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Abstract
The Immersive Analytics (IA) field faces the same challenge as other fields related to data
visualisation: choosing the appropriate tool to use on projects or experiments. To alleviate
that, IA practitioners started using game engines and web technologies to implement their
solutions, as they solve problems like rendering and user interaction. However, it is not
common to find projects that, together with visualisation authoring and interaction, offer
data analysis capabilities inside immersive environments. The present work proposes the
creation of ImmVis, an open-source framework that empowers immersive applications
with Python data analysis capabilities. The framework leverages the features from gRPC,
a remote procedure call framework, to implement the communication between Python
and the programming languages used by IA applications. This approach could potentially
complement existing projects from the IA field or enable new types of interaction with
data.

Keywords: Information visualisation, Data analysis, Virtual reality, Augmented reality,
Free software.



Resumo
A área de pesquisa “Immersive Analytics” (IA) enfrenta um desafio comum de outras
áreas relacionadas à visualização de dados: a escolha de uma ferramenta adequada para a
condução de projetos ou experimentos. Para aliviar o problema, os praticantes de IA se
utilizam de motores de jogos (do inglês, game engines) e tecnologias web para implementar
suas soluções, já que as mesmas resolvem problemas como renderização e interação com o
usuário. No entanto, não é comum encontrar projetos que, juntamente com ferramentas de
autoria de visualizações e funcionalidades de interação, ofereçam recursos de análise de
dados dentro de ambientes imersivos. O presente trabalho propõe a criação do framework
de código aberto chamado ImmVis, que permite que aplicativos imersivos usem recursos
de análise de dados presentes na linguagem de programação Python. Este framework
emprega os recursos do gRPC, um framework de chamada de procedimento remoto, para
implementar a comunicação entre a linguagem de programação Python e as linguagens
de programação utilizadas na criação de aplicações imersivas. Essa abordagem pode
complementar projetos existentes na área de IA ou permitir novos tipos de interação com
dados.

Palavras-chaves: Visualização da informação, Análise de dados, Realidade virtual, Real-
idade aumentada, Software gratuito.
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1 Introduction

The current production of data is continuously reaching unprecedented lev-
els and, together with that, data complexity is also surging drastically (MARR, 2015;
DONALEK et al., 2014). While the “data deluge” phenomenon brings new opportunities
for science in general, it also challenges our ability to understand or utilise data in decision
making (DWYER et al., 2018; DONALEK et al., 2014).

The greater access and computational capabilities of processing vast amounts
of data gave the data science field a prominent role in scientific disciplines. They even
created the perception that ample data availability could cause “the end of the theory”
(KARPATNE et al., 2017). This perception can be attributed mainly to the emergence of
black-box applications, typically present on deep learning solutions, that build actionable
models without relying on the scientific theory behind them. While using these techniques
is obtaining reasonable levels of success to solve practical problems, the humans’ scientific
knowledge from prior experience is still an important asset that can improve the knowledge
discovery process (FEDERICO et al., 2017; KARPATNE et al., 2017).

A typical approach to include specialists in the data analysis process uses
graphical thinking in exploratory studies, as it provides a straightforward and natural type
of data processing for human beings. However, graphical thinking with massive amounts
of data imposes challenges like visual noise, large image perception, information loss,
high-performance requirements, and high rate of image change (GORODOV; GUBAREV,
2013).

Visual Analytics (VA) field proposes tackling these challenges through a combi-
nation of automated analysis techniques with interactive visualisations, supporting humans
during the data analysis process and enabling a better understanding, reasoning, and
decision making (KEIM; KOHLHAMMER; ELLIS, 2010). Immersive Analytics (IA) is a
“derivative” field from VA that proposes to complement the VA approach with the usage of
innovative interface technologies like Virtual Reality (VR) headsets, large touch surfaces
and Cave Automatic Virtual Environment (CAVE).

Since IA is a relatively new field, researchers do not have many tools for creating
and evaluating these interfaces in the data analysis context. To overcome that, many
use game and web technologies to develop their solutions or tools and then perform
the evaluations (CORDEIL et al., 2017; CORDEIL et al., 2019; SICAT et al., 2018;
BUTCHER; JOHN; RITSOS, 2020). Most of these solutions present impressive results but
give a more significant focus on implementing the visualisation or simplifying immersive
visualisations creation process, not enabling automated data analysis operations. Another
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challenge is that each tool approaches data handling and representation differently, making
interoperability more challenging.

The present work proposes ImmVis, a framework that provides data analysis
services through the network, enabling IA systems created using different programming
languages to benefit from the approach. Furthermore, our proposal aims to help researchers
explore new ways of interacting with data inside IA applications, complementing existing
projects or enabling new ones.

1.1 Objectives
The main objective of the present work was to propose a communication

framework that enables data analysis functionalities inside IA applications, allowing
visualisation and data analysis practitioners to explore how these functionalities could
create new types of interaction with data inside immersive environments.

Specific objectives in this project were:

1. To investigate the state of the art of tools available for creating IA applications.

2. To propose a framework that exposes data analysis services through the network,
enabling IA applications to integrate this type of functionality.

3. To create an open-source prototype of this framework using Python to implement
the data analysis services and the Unity game engine to render the data and interact
with users.

4. To implement a sample application that uses the framework functionalities to serve
as documentation and enable other researchers to experiment with the framework.

1.2 Contributions
The main contributions of this work are:

• Framework proposal: in the present work, we document our journey to create the Im-
mVis framework, describing what was tried and establishing conceptual requirements
for implementing it.

• Implementation of a prototype: we created an open-source prototype of the framework
to help immersive application developers to integrate functionalities available on
Python data analysis libraries. We built the network communication using the gRPC
framework, enabling the data services to be consumed by different platforms and
programming languages.
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• Case studies: we implemented a sample application using the Unity game engine
that is capable of plotting an interactive 3D scatterplot and performing the k-means
analysis technique. We also explored a proof of concept of the framework inside
Jupyter Notebooks, a tool that data analysis practitioners widely adopt.

