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Abstract—The Dyslalia is considered one of the most common
communication disorders that present children with and with-
out disabilities. The National Institute on Deafness and Other
Communication Disorders (NIDCD) claims that 5 percent of U.S.
children ages 3-17 have a speech disorder that lasted for a week or
longer during the past 12 months. This situation is very similar in
other countries of Europe, Africa, and Latin America. For these
reasons, in this paper, we present a proposal of a virtual robotic
assistant aimed at providing therapy exercises for children with
Dyslalia. The virtual assistant uses a rule-based expert system
that determines the best alternatives of exercises that will be
carried out with a child in the phonetic area. With the aim
of developing the physical version of the virtual assistant, we
performed a study with 33 students enrolled in the last year of
the career of initial education, early stimulation, and precocious
intervention (in Cuenca, Ecuador). The participants validated
our proposal through a survey, and the achieved results are
encouraging.

Index Terms—YVirtual Robotic Assistant, Dyslalia, Expert Sys-
tem, Speech Therapy, Rules-Based Reasoning.

I. INTRODUCTION

The language is considered as a mainstay for the cognitive,
social and affective development in children. Therefore, the
language allows children exchange information and express
feelings, thoughts, and emotions to break through a world of
knowledge and opportunities [1], [2].

During the early years, a child acquires and develops com-
plex components of language in areas such as the phonetic-
phonological, semantic, morphosyntactic and pragmatic. This
process - in subjects without disabilities - is carried out
naturally given that children continuously receive stimuli from
the environment [1], [2].

The phonetic-phonological component - the objective of
this research - is focused on the utterances production in a
given language, this is, the phonemes articulation. According
to the Diagnostic and Statistical Manual of Mental Disorders
(DSM5), the phonological production describes the appropri-
ate articulation of phonemes (i.e., individual sounds) that are
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combined to create spoken words. Phonological production
requires both the phonological knowledge of speech sounds
and the ability to coordinate the movements of the organs of
the joint (jaw, tongue, and lips) with breathing and vocalization
[3].

According to the research carried out by [4] in 200 of
Mexican children, the phonetic acquisition varies accord-
ing to the age. In this line, a child can adequately pro-
nounce the phonemes [m,ch,n,k,t,y,p,l, f,d,j] at three
years, [b,g,r,bl,pl,s| at four, [kl,br, fl, kr,gr] at five, and
[rr, pr, gl, fr,tr] at six. Therefore, at the age of four, a child
has acquired the most of phonemes, with some exceptions,
and especially the /rr/ for Spanish (that is developed until 5
or 6 years).

During his/her normal development, a child gradually ac-
quires different sets of phonemes. However, if a child can
not adequately articulate the phonemes that correspond to
his/her age, a Speech-Language Therapist (SLT) diagnosis this
problem as the communication disorder named Dyslalia. The
literature defines the Dyslalia as a “disorder caused by organic
or functional impairments of the speech peripheral organs,
which consists of the impossibility to correctly utter one or
several sounds for the emission of a certain phoneme.” [5],
[6]. It is essential mentioning that this disorder can appear in
both spontaneous and repetitive speech.

In the same line, [7] points that Dyslalia is a disorder in
the phonemes’ articulation, either by the absence or alteration
of specific sounds or by the substitution of these by others in
an inappropriate way. It is an inability to pronounce certain
phonemes or groups of phonemes correctly.

On the other hand, [8] claims that the Dyslalia could have
a prevalence between 5 and 10% in the infantile population.
Otherwise, [9] places Dyslalia in the three most frequent
infantile language disorders (joint with the dysphonia and
language delay).

Similarly, [10] points out that the Dyslalia is the problem
that has the highest prevalence as well as it is the disorder for



which the most of parents and relatives request support. This
situation commonly occurs due to the relationship that exists
between Dyslalia and some difficulties related to learning to
read.

For these reasons, it is fundamental to provide an early
intervention on those children that present Dyslalia. With this
intervention, patients will be able to correctly pronounce the
sounds of language and avoid the involution and intensification
of the difficulties presented [11].

Finally, it is essential to remark that [12] indicates this
disorder can persist in adulthood, implying in some cases
problems to get jobs, performing work activities or having
difficulties in social adjustment.

In the light of the above, in this paper, we present a proposal
of a robotic virtual assistant to support the educational and
rehabilitation activities of children with Dyslalia. In this first
stage, we have determined the perception of 33 students
regarding the pertinence and usefulness of the virtual assistant
as well as to its 3D printed version.

II. RELATED WORK

The Dyslalia is a speech disorder for which nowadays exist
several proposals. In this line, in [13] the authors present an in-
teractive toolset with the objective of combining biofeedback,
self-monitoring, and reward mechanisms in an entertainment
environment focused on the speech therapy. The toolset relies
on visual biofeedback with the aim of motivating patients,
tracking orofacial motion, and evaluating the patients’ speech
productions.

