other young scientists,
in Fig. 9,A. The impact of theCOVID-19 pandemic is visible
in Fig. 9, B with a lower response rate for Network oppor-
tunities. This decline can be attributed to the online/virtual
format, as networking was not as easily facilitated compared
to in-person meetings (Karl et al., 2022; Standaert et al.,
2023).

Fig. 9 SGA3 HBP Student Conference survey results
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Fig. 10 Young Researchers Events satisfaction survey results from the early SGA1 and SGA2 funding phase. Entries below 5% are omitted

Overall, there is a noticeable rise in overall satisfaction
across the conferences, as reflected by an increase in the
response rate for the Excellent category for all questions (see
Fig. 9). A potential source for this improved satisfaction may
relate to increased experience and continuous consideration
of feedback and suggestions from participants, as well as the
expansion of the HBP research network, in terms of new sci-
entists with a higher variety of backgrounds and experiences.

HBP Young Researchers Events

Seven free-of-charge events lasting from one to two days were
organised collaboratively by senior researchers and ECRs
for ECRs. These “Young Researchers Events” were held in
person/hybrid inBudapest (Hungary),Geneva (Switzerland),
Sofia (Bulgaria), Belgrade (Serbia), Copenhagen (Denmark),
and Zadar (Croatia), while one was a virtual event.

Various scientific topics were addressed in interactive ple-
naries and hands-on workshops. The events offered ample
networking formats for participants to connectwith peers and
experts, like the Science Bazaar, where event participants,
including some senior researchers contributing to the event,

were organised in groups discussing different topics. As dis-
played in Figs. 10 and 11, opportunities to meet with ECRs
and speakers were highly valued (Contact with other young
scientists together with Contact with other early carrier sci-
entists). In contrast, contact to senior researchers was less
well received (Contact with senior scientists). These satisfac-
tion surveys indicate that, in line with the aims, these events
helped broaden the perspective for almost all respondents
(Broadenedmy overview) while providing only limited bene-
fit to individual skill acquisition as per the feedback (seeNew
skills in Fig. 10). This issue may stem from either the broad
or specialised nature of the course contents. To mitigate this
problem, it is essential to consider the diverse backgrounds
of all participants, even before designing the course, which
poses a considerable challenge (see also the lessons learnt
box in Section Towards Integrated Neuroscience Education).
While individual topics were rated more highly for SGA3,
the overall satisfaction did not change between SGA1-2 and
SGA3, especially in the Excellent class. With the possibil-
ity to join virtually in SGA3, the number of participants
increased (see Supplementarymaterial SectionB). The fewer
response categories and slightly different questions may

Fig. 11 SGA3 Young Researchers Events satisfaction survey results present highly positive summary statistics during SGA3 that included virtual
events. Overall satisfaction results improved

123



Neuroinformatics

influence the outcome as well. Additionally, Overall Satis-
faction was an individual question, thus, participants may
have based their answer on different factors rather than sum-
ming up their ratings of the individual categories. This could
have resulted in the individual categories being rated more
positively in the SGA3 period, without changing the overall
satisfaction.

HBP Tea & Slides

During the pandemic, the HBP SA& SR, invited the science
community to 16 virtual talks (HBP Tea & Slides) by HBP
ECRs. Each session included two 10-minute talks followed
by an interactive Q&A session with the audience. Speakers
were encouraged to present their work to gain experience and
to receive valuable feedback from their peers. The speakers
could also request a certificate in order to add this experience
to their CV. Particularly during the height of the COVID-
19 pandemic in the years of 2020 and 2021, with restricted
networking and travel opportunities, this format was a simple
and effectivemethod to enable ECRs to publicly present their
work in an interactive and informalmanner to an international
and interdisciplinary audience, as indicated in Fig. 7.

