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ABSTRACT
Previous studies suggest that engagement in musical activities may
enhance well-being and impact social inclusion. However, unfortu-
nately, people with physical disabilities cannot often use musical
instruments ormusic production software due to accessibility issues.
We propose Boris, an original conversational agent specific for peo-
ple with a physical disability, to entertain, stimulate expressiveness,
and promote communication. Boris enables (even inexperienced)
users to compose songs through hands-free interaction by analyz-
ing their vocalizations to obtain more than just their transcription:
the system listens to the user even while humming a song and
generates a melody by learning and reproducing their human voice
patterns. Indeed, it exploits an artificial musical intelligence that
can imitate the typically human cognitive skills to produce music
using an advanced technique called abstract melody.

CCS CONCEPTS
•Human-centered computing→Natural language interfaces;
• Social and professional topics→ People with disabilities.
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1 INTRODUCTION
Motor disability is any physical condition that makes it more diffi-
cult for a person to do certain activities or interact with the external
world [24]. It includes muscle weakness, poor stamina, lack of mus-
cle control, or total paralysis. Motor disability often manifests in
neurological conditions such a cerebral palsy, Parkinson’s disease,
stroke, and multiple sclerosis [24]. To give some numbers, 1% of
the world population have severe motor disabilities and need a
wheelchair on a daily basis. If we count mild and medium forms of
disabilities, the percentage is dramatically higher [24].

There are many previous studies about technologies to specifi-
cally assist and help people with motor disabilities in the context
of everyday life [1, 8] and education: technology not only targets
teaching related to a certain content area but also might focus on
limiting the difficulties caused by a disability [15]. Technologies
are of different natures and involve, among others, conversational
technologies [28], virtual reality tools [23], and tangible smart ob-
jects [26]. In contrast to assistance and education, there are few
tools for fun and entertainment accessible to people with a motor
disability so far. This lack was highlighted even by the European
Google Challenge, which was organized in collaboration with the
NEMO Clinical Center of Milan, Italy, in December 2019 [13]. The
competition’s goal was to make up for this lack and develop con-
versational technologies that offer fun opportunities to people with
neuromuscular disorders and motor disabilities. The shortage of
opportunities for fun and entertainment for people with disabilities
is paradoxical if we consider that people of this group spend more
time on leisure activities than their non-disabled counterparts [25].
Among all, musical activities are encouraged since evidence sug-
gests that engagement in this discipline may enhance well-being
and impact social inclusion [18, 31].
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In this context, we propose Boris, a conversational agent that
can hold small talks with the user and help her/him in music pro-
duction. By conversational agent (CA), we mean a dialogue system
able to interact with a human through spoken natural language
[7]. A conversational interface’s strength is that it is accessible
to all those who are verbal but with motor impairments. Besides,
from literature, we know that speech impairments are widespread
among people with some physical disabilities [17]; in response,
Boris enables the interaction even by users with severe speech
impairments by analyzing their vocalizations to obtain more than
just the transcription: the system exploits a novel musical artificial
intelligence that can imitate the typically human cognitive skills
to produce music by using an advanced technique called abstract
melody [4]. Consequently, the user can sing or hum a melody with
her/his voice, and the system uses it to compose a song that sounds
correct from a harmonic point of view. No singing skills or music
knowledge is needed.

To the best of our knowledge, Boris is the first application for
music production with a voice-based interface designed to be ac-
cessible to people with physical disabilities. Its goal is to stimulate
expressiveness, bring people closer to music, entertain, and pro-
mote inclusion. This exploratory project has been realized through
a user-centered design process with human-computer interaction
experts, psychologists, linguistics experts, and a person with severe
mobility challenges.

In this paper, we describe Boris’s design process, user experience,
and software architecture. In the end, we introduce some interesting
future works with Boris. This work is far from being mature or
extensively technically validated but wants to pave the ground for
conversational agents for people with disabilities that explore more
than just semantic analysis of speech.

2 STATE OF THE ART
Nowadays, laptop applications panorama is full of tools for cre-
ating and producing music. We analyzed the tools on the market
and divided them into two categories: professional and amateur
technologies.