Similarly, [14] present a serious game designed to provide
speech therapy for Egyptian speaking children with Dyslalia.
To this aim, the authors developed a speech engine to ac-
curately and automatically detect the problem in the child
pronunciation. The engine was trained with a speech resource
corpus based on the Modern Standard Arabic and adapted to
Egyptian dialect. The authors report accuracy levels of 93.4%
and 95.6% to recognize the phonemes /s/ and /r/, respectively.

In the area of the artificial intelligence, [15] developed an
expert system based on fuzzy logic to optimize Computer-
Based Speech Therapy systems. The primary objectives of
this system are the following: a) provide personalized therapy
(following childs problems level, context, and his/her possi-
bilities), b) give support to therapists (offer some suggestions
regarding what type of exercises are better for a specific
moment and a specific child), and c) self-teaching (change
the knowledge base when the system’s suggestion differ from
the viewpoint of therapists). The rules of the expert system
are defined using the following input variables: the defect of
speech, child’s age, and family involving. The output variable
is established as the number of weekly therapy sessions. To
validate their system, the authors worked with 20 children
with ages between five and six years. The authors have
designed two groups of 10 children, and for the first one, the
system established the number of working sessions whereas
for the second group this task was carried out by a therapist.
The results reported in this research show that both groups

progressed, and both groups reached the same performance
[15].

Other remarkable contributions related with Dyslalia and in
general, speech disorders, are described below:

o A proposal for a virtual world to supports therapy ac-
tivities for Dyslalia is presented by [16]. This system
focuses on the articulatory reeducation with phonemes
and symphons. The children can interact with an avatar,
which can remain in the virtual world along with all other
users after logging.

o The research conducted by [17] explores the possibility of
performing multimodal emotion recognition with the aim
of integrating this technique in computer-based speech
therapy systems. To accomplish this objective, the authors
use a multimodal emotion recognition framework that re-
lies on video, audio, and physiological channels (breath-
ing, temperature, skin conductance, and heart rate/blood
volume pulse).

o The telerehabilitation of children with Dyslalia was ana-
lyzed by [18]. In this research, the authors discuss the
design of educational videos for telerehabilitation. To
create the videos the authors used the following principles
of multimedia learning:

- Coherence: design elements like logo graphic and
intro/closure music were not added throughout the video.
- Signaling: in order to highlight essential words or
movements, visual signaling was provided in the form
of arrows, accented text or other visual clues.

- Redundancy: exclude redundant captions from narrated
animation.

o A system for automatic assessment of articulatory de-
viations in pathological speech (Serbian) was developed
by [19]. To this aim, the authors implemented a module
that uses Artificial Neural Networks (ANN). This module
which corresponds to the Global Articulation Test (GAT)
uses the phoneme as the input and gives the quantitative
assessment of deviation as a result. To train the ANN,
the authors created a speech database with the support of
children and adults. Each subject pronounced 30 times
isolated words from the stimuli list of the GAT. After
this, the authors implemented an automatic segmentation
algorithm based on the DTW (Dynamic Time Warping)
and kNN (k nearest neighbors) algorithms. This algorithm
segmented the speech database in words to feed the ANN.
The authors report 96% of precision for the recognition
task of articulatory-acoustic deviations.

III. PROPOSED APPROACH

In this section, we will describe the most relevant aspects
of our proposal, paying special attention to the virtual robotic
assistant, and the expert system based on rules. Below we
describe the most relevant modules as well as its functionalities
(Figure 1):

o To interact with the virtual robotic assistant, the system

provides children a virtual access interface that is
suitable for several platforms such as mobile devices
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Fig. 1. The general architecture of the proposed system and its main components and modules.

(Androidgy, and iOS ) and desktop environments. This
interface was developed using Unityg which is why it
can be compiled and deployed in the platforms previously
mentioned.

With the aim of providing support to SLTs, the system
includes a knowledge layer which is responsible for
suggesting intervention activities. This layer achieves this
goal by a rule-based reasoning module that represents
through facts and rules the intervention guidelines. The
reasoning module is used by therapy plans generator
to assemble an intervention plan with suggested exercises
according to child’s profile. In the same way, the plans
generator uses the module of robot’s interaction scripts
to establish how will be the interaction with the children.
The services /data layer contains several functionalities
to manage the information. In this layer are stored the
patients’ profiles which includes the following data:
child’s personal information (names, age, gender, etc.),
and medical profile (SLT initial evaluation and diagnosis).
Other essential elements of this layer are the service for
monitoring the patient’s progress and generate reports
and a feedback module that will be implemented in the
future to collect an evaluation (made by SLTs) of the
therapy plans created by the system.

