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Abstract

As human interaction with computers becomes more pervasive, the value of developing
automatic speech recognition, text-to-speech synthesis, and related speech technologies
become more important for people of all ages, accents, and conditions.

One of the groups that represent bigger challenges is children, due to the difficulties in recording
enough speech, and the lack of characterization of their speech, which is particular of every
language and accent. This paper presents the first approach to acoustic analyses of Costa Rican
children aged from six to twelve years. These analyses aimed to achieve a better understanding
of the characteristics of speech produced by this group, in terms of providing future development
and enhancement of automatic speech recognizers and speaker identification systems.

For this purpose, we record the speech consisting of isolated words of three children, and
compare the results with three adults, in terms of the vowel's formants. The formants give
information about the vocal track of the speaker, and it is an important method to provide the first
analysis of these signals. Results show noticeable differences between the children and adults
and may provide useful information about future trends to adapt and develop the current speech
technologies for this population.
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Resumen

A medida que la interaccion de las personas con las computadoras se hace mas extendida,
se vuelve mas importante el desarrollo de tecnologias para el reconocimiento automatico de la
voz, la sintesis de voz, asi como otras tecnologias relacionadas, considerando a personas de
todas las edades, acentos y condiciones. Uno de los grupos humanos que representan desafios
mas grandes es el de los nifios, debido a las dificultades para grabar suficientes recursos
de habla, y la falta de caracterizacion de su forma de hablar, la cual es particular de cada
idioma y acento. Este articulo presenta una primera aproximacion para el analisis acustico de
nifos costarricenses de entre seis y doce afos. Estos analisis tienen como objetivo lograr una
mejor comprension de las caracteristicas del habla producida por este grupo en particular, en
términos de propiciar el desarrollo y mejora de los reconocedores automaticos del habla y los
sistemas de identificacion del hablante.

Para este proposito realizamos grabaciones de habla de tres nifios, las cuales consistieron en
palabras aisladas, y comparamos los resultados con tres adultos en términos de los formantes
de las vocales. Los formantes proporcionan informacion sobre el tracto vocal del hablante, y es
un parametro importante para establecer un primer analisis de estas sefiales. Los resultados
muestran diferencias notables entre los nifios y los adultos y pueden brindar informacion Util
para futuros estudios en términos de adaptar y desarrollar las tecnologias del habla para esta
poblacion.
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Introduction

Human interaction with computers and technological devices of all kind has become more
extensive in recent years. Being the speech the main form of human communication, the value
of speech technologies, such as Automatic Speech Recognition (ASR), Text-to-speech synthesis
and related technologies has increased.

This remarkable importance has still many challenges in building robust, and more natural
systems for all people, including the elderly, children and people with disabilities. In the case of
children, using speech technology is a field underdeveloped in certain contexts, as in the case
of Costa Rica.

Several previous analyses have been focused on acoustic analysis of certain sounds, being the
most frequent the vowels. Moreover, since this has been performed not only to age-dependent
characteristics but also for specific accents [1] or conditions, such as Parkinson’s disease [2].

For example, several references have reported the differences between acoustic and linguistic
characteristics of children’s speech [3-4]. In the English language, children’s speech is
characterized by higher pitch, and formants occur at higher frequencies [5]. This has an
impact if exists on automatic speech recognition or analysis in the presence of perturbations or
degradation of the signal, such as bandwidth reduction. Also, in the English language, children
below the age of 10 exhibits a wider range of vowel durations relative to older children and
adults, and wider variability in formant locations.

If automatic speech recognition systems are trained using acoustic models from adult speech
and tested against speech from children, show performance degradation with decreasing age.
On average, the word error rates are two to five times worse for children speech than for adult
speech [6].

In this work, we perform a first approach to acoustic characterization of Costa Rican children
speech, to achieve a better understanding of this particular age group.

Materials and methods

Like other Latin American variants of the Spanish language, the Costa Rican Spanish has five
main categories of vowels [7]: <a> (open), <e> (open), <i> (closed), <o> (open), <u> (closed).
The open and close categories refer to the general classification of vowels based on whether
the sound is produced with the tongue far from the roof of the mouth (open) or with the tongue
touching the roof of the mouth (closed).

To provide the inputs for the children voice database, several recording sessions were made
during this study. The first session was held on January 2019 and had the participation of 3
children between 6 and 12 years old. The gender and ages of the participants are described in
tables 1 and 2.

Table 1. Age of participants (children)

Gender Age (years)
Male 6
Female 8

Female 12
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Table 2. Age of participants (adults)

Gender Age (years)
Male 18

Female 20

Female 23

Results

Previous references have related the changes in the formant of vowels with the characteristics
and form of the vocal tract [8]. The vowel space is used to compare the range and variation in
the position of the two first formants.

Figure 1 shows the mean position of the first two formants for two female children and two female
adults of the dataset, using the same scale on both axes. The children have variable patterns in
the polygon of formants. Whereas the adults demonstrate that they have a wider range regarding
the formants and form a more homogeneous shape in this polygon.

F
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Figure 1: Changes in F1-F2 vowel space as a function of age (Female children (2) and adult speakers (1))

Table 3 shows the mean value of the formants for the <u> vowel. It is noticeable how different
the values are between children and adults, even more for the second formant.

Conclusions

In this paper, the first approach to acoustic analyses of Costa Rican children’s speech was
presented. These analyses were focused on formants. The first group of children 6-12 years was
recorded using isolated words, and the words were replied in a group of adults, for comparison
puUrposes.
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The formant polygons show different patterns between adults and children. These results are
valuable for the knowledge of the speaker characteristics for this population and allow future
research in areas such as gender/age voice recognition based on acoustic parameters such
as formants. Additionally, the characterization of speech for this age and geographical region

may

allow the implementation of algorithms to improve the performance of automatic speech

recognizers or other speech technologies for this variant of Spanish.

Table 3. Mean value of first and second formants for the vowel <u>. All the values in Hertz.

Speaker First formant Second formant
Child (Male, 6) 459,58 1268,76
Child (Female, 8) 441,83 1254,75
Child (Female, 12) 432,94 1192,64
Mean values (children) 44478 1238,72
Adult (Male, 18) 362,94 1152,33
Adult (Female, 20 ) 409,20 1103,10
Adult (Female, 23) 444,24 1054,30
Mean values (adults) 405,46 1103,24
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