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Abstract

According to several studies, children’s speech is more dynamic and inconsistent compared
to an adult’'s speech. This aspect can be considered in the task of recognizing the age
of the person who speaks and of great importance in many applications, such as human-
computer interaction, security on Internet and education assistants. Those applications have a
dependency on language and accent, due to the different sounds and styles that characterize
the speakers. This paper presents the initial results on the identification of Costa Rican children’s
speech, in a database created for this purpose, consisting of words pronounced by adults and
children of several ages. For this first study we chose the most common vowel of the language,
and extract a set of common acoustic features to determine its applicability in distinguishing
between adults and children of an age range. The outcome results shows promising results in
the classification using a single vowel, that improves according to the number of vowels used to
extract the acoustic features. This means that an automatic system could be able to improve its
capacity to identify age as more speech information is received and transcribed, but cannot be
very accurate in short interactions.
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Resumen

Segun varios estudios, el habla de los nifios es mas dinamica e inconsistente en comparacion
con el habla de un adulto. Este aspecto se puede considerar en la tarea de reconocer la edad
de la persona que habla y de gran importancia en muchas aplicaciones, como la interaccion
humano-computadora, la seguridad en Internet y los asistentes educativos. Esas aplicaciones
tienen una dependencia del lenguaje y el acento, debido a los diferentes sonidos y estilos que
caracterizan a los hablantes. Este trabajo presenta los resultados iniciales sobre la identificacion
del habla infantil costarricense, en una base de datos creada para tal fin, que consta de palabras
pronunciadas por adultos y nifios de distintas edades. Para este primer estudio, elegimos la
vocal mas comun del idioma y extraemos un conjunto de caracteristicas acusticas comunes
para determinar su aplicabilidad para distinguir entre adultos y nifios de un rango de edad.
Los resultados obtenidos muestran resultados prometedores en la clasificacion utilizando una
sola vocal, que mejora segun el numero de vocales utilizadas para extraer las caracteristicas
acusticas. Esto significa que un sistema automatico podria mejorar su capacidad para identificar
la edad a medida que se recibe y transcribe mas informacion del habla, pero no puede ser muy
preciso en interacciones breves.

Introduction

Speech signals contain information of several kinds. The most visible part is the linguistic content
but, additionally, there exists paralinguistic information associated with the message, such as
the speaker’s accent, gender, age, or emotional state [1]. Even the state of health, including
those ones related to the recent COVID-19 outbreak, have been successfully investigated using
speech signals [2] or sound associated with the vocal tract [3].



Tecnologia en marcha. Vol. 35, special issue. November, 2022 ‘
International Work Conference on Bioinspired Intelligence M 147

Research in the processing of such paralinguistic information has grown considerably over the
last two decades, including, more recently, children’s speech [4]. One particular task of this
processing is the age and gender recognition from speech recordings.

Automatic recognition of the paralinguistic information that allows the identification of children
from their speech can be of benefit in many application areas. For example, to guide a child-
computer (or child-robot) interaction, automatically adapt content, enhance child security in
communications and inter- actions through the Internet, and educational applications [4].

Most current Automatic Speech Recognition (ASR) systems are not particularly accurate with
children’s speech, especially those in preschool age [5]. The main explanation for this issue is the
acoustic mismatch between children’s speech and the information used to train the recognizers.
To overcome this problem it is vital to analyze and describe the characteristics of children’s
speech in each language, and develop systems that can adapt in terms of recognizing and, in
the case of two way communication, even adapt its vocabulary when a child is speaking.

As children grow, these automatic recognition rate improve, as well as the general understanding
of the words for native speakers [6], which can be related to the closer characteristics of the
sounds and general articulation during the years of development.

Those characteristics of children’s speech vary rapidly as a function of age, due to the anatomical
and physiological changes occurring during their development [7]. Although a quantitative study
of a cross lingual validation of this statement has not been addressed, it is clear that the common
changes during a child’s development affects and improves the acoustical characteristics of
their speech.

Acoustic analysis of children speech, especially for younger ages, is a challenging task from the
very beginning of data recording, where an interaction strategy should be applied to establish a
proper environment for the participation of children. But, in terms of developing human-computer
interaction for this population, including speech recognition, it is mandatory to establish ways of
automatic identification of children using their voices’ acoustic characteristics. For this reason, in
this work we conducted a first study on Costa Rican speakers’ age classification, particularly in
two classes: children and adults. Our proposal seeks to explore the possibility of performing this
classification using acoustic characteristics of the most common vowel in the Spanish language.

Related work

The analysis of formants, pitch and duration in the English language can be tracked back [8] for
children of 5 to 18 years old. This study also pioneered the analysis of vowel characteristics for
this population in the English language, combined with duration, and spectral variations.

