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TESTING OF A SPEECH AUDIOMETRY TEST IN THE KAZAKH LANGUAGE
TO FACILITATE HEARING AID ASSESSMENTS

Resume: Speech audiometry enables to make the quantitative hearing assessment by determining the
speech intelligibility at its various intensities.

Selecting the hearing correction method and assessing the hearing aid effectiveness, including the cochlear
implantation, it is required to use the speech audiometry test.

In spite of the wide indications for speech audiometry testing, it is practically not used currently in our country,
because there are no any developed methods and speech materials in the Kazakh language.

As many studies of the foreign authors show, the speech audiometry test preferably shall be made in the
native language of the patient in question.

Methods: 100 patients at the age of 45-59 years old (56 females and 44 males) have been enrolled
into the study. These patients had the normal otoscopic pattern and tympanogram of type A. 20 patients
had the normal hearing (control group) and 80 patients had the second and third degree chronic bilateral
sensorineural hearing loss.

Results: The absolute agreement of the interclass single measurement of the coefficient of correlation was
0.95 (Confidence Interval — 95% [0.86; 0.93)); it confirms the high retest reliability. The total test scores
and individual test scores were significantly higher in the group than in the control group (P <0.001). Total
test scores and individual test scores in the post-treatment group of patients were significantly lower than
scores before treatment (P <0.001). Use of single-syllable words and multi-syllable words in silence was the
principal category to identify the effectiveness of hearing aids during Kz-test.

Conclusions: The Kz-test has been successfully developed and validated for use among the Kazakh-speaking
population. The test is inexpensive with strong internal consistency, a high retest rate, good reliability, and
optimal clinical validity.

Keywords: hearing aids, speech audiometry test, chronic sensorineural hearing loss.
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Tywnin: Cenney ayamomeTpusiCbl 8p Typri KapKbIHAbIMbIKTA Conney-
[iH aHbIKTbIFbIH aHbIKTay apKblfbl €CTy KabineTiH caHablk Garanay-
fa MyMKiHAiK 6epegi.

Ecty kabineTiH Ty3eTyai TaHgay eHe eCcTy NpoTesiHiH, OHbIH, iWiHae
KOXreaprblk MMNNaHTauusiHbIH, TMiMAiniriH 6aranay kesiHge cemnney
ayaAMOMETPUSIChIHBIH, TECTIH KONaaHy KaxerT.

Celiney ayguomeTpusiCbl TECTIH KOngaHyablH ayKbiMAbl KOPCETKILL-
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NMPOBEOEHUE TECTA PEYEBOW AYOVOME-
TPUN HA KA3BAXCKOM A3bIKE ANA OLEHKN 3®-
SOEKTUBHOCTU CINYXOMNPOTE3UPOBAHUA

Pestome: PeyeBas ayamomeTpusi NO3BOMSET NPOMU3BOANTL KOnnye-
CTBEHHYIO OLIeHKY Crlyxa nyTem onpeaeneHnsi pasbopunBocTu peyn
npy pasnu4yHoON ee NHTEHCUBHOCTM.

Mpwn BbIGOpE KOppeKummn crnyxa n oueHke ahPEeKTUBHOCTU CyXO-
NpOoTEe3npPOBaHUsi, B TOM YUCIIe KOXINeapHoW MMnnaHTaumm Heobxo-
VMO VCNOMNb30BaHNSA TecTa peveBoi ayanoMeTpun.

HecMoTpst Ha obLMpPHbIE NOKa3aHWs K NPYMEHEHNI0 TecTa peveBom
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TepiHe KapamacTaH, OyriHri KyHre geniH 6i3aiH enimizge on ic XysiH-
e KongaHbinmaviabl, eUTKEHI ka3ak TiniHae a3ipneHreH agicteme-
1iep MeH ceiiney matepuanbl oK.

LLleTengik aBTOpnapablH KenTereH 3epTreynepi kepceTkeHaeun, com-
ney ayanoMETPUSICbIHbIH, CbiHafbl 3ePTTENYLUIHIH aHa TiniHae Xak-
Cbl OpblHAaNaabl.

