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Centro di Sonologia Computazionale

University of Padova
Padova, Italy

roda@dei.unipd.it

4th Nicolo’ Merendino
Centro di Sonologia Computazionale

University of Padova
Padova, Italy

chihauccisoilconte@gmail.com

Abstract—This paper presents a reflection based on the devel-
opment of a Graphical User Interface (GUI) for an Internet of
Musical Things (IoMusT) project designed in accordance with a
set of sustainable practices. The case study in object illustrates
the feasibility and benefits of incorporating sustainability into
digital interface design. Through this exercise, we demonstrate
the potential for creating environmentally and socially sustainable
digital solutions and provide a concrete example that can inspire
future work in this area.

Index Terms—Sustainability, HCI, Design, IoMusT, IoT,
FLOSS

I. INTRODUCTION

The Internet of Musical Things (IoMusT) is an emergent
field within the broader Internet of Things (IoT) framework,
dedicated to integrating musical devices and systems into
interconnected networks. [72] IoMusT offers innovative op-
portunities for real-time collaboration and enhanced musical
expression [75].

However, like many areas of computing [28], IoT and
IoMusT projects raise important questions regarding sustain-
ability—both in terms of environmental impact and long-term
usability [41].

The project at the center of this study is an extension of
”Below 58 BPM” a pre-existing IoMusT system. [45]

This initiative is particularly meaningful, as it aims to
support a singer who has overcome a challenging medical con-
dition, enabling her to continue her artistic career. By applying
sustainable design principles to this project, we highlight the
intersection of sustainability, technological development, and
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human well-being, demonstrating how thoughtful design can
positively impact individuals and the environment.

More specifically, this paper focuses on the development
of a Graphical User Interface (GUI) for the IoMusT system
supporting this singer. The primary goal of the empirical
work was to create a GUI that adheres to well-established
sustainable design principles [40]–[43] . By sharing this pro-
cess and our reflections, we aim to showcase the potential
for creating environmentally and socially sustainable digital
solutions, offering a concrete example to inspire future work
in this area.

The reflections presented in this paper are based on the
experiences of a young developer (Author 1) who built the
GUI according to a set of sustainable practices. These reflec-
tions stem from a diary kept during the development process
and a final interview about her overall experience. Through
the analysis of this material, we were able to examine the
elements she integrated seamlessly into her practice and those
she found more challenging. As a recent graduate, Author 1’s
perspective is valuable because the challenges she encountered
reveal specific gaps in sustainable design education within
academic curricula.

By sharing our insights and lessons learned, we aim to
contribute to the collective knowledge on sustainable design
and encourage more researchers and practitioners to embrace
these practices.

The rest of the paper is structured as follows: section II
presents an overview of relevant literature on IoT, IoMusT,
and GUIs in relation to sustainability; Section III details the
research objectives and methodology; Section IV describes
the process of designing a Sustainable GUI for a pre-existing



IoMusT system. Section V presents the main results, which
are further elaborated in the discussion and conclusion found
in Section VI.

II. BACKGROUND

Several research studies have explored the sustainable de-
velopment of interfaces for IoT-relevant projects from various
perspectives and disciplines. In the following paragraphs, we
provide a brief overview of how recent research has intersected
the realms of HCI, IoT systems, and musical projects with the
topic of sustainability.

A. IoT, IoMusT and GUIs

The Internet of Things (IoT) represents a paradigm shift
by connecting everyday devices to the Internet, allowing
them to communicate, collect, and exchange data [7], [64],
[65]. This interconnected network encompasses various ap-
plications, from smart homes and wearable devices to indus-
trial systems and urban infrastructure, significantly enhancing
efficiency, automation, and user experiences [4]. Building
on the IoT framework, the Internet of Musical Things
(IoMusT) [72] emerges as a specialized subset dedicated
to the musical domain. IoMusT involves the integration of
musical instruments, devices, and wearables into a connected
ecosystem, facilitating innovative forms of musical expression
and interaction. This convergence of IoT and music technology
transforms traditional music practices and enables real-time
collaboration and adaptive performances, thereby expanding
creative possibilities for musicians and composers in unprece-
dented ways.
As reported in scientific literature, the use of Internet of
Musical Things interfaces can benefit artistic expression by
facilitating real-time control, musical parameters’ visualiza-
tion, and more, enhancing the user experience and enabling
more expressive performances [71], [75]. Graphical User
Interfaces are essential components in the processes of con-
trolling and interacting with IoMusT systems, enabling musi-
cians to manipulate sound parameters, effects, and instrument
settings through intuitive visual interfaces. For example, GUIs
on tablets and smartphones allow musicians to adjust these
parameters using touch gestures, making the creation and
modulation of music more interactive and user-friendly [13],
[14]. Additionally, augmented reality (AR) and virtual reality
(VR) technologies have been integrated into IoMusT applica-
tions to create immersive environments where musicians can
interact with virtual instruments and visual feedback in a three-
dimensional space. [10], [67], [76]. Advancements in visual
interfaces not only enhance the usability of musical devices but
also unlock new opportunities for collaborative performances
and educational tools, ultimately expanding the possibilities of
traditional music-making.

