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ABSTRACT

Speech is the main form of human communication. Thus it is
important to detect and treat speech sound disorders as early
as possible during childhood. When children need to attend
speech therapy it is critical to keep them motivated on doing
the therapy exercises.

Software systems for speech therapy can be a useful tool to
keep the child interested in keep practicing the therapy exer-
cises. Several software systems have been developed to assist
speech and language therapists during the therapy sessions.
However most software focus on articulation disorders while
voice disorders have been mostly neglected.

Here we propose a voice-controlled serious computer game
for the sustained vowel exercise, which is an exercise com-
monly used in speech therapy to treat voice disorders. The
main novelty of this application is the combination of real
time speech processing, with the gamification of the speech
therapy exercises and the parameterization of the difficulty
level.
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INTRODUCTION

The speech learning process starts in early childhood, by
hearing and observing the articulatory gestures of speak-
ers [8]. It is with this process that we gain the perception of
speech and learn how to articulate sounds. Problems during
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the speech learning process can cause disorders, such as per-
ception and production difficulties, as well as problems in the
phonological representation of sounds. Thus, it is of utmost
importance that speech sound disorders (SSD) are detected
and treated as early as possible.

While attending speech therapy is very important for children
with SSDs, children may loose interest if the exercises are
monotonous. Thus, speech and language therapists (SLT) try
to make the sessions more interesting, using board games,
memory games and book exercises that motivate the children
to overcome challenges to win scores and rewards.

Over the years, several software systems were created to as-
sist SLTs during the sessions. Some of these systems focus
on the use of computer games to captivate the interest of chil-
dren, such as sPeAK-MAN [10], Flappy Voice [3], Talker [9],
Speech Adventure [7], among others. However, there are sys-
tems, such as Articulation Station [4] and Falar a Brincar [11]
that do not have sound analysis, which means that they can
not automatically validate the exercises, and the presence of
an adult is always required to do the validation.

Most of the developed systems focus on articulation ex-
ercises, like the set of applications from the Little-
BeeSpeech [4], sPeAK-MAN and Star [2], whose main goal
is to teach how to correctly produce phonemes, syllables, spe-
cific words or even sentences. Others were created for other
SSD, like apraxia [3, 5], afasia [1] and cleft lip [7]. On the
other hand, voice disorders have been mostly neglected.

Voice exercises are very important to correct voice problems.
These problems may appear when we speak in a incorrect
voice tone that could damage the vocal cords, which may
lead to nodules and cysts, causing hoarseness and in extreme
cases, aphonia. One such exercise is the sustained vowel ex-
ercise, which SLTs use with children who have voice prob-
lems. The goal of this exercise is to say a vowel for as long
as possible without changes in intensity.

While software systems may be useful for SLTs, these may
not be enough if they are not well designed. It is important
to maintain the children’s enthusiasm during speech therapy
sessions to get better and faster results. Some software sys-
tems for speech therapy implement the notion of difficulty
levels to challenge the children and keep them eager to prac-
tice [4, 3, 11, 2]. The Articulation Station allows the SLT



to customize the list of words that will be used in the exer-
cise. That way it is possible to increase the level of difficulty
by choosing more complex words. On the other hand, Star
has predefined levels, where the child should start by teach-
ing syllables to aliens, and as the difficulty level increases, the
syllables are replaced by words, and then by phrases. These
systems only contain predefined levels or levels controlled by
the SLT, so an exercise that may work for one child may not
be challenging enough for another child of the same age.

Here we propose a serious game for voice exercises, namely
for the sustained vowel exercise, that is controlled by the
child’s voice in real time. The game extracts relevant speech
parameters in order to control the game’s main character. This
way, by watching the main character’s behavior the child has
feedback on his performance, and in order to achieve the
game’s main goal, the child has to try to perform the speech
exercise correctly. In addition, the game includes different
difficulty levels that can be parameterized by the SLT. This
allows the SLT to create more adequate levels for each child’s
needs.

THE VOICE-CONTROLLED SUSTAINED VOWEL GAME
The sustained vowel exercise is used by voice professionals
(such as singers, actors, and journalists) to learn and practice
breath control and how to correctly put the voice, and it is
used in singing lessons to improve singers’ vocal skills. This
exercise is also used in speech therapy sessions for children
with voice disorders. For instance, it is used to correct hoarse
voices. The exercise is also used with children who speak
too softly or to loudly. In this case, the SLTs use this exer-
cise to teach the children how to speak in a louder or softer
tone of voice, respectively. The sustained vowel exercise with
a higher intensity is intended for children who speak very
loudly and in a way that may damage their vocal cords. In
this case, SLTs can use it with a high intensity to teach these
children how to correctly speak in a high tone of voice with-
out being detrimental to the vocal cords.