The study of vowels in several languages in terms of recognition of sounds has been presented
in [9] with a recognition rate of 76.25%. In the Russian language, the vowels pronounced by
children of 6 and 7 years have been analyzed in [6]. The main differences between the vowels
of this population and Russian adults are longer duration and high pitches. Also, the formant
structure is not formed completely in children of these age ranges.

For the case of the English language, a characterization of children’s vowels in terms of variability
in repetitions has been presented in [7], with higher variability in the younger population. As
this study shows, the majority of the analysis of children’s speech dealt with vowel duration,
pitch, and formants. The analysis of consonants is less common in the literature. Other acoustic
characteristics, such as co-articulation, have also been studied in [10].
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Also for the English language, in [5], acoustic characteristics of young children’s speech were
studied as a function of age. The fundamental frequency, formants and vowel duration for vowels
were found to show age-dependent trends; particularly the variability of those parameters, with
less significant changes in pitch.

For the ltalian language, changes in acoustic characteristics of children have also been
presented in [11], confirming that characteristics of children’s speech change with age, and that
spectral and temporal variability decrease as age increases. The variability shows substantial
differences in children at an early age compared to children at a late age.

In terms of classification of children and adult speech, recent works have made use of pitch and
formants with spectral coefficients [12]. The accuracy of the classification was above 97%. In the
ltalian language, recent experiences have reported accuracy higher than 80% [13] in children
and adult recognition.

For the Portuguese language, a classifier comparison for children and adult speech recognition
using Perceptual Linear Prediction coefficients and pitch as features were presented in [14].
Using a small amount of training data the accuracy of the best classifiers were as high as 97.4%.

In our work, we extend the application of acoustic analysis of vowels commonly performed in
other languages for Costa Rican children, and compare some classifiers’ performance to detect
the voice of an adult or a child using only the acoustic analysis of such sounds.

The rest of this paper is organized as follows: Section 2 presents the experimental setup of
our work. Section 3 shows the Results and Discussion, and finally in Section 4 we present the
conclusions and future work.

Experimental Setup

Database

Two sessions for recording isolated words of children with ages between 4 to 12 years old were
conducted, with a strategy of interaction with pictograms. These pictograms included simple
words according to the development of the language of children in the first years. The same set
of words was repeated for all the children, and a group of 8 adults. All the participants are native
Costa Rican Spanish speakers.

The children were divided into two groups: Children in early childhood (those between within
ages 4 to 7 years old), and Children in late childhood (those between ages 8 to 12 years old).

The selection of the same words of all the participants was manually edited and then segmented
using the Praat system [15]. In this system, the temporal marks for each sound and its
corresponding features can be extracted. For our experiments, we began with the selection of
information of the five vowels of Spanish language: /a/, /e/, / i/, o/, Jul.

To build the database for the experimentation with classifiers, we selected the most common
vowel of the Spanish language: /e/ [16]. Then, we extracted subsets of three, five and ten
randomly selected vowels within each age group of one single speaker each time. With this
procedure, we pretend to emulate the vocal emission of any word or phrase, where it is not
possible to establish prior information on the upcoming vowels and its characteristics.

Features

For each vowel, we extract the most common acoustic analysis, according to previous references,
from sets of 3, 5 and 10 vowels: Average fundamental frequency (f0) in Hz, Minimum fO in Hz,
Maximum fO in Hz, Average duration in seconds, Minimum duration in seconds, Maximum
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duration in seconds, Average position of the first formant of the spectrum (F1) in Hz, Minimum
and Maximum of F1 in Hz, and the same measures of the second and third formants (F2 and
F3). Detailed description of the algorithms applied in the features extraction can be found in [17].

Results and Discussion

In this section, we present the results obtained for the classification task with three different
classifiers: Random Forest, Support Vector Machines (SVM), and k-Nearest Neighbors (kNN). It
is to be noted that for kNN, we used k=1, so it is just a Nearest Neighbor classifier. We can see
the classification results using 3 vowels in Table 1. We can see that, in this case, the Random
Forest has the best classification performance overall, even though the scores, in general, are
really similar for each classification task according to the age ranges. The best case out of
all of the ones presented belongs to the Random Forest classifier classifying children in early
childhood and adults, which is to be expected since the acoustic features under study present
the most variability within these age groups.

The classification results from using 5 vowels are shown in Table 2. There is an evident increase
in all the metrics across the board, but it should be noted that the Random Forest classifier for
early children and adults had the least amount of improvement. The best classification case in
general still belongs to the Random Forest for classification between children in late childhood
and adults, even as the SVM has the best performance in the two other cases. This outcome
could just be a result of the random seed used for the Random Forest, and may not be entirely
indicative of Random Forest being completely better than the other classifiers.

It should be noted that with five vowels, each classifier’s performance is really similar for each
respective case, with pretty much less than a 2% variation in accuracy for most cases. Thus, it
really could not be said that one classifier is definitely better than another one in this task.

