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ABSTRACT 
 

The presented article is devoted to the stages of development of speech audiometry in the Uzbek 
language. The capabilities of Praat computer technology made it possible to conduct a frequency-
spectral analysis of Uzbek speech, which formed the basis of speech tables and used in assessing 
the quality of hearing of school-age children with various hearing impairments. Accordance with the 
spectral analysis there was revealed: The male voice for the given parameters of sound strength 
was characterized by the main tone within 80-100 Hz, while the female voice when pronouncing 
the same words and phrases amounted to 160-175 Hz. Consequently, this fact confirmed that the 
main tone of the Uzbek language is characterized by a lower basic tone than the Romance and 
Slavic languages. A qualitative assessment of hearing at the children according to developed 
speech audiometry in the Uzbek language showed that in cases of sensorineural and conductive, 
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as well as with mixed hearing loss, the influence of the speaker’s gender on speech intelligibility is 
noted. So, when tested with a male voice, it reaches 100% of the result, but when tested with a 
female voice in children with III degrees of hearing impairment of 100%, the intelligibility threshold 
is not observed. 
 

 
Keywords: Speech audiometry; spectral analysis of speech; hearing loss; phonemes; hearing 

impairment in children. 
 
1. INTRODUCTION 
 

There is a close connection between the state of 
hearing and the development of speech and 
therefore any and even more severe, hearing 
impairment in the form of hearing loss and 
deafness in children hav e  a great influence 
on their general and mental development [1]. 
 

Over the past 20 years, the frequency of hearing 
damage has doubled and amounts to 6%; in the 
structure of hearing loss, sensorineural hearing 
damage reaches 75-95% [2,3]. 
 

Of particular note is hearing impairment in 
children, both at an early and older age. 
Because it is precisely in these periods that 
children develop the formation of individual 
intellectually significant features necessary for its 
further socialization and integration into society. 
Today, modern pediatric audiology is 
represented by a rich set of audio logical tests 
of objective audiometry, such as ZVOEE, PIOAE, 
KSVP, etc [4-6]. However, these widely used 
methods provide more information purely about 
the electrophysiological picture of the auditory 
analyzer, while the level of "natural" or so-
called social hearing is not displayed. This 
explains that in developed countries, when 
determining the quality of a child’s hearing 
speech audiometry remains the most relevant 
and informative, which is improved and 
modified every year. 
 

Moreover, the developed speech tables are 
widely used in assessing the quality of 
hearing prosthetics and in free sound field 
audiometry for children after cochlear 
implantation. 
 
The effectiveness of the use of speech tests 
largely depends on their quality selection. 
Studies of the leading experts in the field of 
phonetics have found that the main parameters 
of the speech signal depend not only on age but 
also on the gender of the person [6,7]. It is 
undeniable that the main parameters of a 
speech signal are determined by a person’s 
belonging to a particular language group. 

To obtain accurate quantitative indicators of 
intelligibility, special tests are used - phonetically 
balanced word tables. Unlike conventional tones, 
speech signals have a more complex structure. 
They have a multicomponent structure, the 
absence of at least one of them in the signal or 
its incorrect perception will certainly lead to 
distortions or a complete failure in the process of 
recognizing speech information [8]. 

 
Currently, various types of articulation tables 
have been proposed for speech audiometry: 
Syllabic (composed of sounds without meaning), 
verbal and phrasal. 

 
In particular, the first domestic research on 
the development of articulation tables in the 
The Uzbek language was carried out in 1952 by 
Agzamov S.K., who developed and introduced 
into the practical work of the otolaryngologist a 
method for hearing research using whispering 
and speaking in the Uzbek language. The 
author, as a method of spectral analysis, used 
x-ray monitoring of the state of the elements of 
the tongue about certain areas of the hard and 
lower palate. But the developed speech tables 
were based on the subjective method and 
were aimed mainly at the adult continent. The 
era of computer technology today allows for 
more accurate, specific and objective spectral 
analysis of speech. Thus, speech tests for 
speech audiometry are developed in English, 
Russian, German, Finnish, Swedish, French, 
Italian, Georgian, Turkmen and some other 
languages. This approach is quite logical since it 
affects the quality, information content and value 
of the method [9-11]. Therefore, in speech 
audiometry for each language group, its speech 
tests should be applied, which would fully take 
into account the peculiarities of national speech. 

