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After more than four years of experience in developing dashboards with Jupyter and Voila [1] and the devel-
opment of a library that simplifies the creation of user interfaces for compelling interactive visualization, we
can say that yes: it is possible to use Jupyter as an advanced development environment for the creation of
complex web applications, centred on data and equipped with a simple but modern user interface and per-
fectly capable of supporting interactive and integrated exploration on multiple datasets.

What we have done in this period at the Joint Research Centre of the European Commission, within the on-
premise cloud infrastructure called BDAP [2] [3] (Big Data Analytics Platform), was to support our fellow
scientists and researchers with advanced storage services for big data, parallel and GPU processing, data anal-
ysis and Machine Learning/Deep Learning.

In the final phase of many of the collaborations we have established with the scientific units of the JRC, the
communication of research results has gradually taken a more important role. Whether it is to inform col-
leagues and collaborators, as well as to communicate results to the political DGs of the Commission, to publish
in scientific journals or to present research work to an audience of non-experts, over time the creation of in-
teractive tools that allow autonomous exploration of the data and results generated by research have met with
growing success.

We started from simple dashboards where basic graphs allowed us to summarize the concepts being re-
searched, and then gradually added geo-spatial visualizations with the aim of geographically framing the
phenomena studied, to finally arrive at complex applications that can be used via the web for interactive com-
munication and the exploration of multiple and interconnected datasets. Geographical, textual and numerical
data integrate with customized charts and visualizations created ad-hoc to best describe the object of study
and the results obtained. Very often, these applications accompany and complete the publication of the re-
search in scientific journals, providing a tool, open to all, which allows for the interactive and autonomous
verification and exploration of the study results. Moreover, we recognise the importance of Jupyter in this
process. As it is the standard environment vastly used by data scientists and researchers from all over the
world for the interactive exploration and analysis of data, being able to use the same framework also for the
communication of research results, it undoubtedly guarantees enormous advantages in terms of continuity
and simplicity. Researchers, data scientists and software developers can freely move from the focus of the
research to its final communication while always remaining within the same work environment.

The creation of Voila in 2019 enabled Jupyter notebooks to be automatically transformed into interactive
dashboards, opening up the possibility of using Jupyter as an application development environment. The
availability of widget libraries (ipywidgets [4] initially, then followed by ipyvuetify [5] and others) made it
possible to insert graphic elements into dashboards that were directly connected to the data and allowed
guided exploration. In this context, with the experiences made in BDAP, we began to collect code snippets
that could be generalized and reused, until they became the core of a Python library. This is how the VOIS
(VOIla Simplification library) library was born, which a few months ago we managed to make Open Source
and publish in the code.europa.eu repository of the European Commission [6] [7].

Through the VOIS library, we aim to simplify the development of data visualization applications and sup-
port the rapid creation of the application’s visual infrastructure by making available a very vast catalogue of
reusable and customizable graphic widgets. The library has been enriched over time with tools to:

« manage responsiveness in a simplified way (i.e. to automatically adapt the display to the different
graphic resolutions of the screens, targeting smartphones, tablets and desktop screens of any resolu-
tion),



« create multi-page applications (where the user can navigate through different pages that alternate on
the screen and present distinct and complementary functions),

+ add modal dialog boxes that allow forms and graphic views to be superimposed on the background
page allowing for a modern interaction similar to desktop applications.

All this is accompanied by specific modules to manage the subdivision of space on the page, functions that
allow for the download/upload of data between the user’s PC and the application that runs on the cloud, a
gallery of interactive charts created in SVG [8] to fill any gaps present in the open source charting libraries,
a centralized management of colours and themes that allows for easy control of the graphic coherence in all
parts of an application.

All this has allowed us to move from the creation of dashboards to the creation of real web applications, with
multiple windows and complex integrated functions, to provide the user with advanced visualizations and
highly interactive experiences.

It is also interesting to note that the recently introduced Vaa$ service (Voila as a Service) enables BDAP users
to autonomously create and deploy their dashboard in production, through an automated procedure based on
Gitlab repositories. This new service, together with the intensive training on the usage of the VOIS library, is
contributing to the spreading of Voila dashboards usage by many research groups in the JRC.

With this presentation, we intend to provide a review of the main applications that we have developed in recent
years using Jupyter, Voila and the VOIS library and which touch on a great variety of different scientific fields,
from citizen science to earth observation, from the analysis of European agriculture to air quality monitoring.
Moreover, in showing these applications, we also want to talk about the difficulties encountered, the obstacles
overcome and the lessons learned, providing ideas on how to best use Jupyter as a development environment
for complex web applications. Jupyter was not born with a focus on software development, but on data
analysis. Nevertheless, with the experiences that we have had and the guidelines we have derived from it,
we want to demonstrate that it also performs reasonably well as a development and testing environment for
data-centric web applications.

The development of the VOIS library was partially funded by the JRC’s participation in the Horizon2020
project called CS3MESH4EOSC and led by CERN which ended in 2023 [9].
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