Professional software provides long lists of functions, different
types of view perspective (time, beats, samples), routing systems,
and chains of effects. They are Digital Audio Workstation or DAW
(e.g., DAW like Logic Pro, ProTools, Reaper), programs to process or
manipulate audio with effects (e.g., Audition, Audacity), and mobile
apps like drum machines or simple editors with pre-built set of mu-
sical parts (e.g., SNAP, Patterning 2, Impaktor). Amateur applications
provide just limited simple functions as the possibility to combine
predefined patterns and tuned melodies to create a composition
(e.g., Steinberg Cubasis). For example,GarageBand allows the user to
personalize the song through a piano roll (a representation of notes
in time). HumOn, instead, is a mobile application (whose navigation
is based on the touch paradigm) and records the user’s voice while
singing and adds a genre-oriented accompaniment to it. In other
words, given a melody hummed by the user, the system creates a
series of chords that fit and sound good with the melody, which
is not modified. All the listed professional and amateur software
exploit physical interaction on a graphical user interface with the
mouse or a touch screen. Consequently, they require the ability to

point, press, and drag items. This aspect makes these tools generally
(too) hard to be used in autonomy by disabled people [24].

For what concerns open-source web technologies, ChromeMusic
Lab [12] is an application that makes learning music more intuitive
and fun with hands-on experiments. Many teachers use it in their
classrooms to explore music and its connections to science, math,
art, and more [12]. Again, however, interaction always requires
physicality.

The field of musical tools for people with physical disabilities
is still a growing emerging area of research [10, 14, 21]. Anderson
and Smith [2] studied the possibility of adapting existing tools to be
accessible to people with visual and physical impairments. Larsen
et al. [20], Parke-Wolfe et al. [27] built a software toolkit that enables
music therapists and teachers to create custom digital sensor- and
vision-based musical interfaces for children with diverse disabilities.
EyeMusic [16] is both a performance and a playback instrument. It
uses an eye-tracker that outputs the gaze position (x, y) 60 times per
second and operates with eye fixation, which has two parameters:
deviation and duration. Brainfingers [9] is a hands-free computer
control for music creation: a headband fitted with sensors detects
electrical signals from facial muscles, eye movement, and brain
waves. To the best of our knowledge, there is no software for music
production that is addressed to people with motor disabilities and
exploits the conversational channel.

3 THE DESIGN PROCESS
Boris was explicitly designed for people with motor disabilities.
As an exploratory work, to understand the difficulties of these
subjects, we started by analyzing the needs of Andrea (name of
fantasy to guarantee his privacy), who is a 45-year-old man with
spastic tetraplegia and language difficulties. Spastic tetraplegia is
a subset of spastic cerebral palsy that affects all four limbs (both
arms and legs) [19]. We designed Boris through a user-centered
process involving human-computer interaction experts, psycholo-
gists, linguistics experts, and Andrea. An iterative, agile, three-stage
(exploration, implementation, and testing) research process was
used. Exploration refers to the detection of the user’s preferences
and needs to be satisfied. For this reason, we reviewed the literature
on the field and held four two-hour meetings with experts and two
one-hour sessions with Andrea and his parents. We found out that
spastic tetraplegia limits Andrea in many aspects of everyday life.
For example, he needs to be helped during lunch to drink and eat
or when he wants to send an e-mail with the PC. His reading and
writing skills are discrete. Andrea’s verbalization is relatively slow
and hard, and he often needs to repeat the same sentence several
times to be fully understood. These phonological and articulatory
impairments are quite common in degenerative pathologies [6]
[29], and affect not only Andrea but also many other subjects with
different conditions [30]. The implementation phase consisted of
the realization of a prototype. Testing was to verify the accessibility
of the prototype and its usability by Andrea, and it was also helpful
to identify relevant modifications to be implemented in the future.
So far, we conducted just one iteration of the process, and, at this
point, we observed that Andrea can use the application in auton-
omy, despite his verbal difficulties. Unfortunately, we could not run
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an additional empirical study with a larger population because of
the ongoing pandemic, but we plan to do it as soon as possible.