B. Tools for GUIs development

The number of tools for developing GUIs has increased in
recent years. Many Computer-Aided Design (CAD) tools that
facilitate the development of visual interfaces are available,

and the research community has produced several studies to
test and evaluate them [32]. Many UX/UI manuals explicitly
suggest the use of popular CAD software and we will provide a
brief overview of the most common ones. For vector graphics,
powerful tools such as Adobe Illustrator are widely used by
designers to create detailed and scalable graphics [25]. With
advancements in technology, the industry has introduced more
sophisticated tools to help designers create interactive visual
interfaces. Tools like Figma have gained popularity for their
capability to design interactive elements [15]. Additionally,
numerous JavaScript libraries, such as D3.js [24] and Three.js
[22], enable developers to create interactive and dynamic
experiences on the web. Moreover, drawing from the gaming
industry, engines like Unity [31] and Unreal [60] provide
robust platforms to develop visual experiences that are highly
engaging and immersive for users [70]. These advancements
in tools and technologies have significantly enhanced the
capabilities of designers and developers in crafting compelling
visual interfaces at many layers, from 2D menus to 3D and
VR projects.

C. Sustainable IoT

The discourse on IoT and sustainability has largely centered
on environmental sustainability, with considerable emphasis
placed on advancing a green transition for IoT technology [11]
[3]. Given the significant environmental footprint of IoT and
networked computational systems [48], researchers scrutinized
the large-scale production of these electronic devices. Over
time, studies have delved into the environmental impacts
associated with the energy consumption of IoT, focusing on
optimizing data streaming energy use, enhancing computa-
tional efficiency [2], and developing self-sustaining and more
efficient hardware [62]. Additional research has addressed
environmentally sustainable strategies targeting specific com-
ponents, such as minimizing the impact of individual protocols
like Bluetooth [69] or optimizing task scheduling to conserve
energy [59].
In recent developments, Mahmoud and colleagues introduced
the concept of ”Green IoT” (GIoT) [1]. Their comprehensive
review of sustainable IoT development identifies various en-
ablers, architectures, technologies, energy models, and cate-
gories essential for advancing green IoT.

Similarly, in their paper ”Green IoT: An Investigation on
Energy Saving Practices for 2020 and Beyond”, Arshad et
al. outline six key elements for transitioning to Green
IoT [3] In addition to this taxonomy, research on sustainable
design has extensively highlighted the importance of tools and
devices’ longevity in reducing environmental impact, with e-
waste being a significant issue in digital technology. Recently,
the IoT debate has included this topic, with Lechelt et al.
[36] advocating for updating, recycling, and upcycling IoT
devices under the ”end-of-life” concept, highlighting how the
embedded value systems within an IoT object can influence
its lifecycle by encouraging individuals to retain, repurpose,
or recycle the object, or rethink its use after it has reached the
end of its functional or operational life.



D. Sustainable HCI, FLOSS, and NIME

Nearly two decades ago, academics operating in the field
of Human-Computer Interaction (HCI) began to engage with
specific projects and reflections targeting sustainability, giving
birth to the sub-field of Sustainable HCI (SHCI) [23], [28],
[37].