 
The Uzbek language is one of the melodic, 
having ancient roots in its origin of the Turkic 
language family. But under the influence of the 
Tajik and Persian languages, it is noticeably 
different from other Turkic phonetically. The main 
phonological features are the absence of vowel 
harmonies (syngarmonism). The law of vowel 
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harmony, characteristic of most Turkic 
languages, lies in the fact that a word can 
contain either only vowels of the front row or only 
vowels of the back row. In modern Uzbek, the 
common Turkic vowels o and ö correspond to the 
same sound “o”, in spelling - ў (Cyrillic) or oʻ 
(Latin); u and ü - like Russian. "Y"; ı and i - as 
Russian. "and". Thus, the Uzbek language is 
distinguished by several features, of which, first 
of all, the richness of the consonant system in 
comparison with the vowels should be noted. 
Despite the similarities with the Russian 
alphabet, the phoneme of the Uzbek language, 
there are several phonemes absent in the 
Russian language [12,13]. 
 
The purpose of the study: to modify speech 
audiometry for children in the Uzbek language 
based on a spectral-frequency analysis of    
Uzbek speech and to assess the quality of 
hearing in various forms and degrees of hearing 
loss. 
 

2. MATERIALS AND METHODS 
 

Based on TashPMI, in collaboration with the 
TUIT Institute, for the analysis and research 
of speech signals, studio audio recordings of 
speech signals in an extended frequency range 
that was  not compressed by any encoders 
were used. The studies were conducted using 

audio recordings by speakers of various sexes 
and age of speech signals in the Uzbek 
language. For control, similar records were used 
in Romance, Slavic languages. For the analysis 
of speech audio signals, the Praat program 
developed at the Institute of Phonetic Sciences 
of the University of Amsterdam was used. This 
program is constantly being updated by its 
authors, Paul Bersma (Paul Boersma) and David 
Wenick (David Weenink). Even though it is 
mainly used in practice for phonetic research, 
this program includes excellent tools for 
visualizing the parameters of a speech audio 
signal with the output of their values in terms of 
the time it takes, which allows you to use it for in-
depth analysis of speech signals. 
 
The program in general consists of three 
modules (Fig. 1). The control module allows you 
to start recording audio signals (New) using the 
built-in audio recorder (Fig. 2), play (Play), 
download (Read) and manipulate (Edit) the 
studied audio files, which are then visually 
displayed in the corresponding analyzer module. 
 
Two types of audio signals, short audio signals 
(Sound) and long audio recordings (Long Sound) 
can be loaded into the program. Both are 
loaded in uncompressed “WAV” format. 
Standard file operations will also be performed 
here. 

 

 
 

Chart 1. Components of the program «Praat» 
 



 
 
 
 

Khamrayeva et al.; JAMMR, 32(5): 55-70, 2020; Article no.JAMMR.51823 
 
 

 
58 

 

The words were recorded on a disk in the 
television and radio company of the Republic of 
Uzbekistan in male and female voices 
(announcers - Yusupov Shokir, Murodova 
Muslim). (Contract number No. 49 \ K). 
 

3. RESULTS AND DISCUSSION 
 
Analysis of speech signals according to the 
structure of speech elements revealed some 
features depending on the language. vocals (a, 
e, i, o and, y, a, b, ti) are characterized by 
pronounced formants of all levels with sound 
amplification within the frequency ranges due                
to resonance; consonant consonants (j, 1, m,             
n, g, v, w) are presented in the form of 
harmonious sounds at the level of the 
fundamental frequency; effervescent sounds (c, 
s, sch, x, z) and dissonant consonants (f, s, l) are 
high-frequency sounds, and are often identified 
only as noises; loud sounds (h, d) are poorly 
identified due to low sound strength and high 
frequency; pulsed sounds (p, b, t, d, k, g) are 
characterized by high sound power and low 
frequency. 

Of particular importance in the identification of 
speech, signals are the values of formants and 
their location in the general frequency range. 
Formants are understood as frequency ranges in 
which phonemes cause a particularly 
pronounced signal amplification. Therefore, 
formants are clearly expressed by extreme 
values in the complex spectrum of a speech 
signal (Fig. 1) format 4 t drop the format »cho 
level% format 2 level main frequency formant 
level 1. 
 
So, already by the formants of the first (/}) and 
second (f2) level, all phonemes can be 
distinguished from each other. Even though the 
linguistic affiliation, gender and age of the 
speaker, loudness of pronunciation, the location 
of phonemes in syllables and words, places of 
stress and several other circumstances, for 
example, in Romance languages such as 
German, the following average indicators can be 
distinguished (Table 1). 

 
As a comparison, Slavic speech, for example, 
Russian, can be used (Table 2). 