A. Therapeutic activities sequence logics

With the objective of carrying out the therapy with children,
the virtual robot uses the sequence depicted in Figure 2.

First stage

Second stage

Fig. 2. An example of the sequence of therapeutic activities presented by the

virtual robotic assistant.

As it can be seen, the sequence commonly has three stages.



In the first one, the therapist must choose with which phonetic
unit will be done the exercises. After that, the therapist can
select to work with one of the following categories that contain
the phonetic unit selected: syllables, a story, or pictograms. In
the third stage, the therapist will select the specific activity
to carry out with children. For example, if the therapist
chooses syllables, it would be possible to work with utterances
production. It is important to mention these activities will show
in the robots face, and when the child responds, the system
will give him/her an appropriate stimulus according to whether
the answer was correct or not).

B. Rules-based reasoning module for therapy plans design

An expert system can help us solve problems related to the
knowledge domain with which it is assembled. The primary
objective of the proposed expert system is to recommend
exercises for the treatment of specific conditions related to
Dyslalia (Figure 3).

/* Reglas
evaluacion(P, val):-
pregunta('Area evaluada: *,val).
pregunta(0bj, Val):-
hecho(0bj, Val, true),!.
pregunta(0bj, Val):-
hecho(0bj, Val, false),!,
fail.
pregunta(0bj, Val):-nl,write(Obj),write(' '),
write( Val) , write('?(s/n)'), read(Ans), !,
((Ans=s, assert(hecho(0bj, val, true)));(assert(hecho(0bj, val, false)),fail)).

diagnostico: -
nl,write('Recopilando informacién para asignar ejercicios recomendados.'),nl,
recomendacion (evaluacion,Recomendacion) ,!,nl,
write('Ejercicios recomendados: '),
write(Recomendacion)
diagnostico:- nl, write('No se ha podido recomendar diagnésticos con la base de conocimiento actual!®).

main: -
info, repeat,
abolish(hecho/3), dynamic(hecho/3), retractall(hecho/3),
diagnostico,nl,nl,
write('Iniciar nuevamente? (s/n)'),
read(Resp) ,\+ Resp=s,nl,write('Fin del programa.'),abolish(hecho,3),halt.

Responder resultados del diagndstico respecto al area evaluada...

Recopilando informacidn para asignar ejercicios recomendados.

Area evaluada: Dificultad para vibrar la lengua?(s/n)n.

Area evaluada: Dificultad para soplar?(s/n)|: s.

Area evaluada: Disminucién de la movilidad labial?(s/n)|: s.

Area evaluada: Dificultad de pronunciacién del fonema /s/ posicién inicial, media y finalz(s/n)|: s.

Area evaluada: Conciencia fonolégica?(s/n)|: s.
Ejercicios recomendados:
- Dar besos volados.
- Realizar gestos con la boca.
- Abrir y cerrar la boca.
- Pronunciar las vocales de forma prolongada.
- Colocar mermelada en los labios y quitarsela.
- Morderse los labios.
- Protruir los labios.
- Retraer los labios.
- Soplar plumas, bolitas de algodén, pelotas de ping-pong.
- Soplar velas a diferente distancia e intensidad.
- Inspiracién nasal lenta y profunda- espiracién pronunciando el fonema “s” de forma prolongada.
- Inspiracién nasal rapida- espiracién pronunciando el fonema “s” de forma entrecortada.
- Ensefiar punto y modo articulatorio correcto frente al espejo.
- Colocar el dpice de la lengua en los alveolos de los incisivos inferiores con ayuda del bajalenguas y pedir al
- Pronunciar el fonema “f” y tirar del labio inferior hacia abajo para obtener el sonido “s"
- Pronunciar el sonido vocalico “i” de forma susurrada y debil hasta obtener el sonido “s”
- Asociar el sonido “s” con onomatopeyas (serpiente (s , MoSco s-5-5)
- Pronunciar el sonido “s” de forma aislada.
- Pronunciar el sonido “s” en unién de la vocales (sa-se-si-so-su)
- Pronunciar palabras que inicien con estas silabas (sapo- sello- silla- solo- suelo).
- Pronunciar palabras con las silabas (sa-se-ri-so-su) en posicién inicial, media y final en palabras (sello, m
- Pronunciar frases de dos, tres, cuatro y cinco palabras que contengan el sonido “s”
(EL sapo salta).
- Leer un cuento pictografico con palabras que contengan el sonido “s”
(EL oso de sarita sube a la silla)
- Realizar juegos de loterias fonéticas con el sonido “s”
- Discriminar el sonido “s” entre sonidos similares (s- z-z-z-s- f)
- Discriminar el sonido “s” entre sonidos diferentes (r-s-t-p-s-r)
- Discriminar palabras que contengan el sonido “s” de aquellas que no lo tengan (sapo- ana- sello- sara- coco- 1
- Discriminar pares de fonemas consonanticos similares (sana- lana, mesa- pesa, morado-rosado)

Iniciar nuevamente? (s/n)|: n.