The contributions of this work were also reported in the following publications:

• Felipe Augusto Pedroso, and Paula Dornhofer Paro Costa. 2021. ImmVis: Bridging
Data Analytics and Immersive Visualisation. In Proceedings of the 16th International
Joint Conference on Computer Vision, Imaging and Computer Graphics Theory and
Applications - Volume 3: IVAPP, ISBN 978-989-758-488-6 ISSN 2184-4321, pages
181-187. DOI: 10.5220/0010256001810187

• Felipe Augusto Pedroso, and Paula Dornhofer Paro Costa. 2018. Improved Knowledge
from Data: Building an Immersive Data Analysis Platform. In Virtual and Augmented
Reality Graduate Workshop of 20th Symposium on Virtual and Augmented Reality
(SVR 2018)

1.3 Text Organisation
This text is organised as follows. First, the core concepts and the related work

are presented in Chapter 2. Then, in Chapter 3, we describe the ImmVis framework
alongside its technical aspects and development context. Next, we present two case studies
in Chapter 4: a sample application built with the framework and an experiment made to
run ImmVis inside Jupyter Notebooks. Finally, Chapter 5 presents our final remarks and
some discussions about future work.
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2 Concepts and Related Work

This chapter presents an overview of Visual Analytics and Immersive Analytics,
including the open problems that motivate the present work. Section 2.1 provides an
introduction to the Visual Analytics (VA) field. Section 2.2 describes the Immersive
Analytics (IA) field and review the current offer of tools available to create IA applications.
The final section of this chapter discusses how the current work contributes to the IA field
and its development tools.

2.1 Visual Analytics
Visual Analytics (VA) is a research field first described by Thomas and Cook

(2006) that proposes using interactive visual interfaces to facilitate analytical reasoning.
Keim, Kohlhammer and Ellis (2010) establishes that VA combines automated analysis
techniques with interactive visualisations to enable a better understanding, reasoning, and
decision making on enormous and complex data sets.

According to Keim, Kohlhammer and Ellis (2010), the VA process can be
illustrated by the Figure 2.1, which shows the multiple interactive cycles used by visual data
exploration to enable knowledge discovery. During these steps, analysts cycle between visual
and automatic methods to find models and visualisations to obtain relevant knowledge. It
is important to note that both types of methods “feed” each other in a loop. For example,
users can use visualisation to refine the generated models and the models to suggest
different types of visualization or improve the current ones.

The VA field is multidisciplinary and comprises the following focus areas:
analytical reasoning techniques; visual representation and interaction techniques; data
representation and transformations; methods to support production, presentation and
dissemination of analytical results (THOMAS; COOK, 2006). The VA techniques and
practices are being applied with success by different areas: emergency management;
astronomy; monitoring climate and weather; environmental monitoring; security; scientific
applications; biology and medicine; transport and logistics; business intelligence; personal
information management; and fraud detection (KEIM; KOHLHAMMER; ELLIS, 2010;
CHANDLER et al., 2015; PREIM; LAWONN, 2020). For example, Figure 2.2 shows the
output of DatAC, a visual analytics platform created by Martorell-Marugán et al. (2021)
to evaluate climate and air quality indicators and its association with COVID-19 cases in
Spain.
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Figure 2.1 – The VA process proposed by Keim, Kohlhammer and Ellis (2010).

Figure 2.2 – A map created with the visual analytics platform DatAC, which shows the
COVID-19 cases confirmed by PCR test and mean temperature in Spain on
May 24th 2020 (MARTORELL-MARUGÁN et al., 2021).
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2.2 Immersive Analytics
The definition of VA is agnostic regarding the interface devices used by its

systems. Still, most VA applications base their interactions on devices available on a
conventional desktop computer: a display, keyboard, and mouse, since these devices
presented good results historically (CHANDLER et al., 2015; CHEN; LIN; YUAN, 2017;
LIN et al., 2018; KWON et al., 2019; WANG et al., 2019; ZHAO et al., 2019; CUI, 2019).
However, their relevance as computer interaction “language” is declining as their experience
presents some limitations, and new technologies are becoming more affordable for end
users (CHANDLER et al., 2015; DWYER et al., 2018; CUI, 2019).

The Immersive Analytics (IA) field comes to this space proposing the usage
of innovative interfaces and devices to support analytical reasoning and decision making
(CHANDLER et al., 2015). The origin of this field has a direct relationship with the
unprecedented emergence of affordable display and interaction devices like the Oculus
Quest1, HTC Vive2, and Microsoft HoloLens3. Although the term “immersive” suggests
the use of virtual reality devices, the field also explores the usage of other types of interface
technologies such as Augmented Reality (AR), large wall-mounted displays, touch devices,
or wearable displays (CHANDLER et al., 2015; DWYER et al., 2018).

IA is a multidisciplinary field and shares many goals with VA, especially when
it comes to deriving insights from data sets that are big and complex (CHANDLER et
al., 2015). The main difference between them is that IA, together with the use of new
technologies, also considers multi-sensory interaction to enable new ways of experiencing
data and make the systems accessible for people with visual impairment (MCCORMACK
et al., 2018). As stated by Dwyer et al. (2018), the main goal of IA is to remove the
barriers between people, data, and analysis tools.

The usage of 3D for abstract data representation faces a cautious view from the
data visualisation community, as it can present problems like occlusion, depth disparity,
and foreshortening (MUNZNER, 2014). However, technologies explored by IA shine a new
light on this view, as their advances help solve some of these problems. Additionally, user
experience, collaboration and engagement are used to reframe the concept of effectiveness
while evaluating IA applications (MARRIOTT et al., 2018).

Despite being a relatively new research field and considering the knowledge
about designing appropriate solutions is under development, some promising IA applications
are emerging in multiple science fields. We list some of these applications below:

• In “AeroVR” (Figure 2.3a), Tadeja, Seshadri and Kristensson (2020) created an
1 <https://www.oculus.com/quest/> (Accessed on July 22, 2021)
2 <https://www.vive.com/> (Accessed on July 22, 2021)
3 <https://www.microsoft.com/en-gb/hololens/> (Accessed on July 22, 2021)

https://www.oculus.com/quest/
https://www.vive.com/
https://www.microsoft.com/en-gb/hololens/
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immersive visualisation system for aerospace design and digital twinning in virtual
reality to study a compressor blade of an engine.

• Lin et al. (2020) defined the concept of SportsXR as the usage of IA focused on
sports and described some user scenarios in training, coaching and fan experiences. In
“ShuttleSpace” (Figure 2.3b), Ye et al. (2020) proposes a practical implementation of
the concept with an application that support experts to analyse badminton trajectory
data.

• “DatAR” (Figure 2.3c), a prototype created by Troost et al. (2020), uses an immersive
environment to enable the analysis of large collections of neuroscience research papers.

• “DarkSky Halos” (Figure 2.3d) is an IA collaborative system that uses a CAVE
environment to explore large scale cosmological simulation data where, for example,
researchers could study aspects from dark matter formation (HANULA et al., 2019).