 

 
 

Fig. 1. The analysis of the speech signal 
 

Table 1. Averaged indicators of formants for German speech 
 

Vocals IPA formant f1 formant f2 Greatest sound energy 
U u 320 Hz 800 Hz 1st formant 
O o 500 Hz 1000 Hz 1st formant 
å ɑ 700 Hz 1150 Hz 1st formant 
A a 1000 Hz 1400 Hz 1st formant 
ö ø 500 Hz 1500 Hz 2nd formant 
ü y 320 Hz 1650 Hz 2nd formant 
ä ɛ 700 Hz 1800 Hz 2nd formant 
E e 500 Hz 2300 Hz 2nd formant 
I i 320 Hz 3200 Hz 2nd formant 
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Table 2. Averaged indicators of formants for Russian speech 
 

Vocals IPA Formant Formant f2 Greatest sound energy 
i I 300 Hz 600 Hz 2

nd
 formant 

O О 500 Hz 900 Hz 2
nd 

formant 
А А 700 Hz 1500 Hz 2nd formant 
U Y 400 Hz 1700 Hz 2

nd
 formant 

Е Е 350 Hz 2300 Hz 2nd formant 
I I 300 Hz 2800 Hz 2

nd
 formant 

 
Table 3. Averaged indicators of formants for Uzbek speech 

 
Vocals IPA Formant Formant А Greatest sound energy 
I I 190 Hz 600 Hz 2

nd
 formant 

О О 300 Hz 900 Hz 2nd formant 
А А 700 Hz 1400 Hz 2

nd
 formant 

И Y 300 Hz 1300 Hz 2nd formant 
Е Е 300 Hz 2100 Hz 2

nd
 formant 

I I 300 Hz 2200 Hz 2
nd

 formant 
 
For Uzbek speech, the following averaged 
indicators of speech formants are identified. 
 
With certain words and phrases, also, it was 
revealed that the frequency range of the first 
formant is located below the frequency of the 
main background. This circumstance in the 
Romance and Slavic languages occurs, as a 
rule, only when singing sopranos. 
 
The decrease in the basic tone in the Uzbek 
language was also accompanied by similar 
decreases in the frequency ranges according to 
formants. If, when pronouncing vocal “a” in 
Romance languages, the first formant averaged 
1000 Hz, then in Uzbek speech it ranged from 
700-800 Hz depending on the degree of stress. 
According to the second formant, no significant 
differences between speakers of different 
language affiliation were found. However, such 
discrepancies were not revealed in other vocals: 
for example, with vocals “o”, full correspondence 
was recorded for all the studied language 
groups. The specific sounds “y” and “I” in terms 
of parameters corresponded to the umlauts of 
the German speech “y” and “a”, while the umlaut 
“b”, due to its phonetic features, has no 
analogues. 
 
It is believed that the formants of the third (s) and 
fourth (s) level are insignificant for the perception 
of speech itself. They characterize the speaker’s 
speech anatomy to a greater extent, his features 
of articulation, as well as the timbre of his speech 
and can vary greatly depending on the speaker. 
They are an important factor, however, when 
identifying the speaker’s personality directly, for 

example, in forensic science or biometric 
devices. 
 
For speech recognition and speaker 
identification, the main tone of speech, the width 
of the frequency band and the frequency 
spectrum also play a role. The main tone of the 
male voice averages about 130 Hz, the female 
voice averages 240 Hz. In the speech signal, 
however, a significant deviation of the male voice 
is observed only in the frequency range from 60 
to 250 Hz. (Fig. 2). 
 
In the course of the spectral analysis, the 
following indicators were revealed: The male 
voice with the given parameters of sound 
strength was characterized by the main tone 
within 80-100 Hz, while the female voice when 
pronouncing the same words and phrases was 
160-175 Hz. 
 
The main tone of the Uzbek language, thus, is 
characterized by a lower main tone than the 
Romance and Slavic languages (Table 4). 
 
Particular attention in the studies was given to 
hissing sounds, which are often identified as 
noises. By their nature, however, effervescent 
sounds are high-frequency signals, the main tone 
of which ranges from 8200-8800 Hz. This 
frequency range in the speech signal is poorly 
studied, and, as a rule, is removed from the 
speech signal in the process of its digital coding. 
Although they are not so pronounced as when 
pronounced in speech, still effervescent sounds 
are also characterized by formants located below 
the fundamental frequency. 
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The first formant was recorded in the frequency 
range 900 - 1600 Hz, the second formant in the 
range 1300 - 3200 Hz, the third in the range 
3000 - 4700 Hz, and the fourth in the frequency 
range 4500 - 5100 Hz. At the same time, hissing 
sounds are characterized by such a feature that 
all formants are in harmonic oscillation during the 
sounding of a speech signal. For all other 
categories of speech signals for all four formants, 
various combinations of increasing, decreasing, 
and almost constant frequency changes were 
recorded during the sound of the signal. 
Moreover, in the course of studies, it was 
revealed that the frequency structure and 
combinations of formant changes were 
fundamentally the same for the speakers of both 
men and women (Table 5). 
 

