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Abstract—Purpose. The purpose of this study is to analyze the usage ability and effectiveness of a new graphical method
of estimation of presence of a difference between healthy and non-healthy hearing organ of a biological object during reha-
bilitation from the influence of an ototoxic influence. Said method is designed to provide higher analysis speed and possibility
of its application of all medical personnel.

Material & Methods. During data preparation 41 experiment was conducted. A total of 3936 measurements was made,
96 for every experiment. Each measurement was conducted on one ear of a guinea pig via implementation of a distortion
product otoacoustic emission. Out of said 41 experiment 40 were conducted upon test groups with different medicament
influence and 1 was done as a referential to normal state of a hearing organ. In each experiment measurements were dis-
tributed between 6 frequency bands (2 kHz, 4 kHz, 6 kHz, 8 kHz, 10 kHz, 12 kHz) — 16 measurements per each. Then mean
value and standard error in each band for each experiment were calculated. Obtained values were used in a presented
method to find differences between them. Later statistical analysis was implemented to check method for reliability.
In statistical analysis normality of distribution of results in groups was calculated and depending on it parametric or non-
parametric difference test were applied. Reliability of said methods was also tested via implementation of Sokolov’s criterion.

Results. Implementation of proposed method showed that for each frequency band results were divided into two large
groups — normal (containing experiment 1) and deviating. Differences between two groups are next — normal group has
higher mean values, lower standard errors in experiments in it and results are less scattered on a grid. Reliability
of a proposed method was tested in three different tests — presence of statistically meaningful differences between mean
values of experiments in normal and deviating group, presence of a statistically meaningful differences between measure-
ments in experiment 1 and experiments in deviating group and its correlation with results of usage of a Sokolov’s criterion.
Tests confirmed the reliability of proposed method and had shown that it even has advantages over already used methods —
be it higher susceptibility or simplicity of its implementation.

Conclusion: testing of a new method had shown that it’s reliable due to the results of conducted test series for every
frequency band. Apart from easiness of implementation and increase of speed of analysis of results proposed method also
has higher sensitivity that some already existing methods of analysis test results of state of a hearing organ in biological
object.

Keywords — otoacoustic emission; distortion product; biological object; objective audiology, machine learning.

One of the most prominent testing method for
a hearing loss diagnostics is distortion product otoacous-
tic emission — DPOAE[3]. Said method is objective in its

I.  INTRODUCTION

In the modern world there is constant increase in
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the number of congenital and acquired as a result
of urban, epidemiological[1], military[2] and environ-
mental problems hearing loss and hearing organ
diseases. This fact is a reason for ever-growing concern
and therefore either development of a new test methods
or upgrading of existing one is needed.

nature and therefore allows to bypass limitations
of a subjective ones[2] —the need to rely on the response
of a testing subject.

In the United States of America, via the implementa-
tion of DPOAE, the connection between low levels
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of response to its signals and a high chance of stroke has
been established for a part of the population[4].

Said otoacoustic emission may also be a marker
of hearing status for people in occupations that involve
exposure to significant noise levels[5]. It is know that
cumulative exposure to ototoxic drugs and noise also
causes hearing loss as measured by otoacoustic emis-
sion[6].

Via usage of a DPOAE, the presence of an ototoxic
effect in a cobalt femoral implant was established [7].
Also implementation of a DPOAE testing methods allows
quick and reliable study of an influence of ototoxic or
possible ototoxic substances on human health[8].

Another case of ototoxic effect estimation via DPOAE
can be the study of effect of Carbon monoxide poisoning,
especially on its early stages[9].

Observation of the clinical usage of otoacoustic emis-
sion of different types in a hospital for 3 years[10] had
shown the possibility of usage of OAE as an “acoustic
fingerprints”.

Additionally, study[11] had shown that DPOAE testing
results can be used to estimate different risk factors for
increasing severity of a diabetes of the first type in
the department of it causing sensorineural hearing loss.
These risk factors include higher age, lower level of edu-
cation, previous continuous exposure to high noise lev-
els, prolonged disease duration, presence of different
diabetic complications.

