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Abstract

The problem of creating Ukrainian diagnostic tables for the testing of hearing impaired people has not yet been resolved.
The article dedicated to the linguistic material of existing articulation tables. The basic methodology of creating such tables is the
recommendations for the compilation of Russian-language tables according to the rhythmic-dynamic indicators of the language. For
comparison, corresponding tables in Russian have been analyzed. The performed analysis shows significant differences between the
indicators of statistical analysis of Ukrainian-language tables. The atypical frequency of the use of separate letters for the Ukrainian
language, as well as other phonological indicators, is revealed. Additionally, the articulation tables are not balanced. Their linguistic
material, selected by column, is different in its indexes and cannot be interchangeable. That is why the use of spectral analysis of
speech material during the compilation of articulation tables is proposed. This approach is objective to ensure the matching of the
dictionary sample with the integral characteristics of the given language and allows to create balanced tables.

Due to the specifics of each language, it is necessary to create the appropriate language of their diagnostic tables, which
should be used to test the state of hearing of the native speakers. This study will help to find out the feasibility of using existing
Ukrainian language articulation tables and determine the ways to create an objective universal method for selecting a vocabulary
that is typical of a given language.
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1. Introduction

The deterioration in the performance of the auditory analyzer, which manifests itself in a
lack of perception of a certain frequency range, has become one of the diseases that already con-
cern more than ten percent of the world’s population [1]. Every ninth inhabitant of Ukraine suffers
hearing impairment [1, 2].

Age and other hearing loss are in the five non-critical diseases that cause significant harm
to health and lead to disability. This statistic is based on measurement data known as the indicator
of years lived with a disability [2]. It is determined that for the male part of the population, hearing
impairment ranks third in the list of non-critical diseases for men.

In modern audiology, for the timely detection of the hearing pathology, methods of tonal and
speech audiometry are used, which were created 17 years ago and were not subject to moderniza-
tion until today [3].

Tonal audiometry is a subjective method of investigation that consists in checking the state
of the auditory system with the help of tone signals of various frequencies generated by the audi-
ometer, which are transmitted through a special air phone directly to the person’s ear. With the help
of threshold tonal audiometry, it is possible to determine the extent of hearing impairment and to
classify the type of hearing loss, considering the level of lesion [4, 5].

Unlike tonal audiometry, with speech audiometry sound stimuli of complex shape with
acoustic parameters are used, they change continuously. It is performed when adjusting the au-
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diometer in absolute scale to determine the thresholds of speech discrimination, comfortable and
uncomfortable perception of speech, as well as auditory dynamic range [5, 6].

The audio material for speech audiometry is used in the form of diagnostic articulation ta-
bles pre-recorded and recorded on the phonogram. The most common of the Russian phonograms
are: “Numbers test” [7] and “Test of real Russian words” [8], which are used in most listening cen-
ters of Ukraine for the Ukrainian and Russian-speaking population of the country, since there are
no own approved tests on the territory of the country.

Each of the tests includes a number of tables. In the numbers test the table consists of
10 digits, and in the language test — of 20 words [8]. To determine the threshold of speech intelligi-
bility for a given signal strength, the percentage of correctly repeated words to the total number of
words in the table is calculated. Based on the research results, the hearing loss in speech perception
is determined.

Since the study of hearing is carried out by both airborne and bone conduction, speech
audiometry with a numerical test can serve as an objective test of the reliability of the patient’s
responses in threshold tonal audiometry [7].

2. Literature review and problem statement

Hearing with the help of language is an urgent issue today, as it serves as a way to rehabili-
tate communication in people with an impaired hearing system. To date, there are a large number of
methods for measuring and assessing speech intelligibility, which makes it possible to divide them
into two classes: subjective, which involve the use of speakers; and objective — articulation tests
with experimental results [9, 10].

Diagnostic articulation tables for conducting speech audiometry should contain a significant
amount of interchangeable linguistic material, since memorizing such tables leads to erroneous
results in the studies. The selection of words should be typical for this language. It should show the
peculiarity of linguistic creation, semantics and rhythm of the given language. So, the main issue
in the development of articulation diagnostic tables should be the phonological composition of the
language.