An analysis of the formants showed that 
according to the formants of the third and fourth 
levels, which are usually designated in the 
literature as an element characterizing the 
speaker’s personality significant differences were 
recorded between the signals of all the speakers. 
 
The formant of the second level, together with 
the formant of the first level, was characterized 
by the greatest dynamic values depending on the 
age and gender of the announcer in Uzbek 
speech. 
 
A special role in Uzbek speech is played by the 
intensity of sound, a variation of which in speech 
puts the appropriate emphasis on the 
pronunciation of speech signals. The studied 

 
 

Fig. 2. The frequency spectrum of the speech signal depending on the floor of the speaker 
 

Table 4. Frequency of male and female voice in a different language 
  

Language Male voice, Hz Female voice, Hz 
Romance 110-130 220-240 
Slavik  90-110 180-210 
Uzbek 80-100 160-175 

 
Speaker 1: Speaker 2: 

 

  
 

Fig. 3. Graphical visualization of the histogram, spectrum and components of the same speech 
signal by speakers of different sexes (Speaker 1 - adult man, Speaker 2 - adult woman) 
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Table 5. Analysis of formants and the main tone of the speech signal among speakers of different sexes 
 

Speakers F1 F2 F3 F4 F0 I, dB 

Male 2159,5±92,38 5660,1±141,18 9428,13±106,2 12407,0±114,85 507,1±94,29 70,56±0,45 

Female 2740,12±119,36
***

 6842,0±141,98
**
 10382±98,93

**
 13447,5±94,1

**
 1861,4±201,41

***
 73,3±0,39

***
 

Note: * - reliability of data between the sexes (** - P <0.01; *** - P <0.001) 
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speech signals were recorded in an adapted 
voice. The emphasis is expressed by changes in 
sound intensity in the range from 35 to 90 dB. 
The results of the analysis of Uzbek speech at 
the same time show that, regardless of the age 
and gender of the speaker, the factor 
components of speech signals are constructed 
completely identically (Fig. 3). 
 
When studying the acoustic characteristics of 
vowels and consonants, a high and low tonal- 
frequency characteristic of each sound 
individually and a change in these characteristics 
in the composition of the word, to pronunciation 
by various speakers with different dictations, 
which we took into account when compiling the 
speech tables, as the sound composition of the 
language, are established is of great importance 
for his auditory perception. 
 
Without taking into account the speed of speech, 
which, accordingly, to speaker 1, led to some 
stretching or compression of the histogram along 
the time axis, graphic visualization, as well as 
fixed numerical values of the parameters, show 
that the same speech signal is characterized by 
the same construction and behaviour of the 
components of the speech signal. 
 

This circumstance confirms the earlier 
assumption that for the identification and 
recognition of speech signals, it is in principle 
possible to use audio files of both male and 
female voices. At the same time, all parameters 
are not a fixed value, but all values vary in the 
context of the time of sounding of the speech 
signal, which allows us to conclude that with 
certain deviations any speech signal, regardless 
of the specific speaker, has some figurative, 
unique character. 
 

In general, in the course of the research, it was 
concluded that both speech perception and 
recognition of speech signals require a 
differentiated approach, taking into account the 
peculiarities of their language affiliation. 
 

It is known that the results of speech audiometry 
are largely determined by whether monosyllabic 
and polysyllabic words are used as test verbal 
signals. This factor is associated with the level of 
mental development, education and other 
characteristics of the subjects. In this regard, it is 
not equally manifested about adults and children. 
 
Also, it has a different severity with different age 
groups. We also took this into account when 
compiling speech tables. 

Thus, taking into account all the above, we have 
compiled speech tables for children from 6 to 15 
years old according to the following criteria: 
 
 Speech tests contain the maximum 

number of phonemes, one-two-syllable 
words, phrases and numerals. Audio files 
are recorded by the voices of speakers of 
various sexes. 

 Words correspond to the age of children 
and the level of the vocabulary of 
communication and are easily perceived; 

 To reduce the time of hearing testing in 
children from 6-11 years old, 3 groups 
from; 

 10 groups of 6 verbal tests were selected, 
for children from 12-15 years old - 3 
groups consisted of 10 verbal and numeral 
tests. 