Set and Setting Strategies to Increase Engagement

One aspect of the programme that contributed to its success
and is often overlooked is the organisational setting of the
events. While formal education elements, such as lectures
and poster sessions, and the choice of topics and lecturers
are undoubtedly the focus of most programmes and con-
ferences, the space and social context in which they take
place is equally important, especially from the networking
and collaboration perspective. One reason why these aspects
are often overlooked could be that their success is predi-
cated on their subtlety and passiveness. One cannot assume
researcherswill socialise. Poster sessions are often thought to
achieve socialising opportunities, and indeed, they do invite
people to interact with each other and discuss each other’s
work to a certain degree. However, participants often tend
to visit posters that are at least somewhat related to their
studies while avoiding those that are far outside their own
expertise. This creates a feedback loop where, for instance,
physicists will tend to exclusively interact with other physi-
cists, if poster sessions are the only means of socialisation.
Approaches such as moderated introduction rounds often do
not achieve the aim to familiarise participants and to lower
the social barrier.

HBP Education Programme events created increased
opportunities for networking across very different fields.
Being set in comparably remote places like secluded moun-
tain locations, such as Alpbach or Obergurgl in Austria,
helped retain participants at the venue. Moreover, decreasing

the attendance numbers deliberately increased the opportu-
nities to socialise and form deeper connections. Barbecues,
hikes and social evening can encourage communication in a
very informal setting, fostering the building of relationships
between the participants, both at a personal and professional
level.

These factors, which seem at first glance to be incon-
sequential, must be given special attention in the planning
phases of events. Creating quality opportunities to socialise
is an important factor in building lasting collaborations
(Aicardi, 2014), and should not be perceived merely as a
means for increasing the enjoyment component (see Lesson
5 in the box in Section Towards Integrated Neuroscience
Education).

The HBPMentoring Programme

To guide ECRs in their careers and potentiate the connection
between themand senior researchers, theHBPoffered a high-
potential mentoring programme, developed by the Diversity
and Equal Opportunities Committee. This was a mentoring
partnership between an ECR and an experienced researcher
(mentor), such as a group leader or someone already expe-
rienced in guiding students through their academic careers.
One of the goals of this programmewas to shape thementee’s
career goals with a clear and guided orientation, includ-
ing the focus on successfully performing future tasks in an
independent manner. The programme followed recommen-
dations given by Colantuono (2012); Grasenick and Trattnig
(2019), emphasising ways tomentor students based on inclu-
siveness while building self-confidence, self-reflection, and
courage. Structured guidelines (Grasenick, 2017) helped the
mentor-mentee pairs to formulate personalised goals that
they worked towards over 6-8 weeks.

Collaboration with Other Initiatives

The collaborative approach of the HBP Education Pro-
gramme also aimed at creating and fostering bridges to
other initiatives active in interdisciplinary research and edu-
cation. From the outset, collaboration with international
organisations, such as the Allen Institute for Brain Sci-
ence and the International Neuroinformatics Coordinating
Facility (INCF), was initiated for joint workshops, cross-
promotion and knowledge exchange (Saria, 2018). These
initiatives enabled the multiplication of the HBP Educa-
tion offers as well as the tools and services offered by the
EBRAINS Research Infrastructure. A train-the-trainer style
MasterClass Series co-organisedwith the InternationalBrain
ResearchOrganisation (IBRO) gave the opportunity to senior
scientists from Africa and the Asian-Pacific region to adopt
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EBRAINS tools for their own teaching and research8. As
a result, collaboration with other initiatives facilitated the
integration of new audiences, both geographically and disci-
plinary. The Young Researchers Event series contributed to
fostering collaboration with researchers from countries not
formally associated with the HBP (such as Lithuania, Croa-
tia, Hungary, or Serbia) by co-organising the events with
local universities or neuroscience associations and giving
both HBP and local scientists space to present their research.
Co-organised workshops with actors from associated fields,
such as a collaborative workshop between the HBP and the
European Academy of Neurology (EAN)9 helped to broaden
the disciplinary audience. Collaborations were also useful
as a standing exchange on strategies, methods, and ways
to increase the impact of educative actions. HBP Educa-
tion Programme members have been recruited as Observing
Members at the INCF training and education subcommit-
tee to provide input to INCF educational activities (Saria,
2018). Further, a collaboration with the International Brain
Initiative (IBI) included participation of the HBP Education
Programme representatives in the Training Task Force of the
IBI Data Standards and Sharing Working Group, together
with other IBI member organisations10. The main mission
of the task force was to increase the impact of data gener-
ated by the international neuroscience community on science
and health. This was achieved by ensuring that community
members had access to training resources that promote data
standards, facilitate data sharing, and provide guidance for
obtaining and analysing these data sets. This mission was
also multiplied during conferences, for example, at a SfN
2022 Satellite Symposium organised by the Training Task
Force11.