Opictep: 3eptreyre 45-59 xac apanbifbiHaarbl 100 nauneHTTep (56
anen xaHe 44 ep agam) katbiCTbl. Byn HaykacTapga KanbinTbl OTOC-
KOMUSAMbIK KOPIHIC xaHe A TUNTi TuMnaHorpammMa 6onabl, NaumMeHT-
Tepain 20-cbiHAa kanbinTbl ecTy (6akpinay ToObl), an nauneHTTep-
[iH, 80-BTOPOW eKiHLUi XaHe YLUiHLLI Aapexeri Co3blnMarbl eki Xak-
Tbl CEHCOPIbIK €CTY KabineTiHiH xofFanybl 6onabl.

HoaTtmxenep: CbiHbiNTap apacbiHAarbl KOppensaums Ko MULMEHTIH
Oip peTTik ©nweyaiH abcontoTTi cankecTiri 0,95 6onabl (CeHimainik
apanbifbi— 95% [0.86; 0.93]); 6yn kanta TecTineyaiH xofapbl CEHiM-
ainiriv pactangel. XXannbl TeCT ynannapbl MeH eke TecT ynannapbl
bakblnay TobblHa KapafaHga TonTa anTaprblkTan xofapbl 6ongpl (p
<0,001). EmMaeyaeH keniHri naumMeHTTep TobblHAAFbI Xannbl CbIHAK
ynarnnapbl MEH XeKe CblHaK ynannapbl emgeyre gewninri ynavinap-
OaH antapnbiktan TemeH 6ongel (p <0,001). Kz cbiHafbl kesiHae ec-
Ty annapaTtTapblHbIH TUIMAINIFIH aHbIKTay YLWUiH YHCi3aikTe 6ip BybIH-
Obl XXoHe ken OyblHAbI ce3aepai konaaHy Herisri kateropus 6ongpl.
KopbiTbiHgbinap: CbiHbINTap apacbiHaarbl Koppenaunst Koaddu-
LMeHTiH Bip peTTik ©nweyaiH abcontotTi cavikecTiri 0,95 6onabl (ce-
Himainik apanbiFbl— 95% [0.86; 0.93]); 6yn kailTa TecTineyaiH xofa-
pbl CeHimainiriH pactangbl. >Kannbl TeCT ynannapbl MeH Xeke TecT
ynannapsbl 6akpinay TobbiHa KapaFaHaa TonTa anTapnblKTan Xofa-
pbl 6onabl (p <0,001). EmaeyaeH kewiHri naumeHTTep To0bIHAAFbI
)annbl CblHaK yrannapbl MEH XeKe CbiHaK ynannapbl emaeyre ae-
NiHri ynannapgaaH antapnblktai TemeH 6ongel (p <0,001). Kz cbi-
Hafbl Ke3iHae ecTy annapaTTapblHblH, TUIMAINITH aHbIKTay YLWiH YH-
cisgikte 6ip OyblHObI XaHe ken OyblHAbI CO3AepAi KOnaaHy Heris-
ri kateropus 6ongpl.

Tywningi cespep: ecTy annapattapbl, cevney ayaunomMeTpusinbIK Cbl-
HaFbl, CO3blrIMarnbl CEHCOPIbIK €CTYy kabineTiHiH, )Xofanybl.

Introduction. Speech audiometry is the most informa-
tive method for evaluating the effectiveness of hearing
aids, including implants. Speech audiometry is performed
in a free sound field at a volume comfortable for the test
subject using various articulation tables. One of the ma-
jor problems faced by hearing aid users is hearing under
conditions of interference.

Conducting speech audiometry to assess the effective-
ness of hearing aids in patients with deep forms of pre-
lingual hearing loss has several difficulties, which are as-
sociated with impaired speech abilities in addition to au-
ditory functions, and there is often the presence of con-
comitant pathology.

According to global statistics, the majority of hearing aid
users are elderly people. Hearing function deteriorates

ayavoMeTpun, 10 HaCTOSILLEro BPEMEHW B HALLEN CTPaHe OHa npak-
TUYECKM HEe UCMONb3yeTcs, Tak Kak HeT pa3paboTaHHbIX METOAVMK U
peyeBOro marepuana Ha Ka3axCckoM si3bIKe.

Kak nokasblBatoT MHOrOUMCNEHHbIE UCCNeaoBaHWs 3apybexHbIX aB-
TOPOB TECT Pe4eBOl ayaVoMeTpUM Nyylle NPOBOAUTL HA POAHOM
A3bIKe nccneayemoro.

