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César González-Ferreras1, Valentı́n Cardeñoso-Payo1, David Escudero-Mancebo1, Carlos Enrique
Vivaracho-Pascual1, Lourdes Aguilar2, Valle Flores-Lucas3, Mario Corrales-Astorgano1
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Abstract
The deficiencies in oral communication of people with Down
syndrome (DS) represent an important barrier towards their so-
cial integration. Interventions based on performing exercises
of speech and language therapy have proven to be effective in
improving their communication skills. Our research group has
been involved in the development of a serious video game for
the practice of oral communication of people with Down syn-
drome. The video game has proven its usefulness by being able
to motivate users to carry out practical exercises designed to im-
prove their communication skills related to prosody, an impor-
tant aspect of spoken communication. The video game has also
facilitated the compilation of a speech corpus called Prautocal
with a large number of utterances of people with DS. The ob-
jective of this project is to extend the functionality of the video
game to include exercises focused on pronunciation and on im-
proving articulation and speech intelligibility. To do this, an
automatic pronunciation assessment module will be developed
and incorporated into the existing video game in order to com-
plement its functionality. In this way, using the video game,
users will be able to perform exercises autonomously to work
on aspects of speech related to both pronunciation and prosody.
Index Terms: Down syndrome speech, automatic assessment
of pronunciation quality, computer assisted pronunciation train-
ing.

1. Introduction
One of the skills in which people with intellectual disabilities
need specific training is communication skills. For example,
people with Down syndrome often have significant limitations
in their social relationships resulting from a poor use of oral
communication [1, 2, 3]. This fact limits the options of this type
of speakers to integrate into society. Although there is some
heterogeneity, a large number of people with Down syndrome
have severe speech and language disorders [4, 5], resulting in
limited control of many communicative functions.

Interventions including language therapy aimed at language
practice can increase communicative efficacy. However, access
to specialists in speech and language therapy is limited. In the
specific case of children with Down syndrome, speech and lan-
guage therapy is essential for them to maximize their commu-
nicative potential [6]. The use of computer-assisted speech ther-
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apy tools is a reasonable alternative. In fact, virtual speech ther-
apists are becoming increasingly popular due to their availabil-
ity, versatility, and portability. They also result in more afford-
able services. These software tools can complement face-to-
face speech and language therapy with a specialist and facilitate
greater intensity in practical exercises.

Over recent years, our research group has developed vari-
ous projects related to improving communication skills in peo-
ple with Down syndrome. We have developed different ver-
sions of an educational video game called “Pradia: mystery in
the city”. It is an educational video game for training commu-
nicative skills related to prosody aimed at people with Down
syndrome [7]. The video game has been used successfully with
real users, which has allowed us to learn more about the speech
characteristics of this type of user [8]. The use of the tool in
various training sessions allowed the recording of a speech cor-
pus of people with Down syndrome called Prautocal [9]. These
recordings were used to train an automatic evaluation system,
which plays the role of an intelligent tutor, and which has been
integrated into a new version of the video game to allow users
to train prosody autonomously [10].

In previous works we have empirically shown the clear con-
trast between the voice of speakers with Down syndrome and
typical speakers by performing perceptual and automatic iden-
tification tests from the signal [8]. In [11] we have used a sim-
ilar procedure to assess the prosodic quality of the oral produc-
tions of people with DS. In another recent study, we have ana-
lyzed the acoustic features that best characterize the utterances
of speakers with DS when expressing prosodic functions related
to emotion, end of turn, and segmentation, comparing them with
those used by speakers with TD [12].

The purpose of this project is to advance in the development
of the speech and language training video game for people with
DS. We start from a software tool in the form of an existing edu-
cational video game that is designed to improve communicative
skills related to prosody. This project aims to extend and adapt
the video game to incorporate activities focused on improving
pronunciation, and more specifically, to work on articulation
and improving speech intelligibility.

For children with DS, speech intelligibility is considered a
major communication problem. Speech intelligibility is critical
to the development of children with DS not only because it lim-
its their communication skills, but also because it can lead to
behavioral problems if they cannot be understood by others [6].
Producing intelligible speech is the main barrier to interaction
for children with DS compared to typically developing children
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who tend to be fully intelligible by the age of about 4 years
[13]. The main factors that affect speech intelligibility are: (1)
anatomical and physiological factors; (2) neurological malfunc-
tion factors; (3) articulation and phonology factors. Children
with DS may have one or a combination of these factors that
affect their speech intelligibility [5, 6].

Our hypothesis is that the incorporation of new exercises
and the automatic pronunciation evaluation module will allow
the tool to be used to improve the articulation and speech intel-
ligibility of people with DS. The availability of feedback infor-
mation in the pronunciation exercises carried out will provide
significant advantages in the learning process of oral communi-
cation.

To carry out the training of the automatic pronunciation
quality prediction modules, we are going to use the Prautocal
speech corpus [9], which has been compiled in previous projects
and which includes a collection of speech audio files of people
with DS and text annotations of these audios. The Prautocal
corpus also includes comparable recordings of typically devel-
oping users for reference.

2. Objectives

The objective of this project is the incorporation of feedback
to a video game oriented to the development of communica-
tive competences in users with DS. The proposed system to
be developed will focus on users’ acoustic pronunciation, and
specifically on assessing speech intelligibility and providing the
necessary feedback to improve speech articulation and produc-
tion. For this, we will base ourselves on the Pradia video game,
which has already demonstrated its usefulness for improving
oral communication, and on the Prautocal speech corpus of peo-
ple with DS using the video game. We will develop an auto-
matic evaluation system of the user responses to video game
activities that in addition to assigning a score, will provide guid-
ance to advance in the learning process. All this will favor the
autonomous use of the video game, thus increasing its useful-
ness as an educational resource.

To achieve the proposed objective, in a first stage, a list of
quality criteria for users’ speaking turns will be developed and
the Prautocal corpus will be annotated using those criteria in or-
der to label the utterances with information of the pronunciation
quality, including an assessment of intelligibility and the iden-
tification of pronunciation errors. The corpus will be annotated
by experts in this field: linguists, speech therapists or hearing
and language teachers. Next, we will carry out a characteri-
zation of the speech of people with DS to identify the main
difficulties they have in pronunciation. In a second stage, the
training of the models of automatic prediction of the pronunci-
ation quality will be carried out. The usefulness of the different
features extracted from the utterances will be evaluated using
the annotation of the previous phase. Then, a selection of fea-
tures and an automatic prediction will be carried out using su-
pervised classification techniques. As a result, information will
be obtained that will allow to decide whether the user should
repeat the exercise and feedback will also be obtained that will
allow the user to correct the mistakes he/she has made. The last
stage of the project consists of integrating the assessment mod-
ule into the existing video game and conducting field tests with
real users, which will allow to evaluate the performance of the
new version of the video game.

3. Discussion
In this paper we have presented the project EvaProDown, which
will be executed in the period from September 2022 until Au-
gust 2025. The project involves researchers from the Uni-
versity of Valladolid and from the Autonomous University of
Barcelona. During the development of the project, collabora-
tion with two institutions is planned, Down Valladolid and Fun-
dación Personas, with which we have already collaborated in
the past.
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