Fin del programa.
h 0

Fig. 3. A partial screen capture of the rules used (top image) to generate
therapy plans (bottom image) for children with Dyslalia.

Based on the exercises proposed by experts in the area, we
proceeded to make an expert system using the Prolog program-

ming language. The rules and the knowledge base have been
defined based on the cases given in our experimentation. The
knowledge base comprises mainly children around five years
old with different types of diagnoses related to Dyslalias.

The results can be used to provide support to professionals

so that, based on the results obtained within the evaluated
areas, a diagnosis can be obtained with several recommended
exercises to solve the problems related to the detected Dys-
lalias (rhotacism, lambdacism, sigmatism, etc.). Having that:

e D — diagnosis

o AFE — evaluated area

o In the indicated algorithm (Figure 3), the pairs D,,, AE,
represent the evaluated area AE, corresponding to the
D,, diagnosis.

e For each of the areas evaluated, if the expert system
receives a positive response, proceed with the following
AE.

o If the assertion is false, proceed to AFE; of the next
diagnostic group D(p + 1)

e When the cases AE; to AE, are met, the current D
diagnosis is considered correct and the related exercises
are recommended.

IV. EXPERIMENT AND RESULTS

With the objective of determining the real feasibility of
including our proposal as a support tool to carry out therapy
activities for Dyslalia treatment, we conducted a pilot experi-
ment with 33 students assisting to last semester of the career of
initial education, early stimulation, and precocious intervention
(University of Azuay, Cuenca - Ecuador).

Below we present some of the most relevant characteristics
of the sample of students that participated in the experiment:

o All students had experience working with children that
presented different kinds of speech disorders (including
Dyslalia).

o All the volunteers are women with ages between 21 and
26 years.

o The participants have experience working with commer-
cial informatics tools that commonly are used during the
therapy sessions.

To achieve our objective, we presented the system to the
volunteers, and after that, we asked them to respond to a survey
that has the following characteristics:

o Is organized in two sections, one to collect the personal
data and professional profile of the participants, and a
second that consists of a set of questions about the virtual
robotic assistant.

o The set of questions focuses on the following aspects:
appearance and shape of the virtual robot, the colors of
the avatar, the sequence in which the therapeutic activities
are executed (if it is appropriate or not), the robot’s
expressions, the desired features of a 3D printed version
of the robot, among many others.

o Each question was designed using the Likert scale (5 =
strongly agree, 4 = agree, 3 = neither agree nor disagree,
2 = disagree, 1 = strongly disagree) [20].



As a previous step to apply the survey, we validated it. The
reliability of this survey was determined by the Cronbach’s
Alpha test [21], whose index was 0.83. The value obtained
allows us to indicate that there is internal coherence between
the items, that is, the survey is reliable.

Once we performed this examination, the next step was
carry out the descriptive analysis, for which we used the R
Language and the free software “RStudio,” with versions 3.5.0
and 1.0.136, respectively.

As it can be seen in Figure 4, all the surveyed volunteers
have “positive” and ‘“very positive” perception about the
usefulness of the virtual robotic assistant as a support tool
in the treatment of children with Dyslalia.
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Fig. 4. The perception levels of the experiment’s volunteers regarding the
virtual robotic assistant.

On the other hand, in Figure 5 we can see the volunteers
criterion about the appropriateness of the therapeutic activities
sequences. The participants of the experiment consider the
robot as a useful support tool for therapies. In the same
way, the volunteers consider that robot’s appearance is “very
appropiate” to work with children.
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Fig. 5. The perception levels of the experiment’s volunteers regarding
the appropriateness of the activities’ sequences and virtual robotic assistant
usefulness.

In the light of the above, we can asseverate that our
approach has an adequate level of acceptation by the groups
of future professionals in charge of the educational and reha-
bilitation processes of children with speech disorders.

V. CONCLUSION

In this paper, we presented a proposal of a virtual robotic
assistant to support the rehabilitation and educational activities

of children diagnosed with Dyslalia. Our proposal has the
novelty that combines an avatar (robot) with a rules-based
reasoning system. This last allows us changing the avatar for
any other character that could more appropriate to work with
children with disabilities (autism spectrum disorder, intellec-
tual disability, etc.).

Another important aspect related to our proposal is that the
expert system can be extended to cover other speech-language
disorders through the incorporation of new rules and facts.
Finally, it is relevant to remark that the future professionals
that will work with children with Dyslalia and other disorders
consider our system as a useful support tool.

As lines of future work we propose the following ones:

o To develop a 3D printed version of the robotic assistant.
o To include serious games in the activities provided by the
virtual robotic assistant.
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