Interdisciplinary Collaboration for Responsible
Research and Innovation Training

The major aims of the HBP Education Programme included
a dedicated focus on Responsible Research and Innovation
(RRI). This focus was in line with the overall approach of
the HBP, which maintained a strong commitment to RRI and
ethics. The initiative engaged a large team of social scientists
and humanities researchers who collaborated closely with

8 https://www.humanbrainproject.eu/en/education/virtual-
masterclass-1/
9 https://www.humanbrainproject.eu/en/education/ebrains-
workshops/medicaldata/
10 https://www.internationalbraininitiative.org/data-standards-and-
sharing
11 https://brainminds-beyond.jp/satelliteopen@sfn_2022_ibi_data_
WG.html

neuroscientists, computer scientists and engineers (Aicardi
et al., 2020; Stahl et al., 2019; Ulnicane et al., 2023). A crit-
ical element of the RRI approach is aligning research with
the needs and values of society. This alignment is facilitated
through broad collaborations, bringing together a range of
disciplines and stakeholderswith an aim to anticipate, reflect,
engage, and act on social aspects of research and innovation.

Members of the HBP RRI team worked jointly with the
HBP Education Programme to ensure that topics of RRI and
ethics were an integral part of the HBP education events. In
addition to a dedicated three-day HBP Education workshop
on RRI and ethics in 2018 in Stockholm, Sweden, training on
social aspects was part of regular HBP Student Conferences
and Young Researchers Events. Social science topics were
also discussed at other events, such as during the HBP Tea
& Slides webinar series. A unique feature of these RRI and
ethics trainings in the HBP was that they were co-created
within a long-term collaboration among HBP researchers
fromSSH (Social Sciences andHumanities) and STEM (Sci-
ence, Technology, Engineering andMathematics) disciplines
as well as students, to make sure that the needs and questions
of interdisciplinary brain research were addressed.

During the final years of the HBP, the RRI team developed
an RRI capacity development programme offering training
on topics such as data governance, dual use, neuroethics, and
public engagement forHBP researchers, students, EBRAINS
users and awider audience (Ogoh et al., 2023). Some of these
training elements, for example on dual use, was offered dur-
ing the HBP Student Conferences and Young Researchers
Events. The dual use workshops were developed in collabo-
ration with the project-wide HBP Dual Use Working Group
and regularly updated in line with students’ feedback (Ulni-
cane et al., 2023). These workshops introduced students to
the key concepts of RRI, dual use of concern, and misuse
and provided examples and ways to address dual use issues.
The major emphasis during these interactive workshops was
on student group discussions and plenaries, where students
discussed how the issues of dual use and misuse might apply
to their own research and how to address them. In this way,
workshops encouraged reflection, mutual learning, and cre-
ation of collaborative networks of responsibility for thinking
and dealing with social aspects of brain research.

Impact Highlights

Thus far, we have described the HBP Education Programme
and discussed the value of specific conceptual pillars that
guided the evolution of education and training throughout
the project. In this section, we will highlight the specific
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impacts of the programme on project execution, research and
technology development, and the community.