 To exclude adaptation of speech tests, a 
variation of speech tests was conducted. 

 
The table for children from b to 11 years old 
consisted of 12 monosyllabic words and 12 two-
syllable words, also of 24 phrases and 12 
numerals (Table 6). 
 
The table for children from 12 to 15 years old 
consists of 20 monosyllabics, 40 two-syllable, 20 
phrases and 20 numerators (Table 7). 
 
As a result of preliminary testing of the proposed 
tests in the corresponding age group of children 
with normal hearing, the acoustic equivalence of 
individual groups of words was achieved. The 
age norms of perception and intelligibility of 
sounds of Uzbek speech are established with 
increasing intensity of speech signals in school-
aged children with normal hearing. 
 
Before each study, we set the control level of the 
audiometer per tone of 1000 Hz. We have 
identified the main intelligibility thresholds - the 
initial threshold for speech perception (hearing 
threshold), 50% and 100% speech intelligibility 
threshold. 
 
The obtained data in average values were 
recorded on speech audiograms in the form of 
speech intelligibility curves. The speech 
audiogram indicates signal intensity along the 
horizontal axis (in decibels) and speech 
intelligibility (in per cent) along the vertical axis. 
 
First, we deduced the normal hearing thresholds 
of whispering and speaking, the thresholds of air 
and bone conduction of pure tones, the normal 
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speech intelligibility thresholds of the above 
detectable levels in 20 children from 6 to 11 
years old (20 children) and in 20 - from 12 to 15 
years old, then we analyzed all these indicators 
in 107 children with hearing impairment (Table 
8). 
 

The perception of speech at a distance in 
children in the control group corresponded to the 
normative values of hearing research, so in a 
whispering speech, the distance averaged 5.85 ± 
0.1 m. and in a conversation - 6.1 ± 0.1 m. Tonal 
threshold audiometry for air conduction in the 
average was 6.0 ± 0.4 Hz. 
 

As the data show, the threshold of speech 
intelligibility in healthy children was achieved in 
100% of cases. The auditory threshold for a male 
voice averaged 10.7 ± 0.6 dB, for a female - 10.5 
± 0.48 dB. The 50% intelligibility threshold in 
children in the control group was 20.8 ± 0.64, 
and 23.5 ± 0.75 dB, respectively. At a 100% 
intelligibility threshold in children of the control 
group, the average values were 31 ± 0.7 dB for a 
male voice and 31.1 ± 0.65 dB for a female 
voice. 
 

But still, I want to note that despite the 
homogeneity of the obtained data of speech 
intelligibility with male and female voices, most 
children noted discomfort or difficulty in 
perceiving the proposed words, voiced by the 
announcer of the female gender. 
 

Thus, as a result of preliminary testing of the 
proposed speech tests for the corresponding age 
group of children with normal hearing, the 
acoustic equivalence of individual groups of 
words was achieved and the age norms of 
perception and intelligibility of speech sounds 
were established. 

The data of the averaged intensity values of 
different threshold levels of speech intelligibility in 
children with normal hearing did not 
fundamentally differ from those in the study of 
hearing in Russian in Russian-speaking children 
of a similar age. 
 
The results obtained in the study of speech 
intelligibility in children with sensorineural hearing 
loss are shown in Table 9. 

 
From the obtained data it is seen that the 
sensitivity threshold in children aged 6-11 years 
with sensorineural hearing loss, depending on 
the male and female voices, has a slight 
difference in intensity at all degrees of hearing 
impairment. 
 
An insignificant effect of male and female voices 
on a 50% intelligibility threshold in children with 
sensorineural hearing loss of I and II degree 
(45.3 ± 3.6 and 52.5 ± 4.2 dB and 61.0 ± 2.7 
against 68, is also recorded, 8 ± 3.6 dB, 
respectively), while with grade III a significant 
difference is noticeable: for male voice                
73.3 ± 2.3, CB, for female 85.0 ± 2.4 dB            
(P <0.01). 
 
In children with sensorineural hearing loss of I 
and II degree, there is also an unreliable effect of 
male and female voices on 100% intelligibility 
threshold (56.9 ± 4.5 and 65.6 ± 4.8 dB and 78.0 
± 4.7 against 81, 0 ± 2.3 dB, respectively). The 
intensity of the 100% intelligibility threshold in 
children with a third-degree of sensorineural 
hearing loss is significantly affected by the 
gender of the announcer, so if with a male voice 
it was 86.7 ± 2.6 dB, then with a female voice, 
100% of the intelligibility threshold was not 
reached (p <0.001). 