(a) AeroVR (TADEJA; SESHADRI; KRIS-
TENSSON, 2020) (b) ShuttleSpace (YE et al., 2020).

(c) DatAR (DATAR, 2020). (d) DarkSky Halos (HANULA et al., 2019)

Figure 2.3 – Screenshots of AeroVR (2.3a), ShuttleSpace (2.3b), DatAR (2.3c) and Dark-
Sky Halos (2.3d)

Other examples of fields exploring IA applications are biology, neuroscience,
epidemiology, ecology, crowd simulation, product engineering, archaeology, seismology, and
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cultural heritage (CZAUDERNA et al., 2018; CHANDLER; MORGAN; KUHLEN, 2018;
FULMER et al., 2019; LAWTON et al., 2020; KOEBEL; AGOTAI; ÇÖLTEKIN, 2020).

2.2.1 Available Tools for Creating Immersive Analytics Applications

One of the pioneer tools from the IA field, iViz, proposes using the Unity
game engine to create a multi-platform visualisation tool. The main features of iViz are
the ability to render significant amounts of data and a collaborative environment, which
allows multiple users to visualise and interact with data at the same time (DONALEK
et al., 2014). According to the authors, iViz was the precursor of Virtualitics Immersive
Platform R©(VIP), a commercial data analysis solution. VIP supports data exploration
on desktop and VR environments and offers machine learning services to analyse data,
recommend visualisations and improve the insights extraction process (VIRTUALITICS,
2015). Unfortunately, while there is a documentation portal4, there is no easy way to use
or test the tool since its source code is not available, there are no download links, and the
authors did not answer our requests to try the tool.

Filonik et al. (2016) proposed Glance, a conceptual framework that, through the
implementation of GPU-accelerated visualisations, enables the creation of data exploration
applications on VR and Augmented Reality (AR) environments. The project is available
as open-source on the author’s Github page5, but it does not present any documentation
or signs that the project moved to a more concrete stage.

LookVR is an experimental tool that leverages the capabilities of Looker6

commercial data analysis platform on an IA application (Figure 2.4). The tool allows
the users to create visualisations using data from existing Looker accounts or embedded
examples. LookVR explores different metaphors to visualise data. Among the metaphors,
we highlight the “escalating big data”, where users use VR controllers to climb a giant
representation of the data, improving their perception of the magnitude of the data
(GIESELER, 2017). Its source code is not available, but it is possible to download an
executable for free on Steam7.

The ImAxes system is an immersive open-source system developed using Unity
that allows exploring multivariate data through the manipulation of objects in a virtual
environment (CORDEIL et al., 2017). The system offers a Unity package that helps users
create immersive visualisations using a Graphical User Interface (GUI) and an Application
Programming Interface (API).

Proposed by Cordeil et al. (2019) and Sicat et al. (2018), “Immersive Analytics
4 <https://docs.virtualitics.com/> (Accessed on July 22, 2021)
5 <https://github.com/filonik/glance> (Accessed on July 22, 2021)
6 <https://looker.com/> (Accessed on July 22, 2021)
7 <https://store.steampowered.com/app/595490/LookVR/> (Accessed on July 22, 2021)

https://docs.virtualitics.com/
https://github.com/filonik/glance
https://looker.com/
https://store.steampowered.com/app/595490/LookVR/
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Figure 2.4 – An screenshot from the LookVR demonstration video that shows an user
analysing a scatterplot on an immersive environment (LOOKER, 2017).

Toolkit” (IATK), and “Data visualisation applications for eXtended Reality” (DXR) are
open-source toolkits enable users to author immersive visualisations inside the Unity game
engine (Figure 2.5). Through them, users can create immersive visualisations using a
Graphical User Interface (GUI) or an Application Programming Interface (API). The goal
of offering both pathways is to help users with different levels of programming knowledge
to create their visualisation applications. The IATK framework can be considered the
successor of ImAxes and is optimised to render massive amounts of data (CORDEIL et
al., 2019; REINA et al., 2020). DXR does not have the same optimisation but offers a
visualisation grammar inspired on Vega-Lite8 (SATYANARAYAN et al., 2017; SICAT et
al., 2018). Both allow custom solutions through APIs, but their main focus is to enable
users to create immersive visualisations without data analytics functionalities out of the
box.

The Visualisation Toolkit (VTK) is a well-established tool among visualisation
practitioners that also allows the development of immersive applications (Figure 2.6). The
toolkit leverages the OpenVR standard to support devices like HTC Vive, Oculus Rift,
and Windows Mixed Reality headsets (KITWARE, 2016). O’Leary et al. (2017) states
that developers and researchers are exploring VTK usage in the immersive context for
about two decades with varying results and also proposes new approaches to enable more
consistent results. In addition, VTK provides support to some data analysis algorithms
and also offers an integration with the Python programming language (QUAMMEN, 2015;
8 <https://vega.github.io/vega-lite/> (Accessed on July 22, 2021)

https://vega.github.io/vega-lite/
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(a) An screenshot from an application that
user DXR to embed sports data into a vir-
tual basketball court (SICAT et al., 2018).

(b) An screenshot from an IATK demon-
stration video where the author demon-
strate how to create a 3D scatterplot
using Unity development environment
(CORDEIL, 2019)

Figure 2.5 – Screenshots of DXR (2.5a) and IATK (2.5b)

SHARKEY; BENNETT; PEBAY, 2013). However, the documentation regarding both
features is unclear about using them inside immersive applications.

Figure 2.6 – A VTK visualisation of aneurysm data running inside a CAVE environment
(O’LEARY et al., 2017).

VRIA is an open-source web-based framework proposed by Butcher, John and
Ritsos (2020) that enables the creation of IA applications through a declarative grammar
described using JSON. The framework leverages open standards to run its applications on
a browser, allowing it to reach multiple platforms. The framework also offers a prototyping
tool and an API that enables developers to extend or integrate the framework capabilities.
The project also contains necessary documentation about using the framework and a
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boilerplate application, allowing developers to explore its functionalities faster.

There also exist other tools with a minor relevance for the context of this
work like AVAR, NiwViw, MRAT, and VR-Viz (MERINO et al., 2020; YIM et al., 2018;
NEBELING et al., 2020; SAIFEE et al., 2018). AVAR and MRAT use Unity as the
development environment, VR-Viz benefits from web technologies, and NiwViw does not
present any technical aspect of the tool. Except for NiwViw, all of them are open source
and provide some online documentation about its usage.