Table 1. Classification using data from three /e/ vowels.

Age range Accuracy (%) Precision Recall F-measure
Early childhood 90.00 0.90 0.90 0.90
Late childhood 85.00 0.85 0.85 0.85

All 87.10 0.87 0.87 0.87

Age range Accuracy (%) Precision Recall F-measure
Early childhood 86.67 0.87 0.87 0.87
Late childhood 83.89 0.85 0.84 0.84

All 87.10 0.87 0.87 0.87

Age range Accuracy (%) Precision Recall F-measure
Early childhood 85.00 0.85 0.85 0.85
Late childhood 83.33 0.84 0.83 0.83

All 86.13 0.87 0.86 0.86
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Table 2. Classification using data from five /e/ vowels.

Age range Accuracy (%) Precision Recall F-measure
Early childhood 91.67 0.92 0.92 0.92
Late childhood 94.97 0.95 0.95 0.95
All 91.29 0.91 0.91 0.91

-

Age range Accuracy (%) Precision Recall F-measure
Early childhood 92.50 0.93 0.93 0.93
Late childhood 91.06 0.91 0.91 0.91
All 92.26 0.92 0.92 0.92

Age range Accuracy (%) Precision Recall F-measure
Early childhood 90.83 0.91 0.91 0.91
Late childhood 92.74 0.93 0.93 0.93

All 90.00 0.90 0.90 0.90

The classification results using 10 vowels are shown in Table 3. We can see that, in general,
the results are even better than with 5 vowels, and that now the best classification performance
belongs to the SVM in classification between early children and adults, with an astounding 99%
accuracy. In other cases, other classifiers have better performance. Again, the difference in the
results between one case and another differs by less than 2%, so there would not be one clear
winner for classification.

Table 3. Classification using data from ten /e/ vowels.

Age range Accuracy (%) Precision Recall F-measure
Early childhood 98.33 0.98 0.98 0.98
Late childhood 97.22 0.97 0.97 0.97
All 97.74 0.98 0.98 0.98
-
Age range Accuracy (%) Precision Recall F-measure
Early childhood 99.17 0.99 0.99 0.99
Late childhood 96.11 0.96 0.96 0.96
All 95.81 0.96 0.96 0.96

Age range Accuracy (%) Precision Recall F-measure
Early childhood 98.33 0.98 0.98 0.98
Late childhood 98.33 0.98 0.98 0.98

All 97.10 0.97 0.97 0.97
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One aspect to be noted with the results is that in each case, all the metrics for accuracy,
precision, and recall (and since the latter 2 are equal, F-measure as well) are numerically pretty
much the same. This tells us that in each case the rate of false positives is equal to the rate of
false negatives, which, in turn, means that the classification task is equally prone to type | and
type Il errors.

With the presented results, it can be seen that the classification of speech for children and adults
is a very manageable task. In fact, with 5 and 10 vowels, the classifiers produced similar results
between one another, with less than 2% variation in the used metrics. Since three different
classifiers with reasonably different architectures managed to produce such similar results, it
could be an indicator of possible ease in the classification stage.

As expected, the better classification results are obtained with 10 vowels as summarized
in Figure 1, but the results with 3 and 5 vowels are really good as well. Since waiting for 10
utterances of a single vowel could be considered slow for real-life use, one could look at the
previous results and consider using them depending on the application.

[l Random Forest
100 - e | D0 SVM
= [l 0o KNN

Accuracy
(9]
[e)

0,__7 ) S | | S | .

I I I
Three Five Ten

Number of vowels analyzed

Figure 1. Results for each classifier for children in all age range and the amount of vowels analyzed.

Conclusions

The classification of speech between children and adults is a task with many potential
applications, ranging from recommender systems to web security. As such, a study on the
nature of the task itself is useful to explore its viability in implementation. This work offers a first
approach to such a type of research for Costa Rican Spanish, using three different classifiers to
assess the possibility of the task within a a framework of acoustic features.

Using only the vowel /e/ (the most frequent in the Spanish language), the results obtained
are promising, considering that with only 3, 5, or 10 vowels produced a considerably high
performance across the experiments, with over 80% accuracy using only 3 vowels. In general,
the best results were obtained with 10 vowels. However, this doesn’t necessarily mean that for
real-life use, this is the best way to classify voice, as it could be considered slow depending on
the application.
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As for the task itself, the use of three different classifier types shows that it is quite manageable
since all the classifiers produced really similar results in each study case. Thus, the implementation
of a real-time speech classifier wouldn’t be too far-fetched with current technology. Further
exploration of the nature of the data could show better results in the future.

For future work, it is possible to consider the use of combinations of vowels for the task of
classification, to study better classification boundaries or if.

Additionally, the application of other classifiers or set of parameters to achieve better results
and contemplating the possibility of a real time age recognition system for Costa Rican Spanish.
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