 
Table 6. Speech table for children from 6 to 11 years old 

 

1 ari oq raqs vaqt lab Qor 
2 gul dum yil ip kuch Non 
3 archa varraq chana laylak tramvay baliq 
4 bulut ormon qulqop kitob gilam yengil 
5 Ari  

uyasi 
Oq 
kema 

Milli 
raqs 

Oppoq  
qor 

Lab 
buyog“i 

Kechki 
vaqt 

6 Atir 
gul 

Uzun 
dum 

Birinchi  
yil 

Kok  
ip 

Shirin  
non 

Kuchli 
shamol 

7 Archa 
bayrami 

Varrak 
uchirmoq 

Kuldagi 
laylak 

Chana  
uchmoq 

Tramvay 
bekati 

Ilon 
baliq 

8 Bulutli  
osmon 

Qurqinchli  
urmon 

Charim  
qulqop 

Alifbe 
kitobi 

Chiroyli 
gilam 

Yengil  
misol 

9 6 8 63 48 90 82 
10 26 4 9 31 67 55 
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Table 7. The table for children from 12 to 15 years old consists of 20 monosyllables, 40 two- syllables, 20 phrases and 20 numerators 
 

1 kasb зар Gap dam oq bob vaqt dor Baxt joy 
2 Buy gul Dum yil jun iz kim pul Muz dost 
3 olma zamon Lola jasur anor baho davo qalam Iroda libos 
4 Gilam bulbul nuqta kitob shirin tulqi mumiyo dengiz Bilim yengil 
5 anhor gudak bahor dunyo yozuvchi jarrox zamon kino Limon chupon 
6 asbob belgi vodiy guruh devor yordam janub zumrad Ildiz lugat 
7 Mustahkam iroda Jasur 

jangchi 
Natijali 
davo 

Rangli 
qalamlar 

Alo baho Zamonaviy libos Oq olma Makon va 
zamon 

Lolaqizgaldoq Qizil anor 

8 Qiziqarli kitob Shirin non Ayyor tulki Ohirgi nuqta Dorivor 
mumiyo 

Chiroyli gilam Sayroqi 
bulbul 

Moviy 
dengiz 

Kuchli bilim Yengilish 

9  14 63 16 11 1 10 4 6 3 41 
10 20 100 28 2 5 8 7 9 89 55 
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Table 8. Table of speech intelligibility thresholds in children 
 

Speech recognition thresholds Control group 
Male voice Female voice 

6-11 aged children 
Sensitivity threshold 10,9*0,64 10,5*0,48 
50% intelligibility threshold 20,9±0,64 25,4±0,47 
100% Legibility threshold 30,9±0,64 31,1±0,64 
12-15 aged children 
intelligibility threshold 10,6±0,58 10,6±0,58 
50%Legibility threshold 20,6±0,59 21,6±0,9 
100%Legibility threshold 31,1±0,8 31,11±0,7 

 
Table 9. Comparison of the degree of hearing impairment with speech intelligibility in children 

with sensorineural hearing loss 
 

Speech 
recognition 
thresholds 

Hearing impairment 
I degree II degree III degree 

Male 
voice 

Female 
voice 

Male 
voice 

Female 
voice 

Male 
voice 

Female 
voice 

6-11 years old children 
Sensitivity 
threshold 

32,2±2,8 33,1±3,5 43,3±2,1 45,8±2,9 57,5±3,9 62,5±5,6 

50% legibility 
threshold 

45,3±3,6 52,5±4D 61,0±2,7 68,8±3,6 73,3±2,3 85,0±2,4** 

100% legibility 
threshold 

56,9±4,5 65,6±4,8 78,0±4,7 81,0±2,3 86,7±2,6  

12-15 years old children 
Sensitivity 
threshold 

35,0±3,5 36,0±2,7 42,5±1,9 48,7±2,9 64,3±2,5 67,5±2,7 

50% legibility 
threshold 

51,0±5,4 59,0±6,2 56,6±3,5 69,1±2,5** 82,8±2,2 91,0±1,6** 

100% legibility 
threshold 

68,0±б,5 78,0±6,5 ОО 
СО 
Ey 

88,8±2,3** 86,7±1,6  

note: * - reliability of data between male and female voices (** - P <0.01) 
 

Table 10. Comparison of the degree of hearing impairment with speech intelligibility in 
children with conductive hearing loss 

 