4 THE CONVERSATIONAL EXPERIENCE
Boris’s prototype is a web application because of web apps’ perva-
siveness, ease of use, and the absence of installation and configu-
ration. Since Boris is a web app, it enables both vocal and visual
interactions through the screen, microphone, and speakers of the
device (both standalone and mobile). Indeed, the user interacts with
the system with the only use of the voice, but our conversational
agent exploits the visual channel as a communication support. The
graphical theme of the application is inspired by space because
Boris plays the role of an astronaut who guides the user in the
discovery of the universe of music. A screenshot of the interface
is shown in Fig.1. In taxonomy, Boris is goal-oriented, domain re-
stricted, and proactive. Boris was designed to be as entertaining and
engaging as possible. With this goal in mind we decided to designed
Boris with a funny personality: it makes jokes and speaks with a
marked foreigner accent, but both the syntax and the semantics of
the sentences are grammatically correct. According to [22], voice
plays an essential role in the perception of conversational agents
and impacts the whole user experience. In agreement with Andrea,
our choice could be user-activated and useful for "breaking the ice"
with the user and create a safe and playful setting To convey this ex-
pressiveness in the voice, an actor registered all Boris’ utterances. A
psychologist and a linguistics expert wrote all dialogues that Boris
can hold. Language choices are crucial in dealing with Andrea and
with people with disabilities in general since sometimes they expe-
rience moments of frustration due to their impairments and have a
delicate psychological condition [20]. For that reason, Boris avoids
all words related to negative emotional states to provide the user
with the safest environment possible.

When the application is launched, our agent introduces itself as
an astronaut with a passion for music and explains how it will help
the user compose a short song. The agent speaks clearly and with
many repetitions. Explaining the same concept many times and in
many different ways enables the user to understand the agent and
the context better. Boris stimulates and prompts the user with a
series of simple questions about the music to compose that can be
answered with "yes" or "no" to avoid any misunderstanding due
to Andrea’s speech impairments. Therefore, the user can feel free
from any possible pressure not to complete the task and can use just
her/his creativity and musical taste to deal with the choices. Since
the system was tuned on Andrea’s lack of specific competences
in the field of music production, it suits for early stage approach
with the music: no technical knowledge or special musical skills
are required to reply to any of the questions. Questions on musical
topics are presented through practical examples. First, Boris asks
the user if she/he prefers a slow or fast tempo. Each option is
exemplified by a sample of a metronome beating at two different
speeds. The next question is about the song’s mood to be composed:
"Would you like to make your song sound happy?" or "Would you
like to make your song sound sad?". At this point, Boris makes
the user listen to a chord progression and asks which one she/he
likes best. This question is formulated as a set of examples where
the user has to respond with the preferred choice. Finally, Boris

Figure 1: A screenshot of Boris interface. The conversational
agent is represented by the astronaut floating around the
space. The line on top left corner indicates the progresses
in the activity. The box in the bottom-right corner contains
the transcription of Boris’ utterances, whereas the top-left
corner an icon appears when the microphone is active.

Figure 2: Musical Intelligence Pipeline

invites the user to hum a melody used as the starting point for the
output song. At this point, the AI generates a melody by learning
and reproducing the human voice patterns and using the info about
the tempo and the wished song’s mood from the previous replies.
Once the final song has been produced, the user can request Boris
to play it, edit it, and combine several tracks. Combining several
songs into one allows users to produce a song alone or in a group.

5 SOFTWARE ARCHITECTURE
Technically speaking, Boris is a web application, and the user’s
speeches are recorded within the browser and then are sent to the
server to be processed. The architecture follows the guidelines by
Catania et al. [5]. Speech-to-Text, Natural Language Understanding,
and dialogue management are performed by exploiting Dialogflow
by Google. The user’s vocal answers are the audio recordings by
the actor played within the user’s browser. The software module for
music production is proprietary and is better described as follows.

5.1 The musical intelligence
Boris creates a melody that sounds correct from a harmonic point
of view through an artificial emotional intelligence that exploits
an advanced technique called abstract melody [4]. To do that, it
combines the information obtained from both the conversation
with the user and the analysis of her/his pitch while singing a song.
Following, we go through the whole music production process,
summarized in Fig. 2.