2.3 Discussion and Concluding Remarks
Our review shows that IA is an emerging field that offers new possibilities to

data analysis practitioners. The tools to create IA applications are still in the dawn, but
it is possible to find exciting approaches to create immersive visualisations, to provide a
better user experience, and to perform essential data exploration. However, only a few of
them offers tools or specific APIs to perform sophisticated data analysis.

For example, VTK is a tool traditionally adopted by the visualisation community
and supports immersive technologies and data analysis techniques at some level. Still, the
documentation regarding these features is difficult to comprehend, and it is not clear if
they work together.

On the other hand, some promising tools, such as Virtualitics, are moving to a
proprietary model, significantly impacting the evolution of the IA field by not providing
access to individual researchers to test different visualisation paradigms with the tool.

In this context, our work aims to propose a framework to implement data
analytics inside immersive applications, complementing the existing tools described in
Section 2.2 or enabling researchers to consider this type of functionality when creating
new applications. Additionally, we also aim to facilitate the adoption of our framework by
considering some concerns regarding visualisation tools pointed by Reina et al. (2020):

• Licensing model: In order to succeed as viable visualisation software, the tools
ideally would distribute its source code as open-source, empowering the visualisation
community to contribute and extend its capabilities to meet their needs. Another
alternative would be an extensible tool with an affordable licensing model. Everything
we produced during the execution of this work is available on our Github page.
Everything is published using the MIT License, enabling anyone to use, modify and
redistribute according to their needs.

• Available documentation: The lack of documentation is one of the critical factors
that can reduce the longevity and success of visualisation software. In the context
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of the present work, we considered the following artefacts as essential pieces of
documentation: user manuals, tutorials; articles; code samples; feature lists; blog
posts, videos, and quick-start apps. We tried to cover the main parts of the framework
with as much documentation as possible. Our code contains setup instructions,
tutorials about adding new features, and sample code. Section 4.1 provides more
details about two of the sample applications that we published the code.

• Extensibility/Future-proofing: Given the continuous evolution of the visual-
isation, providing well-documented ways of creating plugins or integrating new
functionalities is necessary to enable the community to explore new use cases or
paradigms. Our work proposes a modular architecture that allows other developers
to adapt the framework to their needs. We describe the proposed architecture in
Chapter 3.

• Reproducibility: Replicating the research results is a weak point of the visualisation
community. Offering an easy way to evaluate the solution and reproduce the reported
results is essential when searching for a tool to adopt or contribute. ImmVis tries to
address this by providing open-source projects with documentation, tutorials and
samples. The framework is available to any developer to download and test with
their datasets, generated datasets or datasets available online.

• Interoperability: Integrating with existing solutions or enabling users to apply
previous knowledge are characteristics that turn a tool more appealing to the vi-
sualisation community. Possible solutions to offer these characteristics are using a
standard data format, providing an integration layer, or using well-established stan-
dards and programming languages. As shown in Chapter 3, we created a prototype
of this framework that integrates Python and the Unity game engine.

• Programming language: The programming language plays a significant role when
adopting a new tool, affecting aspects like interoperability, learning curve, and
available functionalities. One of the biggest challenges is to find one programming
language that offers functionalities to implement the everyday tasks of an immersive
visualisation system. For example, Python is well-established among the data analysis
community, but it is not the first choice for creating virtual reality applications. Our
approach proposes a way to create data analysis services that can use consumed by
multiple programming languages.

The present work is our first step towards creating a unified platform for IA
applications where ImmVis enables immersive applications written in different programming
languages to offer data analysis capabilities. With that, it is possible to bring existing
knowledge from data analysis applications and enable new interactions with the data.
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3 ImmVis Framework

This chapter provides an overview of the framework development context,
describes its technical requirements, and details some aspects of a practical implemen-
tation of the framework. In Section 3.1, we briefly describe the development context of
the framework, covering the steps we took to create the framework proposal and some
requirements we believe are essential to implement it. Section 3.2 provides technical details
about a concrete implementation of the framework, and Section 3.3 presents concluding
remarks about the framework.

3.1 Development Context
The current research project’s initial intention was the evaluation of Immersive

technologies inside the data analysis context. To achieve that, we started to investigate
and assess some of the tools and frameworks pointed in Chapter 2. Since only the paid
ones offered the possibility of performing data analysis tasks, we decided to create from
scratch an open-source immersive data analysis platform to support our experiments and
serve as a starting point for other researchers in the future.

To create this platform, we decided to adopt Unity since game engines address
some concerns from the data visualisation field like rendering and interaction with the users
(REINA et al., 2020). However, we found out during the initial steps that implementing
the data analysis features inside this environment would require more effort. The main
challenge was that C#, the programming language used by Unity, did not have many data
analysis libraries options. Furthermore, the few available were not fully compatible with
the Unity development environment. Another important aspect was the lack of adoption
from the data analysis community, which is critical to consider to make the platform
sustainable over time.

With that in mind, we started considering the integration between the Python
programming language and Unity to fill this gap. This approach would allow the usage of
well-established tools from the data analysis domain. Also, this integration could contribute
to the Python ecosystem, as there are not many tools for developing immersive data
analysis using the language.

Our first attempt to implement this integration was to use libraries like python-
net1 and Iron Python2, which allow .NET applications to use Python and provide unofficial
1 <http://pythonnet.github.io/> (Accessed on July 22, 2021)
2 <https://ironpython.net/> (Accessed on July 22, 2021)

http://pythonnet.github.io/
https://ironpython.net/
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support for the Unity game engine. Unfortunately, we only managed to integrate the
“pythonnet” library, but the application kept crashing the Unity development environment
3, making both options unviable. Furthermore, investigating how to integrate them made
another issue emerges: embedding any library would work fine on applications running
inside high-end computers but could be a problem on portable devices like smartphones
or standalone virtual reality headsets.

Still believing in the potential of delegating the data analysis to Python, we
decided to tackle the problem by making Unity and Python communicate through the
network. This approach seemed more interesting as it decouples the visualisation and data
analysis pieces, allowing them to run in different machines with different capabilities. This
decoupling could also eliminate the concern regarding less-capable devices and enables
integration with other technologies like the Unreal game engine or the R programming
language.

Given that implementing this type of solution is a challenge, we narrowed
the project’s scope to a framework that provides network services to enable immersive
applications to perform data analysis tasks. We named this framework as ImmVis, an
abbreviation of the words “Immersive” and “Visualisation”. Figure 3.1 shows a conceptual
vision of the framework, which we developed with the following requirements in mind:

• Server must provide data analysis services through the network, not requiring IA
applications to have to embed any data analysis libraries.