SHCI has increasingly adopted a holistic approach, ex-
tending the concept of sustainability to include social and
economic aspects [28]. In 2007, Mankoff et al. [?] proposed
a simple but effective classification to unpack how digital
tools support sustainability. The authors identified two distinct
ways in which digital technology can support environmental
sustainability: in design and through design. Sustainability in
design pertains to the material aspects of a product, embedding
sustainable features such as reduced energy consumption.
Sustainability through design focuses on the potential of an
artifact to encourage environmentally friendly behaviors.

For instance, the existing literature provides guidelines to
design digital tools with reduced energy consumption [12],
[53], [61], [66] can be considered a contribution to sustain-
ability in design concerning tools’ environmental impact.

Similarly, the guidelines that aim at improving accessibil-
ity contribute to the sustainability in design concerning the
inclusion of categories that are typically less privileged (and
doing so oftentimes improves the design for other categories
of people as well) [19]

Companies like Microsoft 1, Facebook 2, and Google 3 are
increasingly committing to improving products’ accessibility
and environmental sustainability relying on specific guidelines.
Such guidelines involve, among other things, the use of dark
mode, high contrast colors, and dimensions of texts. However,
the fact that these companies can achieve a good standard in
terms of accessibility and on some indicators of environmental
sustainability does not imply that they are committing to other
aspects of sustainability such as supporting democratic values,
social justice, and a deeper engagement with environmental
sustainability rooted in improving processes’ efficiency and
promoting hardware lifespan.

In this regard, Free Libre and Open Source Software is
typically recognized as a better performing model [6], [8] and
several scholars deem it is worth dedicating a specific effort
to promote its use among the population [18], [35], [44], [57],
[58].

Free Libre Open Source Software (FLOSS) [73] - or just
OSS in some definitions [27] - refers to software released
under a specific type of license that makes its source code
legally accessible to end users. Software is defined as Open
Source if its source code is available at no additional cost,
allowing users to view and modify the code according to their
needs. Additionally, in Open Source projects the source code
can be reused in new software, enabling anyone to use it to
create and distribute new programs.

1https://www.microsoft.com/en-us/accessibility
2https://www.facebook.com/help/273947702950567
3https://www.google.com/accessibility/

One of the main distinguishing features of FLOSS is the fact
of relying almost entirely on the voluntary commitment of the
developer’s community [17], [56] (although some projects are
coordinated by commercial entities [29]) This aspect keeps
the development and testing costs low (Total Cost of Owner-
ship, or TCO, approximates to zero), making such software
accessible to less privileged social classes.

For instance, since we mentioned CAD software in relation
to GUI development, the best-known commercial CAD appli-
cations require the purchase of expensive licenses, and their
outcome can be subject to obsolescence due to the choices
of the commercial company that developed them. Conversely,
FLOSS CAD software such as Inkscape provides an alternative
that is free of cost and is potentially more reliable on the long
run as it is not dependent on the single-sided decision of a
private entity but rather from the collaboration of a community
of developers.

Sustainability was also subject to reflection in the field of
music projects. In particular, the New Interface for Musical
Expression (NIME) community, made a significant effort in
reflecting on the environmental impact of the works presented
by the community. In fact, in the past years, notable attention
has been dedicated to the prevention of obsolescence of
musical interfaces. Such a topic has been investigated through
specific case studies such as the T-tree and others [33], [50]
as well as through several positions papers [47]. Notably, the
term “disposable instrument” [16] has been created in NIME
to define interfaces that are used only once before remain-
ing unused. Furthermore, in NIME 2024, nine sustainability
strategies have been discussed to provide the community with
specific guidelines to develop DMIs more sustainably [46].

III. METHODOLOGY

The main objective of this paper is to reflect on the
implications that designing a GUI following sustainability
principles can have for designers. These reflections are based
on a specific case study in which we designed the Mock-
up of a Graphical User Interface to complement a previously
developed IoMusT device.

The designer who implemented the GUI (Author 1) has
completed a bachelor’s degree in informatics and is familiar
with coding and application programming. However, she was
not familiar with the sustainable design principles we applied,
including the FLOSS tools that we decided to use.

To provide some relevant reflections on the implications of
following sustainable design predicaments while designing a
GUI, we proceeded as follows.

1) We scrutinized a series of research works and guidelines
(reported in the background section) and funneled them into
a series of specific characteristics and actions that the design
of our interface should embed to align with a sustainability-
oriented approach.