First, the system analyses the user’s voice by tracking her/his
pitch using the Short-Time Fourier Transform (STFT): the proce-
dure is to divide the whole signal into shorter windows of equal
duration and then compute the Fourier transform separately on
each shorter segment. Once the system has the Fourier spectrum on
each window, it finds for each of them the fundamental frequency,
which is the lowest harmonic in the spectrum and is the one that
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Figure 3: The progress of the pitch in time represented by
the broken line above the pentagram.

represents most the pitch. In this way, the changing pitch can be an-
alyzed as a function of time. The pitch includes information about
its variation in time and the presence/absence of note in every sin-
gle time instant. As a result of this phase, the system generates a
MIDI file, a standard instructional file that illustrates which notes
are played, when they are played, and how long and loud each note
is. The system can finally use the abstract melody [11] to extract
from the MIDI file the specifications about the distances between
consecutive notes. Boris’ melody can be imagined as a broken line,
going up and down as the input voice goes up or down, like in Fig-
ure 3. The distance of the notes is measured in terms of semitones.
At this point, the system defines which notes to include in the final
melody. This sub-domain of notes is obtained from a scale, called
the reference scale, that defines both melodic and harmonic aspects
in a song. In music, a single chord provides a set of possible equiv-
alent scales, but a set of different chords can define just a single
scale. Consequently, the system obtains the reference scale for the
final melody directly from the user’s chord progression during the
conversation. Finally, the musical intelligence follows an original
method to arrange the notes in the MIDI file so that the final song
sounds in tune with the reference scale. The tone of the first note of
the output melody is chosen randomly from the previous phase’s
selected scale notes. The next notes’ tone is chosen among the notes
included within the distance (in terms of semitones) between the
last note in the melody generated so far and the note under analysis
in the MIDI file. In music, given a specific scale, the "strong" grades
are 1st, 3rd, 5th, and 7th, since they are responsible for the scale
identification (for example, a scale in C major is composed by C, D,
E, F, G, A, B and is identified by the chord C, E, G, B). The "weak"
grades instead are 2nd, 4th, and 6th, and they are used to create
tension to lead to an immediate resolution to a strong(er) grade.
That said, the system chooses every note from the set of eligible
notes by following this policy: it associates strong grades to long
notes and weak ones to short notes to create a melody containing
rapid tension changes followed by an optimal resolution to the
strong grades of the scale.

6 CONCLUSION AND FUTUREWORKS
We presented Boris, a conversational agent for entertainment capa-
ble of producing a tuned song from a user’s melody thanks to an
original artificial musical intelligence. Boris’s strengthen is that it
responds not only according to the semantic content of the speech
but also to the pitch analysis result, as already seen in a previ-
ous study with children with neurodevelopmental disorders [3].
Boris was explicitly designed for people with motor disabilities, as
they cannot generally use musical instruments or physical musical
interfaces due to accessibility issues.

This project is still an early bird, but since our first exploratory
and qualitative user-testing with a person with spastic tetraplegia

resulted in positively affecting the engagement and facilitating
music production, we will surely continue with this work. From our
observations, Andrea was happy to play with Boris and succeeded
in completing the experience in autonomy answering all Boris’
questions, respecting turn-taking times, and humming a short song.
Besides, once he had created his song, he invited his parents to join
him to introduce new melodies in his creation.

The main limitation of the work consists in the followed design
for one’ process, focused on the needs of a specific individual users.
While this approach allows to examine various aspects of the system
in depth, it does not guarantee its overall accessibility and usability,
also taking into account that people with motor disabilities have
very wide range of abilities and functional limitations and there
may be difficulties in the processing of their vocalizations due to
voice characteristics related to their motor impairment.

As a consequence, the natural follow-up of this work will be a
long-term experimentation with target users: we want to verify
our application’s usability by more people with motor disabilities
since it has not been possible due to the ongoing pandemic. It
would be interesting to assess user satisfaction, the fatigue in the
interaction, the grade of engagement, and the quality of the musical
compositions made with our conversational interface. Also, we
would like to compare these aspects concerning our tool and other
music production technologies, so as to illustrate the extent to
which Boris supports inclusive music production with respect to
able-bodied individuals. Besides, the application can be used alone
or in groups. Consequently, we would like to investigate the ability
to promote inclusion by technology like the one we have described
in the paper. Finally, we consider investigating whether the Boris
approach could be extended to other user categories (e.g., very
young children, blind children, older people, etc.).
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