Interdisciplinary Skills

One of the challenges of interdisciplinary environments
is addressing disciplinary pluralism, as most researchers
are trained in specific fields. The HBP Education Pro-
gramme aimed to create an interdisciplinary space by
exposing participants to diverse disciplinary perspectives
and approaches, both formally at conferences and work-
shops, and informally through personal interactions and
conversations. These interactions help uncover knowledge
gaps, challenge assumptions, and align terminology, thereby
facilitating hypothesis formulation (Donovan et al., 2015).
Such interdisciplinary exchanges increase awareness of the
broader impact of the research performed by attending indi-
viduals and research groups, insights unlikely to be gained
from mono-disciplinary conferences or events. Be it through
the HBP education events and/or mentorship programmes,
the HBP Education Programme contributed to build an inter-
disciplinary research environment, increasing networking
opportunities and providing ECRs with a better understand-
ing of the underlying scientific challenges of each discipline
and how they relate to the project’s overarching goals, as
seen in the “benefit for participant” question on the surveys
like the one presented in Figure 9 (see also Supplementary
material Section A.3 for a success story on this topic).

Impact on Technology Development

Having an actively evolving Education Programme within
the HBP also had an important impact on the development
of the resulting research infrastructure and technology. First,
the continued effort to provide reliable and flexible digital
environments and tools for neuroscience training pushed the
internal technology roadmaps to achieve the required lev-
els of robustness and usability through the execution of the
project (see Lesson 2 in the box 2 in Section Towards Inte-
gratedNeuroscienceEducation).Moreover, the feedback and
requirements provided by students, who frequently became
active end-users of the infrastructure, were critical for the co-
design of the tools and services integrated into the EBRAINS
RI (see also Supplementary material Section A.2).

In order to create a link between the needs of the end
users and the technology development, the Scientific Liaison
Unit (SLU)12 (see Glossary 1) was formalised during the last
phase of the HBP. Its main goal was to foster a collaborative
and integrated research environment. The SLUcontributed to
the EBRAINS research ecosystem by creating instructional

12 https://wiki.ebrains.eu/bin/view/Collabs/ebrains-scientific-liaison-
unit-slu

materials, guides, and videos that facilitate data sharing and
integration of research workflows. The EBRAINS SLU also
contributed to educational activities and used them as plat-
forms to interact with end users and gather requirements.
An event of note, co-organised by the SLU and the Educa-
tion Programme, was a tailored one-day workshop for the
Austrian Neuroscience Association (ANA, 2022). In collab-
oration with the Education Programme, the SLU organised
workshops and events to teach researchers, particularly those
early in their careers, how to achieve their scientific goals
using standardised workflows in the EBRAINS RI and pro-
vided mentoring and resources to help participants develop
their ideas into structured requests for implementing their
research. Díaz (2023) documents the results of one of such
workshops.

TheEducation Programme togetherwith the SLU fostered
data sharing and the refinement of tools meant for collabora-
tive digital research13. This is crucial for neuroinformatics
(Eckersley et al., 2003) and had a direct impact in open
science methodologies, enhancing the trust of scientists in
the infrastructure and the community and increasing will-
ingness to listen to new perspectives as well as new ways of
thinking and solving problems. This increased collaboration,
also reflected in amore homogeneous communication among
participants in these events, allowed for fast and efficient
interactions resulting in various open-access manuscripts,
curated datasets and free licence software releases.

Flipped Hierarchies

In most scientific disciplines, project ideas and directions
are formed in a top-down hierarchy: initiated by the senior
principal investigator, further passed down and refined by the
more junior researchers like PostDocs and PhD students. The
senior principal investigatorwould lead the conceptualisation
of the idea, forming broader concepts that need to be inves-
tigated. At the same time, the junior researchers focus on the
technical details related to the implementation and evaluation
of the hypotheses. This approach is most often appropriate
in an intra-disciplinary setting. However, it is less appro-
priate for larger collaborative interdisciplinary efforts such
as the HBP. Here, ideas are often conceptualised jointly by
investigators fromdifferent disciplines. In turn, eachwill then
attempt to translate these concepts to their subordinates, often
with incomplete information about the scope of the planned
effort and potential technical difficulties. This is expected,
as it is typically inherited from the complexity of interdisci-
plinary communication.