MeTtoabl: B nccnenosanue 6binu BkntodeHsl 100 naumMeHToB B BO3-
pacte 45-59 net (56 XeHLWUH 1 44 My>X4uHbl). Y 3TUX NALNEHTOB
6blna HopMarnbHas OTOCKONMYeckast kapTuHa 1 TMnaHorpamma Tu-
na A. Y 20 naumeHToB 6bifT HOpMarbHbIN CAYX (KOHTPOMNbHAs rpymn-
na), a y 80 nauneHToB bOblnia XpoHn4Yeckasi ABYCTOPOHHSAS HENPO-
CEHCOpHas TYroyxoCTb BTOPOWN U TPETbEW CTEMEHN.

Pe3ynkTaThl: AGCONIOTHOE COOTBETCTBUE OQHOKPATHOMO U3Mepe-
HUs1 KO3 PULMEHTa KOppensaumum mexay knaccamu coctasuno 0,95
(noseputenbHbI nHTepean — 95% [0.86; 0.93]); aTo noaTBepxaaeT
BbICOKYI0 HaZeXHOCTb MOBTOPHOrO TecTnpoBaHus. Obwue bannbl
TECTOB U MHAMBMAYaIbHbIEe 6ansbl TECTOB ObINM 3HAYNTENBHO Bbl-
e B rpynne, 4em B KoHTponbHown rpynne (P <0,001). O6wue 6an-
Nbl TECTOB U MHAMBMAYanbHble 6anmnbl TECTOB B rpynne nauMeHToB
nocne nevyeHus BbInNu 3Ha4YMTENBHO HIKe, YeM Bannbl 40 nevYeHus
(P <0,001). Ncnonb3oBaHWe OQHOCIOXHbBIX M MHOTOCIIOXHbIX CIOB
B TULLMHE ObINIO OCHOBHOW KaTeropuen Ans onpeaenexHus apgek-
TUBHOCTY CINyXOBbIX annapaTtoB BO Bpemsi Kz-Tecta.

BbiBoabl: Kz-TecT 6bin ycnewHo paspaboTaH 1 BanuavposaH Ans
1CNONb30BaHUsi CPEAM Ka3axos3blYHOro HaceneHus. TecT Hedopo-
ron, obnagaeT BbICOKOW BHYTPEHHEW COrNMacoBaHHOCTLIO, BbICOKOW
4acTOTOW NOBTOPHbLIX TECTOB, XOPOLLUEN HAAEXHOCTLIO M ONTUMasIb-
HOW KITMHUYECKOW BanvAHOCTbIO.

KntoyeBble cnoBa: cryxoBble annaparbl, pe4eBon ayavoMeTpuye-
CKWUW TECT, XpPOHUYecKasi HEMPOCEHCOPHAas TYroyXoCTb.

with age, and most older people suffer from hearing loss,
mainly in the high-frequency region. However, an increase
in the hearing threshold is not the only factor influencing
the deterioration in speech perception that is often ob-
served in older people [1].

A binaural interaction test in the format of interleaved bin-
aural speech and an assessment of the effectiveness of
auditory exchange in a free sound field using speech au-
diometry revealed a strong positive correlation (Pearson's
correlation coefficient >0.456) between binaural speech
comprehension in the interleaved binaural speech test
and speech comprehension in the free voice field with and
without a hearing aid. This relationship was manifested to
a greater extent when using a hearing aid (r>0.463) and
presented with speech behind noise (r>0.684). This fac-
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tor can also be used to predict the effectiveness of hear-
ing exchange.

Very often, hearing aids do not meet their requirements
owing to the specific features of the auditory perception
of a hearing-impaired patient or the wrong choice of am-
plitude-frequency characteristics of the device. There are
several formulas for calculating amplitude-frequency pa-
rameters when fitting a hearing aid (e.g., Keller, Libby,
NAL, Berger, and POGO) that provide their own gain val-
ues for frequency range variations depending on hearing,
hearing terrain characteristics, comfort threshold, and dis-
comfort [2]. Until now, the criteria for calculating the am-
plitude-frequency characteristics of the input gain of the
hearing aid remain open. Sensorineural hearing loss us-
es non-linear forms of gain adjustment, of which various
versions of the NAL formula are most commonly used in
adults [3].