The exercise consists of saying a vowel with approximately
constant intensity for a few seconds. When used to treat voice
disorders, the intensity and duration to be practiced depend
on the specific voice disorder. For instance, a child who con-
stantly uses a very loud tone of voice and a child who speaks
in a whispering mode, should practice the exercise at different
intensity levels.

While this is an important exercise for voice disorders, it can
be a tedious activity. As a contribution to motivate chil-
dren during speech therapy sessions, we propose a voice-
controlled serious game for the sustained vowel exercise. Our
aim is to help SLT's to make more attractive sessions for chil-
dren through the game. The goal of this game is to have the
child enjoy the exercise and thus to motivate him to try to
perform better.

The game (created in Unity3D) uses an attractive and col-
orful scenario and an appealing character, the bird in fig-
ure 1. When the game starts, the bird is sitting on the left
tree branch. The goal of the game is to make the bird reach
the nest on the right branch. To make the bird fly to the nest

Figure 1: The sustained vowel bird’s game.
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Figure 2: Game setup.

the child has to use her voice. No keyboard, joystick or other
input devices are needed. The child has only to use her voice
to play the game. As shown in the game setup picture (fig-
ure 2), to play the game one needs only a computer and a
microphone, which captures the child’s voice in real time.

While the child performs the sustained vowel exercise, that
is, while the child holds the vowel in an adequate intensity
the bird flies towards the right branch. If the child can hold
the vowel long enough the bird will reach the nest. When the
voice intensity is not adequate or the child stops saying the
vowel before the bird reaches the nest, the bird falls.

Voice interaction with the game

To control the game’s main character, we need to extract rel-
evant speech parameters. Since we want the child to sustain
the vowel in a specific level of intensity and for a certain time
interval, we need to extract the intensity value of the speech
production and the maximum phonation time (MPT), where
MPT is the amount of time that the child is able to sustain
the vowel. To give immediate feedback, indicating whether
or not the child is doing the exercise well, the extraction of
these parameters must be done in real time.

In this exercise it is very important to control the intensity
level, but it is hard to keep it constant. Thus, with the help
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Figure 3: End of game. The green box indicates the phonation time achieved. (a) Bird reaches the nest. (b) Bird falls.
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of an SLT, we have established a minimum intensity level
threshold ¢,, and maximum intensity level threshold ¢, to
ensure that there is no great variation in intensity during the
exercise but at the same time minimum variations are al-
lowed.

During the game, the intensity level is extracted at regular
time intervals. If it is between the defined minimum and
maximum threshold, the main character keeps moving until
it reaches the goal (figure 3.a), otherwise the game stops and
the main character can no longer continue, more specifically,
the bird falls without reaching the nest (figure 3.b).

Voice intensity levels

Different children have different levels of a specific pathol-
ogy. For instance, some children talk too softly, while others
talk too loudly or even yell instead of speaking. Therefore,
besides controlling that the child keeps the vowel intensity
approximately constant, it is also important to define what
that intensity should be.

With the suggestion of an SLT, and to make the exercise more
complete, the game includes three levels of intensity. Thus,
the child can practice the sustained vowel exercise at a low in-
tensity, a medium intensity, which corresponds to the normal
spoken voice intensity, or at a higher intensity (figure 4). Fig-
ure 5 shows the dialog box used to choose the intensity level
of the exercise. The SLT uses this box to define the adequate
level of intensity of the exercise for each child. The lower
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Figure 4: Intensity levels: (a) low intensity, (b) medium intensity, (c) high intensity.

slider in the box is used to choose between low, medium and
high intensity.

As explained above, the game uses intensity level thresholds
(t,, and t,7), to allow small variations in the voice’s inten-
sity level. The values of these thresholds depend on the level
of intensity chosen for the exercise (in the dialog box of fig-
ure 5). Since quiet voice levels, like voice levels at a quiet
library, corresponds to 35-40 dB, the low intensity level ex-
ercise uses a minimum threshold of 35 dB and a maximum
threshold of 40 dB. The medium intensity levels correspond
to normal conversation levels, between 40 and 60 dB, which
were the values chosen for the thresholds for this case. The
higher intensity level used in the game corresponds to values
between 80 and 90 dB. All values were recommended by an
SLT and a summary is presented in table 1.