2) Author 1 developed the GUI Mock-up having particular
care in following the requirements we pinpointed. During the
whole process, she compiled a diary to keep track of her



overall experience, including the informal conversations that
occurred during the various design activities.

3) After the GUI Mock-up has been delivered to the artist,
Author 4 interviewed Author 1 in regards to her experience
as a designer engaging for the first time with specific sustain-
ability guidelines.

4) Since all the people involved in the project were Italian,
it has been necessary to translate in English both the diary
and the interview. Afterwards, the transcriptions were analyzed
through an inductive thematic analysis [26], [55] that led to
the definition of three main themes that will be reported in
the results section. The transcript and the thematic analyses
are available in this public repository 4.

In addition to this process, we briefly interviewed the artist
for whom the IoMusT and the GUI were created to validate
the quality of the outcome.

IV. CASE STUDY

To provide a bit more context, this section begins by briefly
introducing the IoMusT device for whom we developed the
GUI. Afterward, we will describe in detail the design process
that led to the development of the GUI mock-up.

A. The IoMusT system: “Below58BPM”

“Below 58BPM” is an IoMusT system that has been co-
designed in collaboration with Eleonora Amianto. Eleonora is
an opera singer who suffered from a carotid aneurysm and
needed to find new strategies to be able to pursue her artistic
career despite her difficult health condition.

“Below 58BPM” comprises a wearable element and a client
software. The design process and the device are presented in
detail in [45]. Here we present the main elements. The wear-
able element is a collar with embedded sensors and actuators
that connect to a client software via an esp32 microcontroller.

The system monitors a critical biometric parameter (heart
rate) in real-time; in case the heart rate exceeds the critical
threshold of 58 Beats Per Minute, the system:

• 1) warns the singer through haptic feedback;
• 2) apply sound distortion to the singer’s voice; the singer

can manipulate these sound effects through four knobs
positioned on the collar.

The possibility to rely on these sound effects allows the
singer to rest without interrupting her performance as she
can alternate physically demanding opera singing techniques
with less demanding singing techniques and even self-healing
breathing sessions.

Lastly, “Below 58BPM” stores the data acquired on an
online platform. The resulting database can be used by the
singer to evaluate and compare sessions over long periods of
time.

4https://github.com/chihauccisoilconte/B58BPMGUI research

B. GUI Design

The main goal of the GUI was allowing the artist to
smoothly interact with the database containing her biometrical
data, allowing her to compare different performances. In this
subsection, we will describe in detail the design activities
related to the development of the GUI following sustainable
design principles.

After Author 4 performed a brief design session with the
singer to define the functions and basic structure of the inter-
face (see hand-drawn mock-up represented in 1) we proceeded
to: 1) define the sustainability-oriented characteristics that the
interface should have and selecting Open Source software in
line with sustainability literature; 2) performing the CAD and
coding sessions that led to the actual production of the mock-
up.

Fig. 1. Picture of the hand-drawn interface mock-up made during the session
with the artist

1) Definition of sustainable practices: Since our goal was
to design a GUI following sustainability principles, a crucial
step of the process has been researching the existing literature
and guidelines II and funneling this information into specific
design requirements/choices.

a) Graphical elements: Since effective UX/UI design
relies not only on context, layout, and interactions but also
on typography, font selection and Hierarchy were key aspects
of our design process.

The choice of fonts can significantly impact usability,
particularly for visually impaired users [9]. According to Boot-
camp, a source on UX, UI, and design research, Readability
[77] is a key parameter to consider while selecting a font.
Well-readable fonts ensure that text is legible at all sizes and
contrast well with the background to reduce eye strain. For



this project, we selected Nordique, a sans-serif font known
for its readability.

We also considered the importance of Hierarchy [54] which
is the arrangement of text elements to guide the reader through
the content in a structured manner. Specifically, we used differ-
ent font weights (bold, italic, etc.) and sizes to create a visible
hierarchy, facilitating easier reading and comprehension.