• The data analysis services should be able to support big volumes of data.

• Clients and servers must exchange data seamlessly using a standard data format.

• Developers must implement the communication between clients and servers with the
smallest amount of code possible.

• Solution must have a modular architecture where components can be extended or
replaced.

• Developers should be able to integrate the framework into immersive applications
written in different programming languages.

• The framework must be open-source and free, enabling anyone to use, extend or
contribute to the project.

• The project should provide a reasonable amount of documentation and samples to
allow other researchers to reproduce the reported results or integrate the framework
with their applications.

3 Bug reports available on <https://github.com/pythonnet/pythonnet/issues/701> and <https://github.
com/pythonnet/pythonnet/issues/945> (Accessed on July 22, 2021)

https://github.com/pythonnet/pythonnet/issues/701
https://github.com/pythonnet/pythonnet/issues/945
https://github.com/pythonnet/pythonnet/issues/945
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Figure 3.1 – A conceptual vision of the framework where IA applications integrate clients
libraries to be able to consume data analysis services from the ImmVis Server.
Icons created by Smashicons (2021).

3.2 Implementing ImmVis Framework
After defining the requirements, we decided to create a proof of concept of the

framework using the technologies we mentioned before, using Python to implement the
server and the Unity game engine to implement a client library. Our first challenge to
create this implementation was defining the communication approach and the underlying
data format used by that. Our first attempts were to encode the data using JSON and
transmit it over the network using technologies like Websockets or REST APIs, which
enable the transmission of large amounts of data efficiently. However, they posed an
enormous challenge to make Unity and Python understand the data for each new feature,
requiring the developers to manually create code to represent and parse the data on each
platform. We published the Websockets prototype code on our Github page (PEDROSO,
2021).

Searching alternatives, we found another project using the network to implement
the communication between Unity and Python: the “Unity Machine Learning Agents
Toolkit" (JULIANI et al., 2018). This toolkit allows the usage of applications created on
Unity as environments to train intelligent agents. Although the approach was similar,
the authors of this project proposed the usage of the gRPC framework to implement the
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message exchanging between the two environments. After evaluating the framework, we
noticed that it solved the communication itself and the data format problem by generating
the required code for Unity and Python environments. We considered reusing the code
created by Juliani et al. (2018), but its coupling with the Machine Learning domain leads
us to use the gRPC framework itself on our platform. We provide a brief overview of
gRPC on the subsection 3.2.1.3.

Figure 3.2 illustrates the architecture of the framework, which is composed of
a Python server application and client libraries to be consumed by immersive applications.
The server (Section 3.2.1) is responsible by managing datasets (Section 3.2.1.1) and
exposing network services to interact with the data (Section 3.2.1.2). These services use
the gRPC framework (Section 3.2.1.3) to implement the network communication and
provide a common data format to facilitate the communication between the server and
clients. The server also provides a “Discovery Service”(Section 3.2.1.4) that uses User
Datagram Protocol (UDP) broadcasts to ease the connection process between client and
servers. Finally, another important component from the framework is the client libraries
(Section 3.2.2), which IA applications need to integrate or implement to use the framework.

3.2.1 ImmVis Server

The server is the core piece of the framework, concentrating all the data
management and data analysis functionalities. We created the server program using the
Python programming language and enabled it to run on Windows, macOS, and Linux.

As illustrated in Figure 3.2, the server contains three main components: the
data manager, the data services, and the discovery services. This section will detail these
components together with a brief introduction of gRPC that we used to build the data
services layer.

3.2.1.1 Data Managers

Data managers are the components responsible for interfacing with data sources
and the data analysis operations. This approach allows the creation of multiple data
managers to handle different types of data, like CSV files, images or audio files. Given
the diverse nature of data, the framework does not enforce any interface contract for the
data managers, allowing them to be simple as using an existing library or creating an
infrastructure to support complex data sources.

Data managers only contain code related to their data source, not knowing
other aspects of the framework. The data managers functionalities are exposed to clients
by the data services, which we describe in Section 3.2.2. It is also important to note that
data managers only expose types of data known by the Python environment, leaving the
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Figure 3.2 – A high-level overview of ImmVis architecture. Icons created by Smashicons
(2021).

data services responsible for mapping to the data structures used to communicate with
the clients.

The current implementation of the framework includes a single data manager
that interacts with the Python libraries pandas, scikit-learn and numpy. Here are the
functionalities supported by it:

• Load a local or remote dataset with the following file formats: CSV, JSON and XLS.

• Scan a given directory path from the server and list datasets with the supported
formats.

• Infer descriptive statistics about the loaded dataset.

• Normalise the data from the loaded dataset to help clients willing to plot the data.

• Create axis plotting labels to be used by clients.

• Generate a dataset using the scikit-learn library.
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• Perform a clustering analysis on the loaded dataset using the k-means technique.

3.2.1.2 Data Services

The data services are the components responsible for exposing the functionalities
from data managers through the usage of the gRPC framework, described in Section
3.2.1.3. Due to the gRPC nature and the ImmVis framework architecture, multiple data
services can coexist to provide different types of functionalities.

Given that data managers and gRPC do not share the same data structure,
data services consume the functionalities from data managers and map their response to
the format defined using Protocol Buffers. Using the functionality “LoadDataset” from
Figure 3.3 as an example, these are the sequence of operations that happen when a client
requests to load a dataset:

1. “ImmVisPandas” service receives the request, read the dataset path from the “Load-
DatasetRequest”object and request the data manager to load the dataset.

2. The data manager loads the dataset in memory and returns it using the format
provided by the pandas library.

3. The “ImmVisPandas” service gets the result from the data manager, transforms it
into the “DatasetMetadata” and returns it to the client that requested the operation.

This separation between the services and managers aims to enable the reuse of
managers code by multiple services and avoid the code from service to grow indefinitely. If
the reuse is not needed, developers can create a data service that acts as a data manager.

3.2.1.3 gRPC

Remote Procedure Call (RPC) is a paradigm that has been discussed since
1976 and proposes a mechanism where procedure calls could be invoked over the network
the same way of local procedures on a single computer are invoked (BIRRELL; NELSON,
1984). In practice, this approach enables programs to interact with other programs or
systems running on different machines or local contexts.

gRPC is an open-source RPC framework released by Google in 2015 to enable
the creation of APIs and micro-services in different programming languages and platforms.
The framework uses HTTP/2 as part of its foundation, enabling low-latency communication
with support to bidirectional streaming. gRPC is an recursive acronym which stands to
“gRPC Remote Procedure Call” (MARCULESCU, 2015; CHALIN, 2020).