The various HBP student events, outlined in Section HBP
Student Events, facilitated interactions and communications
among ECRs, creating a community that cohesively con-

13 https://drive.ebrains.eu/f/9f34fb0b132a485ebd2d/
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tributed to scientific and training activities throughout the
different phases and leaderships of the project (see Lesson 3
in the box2 inSectionTowards IntegratedNeuroscienceEdu-
cation). Understanding and respecting disciplinary pluralism
in this context was imperative. On the one hand, it allowed
for communicating and understanding potential technical
difficulties akin to the other disciplines but unforeseen or
lost in the traditional top-down hierarchical communication.
For instance, a researcher specialising in neuroscience has
a much better understanding of the data (how it was mea-
sured and processed) than a researcher specialising in applied
machine learning who has been tasked to analyse it, and
vice versa. Such interactions allowed for removing many
technical bottlenecks, which further accelerated the planned
deliverables. On the other hand, these events enabled the
seeding of new ideas, implicitly flipping the conventional
top-down hierarchies. ECRs could jointly identify and con-
ceptualise novel scientific questions and potential common
research directions by sharing and presenting their workwith
other interdisciplinary peers. These ideas were still propa-
gated upwards and further improved and contextualised by
the respective senior investigators, but were more actionable
as the technical challenges were more tangible (see Lesson
4 in the box 2 in Section Towards Integrated Neuroscience
Education).

Bottom-up ideas created by early-career researchers and
developed in collaboration with peers from other disciplines
proved to helpmove their respective fields forward, while, on
the other hand, it also had a positive effect on the careers (see
success stories in Supplementary material Sections A.1, A.2
and A.3). Such a high level of interdisciplinarity was rarely
seen in the past in the field of neuroscience and new research
opportunities can arise from this interdisciplinary collabo-
rative mindset. Therefore, these bottom-up approaches also
bring ECRs in the position to push the boundaries of their
fields early on in their careers.

Impact on Diversity and Equal Opportunities
in Neuroscience Training

As a European FET Flagship project (see Glossary 1), the
HBP in general, and the Education Programme specifically,
was strongly committed to enhance equal opportunities and
gender equality. In this context, circumstances of early-career
researchers, such as income and family obligations, culture,
ethnicity and first language, were specifically considered of
high relevance. In that effect, the EPO and SA joined the
Diversity and Equal Opportunities Committee in the devel-
opment of equal opportunities measures. The Gender Action
Plan of the HBP was developed in a collaborative fash-

ion (Grasenick, 2021), identifying “research and lectures”
as a primary area for intervention. This approach ensured
that both representation and content were in line with the
European strategy for gender equality.14. The integration
of gender dimensions into research content is not merely
about increasing the representation of women in science, but
also about enriching research agendas and methodologies
with gender-sensitive approaches. Within the HBP Educa-
tion Programme, guiding documents for researchers who
were interested in offering a workshop included questions
that requested to explain whowould present the content, how
relevant aspects of gender and diversity would be addressed
in the research and how the diversity of the participantswould
be considered didactically. These guidelines, integrated and
provided to the wider community via the EDI (“Equality,
Diversity, and Inclusion) Toolkit15, were taken into account
when evaluating proposals for training events.Workshops on
how to consider gender and diversity in research, as well as
on biases and career development, were offered as part of
Student Conferences other education events. Students were
encouraged to raise any specific needs or concerns related to
participating in the workshops and lectures. One measure to
make events more inclusive for a wide audience was to offer
as many education events as possible free of charge. The
focus on virtual events in the last phase of the HBP further
helped contributed to this in line with a shift to digital offers
during the COVID-19 pandemic. For on-site events, collabo-
rations with HBP consortium members or other institutions,
who offered on-site venues as an in-kind service, helped
to achieve low-cost structures that did not require income
from registration fees and lowered access barriers for low-
income researchers. As a result, 71.4% of events in the last
phase of the HBP were accessible for free. For the remain-
ing paid events, the Education Programme aimed to provide
early-career researchers with financial support in the form
of fee waivers or travel grants. These grants again consid-
ered diversity factors, by ranking grant applications not only
on academic merit, but additionally according to the GDP
per capita of applicants’ country of residence. Applicants
from the underrepresented gender were given preference.
The average proportion of women participating in educa-
tion events increased from 39% to 45% throughout 10 years
of the HBP, while the proportion of women speakers rose
significantly from 16% during the preparatory up to 39% at
the final phase of the project (Willis et al., 2023).