In this study, a speech audiometry test in the Kazakh lan-
guage was tested to assess the effectiveness of hearing
aids. The test was performed in a free sound field in si-
lence and against a background of standardized noise.
Based on the results of the studies, a clinical and audio-
logical system was developed to examine the patient be-
fore the start of hearing aids. [4].

Speech audiometry is widely used to compare the acoustic
properties of various hearing aids and hearing aid adjust-
ment methods. Currently, many analog hearing aids have
been replaced with digital hearing aids, channel-free hear-
ing aids and multi-channel hearing aids with signal sepa-
ration into individual frequency domains and the required
amplification with a various compression in each channel.
These hearing aids enable to make the level-specified and
frequency-specified amplification to achieve the principal
goal — to make sounds audible and comfortable.
However, multi-channel compression systems, improving
the comfort of audible signal perception, may reduce the
speech intelligibility due to formant smoothing, especially
against the background of noise. Channel-free processor
analyzes and processes signals at a high speed, provid-
ing the level-specified and frequency-specified amplifica-
tion, preserving the spectral sound contrast; it shall sig-
nificantly improve the speech intelligibility. [6,7]

It was found that the speech intelligibility in the group of
patients with similar hearing characteristics differed in-
significantly within one track, using channel-free, dou-
ble-channel and multi-channel hearing aids. Generating
the speech signal in silence, the patients with only periph-
eral forms of hearing loss, as the patients with the central
parts of auditory system affected by pathological process,
demonstrated the high speech intelligibility after prosthet-
ics with all types of hearing aids.

Based on the results of the studies, a clinical and audio-
logical system was developed to examine the patient be-
fore the start of hearing aids. [4].

Materials and methods. Ethical approval This study was
approved by the Local Ethics Committee of S. D. Asfendi-
yarov Kazakh National Medical University (identification

number: 14-2020), and the study protocol was registered
with the ClinicalTrials.gov Protocol Recording and Results
System (ref: NCT05296655). Study participants were ful-
ly informed of the purpose of the study and signed an in-
formed consent form.

ASSESSMENT of Kz-test for hearing aid evaluation
100 patients at the age of 45-59 years old (56 females
and 44 males) have been enrolled into the study. These
patients had the normal otoscopic pattern and tympano-
gram of type A. 20 patients had the normal hearing (control
group) and 80 patients had the second and third degree
chronic bilateral sensorineural hearing loss. Audiogram of
80 patients had the flat or moderately descending config-
uration (difference between the adjacent frequencies was
no more than 15 dB, threshold at all frequencies), and air-
bone gap did not exceed 15 dB at speech frequencies. In-
terauricular difference at the average threshold (four fre-
quencies — 500 Hz, 1, 2, 4 kHz) was no more than 15 dB.
The patients have never used the hearing aids.
Thereupon, the hearing aids of various technology levels
with suitable amplification and output parameters have
been selected and adjusted according to target amplifica-
tion formulas (hearing aid programmer noahLink wireless).
Speech audiometry test has been conducted in the Ka-
zakh language in free acoustic field with/without any noise
interferences, without hearing aids and with variants of
hearing aids to assess the hearing aid selection and ad-
justment adequacy in accordance with the individual hear-
ing indicators of patients.

Hearing aid use effectiveness, determined as the speech
intelligibility improvement using any specific model of hear-
ing aids, has been assessed as follows:

“poor” — if difference in speech intelligibility is 0-10%;
“low” — if difference in speech intelligibility is 10-20%;
“satisfactory” — if difference in speech intelligibility is 30-
40%;

“good” — if difference in speech intelligibility is 50-60%;
“excellent” — if difference in speech intelligibility is 70%
and more.

The studies have been conducted by stages:

* the 1st stage — speech intelligibility measurement on
“naked ear” without any hearing aids in noise;

* the 2nd stage - speech intelligibility measurement with
the selected hearing aids binaurally, without any noise;

« the 3rd stage - speech intelligibility measurement with
the selected hearing aids binaurally, with signal-to-noise
interference +3 dB;

« the 4th stage — calculation of speech intelligibility per-
cent difference.

Speech intelligibility percent is calculated as the number
of correctly repeated words from 20 given words.
Statistical analysis

Statistical analysis has been conducted using IBM SPSS
Statistics software — 8.0.