To enable interoperability between platforms and programming languages,
gRPC relies on Protocol Buffers as its Interface Definition Language (IDL) and message
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interchange format, requiring developers to create a “proto” file containing the services’
definition data structures. With these definitions, the framework can generate the necessary
code to allow different programming languages to provide or consume these services.

Figure 3.3 – The Protocol Buffer definition of one of the “load dataset” functionality
available on ImmVis

Figure 3.3 illustrates a simple service and related data structures defined using
Protocol Buffers. For example, by defining the “LoadDataset” service, a Unity application
written in C# can call a procedure with the same name on a server written in Python
seamlessly. Subsequently, the server would be able to process the request and answer a
“DatasetMetadata” without worrying about converting it to a format recognisable by the
client application.

Currently, gRPC provides official support for the programming languages: C#,
C++, Dart, Go, Java, Kotlin, Node, Objective-C, PHP, Python, and Ruby. In addition,
while not listed on the official documentation, the framework Github page also contains
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projects targeting the .NET Core framework4 and the programming languages Swift5 and
Javascript6.

gRPC framework is used on ImmVis Framework to build the data services,
allowing the clients to access the framework functionalities without having to implement a
Python integrating layer in their solutions. Since the gRPC generates code for a diverse
range of programming languages, IA practitioners can integrate ImmVis with an extensive
range of platforms or solutions. For example, it would be possible to use ImmVis as a data
source on IATK, one of the solutions described in Section 2.2.1, as the authors used the
Unity game engine to develop it. Defining the functionalities using Protocol Buffers also
permits the creation of server implementations using other programming languages like R
or Julia. We also used gRPC to create the alternative architecture for ImmVis described
in Section 4.2.

3.2.1.4 Discovery Service

The “Discovery Service” is responsible for helping the clients to find an ImmVis
Server running inside a local network. This service aims to enable immersive applications
to connect to the server without requesting the users to provide an Internet Protocol (IP)
or a previous setup.

We implemented this service by broadcasting messages to the local network
using User Datagram Protocol (UDP) (POSTEL, 1980). The broadcast starts with the
server startup, continuously sending messages containing a string that identifies the
server and connection directions that clients should use to connect with the data services.
Consequently, the clients need to listen to network broadcasts containing the server identifier
to connect to the server automatically. However, using the service is not mandatory, as
the framework also enables clients to connect to the server without using it.

This approach does not enable the connection to servers running remotely and
do not consider security aspects like authentication, which should be considered in future
works if there are specific requirements to support them.

3.2.2 Client Libraries

Client libraries are responsible for providing an integration layer between IA
applications and the ImmVis Server. While gRPC generates all required to interact with
the data services, each platform or programming languages present particularities to use
the generated code and connect to the server. The client libraries represent an abstraction
layer on top of this code, simplifying the integration with the framework. Having a client
4 <https://github.com/grpc/grpc-dotnet> (Accessed on July 22, 2021)
5 <https://github.com/grpc/grpc-swift> (Accessed on July 22, 2021)
6 <https://github.com/grpc/grpc-web> (Accessed on July 22, 2021)

https://github.com/grpc/grpc-dotnet
https://github.com/grpc/grpc-swift
https://github.com/grpc/grpc-web
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library for a given platform is not mandatory, as developers can use the gRPC tools to
do the code generation and write their client libraries, which can be published later as a
client library for the missing platform.

The current implementation of ImmVis provides an example of a client library
for the Unity game engine. This client library contains a reusable component called prefab
that developers can add to their projects, configure the network parameters (e.g. use the
discovery service or enter the IP address manually) and use the data services using C#.
Section 4.1 describes a sample application that used this client library to create a 3D
scatterplot.

3.3 Concluding Remarks
Reviewing the design goals listed at the beginning of this chapter, here is a

summary of how we achieved each item:

• Modular architecture: all the components described in this chapter were created
with a modular approach, allowing their extension or replacement. As mentioned
in Section 3.2.1.3, even the server is replaceable by an implementation using other
programming languages, keeping compatibility with the whole system.

• Platform and programming language agnostic: since our framework leverages the
gRPC to implement the data services, developers can integrate it into solutions
running in different platforms or written in a variety of programming languages.
gRPC also satisfies the requirements of having a standard data format, reducing
the amount the code required by developers to implement the communication, and
avoiding the integration of data analysis libraries inside the IA applications.

• Open-source: the framework is available on the IMDAVI Research Group Github
Page under the MIT licence, one of the most popular permissive licenses.

• Documentation: we provide some basic documentation about setting up the environ-
ment to use the framework and how to add new features. We also included two code
samples with the framework and some utility scripts to ease adding new features.
We describe one of the samples in Section 4.1.

• Performance: since gRPC leverages HTTP/2, we believe that the framework can
benefit from the low latency and bidirectional streaming to enable the transmission
of large volumes of data. Preliminary tests showed that, as expected, the amount
of time to transmit the data from server to client grows linearly to the amount of
data transferred. For example, a dataset containing 50.000 rows and 20 columns
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takes an average of 21s to become available to a client running at the same server
machine(PEDROSO; COSTA, 2021).
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4 Case Studies

This chapter shows two practical implementations using ImmVis, illustrating
how to integrate the framework to immersive applications, highlighting relevant aspects
and contributing with reference code for future developers and enthusiasts.

Section 4.1 describes the implementation of an immersive application that
allows users to plot data on a 3D scatterplot and use the k-means clustering technique
to analyse it. This section also provides a brief overview of some challenges beyond the
initial scope, including minor contributions of the present work regarding using a game
engine as a data visualisation tool. Finally, Section 4.2 covers an experimental version
of the framework that we create to improve the experience when using ImmVis inside
Jupyter Notebooks.

The code for all the implementations discussed in this chapter is available on
the IMDAVI Github webpage (PEDROSO; COSTA, 2021a).

4.1 Data Analysis on Unity applications
Good documentation is a fundamental piece when creating a framework for

developers, as it facilitates its adoption and provides more insights into its capabilities.
One of the most typical ways of documenting a framework is creating code samples that
showcase the functionalities available in a practical scenario. The Unity client library
ships two code samples to help developers get up to speed about using it inside the Unity
game engine: a demonstration of essential framework’s APIs and an immersive scatterplot
sample that illustrates a more advanced use case. This section focuses on the advanced
sample and some of the challenges faced during its development process.