Alongside typographic choices other elements such as but-
tons, sliders, and menus items are subject to similar con-
siderations. Therefore we made sure that every visual element
was clearly visible and we avoided overcrowding screens with
too many elements, reducing visual noise.

b) Dark Mode: Color choice is a crucial factor in the
sustainability of a GUI as it affects both elements’ visibility
on the screen and the screen’s energy consumption. Therefore,
we dedicated some time to defining which colors to employ;
despite some drawbacks pointed out by [52], we chose to
implement dark mode in our GUI design. Dark mode is advan-
tageous for energy savings, enhances the visibility of interface
elements, and reduces eye strain in low-light environments.
However, it may cause discomfort in brightly lit settings. Dark
mode doesn’t require pure black to achieve energy savings.
For example, Google’s surface color #121212, while not pure
black, consumes only 0.3% more energy than pure black

c) Use of FLOSS: Well-established literature and guide-
lines II emphasized the importance of using Open Source
software to promote environmental and social sustainability,
For this reason, we chose several open-source tools for our
project:

For designing static graphic elements, we used Inkscape5

(Fig. 3.1), a free vector graphics software. Originating from
Gill (the GNOME Illustrator application) and developed by
Raph Levien, Inkscape was designed to fully utilize SVG
standards [34]. It is a robust, free alternative to commercial
vector graphics software and is frequently used in various
design projects.

To transform graphical elements into interactive objects and
to develop the app for export to Android, we chose Godot
Engine6 (Fig. 3.2). Godot Engine is an Open Source 2D and
3D game engine [30]. Despite being free, it is a powerful
tool that competes with well-known engines like Unity and
Unreal. It supports multiple platforms, including Windows,
iOS, Android, and web games [68]. As with other Open Source
software, Godot Engine aligns with sustainability by being
freely available and less prone to obsolescence.

By using these open-source tools to develop the GUI, we
supported sustainable practices and we could benefit from the
use of high-quality, versatile software.

2) Performing CAD and coding sessions: During the initial
design session with Eleonora, we outlined the basic structure
of the GUI. Its two main objectives are: 1) detecting and
sending heartbeat data to the platform; 2) allowing Eleonora
(or other potential actors such as researchers) to consult and

5https://inkscape.org/
6https://godotengine.org/

edit these data. Based on these elements, we defined the basic
characteristics of the GUI:

• Title page - welcomes the user while the app loads
• Main Menu - works as a gateway to the two main features

of the app (record and archive) plus the credits
• Archive page - contains a list of the recordings archived

in the past
• Concert page - allows to visualize the recording of

a specific performance, to add comments, and to edit
adding information such as the location of the concert,
etc.

• Start record session - guides the user in the process of
recording the data detected during a performance

• Credits page - contains the credits
a) Graphic design with Inkscape: We used Inkscape to

create the primary graphic elements of our interface (fig. 2).
Inkscape provides essential tools for this task, including Bézier
curve drawing, color management, and paint bucket tools.

To ensure the interface was visually appealing and func-
tional, we avoided using pure black (#000000) and pure
white (#FFFFFF), as these colors can create harsh contrasts.
Instead, we opted for shades of gray to provide a softer ap-
pearance. Additionally, we avoided overly saturated and neon
colors, which can hinder readability, and included popular
color choices for dark mode UI (purple, blue, and salmon
pink). Inkscape’s advanced color management tools allowed
us to easily implement these design choices. We also utilized
Inkscape’s wide range of filters and extensions throughout the
design process. A notable feature was the ability to organize
the canvas in separate layers, which streamlined the creation
of graphic elements and their subsequent export for use in
Godot. The result of this phase was a series of SVG elements
(fig. 3).

Fig. 2. Screenshot of the project in Inkscape

b) Coding in Godot: To transform the static graphic
elements into a functional GUI mock-up, we utilized the Godot
Engine (fig. 4). While Godot is often promoted as a tool for
3D game development, it is also well-suited for creating 2D
interactive elements, as it was originally designed for this
purpose.

We leveraged Godot’s features extensively throughout our
development process. The GDScript language proved to be



Fig. 3. Static SVGs developed with Inkscape

a powerful tool for adding interactivity and enhancing user
engagement without relying on the inspector editor. Here’s
how we used Godot to achieve our goals:

• Layout Organization: We divided the interface into
multiple pages, which facilitated a structured and user-
friendly design. This segmentation involved creating
nodes to connect various aspects of the project and
establishing a clear hierarchy, improving organization and
navigation within the app.

• Interactive Elements: We developed various interactive
components, such as buttons, sliders, and other controls,
to enrich user interaction and provide a dynamic experi-
ence.