Results. The absolute agreement of a single measure-
ment of the interclass coefficient of correlation was 0.95%
(Confidence Interval — 95% [0.86; 0.93]); it confirms the
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high retest reliability. The total test scores and individual
test scores were significantly higher in the group than in
the control group (P <0.001). Total test scores and indi-
vidual test scores in the post-treatment group of patients
were significantly lower than scores before treatment (P
<0.001). Use of single-syllable words and multi-syllable
words in silence was the principal category to identify the
effectiveness of hearing aids during Kz-test.
Discussion. One of the performance indicators of hear-
ing aids (auditory prosthesis) is the speech intelligibility.
Asfendiyarov Kazakh National Medical University NJSC
assesses the speech intelligibility of all Kazakh-speaking
patients in need of hearing aids (auditory prosthesis), us-
ing the speech audiometry test in the Kazakh language
in a free audible field at the comfortable level of volume.
The advantage of this method is the use of algebraic num-
bers rather than absolute numbers to assess the effec-
tiveness of hearing aids (auditory prosthesis). Therefore,
the study becomes less sensitive to the calibration errors
and acoustic environment errors.

It is very important to assess the level of auditory analyz-
er damage prior to select the hearing aids, including the
assessment by speech audiometry test. The central hear-
ing disorders significantly restrict the hearing aids (audito-
ry prosthesis) possibilities. The timely diagnosis of central
hearing disorders permits to avoid the excess expecta-
tions from using the hearing aids by patients and serves
as the basis for the special drug therapy prescription.
Hearing aids (auditory prosthesis) effectiveness in the
adults is assessed by speech audiometry test in a free
audible field, including the noise interferences, and by fill-
ing in the special questionnaires with the subjective eval-
uation of hearing aids used by the patients.

It should be noted that the speech audiometry is the most
informative method of hearing aids (auditory prosthesis)
effectiveness assessment, including implantation. Hear-
ing in the conditions of various interferences is one of the

most serious issues faced by the users of hearing aids.
Timely use of hearing aids is the important aspect in de-
ciding whether to make auditory prosthesis or not.
Investigators from many countries developed the audi-
ometry to assess the hearing loss in their populations.
Symptoms and consequences of hearing loss treatment
are assessed by test questionnaires in many languages.
The first version of hearing test in the Kazakh language
was checked within the framework of our study. This test
is easy-to-use diagnostic instrument allowing the doc-
tors to find symptoms not mentioned by the patients as
the primary complaints, and it may be used by both gen-
eral practice doctors and ENT specialists. Test question-
naire is also the suitable instrument to manage the pa-
tients with suspected hearing loss. On this basis, accord-
ing to grammar and phonetic characteristics of sounding
and writing, the speech audiometry test has been devel-
oped for some countries, in particular, in Russian, Turk-
ish, English and Chinese languages; and our work is au-
diometry in the Kazakh language.

CONCLUSION

Kz-test may be used to assess the effectiveness of hear-
ing aids (auditory prosthesis).
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Bknapn aBTOpOB. Bce aBTOPbI MPYHUMAany paBHOCUIbHOE y4acTue Npu HanMcaHuy AAaHHOW CTaTbu.

KoHdonukT HTEepecoB — He 3asBneH.

[aHHbIn MaTepuan He Obin 3asBneH paHee, AN nNybnvkauuy B pyrnx nsfaHnax U He HaxoaMTCS Ha paccMOTPEHUN ApYrMMU nsgatenb-
cteamu. [Npu npoBeaeHnn gaHHOM paboTel He GbINo PUHAHCUPOBAHNSA CTOPOHHUMM OPraHN3aLUSMN U MEAULIMHCKAMW NPEACTaBUTENLCTBA-
MU. PUHaAHCMPOBAHME — HE MPOBOANITOCH.

ABTopnapabIiH yneci. bapnbik aBToprnap ocbl MakanaHbl xasyfa TeH Aspexene KaTbICThbl.

Mypaenep KakTbiFbICbl — MAMiMAENTEH XOK,.

Byn martepuan 6acka 6acbinbimaapaa xapvsanay yuwiH 6ypbliH ManiMaenvereH xoHe 6acka 6acbinbiMaapAbiH kapayblHa YCbIHbINIMaFaH.
Ocbl XyMBICTbI XYPri3y KesiHAe CbIpTKbl yibiMAap MeH MeguuMHanbIK ekinaikTepain kapxXblnanablipybl xacanfaH Xok. Kapxbinanabipy
Xyprisinmeai.
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