Exercise intensity level | t,, ta
low 35dB 40dB
medium 40dB 60 dB
high 80dB 90 dB

Table 1: Values of the minimum and maximum intensity
level thresholds.

At the game’s current version, the values of the thresholds (ta-
ble 1) are fixed. However, we are improving the game so that
the thresholds can adapt to each child. When the child starts
the exercise, we will measure the intensity variation range of
his voice and will use it in the definition of ¢,,, and ¢5;. As
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Figure 5: Dialog box to parameterize the expected max-
imum phonation time and the intensity level.
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the child keeps practicing and shows progress and improve-
ments in the exercise, we will slowly change the values of the
thresholds to values closer to those presented in table 1. This
way, we will avoid that the child gets frustrated in his first tri-
als even if his voice intensity is outside the ranges presented
in the table.

Parametrization of the difficulty level

SLTs work with several children of different ages and differ-
ent SSDs, thus, some children may have more difficulty in
performing the exercise than others. Younger children may
not be able to sustain the vowel for as long as older children,
or some children may have an SSD less severe than others
and have less difficulty on performing the exercise. For this
reason, it is extremely important to give the SLT the possibil-
ity to define the expected phonation time for each child. The
proposed game allows the SLT to choose this value through
the upper slider in the dialog box shown in figure 5.

The distance between the branches changes according to the
expected phonation time chosen. As shown in the figure 6,
with an expected phonation time of 10 seconds (which is
the MPT estimated for children [6]) the distance between the
branches is bigger than with an expected phonation time of 6
seconds. The SLT can choose from five different values for
the expected phonation time: 2, 4, 6, 8, or 10 seconds, being
that the distance between the branches is proportional to the
chosen value.

CONCLUSIONS

Here we propose a serious game for the sustained vowel ex-
ercise, which can be used during speech therapy sessions by
children with voice disorders. The main goal of the game is
to help the SLT on keeping the child motivated to perform the
exercise, so as to reach improvements faster than with tradi-
tional methods.

The game is controlled by the child’s voice in real time, in
other words, instead of using the keyboard or other input de-
vice to control the main character (the bird) the child uses
his voice. This effect is reached by extracting and analyzing
some speech parameters in real time: intensity and phona-
tion time. In order to make the bird reach the goal of the
game (the nest) the child has to perform the sustained vowels
exercise correctly, which is a way of motivating the child to
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Figure 6: Expected maximum phonation time:
(top) 10 seconds, (bottom) 6 seconds.

perform the exercise correctly and even to try to improve. In
addition, the bird’s behavior gives the child feedback on his
performance. This way the child understands if he his per-
forming the exercise correctly and it is easier for the child to
understand how to improve his own performance.

Children are different from each other, and different children
can have different levels of a specific pathology. Therefore
it is desirable that the game can be adjusted to each child
needs. Some children can talk too softly while others can
talk too loudly. Therefore, different children may have the
need to practice the sustained vowel exercise at different in-
tensity levels. As a response, the game includes three levels
of intensity: low, medium, and higher intensity levels.

Children of different ages and different SSD, may have dif-
ferent MPTs. Thus it is normal that some children have more
difficulty to perform the exercise than others. So we give the
SLT the possibility to parameterize the game’s difficulty level,
by specifying the expected maximum phonation time.

By providing the possibility to adapt the game’s difficulty
and intensity levels, we give the SLT full control to adjust
the game to each individual child. Also, in order to keep the
children motivated on practicing and avoid their frustration
(when the exercise is too difficult for them) we are introduc-
ing ways of adapting the difficulty level automatically, so that
it changes in accordance to the child’s performance.

During the development of a serious game for speech therapy,
it is very important to understand the SLTs’ real needs, as they
are the ones who will be using the game in the therapy ses-
sions. Having this in mind, there was a constant collaboration



with SLTs during all the phases of the game development. We
have received very valuable feedback from them.

In summary, the main novelty of this software application is
the gamification of the speech therapy exercises with char-
acters controlled by voice in real time, and parameterization
of the difficulty level to each child’s needs. As future work,
we will offer the option of having the levels of difficulty (ex-
pected phonation times) change automatically in accordance
to the child’s performance. Also, we are working on more
scenarios, game goals, and rewards to avoid that the child
gets tired of the exercise.
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