• Performance Optimization: By leveraging Godot’s ca-
pabilities, we ensured that the application was rendered
efficiently, maintaining high performance and responsive-
ness throughout.

• Exporting: Finally, we successfully exported the appli-
cation as an .apk file, which can be easily installed on an
Android devices from people without specific technical
skills.

To conclude, the process resulted in a functional GUI mock-
up with fully implemented interactive and visual features. Fig
5 displays the developed pages, and all project outcomes are
available in a public repository7.

V. RESULTS

This section begins by presenting the results of the user
feedback session, that highlight the overall high quality of
the GUI developed following the sustainable practices we
pinpointed. Besides the user’s response, the main focus of

7https://github.com/chihauccisoilconte/B58BPMGUI research

Fig. 4. Screenshot of Godot Engine in use

Fig. 5. Interface flowchart

the work presented in this paper is Author 1’s experience
designing a GUI with a sustainability-oriented approach. In
this section, we will briefly illustrate the user feedback and
then we will focus the themes derived from the qualitative
analysis performed on the diary and the interview with Author
1.

1) User feedback: After developing the Mock-up, we con-
tacted the artist to organize a user testing/feedback session.
Since we were operating long distance, we sent her a link
containing the APK to install the app on her own phone.
During the session, Eleonora installed the app and used the
features implemented so far, commenting on her experience.
At the end of the session, we asked her some additional
feedback.

Overall, the artist provided positive feedback on the GUI.
She encountered no issues with the prototype’s functionality
(“it’s like a normal app from the store”) and expressed



appreciation for some of its aesthetic features. Eleonora also
shared some minor negative feedback about the look and the
clarity of the ”record” icon; moreover, she was worried about
possibility that the GUI could begin to malfunction in the long
run.

To address this concern, we explained Eleonora that since
the whole project is open-source any person with the right
skills could maintain and update the platform for her, if
needed. She appreciated both the practical and the political
value of the possibility of easily transfer the outcomes of our
work to potential future collaborators. To conclude, she fore-
saw the the potential for using the heartbeat data visualization
as a source of artistic content in future projects.

2) Designer’s positive reflections on using FLOSS tools
(T1): The first theme emerged from the analysis is a general
positive impression in using FLOSS (T1). Firstly, the designer
noted a series of technical positive features in the FLOSS tools
she used.

She claimed, for example, that in comparison to commer-
cial alternatives that she might have used otherwise, Godot
presented a series of features that made the process easy
as it allowed the programmer to program and visualize the
outcomes through the same, easy-to-use interface. In general,
she did not perceive the use of FLOSS as a constraint. Besides
the satisfaction with the technical aspects of the tools that we
used, the designer reported a feeling of emotional satisfaction
given by using FLOSS, as she felt being part of a virtuous
community that uses tools that are not owned by private
companies. In general, she claimed that she will use this
software in the future as well as she would recommend them
to new users.

3) Lack of FLOSS education (T2): A second theme high-
lighted in the analysis points to the lack of education in using
FLOSS (T2). Author 1 expressed that, at some point, the
process was less smooth while developing the Mock-up. Such
difficulties were generally given by the fact that she used
the software for the first time. Although the software used
worked well, finding useful documentation was sometimes
difficult (especially concerning Godot). To this end, we point
to the fact that evidently, the university where the designer
got her education never mentioned even the existence of
the software that we used in the development of the GUI
Mock-up, underlining the fact that there is a need for more
education regarding FLOSS alternatives. Furthermore, when
facing specific problems, it was difficult to find tutorials
that clearly explained the GUI-related capabilities of Godot,
pointing to the fact that some improvements can be made in
this sense.

4) Implementing the design features as a challenge (T3):
Besides the use of FLOSS, some comments on the design
features of the GUI were made. Firstly, author 1 claimed that
the implementation of the dark mode was overall simple, but
some difficulties emerged when choosing the colors of the
interactive elements. In pair with this impression, the designer
claimed that choosing the position, shape, and dimension
of the elements to make it as accessible as possible was

a challenging process that clashed a little with what she
had experienced previously in designing a GUI, which is
something to be taken into account when starting such a design
process.

VI. DISCUSSION

In this section, we further discuss the key elements that
emerged in our analysis, connecting our work to the overall
debate on sustainability and more specifically to the IoMusT
debate.