The sample consists of a Unity 3D VR-ready application that allows users to
plot data into a 3D scatterplot using a menu inside the virtual environment, exercising
some of the framework’s capabilities. Figure 4.1 shows the sequence of menus that the user
needs to go through to plot a scatterplot or execute a k-means analysis inside the virtual
environment, where we will detail each step ahead. A video of this sample is available on
our Youtube channel to illustrate better its usage (PEDROSO; COSTA, 2021b).

As described in Chapter 3, ImmVis client applications need to connect to a
Python server through the network, which can pose some usability issues as typing an IP
address inside the immersive environment can be a little bit challenging. Our framework
addresses that by providing a way to detect if a server is available on a local network and
establishing the connection automatically. The sample uses this characteristic, allowing the
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Figure 4.1 – A diagram representing the menu flow from the advanced sample that is
bundled with ImmVis Unity client library.
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user to click on a button and wait for the connection with the server (Figure 4.1, menus
“1a” and “1b’).

After connecting to the server, the user will choose how the app will load a
dataset among three options (Figure 4.1, menu “2”). The first one (Figure 4.1, menu “3a”)
provides a list of datasets available on a pre-specified folder known by the server, where the
users can copy their datasets previously. The second one (Figure 4.1, menu “3c”) requests
the server to generate a sample dataset using the user’s parameters, using the Python’s
sklearn library. Finally, the last option (Figure 4.1, menu “3b”) allows the user to type a
path or an URL to the dataset, enabling users to upload their datasets to the internet or
using existing ones. All the options will use Python’s pandas library to load the datasets
and allow users to perform the same set of tasks described ahead.

The next step happens after the user selects a dataset, when the application
will present three options to the user (Figure 4.1, menu “4”):

• Descriptive Statistics: presents some characteristics of the dataset and its dimen-
sions, as illustrated on Figure 4.1, menu “5c”.

• Plot Dataset: requests the user to select from three to five dimensions to be plotted
(Figure 4.1, menu “5a”). After the user clicks on “Plot”, the server will return a
subset of the data containing the normalised values from the selected columns, and
the client will plot it as shown in Figure 4.2. Each point of the dataset will be
encoded using the following characteristics: position on the X-axis, position on the
Y-axis, position on the Z-axis, point size and point colour.

• Plot KMeans: this option lets the user select some parametrisation to run a k-
means analysis on the server. After the user clicks on the plot, the server performs the
analysis and returns a normalised version of the dataset where the point colour will
encode which cluster the point pertains. The analysis result also contains a smaller
dataset containing the centroids of each cluster. Figure 4.2 illustrates a scatterplot
representing the result of a k-means analysis.

After plotting the data, the application shows a menu to allow the user to
change the rotation and scale from the plotted data (Figure 4.1, menus “6a” and “6b”).

To implement this sample, we needed to overcome some challenges that, despite
not using the framework directly, can be reused by other visualisation projects created
with Unity:

• Menu Navigation System: The menu system shown in Figure 4.1 needed to be
created from scratch as we could not find an approach that was free and offered a
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Figure 4.2 – Two screenshots of the data analysis sample. The left shows a dataset where
we encoded five dimensions to the spacial position (X, Y, and Z), point size
and colour. The screenshot on the right shows the result of a k-means analysis
of the same dataset. Since the generated dataset has clusters, the figure on
the right gives a hint of the analysis performed on the second screenshot.

simple API to use. Our menu system was implemented using a stack data structure
and enable developers to create simple menus with rudimentary support to back
navigation. This system could be extracted to a separate library and be used in
different contexts to solve similar problems.

• Network transmission optimisation: one of our goals during the sample imple-
mentation was to demonstrate that the framework was able to handle large amounts
of data, which can pose some challenges for the communication between the ImmVis
server and its clients. We tried different paths to optimise this communication dur-
ing the implementation phase, from creating gRPC streams to consider different
approaches to create the Protobuf objects. Our basic gRPC knowledge points out
that we have a good solution, but we believe there is space for investigation and
improvements. For example, preliminary tests using an Oculus Quest device showed
that a dataset with 50.000 lines takes about 14.5 seconds to be transmitted using
the framework (PEDROSO; COSTA, 2021).

• Implementing a Scatterplot on Unity: We also intended to provide a solution
to render considerable amounts of data on the Unity game engine during the initial
stages of the current work since it does not provide tooling for this specific domain.
Along the way, we shifted the focus to the current ImmVis state but wanted to apply
some of the acquired knowledge. The advanced sample uses one of the techniques
investigated, “GPU instancing”, to handle an immense amount of points. We extended
an existing open-source sample1 that uses this technique to implement it, connect it
to ImmVis data format, and add custom functionalities. The main things added were
the usage of point size to encode a dataset dimension, the transformation matrix

1 <https://github.com/noisecrime/Unity-InstancedIndirectExamples> (Accessed on July 22, 2021)

https://github.com/noisecrime/Unity-InstancedIndirectExamples
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manipulation to rotate and scale the graph, and the possibility of having multiple
graphs with different transparency levels to plot the k-means analysis result. We
also implemented visual indicators like the axis labels and the plane with the axis’s
dynamic grids.

This sample is bundled together with the ImmVis Unity client library, and its
source code is also available on Github.

4.2 Jupyter Notebooks Integration
Jupyter Notebooks are a well-established medium among data science prac-

titioners and the scientific community. It allows sharing discoveries and knowledge by
creating interactive documents with code, visualisations, and equations. Given that Python
is one of the main languages supported by Jupyter Notebooks, ImmVis can run inside them
from the beginning. However, this approach presented some network problems during our
tests because ImmVis and Jupyter are both “server” applications and can create conflicts
like using the same network port.

As described in Chapter 3, the architecture of the ImmVis framework proposes
the creation of client applications being the point of control of the system, sending
commands to a server that processes the data and returns the results to be displayed.
This type of approach is directly against the interactive and imperative nature of Jupyter,
allowing users to input commands on a web application and see the results right after
that. Another challenge would be creating the proper user experience to enable the users
to go back and forth between Jupyter and the immersive environment.