To emphasize the importance of these provisions, let’s give an example of a complex way
of developing articulation diagnostic tables in the Tajik language. The first attempt to develop such
tables is presented in [11], which was subsequently criticized because of the lack of consideration
for the specifics of linguistic creation and neglect of semantics. This argument led to the need to
improve the tables taking into account the peculiarities of the Tajik language [11]. Let’s note that
for today a test material for Russian and a number of European languages has already been created:
English, German, Finnish, Swedish, French and Italian [12].

In Ukraine in 1984 in the laboratory of clinical audiology and vestibulology of the Kiev
Research Institute of Otorhinolaryngology named after A. Kolomiychenko, the first tests for speech
audiometry in the Ukrainian language were proposed [13, 14]. The material for conducting speech
audiometry consisted only of nouns, therefore could not fully display the semantic and grammati-
cal features of the Ukrainian language.

In 2001, the so-called balanced word tables in Ukrainian were compiled in the same labora-
tory [15]. In some centers of auditory rehabilitation and hearing care in Ukraine, in particular, the
Research Institute of Otorhinolaryngology named after A. Kolomiychenko, for speech audiometry
and today use articulation Rymar tables.

The main criteria that are taken into account when choosing words for creating tables are
the following [1, 14, 16]:

— frequency of word usage in Ukrainian;

—word length in syllables; there are one-, two- and multi-complex;

— part of the speech to which the word belongs, namely: nouns, adjectives and a verb in the
proportion of 3:1;

— presence of all phonemes in each group of the table;

— place of stress in the word;

— ratio of the vowels and consonants entering into each group of words and phonetic balance.
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In addition to tests for medical use, in 2009, Ukrainian-language articulation tables were
also proposed for testing communication channels [17, 18].

At the heart of their creation lies the analysis of the frequency of letters of the Ukrainian
alphabet. The authors processed about 580,000 characters of Ukrainian texts of different orienta-
tions. The verbal material of the created articulation tables is not limited in the number of syllables
or letters, belongs to different parts of speech and is represented in arbitrary cases.

Analyzing the author’s approach to the creation of the existing Ukrainian-language tables,
it is concluded that it is quite subjective in the selection of typical words for a chosen language,
and also mechanical, because the choice of language material is based on the statistical data of the
language, namely, on calculating the average frequency of the use of letters .

In addition, to date there is no unified opinion on the part of the language that can and should
be used in the compilation of linguistic material [19]. And also it is not defined, it is possible to use
words in different cases, except nominative, in diagnostic tables.

Regarding the criteria for selecting material for diagnostic tables, in our opinion, the ap-
proach proposed in 2001 [15] is more complete and phonetically substantiated from the point of
view of the typical character of words for the language. However, it remains unclear how these
criteria are monitored.

Existing for today Ukrainian-language articulation tables are not completed with official
confirmation of their legitimacy, which leads to widespread use of Russian-language tests.

As a result, the issue of creating diagnostic articulation tests in the Ukrainian language
remains relevant today. There is still a need to develop an objective approach to the selection of
language material for articulation tables and to verify their balance. Such approach should be the
basis for the normative document for the creation of balanced Ukrainian-language diagnostic ar-
ticulation tables.

The aim of research is a detailed analysis of the linguistic material of diagnostic articulation
tables [15], such as those used in Ukraine for the diagnosis of hearing defects to date, which, in the
future, will allow the development of a methodology for creating tables with the specificity of the
Ukrainian language.

To achieve this aim, the following tasks are solved: analysis of diagnostic tables [15] on the
correspondence between phonetic and average statistical indicators of the Ukrainian language,
spectral estimation of the sound realization of the material that makes up the investigated tables.

3. Materials and methods of research

3. 1. Investigated materials

Materials for research are presented by articulation tables (Table 1), which are used to diag-
nose the state of the auditory system on the territory of Ukraine.