Speech understanding threshold Hearing impairment 

I degree II degree 

Male voice Female voice Male voice Female voice 

6-11 years old children 

Sensitivity threshold 27,1±1,4 28,5±1,7 42,0±1,4 44,9±0,1* 

50% Understanding Threshold 40,0±1,5 44,2±2,4 60,0±1,1 68,0±2,2** 

100% Understanding Threshold 54,8±2,4 58,8±2,3 74,Oil,1 84,0±1,1*** 

12-15 years old children 

Sensitivity threshold 31,2±2,0 31,5±1,9 44,5±4,8 45,0±4,3 

50% Understanding Threshold 43,3±2,7 47,0±2,4 58,5±5,9 63,0±6,5 

100% Understanding Threshold 56,5±2,5 60,3±2,3 70,5±3,5 81,0±3,7* 
Note; * - reliability of data between male and female voices (* - P <0.05; ** - P <0.01; *** - P <0.001) 

 
Analysis of the threshold sensitivity in children 
aged 12-15 years with sensorineural hearing loss 

revealed a slight effect of male and female 
voices. 
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Table 11. Comparison of the degree of hearing impairment with speech intelligibility in 
children with mixed hearing loss 

 
Legibility 
threshold of 
speech 

Hearing impairment 
I degree II degree III degree 

Male 
voice 

Female 
voice 

Male 
voice 

Female 
voice 

Male  
voice 

Female 
voice 

Sensitivity 
threshold 

32,5± 3,1 34,5±4,8 43,3±1,3 44,3±!,3 59,0±1,1 60,0±1,7 

50% legibility 
threshold 

44,0± V 53,5±5,4 56,5±1,6 63,7±1,9** 77,0±3,7 83,0±5,5 

100% legibility 
threshold 
 

62,5± 5,3 69,0±5,4 70,8±2,4 82,3±2,3** 90,0±2,5 - 

 

Note: * - the reliability of the data between male and female voices (** - P <0.01) 
 
Whereas when analyzing the intelligibility 
threshold, the influence of the speaker’s gender 
on the intensity of indicators was noticeable both 
at the threshold of 50% intelligibility and at 100%, 
the reliability of indicators, unlike children in the 
younger age group, was recorded already at the 
II degree of sensorineural hearing loss and 
amounted to: 56.6 ± 3.5 dB in the male voice 
versus 69.1 ± 2.5 dB in the female voice (p 
<0.01) and 75.6 ± 3.8 dB against 88.8 ± 2.3 dB, 
respectively. 
 
A particularly pronounced effect of the male 
voice over the female is recorded in children with 
a third-degree of sensorineural hearing loss: 82.8 
± 2.2 dB, respectively, against 91.0 ± 1.6 dB 
(p<0.001) at a 50% intelligibility threshold and 
86.7 ± 1, 6 dB at a 100% threshold for 
intelligibility, given that these children did not 
achieve this threshold for intelligibility with a 
female voice. The data obtained are also 
confirmed by analyzing the quantitative ratio of 
children with sensorineural hearing loss reaching 
50% and 100% of the sensitivity threshold 
depending on the gender of the speaker. So, at 
the age of 6-11 years, a 50% threshold of 
intelligibility was found in 100% of children, when 
tested with both male and female voices, 
regardless of the degree of hearing damage. 
 
In all children (100%) with I and II degree of 
sensorineural hearing loss at the age of 12-15 
years, achievement of 50% of the threshold of 
intelligibility is also recorded regardless of the 
gender of the announcer, while in children with III 
degrees of hearing impairment, this indicator was 
100% when examining with a male voice and for 
women 71.4%. 
 
When studying the achievement of a 100% 
intelligibility threshold in children aged 6-11 
years, the influence of the speaker’s gender was 

found. So, when tested in a male voice, this 
indicator was 50%, and in a female child, 
legibility was not achieved in any child. In 
children aged 12-15 years, the influence of the 
speaker’s gender was already noticeable in the II 
degree of hearing impairment, so with a male 
voice this figure was 100% and for a female - 
75%. With III degrees, with a male voice, it 
amounted to 21.4% and women's intelligibility 
was not achieved. 
 
Thus, in the analysis of speech intelligibility, we 
revealed the influence of the speaker’s gender 
on the 50% and 100% intelligibility threshold, 
both on qualitative and quantitative indicators, 
regardless of the age of the child with 
sensorineural hearing loss with varying degrees 
of hearing impairment. Given the foregoing, there 
is a tendency for a child to perceive a male voice 
better than a female one. 
 