After experimenting with Jupyter and ImmVis, we created an experimental
version of the framework that allows the connection of a Jupyter Notebook to an ImmVis
“display server”, an approach inspired by Python visualisation tools like Matplotlib and
seaborn. In practice, this approach makes the interaction with ImmVis more familiar to
Jupyter users as they can continue using the conventional tools to explore and wrangle
the data and then connect to ImmVis to plot their visualisations inside an immersive
environment. Figure 4.3 illustrates a sample code running inside the Jupyter Notebook
environment. A video with the demonstration is also available on our Youtube channel
(PEDROSO; COSTA, 2021b).

While this version of ImmVis is not the focus of the present work, we believe that
the approach is applicable in scenarios where the user’s goal is to explore the data without
creating a whole immersive application. We also envision other types of interactions for the
approach, like displaying the notebook inside the immersive environment or enabling two
users to collaborate during the data analysis process, one “piloting” the Jupyter notebook
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Figure 4.3 – A screenshot from a Jupyter Notebook (left) plotting data into an ImmVis
Display Server (right) running inside a Unity application.

and another inside the immersive environment.

The implementation of ImmVis for Jupyter includes a sample notebook and a
display server created for the Unity game engine, reusing the scatterplot implementation
described in section 4.1. It is important to note that it is possible to create display servers
in other platforms and programming languages, as the communication between clients and
server also uses gRPC.

ImmVis for Jupyter is also open source, and its code is available on Github as
well (PEDROSO; COSTA, 2020b; PEDROSO; COSTA, 2020a).

4.3 Concluding Remarks
This chapter describes the outcomes of an empirical exploration process that

we did during ImmVis development. Our initial intention was to create these tools and
then perform experiments with human subjects to evaluate data visualisation efficiency
inside immersive environments and discover pain points during the development process.
Unfortunately, by the time we finished our prototype, the COVID-19 pandemic had hit
the world, making us change the current work’s focus to something that would not require
experimenting with people. Nevertheless, we believe that the evaluations could bring more
value to the framework and, in the future, benefit from the framework’s existence and the
case studies presented here.
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5 Conclusion and Future Work

This work presented an open-source framework to enable IA applications to
use data analytics functionalities from the Python ecosystem. The framework uses gRPC
to establish a standard data format and allow network communication between a data
analysis server and client applications written in different programming languages.

The framework comes to complement the existing IA tools and frameworks,
including the ones described in Chapter 2. We intended to enable them to integrate data
analysis functionalities and explore new ways to interact with data inside the immersive
environment.

The proposal of this framework came after exploring some alternatives to
integrate data analysis functionalities into immersive applications. Our first attempt was
to embed Python inside the applications, which did not succeed due to the technologies’
limitations. Our second approach was to create data analysis services that enabled appli-
cations to consume these functionalities through the network, offloading the responsibility
to more capable hardware and the proper technologies. To implement these services, we
explored the usage of technologies like REST and Websockets, which had an impressive
performance but required more development efforts from final users. Finally, we decided to
adopt the gRPC framework, which enabled us to implement the data services and make
them available for different platforms and programming languages. After all the exploring
and tests, we established the framework’s requirements to enable other researchers to
understand our choices and explore other technologies for the same purpose.

With the framework requirements in hand, we created a prototype and a sample
application that serves both as documentation and a proof-of-concept application of the
ImmVis Framework, showing its capabilities and enabling the reproduction of the results
reported in this work. We published the source code of everything that we developed
during the development of the present work.

The framework is a direct byproduct of the initial research goal, which was to
investigate the effectiveness of IA applications to explore data. During the initial stages
of this research, we identified that the field lacks the methodology to do this type of
evaluation, which made us dedicate a good portion of our time to find answers to this
challenge. During this phase, we planned to execute some experiments with people using
applications created using the framework. To support these experiments, we researched how
to generate synthetic data and render vast amounts of data, contributing to some aspects
of the framework’s prototype. However, after having the Ethics Committee Approval
(CAAE 6679619.7.0000.5404) to perform the experiments, we needed to change plans due
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to the COVID-19 pandemics.

During the final stages of our project, we started exploring using our framework
prototype inside Jupyter Notebooks, a well-known tool amongst data analysis practitioners.
While our prototype was always able to run inside this environment, we noticed that it
was not suitable for the interactions provided by Jupyter Notebooks. Therefore, as a side
project, we created an alternative version of the framework that turns an IA application
into an “ImmVis Display Server”, enabling users to plot data from a Jupyter Notebook into
the immersive environment. The source code of this project is also available as open-source
so future researchers can explore this alternative.

We consider that our framework proposal is a first step towards creating a
standard platform for IA practitioners to build their applications and evaluate emergent
technologies and innovative interactions with data analysis inside immersive environments.

5.1 Future Work
As future work, we envision the following relevant and immediate opportunities:

• Development of client libraries for other technologies: as described in Section
3.2.2, the framework currently only offer the Unity client library. While this should
be enough to cover different devices and platforms, it would be interesting to cover
other game engines or even platforms. For example, creating a client library for web
pages to integrate with WebXR1 could support researchers to experiment with IA
applications inside web browsers.

• Framework expansion to other domains: the current version of the framework
only includes a data manager capable of handling tabular datasets. The framework’s
architecture allows its extension to support other types of data like images and
audio. To achieve that, developers only need to create data managers that can handle
this type of data and expose the functionalities through a data service. Another
possibility to explore is creating an interface contract for different data types to
enable developers to explore the integration with libraries that can handle those
alternative data types.

• Formal analysis of network performance: as mentioned in Section 3.3, we did
preliminary performance tests and obtained satisfactory results. Still, we believe that
it would be interesting to perform a formal analysis and investigate if it would be
possible to optimise the network connection. Additionally, it would be interesting
also to evaluate Apache Arrow Flight, another framework built on top of gRPC

1 <https://immersive-web.github.io/webxr/> (Accessed on July 22, 2021)

https://immersive-web.github.io/webxr/
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to transport large data sets through high-performance data services (MCKINNEY,
2019; FOUNDATION, 2019).

• Perform a user study with an IA application that used ImmVis Frame-
work: One of our goals before the COVID-19 pandemics was to create an IA
application and run experiments with users to evaluate the effectiveness of this type
of application. Due to the current world scenario and the involved risks, we needed to
shift the focus of the present work to the current state. Nevertheless, we believe this
kind of study is essential and should be one area to be explored by other researchers.

• Evolution of the Jupyter Notebooks implementation: in Section 4.2 we de-
scribed an experimental version of ImmVis framework that enables Jupyter Notebooks
users to plot data similarly to other Python visualisation languages. We believe that
this implementation could be evaluated and extended to allow researchers to explore
different scenarios and use cases.
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