Table 1
Articulation tables in Ukrainian of N. Rymar and A. Bagmut
1 group 2 group 3 group 4 group 5 group 6 group 7 group 8 group
1 2 3 4 5 6 7 8
PuGanutu bauntu OO060B’30K bix KabGina Bbabycs Bepesens BapBuctuit
JlaBatu Bynysatu MaunroBatu Bepmnux JlikyBatu CniBatn HasuBaru Kynysaru
Tep6 I'pim Toctpuit Peniriitauit Burangysatu Baron PosramyBatu  3mararmcs
Jlic 3eseHuit lansBuHa [Tanutn Jlunens Benukuii JliBmii Jluct
Macno Komap 3uMoBHI Mopxksa Mak Muc Mup Kaminuas
3yNUHATH TlouepBoniTH Momneta Ha3zpa Hyns Kpunnis Hawmip PosruiBatucs
OGepexHuH Puc Kopucunit HIupokmuit Po3mip Puba BupimyBatu  Jlopy4eHHs
J3epkano Hapomxenns  Kykypynsa Jxepeno Ponzunka [epeixpxaru Tyn3ux Joxem
Kinp Ky HakazyBatu IlepexoHanmit lkona [okipuuit Kir Kopucts
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Continuation of Table 1
1 2 3 4 5 6 7 8
Kpacyns Hacinns Cun Cinp CepneHb Con Ciuenn Cik
[ycTtuit IIurannas Biratu [Mnatutn 3anuTartu MOBEPTATH Jutnna JliTax
[Mapy6ok 3anucyBaTu [iu ITapx Bucrynaru besneunuit Jluctonan [xapneTka
Xara IIpoxaTtu Xuxui Koxaru XycTka Bonoxaruit XubHmt OxaifHuii
[anuipka Jopyuutu Yait Bignmountn [Ipuunna PozuicyBaru Yucrtuit [TouyTn
Lyxop Omninka Hupx IlepkBa Hinnanit Ilap i Hudpa
[TaxTa Mym HO}]::;IE 10- Kumens Mamuna [JewmeBnii T'opomunka Bepunna
PoxeBuii baxxatu Hdpyxutu Kyxk Jpyxuna Koxyx Kurto Kutu
Jomeuxa Hamanox Iyxa [[{aBenb Mupuit IIpomatu yp Mactsa
Paiion Maiiop Biiicbko 3aiimaru 3HaiiTu PyiinyBatu [puiinsaTtu Tocriitnuit
Kpaina Snunka feru Bypsk Hanoitu Sma Inaners byp’sn
Haniiinuit 1y6 Henimns Onepxaru PosmnoBigartu Hywmka Jara Hificuunit
3ouuT 3opsiHuit 3amMok l"azon Pozymuuii Cysip’s 3ip 30110TO
€aHuit Taemuuit Bsaemumnit MaeTtok [Ipuemuuit €HOT [Namient €nnarn
1106 Jrotuit MaitoHok Onax Jronsinmit Op6a Kamroxa OHnit
Tupir Piuxa [opana bpar Kpox Crpym Topitu Bunaropozna
Tun Tepmin Temn Hacrynuui Mortop Tema Temuui AHTeHa
Micsiub Mynpuit Mope Marip 3uma Micro Moxpuit Mutu
dipmoBuii Dopma Doxkyc Tenedounmit Digpm Depmep Dapryx dikyc
PusuxyBatu [IBeiinuii CeiTinit [epeBipuTH IBepi OsBec JIBip 3ByK
3abe3meuntn [TiBens Mutn TloBuuit [ens CrinpHuN Jlinutn Inax

For comparison, the Ukrainian-language articulation tables [18] and also “Test of words of
real Russian speech” [8] are used.

3. 2. The method of analysis of diagnostic articulation tables

Methods for studying the existing Ukrainian-language articulation tables are based on the
analysis:

— the frequency of the use of letters of the Ukrainian alphabet in the words from which the
tables are composed;

— the number of syllables in individual words of the language material of the tables;

— places of stress in words;

— openness and closure of the end of words;

— the spectrum of groups of words from which the tables are composed.