Hearing studies in children with sensorineural 
hearing loss have shown that in patients of this 
category, the difference ratio between individual 
threshold levels and the range of speech 
intelligibility increases. Often 100% intelligibility is 
absent. This means that in these patients, in 
addition to speech perception, the intelligibility of 
speech sounds is disturbed. The curves of 
speech intelligibility, in this case, have a different 
shape. So, if the averaged threshold of 
perception for pure tones in air and bone 
conduction in the speech zone does not exceed 
40 dB, then 100% speech intelligibility is 
achieved, which was observed in children with 
grade I sensorineural hearing loss. Moreover, the 
shape of the curve for increasing speech 
intelligibility has a slightly flat form (Fig. 4). 
 
If the threshold is raised during bone and air 
conduction in the area of speech frequencies 
within 50 dB, regardless of the presence or 
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absence of FUNG, intelligibility is broken, but 
100% intelligibility is usually achieved at high 
levels of speech signal intensity (90-100 dB), 
which is typical for P degree of hearing the       
loss in children. The shape of the curve of 
intelligibility increases in this case to a gentle 
form (Fig. 5). 
 
With an increase in the perception threshold for 
pure tones during bone and air conduction in the 
speech zone above 50 dB, the intelligibility 

growth curve has a gentle shape, often there is 
no 100% speech intelligibility, despite the 
increase in the intensity of speech sounds to 
large numbers (90-100 dB), which occurs in 
children with a third-degree of hearing loss    
(Fig. 6). 
 
When analyzing intelligibility curves depending 
on the speaker’s gender, it can be seen that with 
a female voice the curve has a more gentle 
appearance. 

 

 
 

Fig. 4. The shape of the curve of increasing speech intelligibility in children with sensorineural 
hearing loss of I degree 

 

 
 

Fig. 5. The shape of the curve of the increase in speech intelligibility in children with 
sensorineural hearing loss II degree 
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Fig. 6. The curve shape of speech intelligibility in children with sensorineural hearing loss, 
grade III 

 

 
 

Fig. 7. The shape of the curve of increasing speech intelligibility in children with conductive 
hearing loss of I degree 

 

 
 

Fig. 8. The shape of the curve of increasing speech intelligibility in children with mixed hearing 
loss, I degree 
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The data obtained with speech intelligibility in 
children with conductive hearing loss are shown 
in Table 10. 
 

As can be seen from the table, speech 
intelligibility in children with conductive hearing 
loss in a gender speaker has a significant effect, 
which is especially pronounced in children with a 
second degree, both aged 6-11 years and 12-15 
years. 
 

Auditory function in children with conductive 
hearing loss was investigated with increasing 
order of changes in the intensity of speech 
signals. The study revealed a predominant lesion 
of the sound-conducting apparatus, while the 
difference between the individual threshold levels 
did not differ from those in normal-hearing 
children. Therefore, the curve of increasing 
speech intelligibility in them takes the same 
shape and direction. The only difference is that 
the curve of increasing speech intelligibility in 
children with a predominant lesion of the sound-
conducting apparatus is shifted along the 
abscess axis to the right compared to the norm 
by the average value of tonal hearing loss in dB 
in the area of speech frequencies. This shows 
that when a sound- conducting apparatus is 
damaged, as in normal, the mechanism of 
speech intelligibility is not violated. When 
analyzing intelligibility curves depending on the 
speaker’s gender, it can be seen that with a 
female voice the curve has a more gentle form. 
Only the perception of sounds is disturbed, which 
in this category of children was more marked 
with the female voice of the speaker (Fig. 7). 
 

A study of the data showed that, like in children 
with sensorineural and conductive hearing loss, 
when mixed, the speaker’s gender affects 
speech intelligibility, so when tested with a male 
voice, it reaches 100% of the result, while a 
female in children with II degree of hearing 
impairment 100% the threshold of intelligibility is 
not observed. 
 

A comparative analysis of the indicators of tonal 
and speech audiometry in normal and with 
various forms of hearing the loss in children 
allows us to make the following conclusion; The 
value of the auditory threshold is often equated 
to the average value of tonal audiometry in the 
area of speech frequencies, less often it exceeds 
it by 5-10 dB, regardless of the form of hearing 
loss. 
 
A mixed form of hearing loss was found mainly in 
children with chronic purulent otitis media (13; 

65%). In speech audiometry, in this category of 
children, along with a violation of perception, 
various degrees of speech intelligibility were 
found. Therefore, the curve of increasing speech 
intelligibility, depending on the gender of the 
speaker, took on a slightly flat form (Fig. 8.). 
 

4. CONCLUSION 
 
Thus, studies of speech intelligibility using the 
speech tests we have developed in the Uzbek 
language in children with normal hearing and 
with various forms of hearing loss provide 
information on speech intelligibility as 
components of a qualitative hearing 
characteristic in a child. 
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