A. Maturity of FLOSS and education gap

As emerged from the considerations of the developer (T1),
the maturity of Free/Libre and Open Source Software (FLOSS)
has evolved significantly, establishing itself as a viable al-
ternative to commercial software. Our research contributes
to reinforce this point by highlighting the advanced state
of development and robustness of many FLOSS projects,
which now offer functionality and reliability comparable to
proprietary solutions [20], [74], particularly in the design of
user interfaces [44]. Our case study showcases the possibility
for young professionals to use professional-level software
to deliver high-quality outcomes with reasonable effort and
within a reasonable time frame. This result complements other
research focusing on groups with lower technical skills (and
simpler goals) [8], as well as professional groups with limited
technical skills supported by mediators [57]. However, our
results highlight a critical issue which is the focus of university
curricula on proprietary software (T2) which forces young
professionals to face extra training if they desire or need to
convert to FLOSS options. Although a lot of FLOSS is now
reliable and relatively intuitive, there is still a notable gap in its
integration within educational institutions, despite its adoption
might lead to substantial savings as noted by Pearce [51]

and promote skills development and digital literacy as
pointed out by Silva et al. [63].

B. Time management and sustainability

Moreover, an emerging theme from our study is the in-
tersection of time management and sustainability. Sustainable
practices within software development necessitate efficient re-
source allocation and time management, ensuring that projects
can thrive and remain viable over the long term. The findings
suggest that strategic time management is essential for main-
taining the sustainability of sustainable projects, aligning with
previous research that underscores the importance of structured
time allocation for sustainability (and open-source) initiatives
[21]. By addressing these interconnected issues, our research
aims to contribute to the broader discourse on adopting work
practices to sustainable development [5], [49].

C. IoMusT and sustainability

Additionally, our research presents some reflections on the
sustainability of the Internet of Musical Things (IoMusT),
emphasizing the potential of FLOSS to drive innovation
and sustainable development in this domain. By leveraging



FLOSS, IoMusT projects can benefit from increased collab-
oration, reduced costs, and enhanced flexibility, which are
crucial for the long-term sustainability and evolution of these
interconnected musical ecosystems (on music ecosystem see
[38], [39]). In general, we claim that the considerations that
emerged from our research work take part in the wider debate
on sustainability within the field of the IoMusT. Our project
answers the call for exploring the categories of sustainable
IoMusT launched by Masu et al. [41]

VII. CONCLUSIONS AND FUTURE CHALLENGES

Our research presents a reflection linked to a set of im-
plications that emerge when applying a sustainability-oriented
approach. The outcomes indicate significant room for improve-
ment and development. Firstly, the reflections we propose
can serve as a foundational base for further studies involv-
ing a larger group of designers, enhancing the breadth and
depth of the research. Secondly, the prototype we produced,
though promising, remains a basic 2D graphical interface.
Future research should delve deeper into the tools utilized
in this study to explore their full potential and capabilities,
thereby advancing the state of sustainable design practices.
In conclusion, whether it’s democratizing the use of certain
tools, respecting and including minorities in the design and
purpose of a product, using affordable and easily accessible
materials for ICT technologies, or minimizing waste to respect
the environment, these are all topics that should become in-
tegral to the HCI community’s modus operandi, keeping pace
with societal changes and not falling behind, especially on
environmental issues. By presenting a case study that aims to
incorporate all these concepts and straddling the artistic side of
the STEAM community and technological innovation in HCI
we hope that such consideration could help the community in
moving forward into an ecological transition.
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landscape of sustainable hci. In Proceedings of the SIGCHI conference
on human factors in computing systems, pages 1975–1984, 2010.

[24] Elad Elrom. Integrating D3. js with React. Springer, 2021.
[25] Raymond F Enriquez. New Basics of Computer Graphics 2020. Creative

Hands Publishing, 2020.
[26] Jennifer Fereday and Eimear Muir-Cochrane. Demonstrating rigor using

thematic analysis: A hybrid approach of inductive and deductive coding
and theme development. International Journal of Qualitative Methods,
5(1):80–92, March 2006.

[27] Laura Fortunato and Mark Galassi. The case for free and open source
software in research and scholarship. Philosophical Transactions of the
Royal Society A, 379(2197):20200079, 2021.
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