4. Results of studies of articulation diagnostic tables

The statistical analysis of the percentage of the use of individual letters of the Ukrainian al-
phabet in relation to the total number of letters in the words of N. Rymar articulation tables is made
for each column of the table separately. This is due to the fact that when analyzing articulation
tables an important factor is their balance, that is, the opportunity to exchange language material
in tables. Usually, when diagnosing the state of the auditory system, the entire articulation table is
not read, but only its individual columns. Thus, the phonetic composition of the material of all the
columns should have the same phonetic characteristics. The first column of the histogram of each
letter refers to the first column of words. Accordingly, the second — to the second column of the
table, etc.
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The results are presented as a percentage of the total number of letters in the words of each
column of the table (Fig. 1, 2).
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Fig. 1. Percentage ratio of the frequency of use of vowels in N. Rymar Ukrainian-language tables
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Fig. 2. Percentage ratio of the frequency of use of consonants in N. Rymar Ukrainian-language
tables

Fig. 3 presents the results of a comparative statistical analysis of Ukrainian-language
[15, 17] and Russian-language tables [8] for visual representation of a significant deviation in the
frequency of the use of letters.

The first column of the histogram for each letter corresponds to N. Rymar table, the second
to the O. Arkhypova tables and the third to Grinberg and Zinder tables.

In the Russian-language tables, the letters [e] and [€], [p] and [b] are identified.

Based on linguistic requirements, groups of words in the tables for speech audiometry
should correspond to the rhythmic-dynamic structure of the language, which is closely related to
the number of syllables and the place of stress in words.

The results of analysis of the number of syllables and the place of stress in words adopted in
articulation tables [15] are presented in Tables 2, 3.
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Fig. 3. Comparative histogram of the percentage of the use of letters in articulation tables [8, 15, 17]

Table 2
The percentage of syllables in words in articulation tables
Number of syllables Percentage, %
monosyllabic 15,73
disyllabic 33,47
trisyllabic 33,87
multisyllabic 16,94
Table 3
Place of stress in words in articulation tables
Stress on the syllable Percentage, %
1 47,98
2 40,73
3 9,27
4 2,02

An important condition for limiting the influence of the psychological factor of a person on
the results of linguistic audiometry is the availability in words of diagnostic articulation tables of
different structures inherent in a particular language.

The Ukrainian language is characterized by words that end in an open syllables [14, 15, 19].
The results of the corresponding study of the diagnostic tables are presented in a percentage in the

Table 4.
Table 4
Percentage of open and closed syllables
Syllable structure Articulation tables
open syllable, % 45,6
closed syllable, % 54,4
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The authors of the paper suggest the use of the spectral method of analyzing linguistic ma-
terial, which can serve as an objective assessment of the degree of balance of the tables.

For this, the following experiment was carried out. In the muffled chamber of the Acous-
tics and Acoustoelectronics Department of the National Technical University of Ukraine “ Igor
Sikorsky Kyiv Polytechnic Institute” with a background noise of 25 dBA, which corresponds
to the permissible noise level for studio rooms, the existing Russian-language material of the
articulation tables was recorded (Table 1) [15]. As a speaker, according to normative docu-
ments [6, 13, 20], there was a person under the age of 35, without significant speech defects
in communication. For recording, the condenser microphone ECM 8000 of the German com-
pany Behringer and the sound card Fast Track Pro of the American manufacturer M-Audio
were used.

Since the hearing reacts to the averaged sound energy [10], the most convenient for objective
analysis is the power spectrum, which does not contain information on the phase relationships of
the frequency components.

The spectral power density of the speech signal G(w) is the power released by the
sound process in the frequency range df. The total power P in the frequency range [f,, f,] is
estimated as

fy
P=| G(f)f.
fy

Using the software package Matlab for each separate group of words (on the columns
of Table 1) are plotted the spectral power density. For comparison, the obtained results
are reflected in the general graph shown in Fig. 4, and their maximum difference is shown
in Fig. 5.
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Fig. 4. The level of the spectral power density of the speech signal for individual columns of
the Rymar articulation table

The obtained data of the difference in the power spectral density indicate the imbalance of
the Ukrainian-language diagnostic articulation tables.
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Fig. 5. The maximum difference in the spectral power density of the speech signal in individual
columns of articulation tables

5. Discussion of research results

Analysis of histograms shown in Fig. 1, 2 indicate a significant uneven percentage of the use
of both vowels and consonants in different columns of the articulation table. The vowels “e” and
“n” (Fig. 1) and consonants «0», «By», «K», «H», «c» are used most unevenly (Fig. 2).

So, if evaluate the language material of the articulation table only by statistical characteris-
tics, then the conclusion is that it is impossible to interchange the phonograms of different columns,
that is, the tables are unbalanced.