14 https://commission.europa.eu/strategy-and-policy/policies/justice-
and-fundamental-rights/gender-equality/gender-equality-strategy_en/
15 https://www.edi-toolkit.org/governance/#settheprinciplesforevents
andinteraction
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Towards Integrated Neuroscience Education

Lessons learnt

1. Lesson 1: While neuroinformatics and digital
infrastructure for interdisciplinary neuroscience
training is available and can be successfully
accessed, integration of experimental neuro-
science education remains a challenge due to
its higher infrastructure and logistical demands
compared to computational neuroscience.

2. Lesson 2: Steady feedback from users, train-
ers, and developers is required for improving the
flexibility and usability of the infrastructure for
training and education in an iterative and adap-
tive manner.

3. Lesson 3: Realising an inclusive education
programme for an interdisciplinary audience
requires broad bottom-up support from the
community and collaboration across disci-
plines, training and research initiatives, with
a coordinating layer that is essential to
strengthen networks and facilitate collabora-
tions.

4. Lesson 4: Increased integration of flipped hier-
archies is an effective strategy to overcome
issues in communication between leaders and
communities.

5. Lesson 5: Smaller events beyond main venues
increase opportunities particularly for cross-
disciplinary exchange.

In the past decade, the integration of computer science and
neuroscience has experienced a surge in popularity, impact-
ing numerous disciplines (Marblestone et al., 2016; Jangid
et al., 2020; Wang et al., 2020). However, keeping pace with
this convergence presents a challenge for educational institu-
tions, often hindered by rigid curricula, limited personnel and
departmental silos. Smaller to medium-sized universities, in
particular, frequently lack the interdisciplinary expertise and
resources necessary, creating barriers that affect education,
career paths, and scientific advancement.

Within the HBP Education Programme, efforts were
undertaken to provide a platform that allows for an interdis-
ciplinary education programme without borders by experts
for everyone interested. Structured content presented by spe-
cialists, free and open, attracted a diverse community across
European institutions. Impactful were an anti-hierarchical
approach (flipped hierarchies), the mix of in-person and
online offers, in formal and informal settings either driven by
students or experts, with a strong focus on interdisciplinary
skills – a format that in collaboration with other initiatives

could help serve an even wider community. With the end of
the HBP, elements of the HBP Education Programme were
integrated into EBRAINS in a decentralised manner with a
focus on the training and education around current EBRAINS
tools and services provided by the EBRAINS ecosystem.
Since the launch of the HBP Education Programme, sev-
eral new international interdisciplinary education initiatives
have emerged (Pradeep et al., 2022), alongside a surge in
local digital offerings at universities, partly accelerated by the
COVID-19 pandemic. These diverse offers should be better
aligned and combined across institutions to leverage a wider
potential for current neuroscience and computer science
education efforts. A coordinating body overseeing educa-
tional efforts could ensure organisation, quality standards,
and effective dissemination, fostering trust among educa-
tional institutions in the offerings. This would provide amore
comprehensive andup-to-date education for interdisciplinary
neuroscientists (Akil et al., 2016). In the European context,
a decentralised neuroscience education platform within the
existing European education ecosystem could complement
and enhance traditional curricula at universities and higher
research institutions. This approach would foster an ecosys-
tem that harnesses local expertise across Europe, with ECRs
playing a key role, and adapts and disseminates it to higher
education institutions. For instance, universities could incor-
porate individual courses or structured programmes into their
curricula digitally, saving resources while enhancing edu-
cational specialisation or interdisciplinarity. Simultaneously,
decentralised workshops, hackathons, and practical courses
on curated and shared datasets can complement existing
courses to address at least partially the challenge of exper-
imental training elements while still allowing small group
learning opportunities and continuous feedback between
users and developers of digital tools for neuroscience.
Widespread, up-to-date interdisciplinary neuroscience train-
ingwill remain a challenge, but a necessity to further improve
by joint and coordinated action.