In addition, the question arises, there are words (or a combination of sounds) from which a
table is made, typical of the Ukrainian language.

Comparison of the first two columns for each letter of the histogram shown in Fig. 3 in-
dicates a significant difference in the percentage use of a number of letters in the tables [15] and
[17]. The greatest difference in the use of the letters «By», «u», «i», «O», «P», «C», «T», «sI». At
the same time, the percentage of the use of the letters «6», «e», «3», «i», «m», «y», «1» is almost
the same for both tables. Let’s note that in the tables [15] and [17], the vowels «a», «m», «o» are
most often repeated, while the specific vowels «i» and «e» inherent in the Ukrainian language
are used less.

The third column of the histogram (Fig. 3) illustrates the percentage of frequency of use of
the corresponding letters in the Russian-language test, which is given for comparison. It is possible
to see that for some letters the results coincide with the data for Ukrainian-language tests, and they
differ for a number of letters.

These results can be explained both by differences in the phonetic characteristics of the
Ukrainian and Russian languages, and by the incorrect sampling of words to the tables.

It is impossible to answer this question without an exhaustive objective evaluation of
linguistic material, which can’t be used as a percentage analysis of the use of individual letters.
The confirmation of this thought is the fact that the hearing does not distinguish and differentiate
each letter separately, but reacts to an audio message, that is, syllables. Therefore, a simple cal-
culation of the frequency of letters does not indicate the typicality of the vocabulary for a given
language.

Another criterion for selecting words for articulation tests is the correspondence of their
sound realization to the rhythmic-dynamic structure of the language.
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The analysis of the number of syllables in words (Table 2), the location of the stressed sylla-
ble (Table 3), and the percentage ratio of the vocabulary endings (Table 4) is performed to test this
condition, indicating that the specific features of the Ukrainian language are not up to the point.
After all, checking the tables for the number of open and closed syllables at the end of the word
(Table 4), through a small percentage of the use of closed syllables, indicates non-compliance with
the condition, which reflects the specifics of the Ukrainian language.

This second criterion also can’t be sufficient for the evaluation of linguistic material. In ad-
dition, according to statistical analysis of the frequency of letters and the number of syllables and
the place of stress, it is very difficult to make articulation tables that will meet these requirements
and at the same time be typical for a specific language.

Calculations performed by the proposed objective method of assessing linguistic material
lead to the following results for the columns of Table 1 (Fig. 4). The level of the spectral power
density of the speech signal for different columns of the articulation table differs from 2 dB to al-
most 14 dB, depending on the frequency component (Fig. 5). The greatest deviations are observed
in the frequency bands 600—-800 Hz and 3—4 kHz, and also quite significant (up to 10 dB, that is,
10 times the signal power) in the 800—2500 Hz and 200 Hz ranges.

These studies indicate not only a significant difference in the contribution of consonant
sounds (high-frequency spectrum), but also vowel sounds (the formant frequencies of which lie in
the low-frequency range).

Let’s believe that such data testify to the imbalance of the articulation tables, is also con-
firmed by statistical analysis data (Table 3, 4).

The conclusion about the typicality of the words from which the table for the Ukrainian
language was compiled can be made based on a comparison of the spectral characteristics
of the speech material of the articulation table with the averaged spectrum of the Ukrainian
language.

In the future, it is planned to create such objective data by spectral analysis of large volumes
of Ukrainian-language sound information of various thematic purposes.

6. Conclusions

The criteria for selecting words for diagnostic Ukrainian-language tables, such as: sta-
tistical analysis of the frequency of the letters of the Ukrainian alphabet, the definition of the
rhythmic-dynamic structure of the language by the number of syllables, the definition of the
place of stress and the end of words can be useful for additional verification of the selected
language material.

Even according to these criteria, the articulation tables [15] used in diagnostic hearing cen-
ters in Ukraine do not meet the requirements of a balanced table. Their conformity to the basic
phonetic indicators of the Ukrainian language is questionable.

The proposed method of spectral evaluation of linguistic material makes it possible to per-
form an objective analysis of the vocabulary of articulation tables and is universal for the analysis
of any language.

In the future, it can serve as a method for creating diagnostic tables that correspond to the
basic phonetic characteristics of the Ukrainian language.
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