Methods

This section provides a more in-depth examination of the
methodology and data collection processes employed for
the world cloud, survey results and E-Library statistics. Fur-
ther details regarding the survey response rates and survey
response acquisition are elucidated in the Supplimentary
Material.

HBP Student Conference Abstract TopicsWord Cloud

To represent the topics of HBP student conferences, we clus-
tered abstracts based on the predefined conference subtopics
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to which they were submitted, including (in alphabetical
order): brain atlases; brain dynamics and disease modelling;
brain simulation; brain simulation and brain-inspired archi-
tectures; cognitive and behavioural neuroscience; ethics and
society; high performance computing; human brain organisa-
tion; medical informatics; medical informatics and clinical
neuroscience; mouse brain organisation; neuroinformatics;
neuromorphic computing; neurorobotics; organisation struc-
ture and function of neural systems; systems and cogni-
tive neuroscience; theoretical neuroscience. A total of 395
abstract topics were included from 6 out of 7 HBP Student
Conferences, for which this information was available. Clus-
ters were then represented as a word cloud, using the online
tool available at WordClouds (2024).

Calculation of the Survey Results

Hereweshortlyexplain thecalculationof themeansurveyresults
displayed in Sections HBP Student Conferences and HBP
Young Researchers Events. The results are divided into three
(SGA1-2) or four (SGA3) topics T ={Benefit for participant,
Quality, . . .} and each topic has categories Ct = {New ideas
for my research, Broadened my overview, . . .} for a topic
t ∈ T . For every category c ∈ Ct , the results are obtained as
following:

1

N

N∑

n=1

vc ,

where N is the number of events per SGA1-2 or SGA3 and
vc are the votes (Very poor, …, Excellent) per category c.

Data Acquisition for HBP Education E-Library
Statistics

The HBP Education E-Library is hosted as a public chan-
nel on YouTube. Anonymous data visualised in Figs. 4, 5
and 6 has been exported from the YouTube Analytics por-
tal on 15 May 2024. The YouTube metrics used were (1)
total views per month, (2) new viewers per month, (3) total
views by country, and (4) total views by viewer age category.
All metrics relate to the total number of videos available on
the channel and cover the period fromDecember 2016, when
the first videos were published, toMarch 2024, except for the
metric “new viewers per month”, which was only available
by YouTube Analytics from April 2023.

While YouTube does not publish detailed methodology
on their statistical algorithms, we work with the following
assumptions regarding the calculation ofmetrics 16:(1)Views

16 https://support.google.com/youtube

are viewer-initiated intended plays of a video. (2) New view-
ers are uniqueviewerswhodiscovered the channel for thefirst
time by watching one of the channel’s videos, with unique
viewers being defined as the estimated number of individual
persons that watched content in a selected time period. (3)
Viewer age is calculated based on views from persons who
are logged-in to YouTube extrapolated to the full number
of views using unpublished statistical inference methods. (4)
Views by country are calculated using IP-address based loca-
tion tracking, can however be limited by factors such as VPN
and Proxies, mobile networks (due to dynamic allocation of
IP addresses), and ISP (Internet Service Provider) factors.
Due to potential inaccuracies and limited methodological
insights into the YouTube Analytics data, the numbers pre-
sented cannot be seen as definite numbers. Additionally, it
cannot be ensured that YouTube recorded metrics were con-
sistent over the lifetime of the HBP Education E-Library
channel, as their statistical algorithmsmay have evolved over
time. Still, these limiting factors are assumed to cause only
slight deviations from the definite numbers and therefore are
highly unlikely to influence the overall statements presented
in relation to Figs. 4, 5 and 6.
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