Noteworthy is the fact that prolonged mask use,
which was common during the time of a COVID pan-
demic[12], can damage the outer cells in the cochlea
of the inner ear, causing hearing damage.

In regard to the COVID-19 virus it can be said[13] that
it can cause cochlear damage which impairs hearing abil-
ity, especially at high frequencies.

A. Purpose

Purpose of the study is to estimate effectiveness and
reliability of proposed graphical analysis method of eval-
uation of hearing organ in biological object test data,
obtained via implementation of distortion product otoa-
coustic emission.

B. Implementation of the method

Implementation of graphical analysis method
of evaluation of hearing organ in biological object test
data can be presented by portable, standalone device.
Addition of this method will allow to increase speed
of analysis and will enable all medical personnel directly
in the medical facility to conduct needed tests.

Instrument will adapt existing workflows via adding
additional steps and its new workflow will begin with
DPOAE data acquisition to immediate displaying

DPOAE Probe Analog Front-End

>
(Mic + 2 Speakers) (AFE)
(Amplifier, Filter)

Analog Signal

User Interface (Ul) Microcontroller (MCU)

(LCD/OLED Display, - ADC
Buttons) - DSP Core

- Memory (Flash/RAM)

Power Module
Digital Data
(Battery, PMIC)

External Memory

(SD Card, EEPROM)

the obtained result on a "Mean Value vs. Standard Error"
scatter plot.

Required architecture to realize this objective is pre-
sented on the block scheme on

Blocks on are as follows: DPOAE Probe. A medical-
grade DPOAE probe serves as the primary data acquisi-
tion interface. It contains a microphone for the registra-
tion of the otoacoustic emission signal and two miniature
speakers for the delivery of the stimulating tones (f1 and
2).

Analog Front-End (AFE). The AFE is a critical compo-
nent responsible for the pre-processing of the weak
microphone signal. This block includes a Low-Noise
Amplifier (LNA) to increase the signal amplitude without
significant degradation of the signal-to-noise ratio, and
a band-pass filter precisely tuned to the distortion prod-
uct frequency (2f1 - f2) to isolate the signal of interest
from extraneous noise.

Microcontroller (MCU). The central processing unit is
a microcontroller. The selection criteria for the MCU
needed are based on the presence of key integrated
parameters:

An integrated Analog-to-Digital Converter (ADC) with
a resolution of at least 16 bits, ensuring accurate signal
digitization.

A set of Digital Signal Processing (DSP) instructions for

the high-speed execution of the required mathematical
operations.

Sufficient on-chip Flash Memory for the storage
of the operating firmware, the referential group dataset,
and measurement results.
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User Interface (Ul). A color Liquid Crystal Display
(LCD) or Organic Light-Emitting Diode (OLED) display
facilitates user interaction and the graphical representa-
tion of results. They require high resolution to provide
user with readable and easily accessible information.
Navigation is conducted via several integrated buttons
or a touchscreen interface.

External Memory. The system provisions for data log-
ging and export via an external memory slot, such as for
a Secure Digital (SD) card. This allows for the storage
of a large number of patient results for historical tracking
or subsequent analysis on a personal computer.

Power Module. A rechargeable battery unit, man-
aged by a Power Management Integrated Circuit (PMIC),
ensures the autonomous operation of the instrument in
a clinical setting.

Proposed solution for MCU unit is STM32F407VE
[14], presented on which features Arm® 32-bit
Cortex®-M4 CPU with FPU, Adaptive real-time accelera-
tor (ART Accelerator) allowing O-wait state execution
from flash memory, frequency up to 168 MHz, memory
protection unit, 210 DMIPS/1.25 DMIPS/MHz (Dhrystone
2.1), and DSP instructions; Up to 1 Mbyte of flash
memory. Up to 192+4 Kbytes of SRAM including 64-Kbyte
of CCM (core coupled memory) data RAM, 512 bytes
of OTP memory, flexible static memory controller
supporting Compact Flash, SRAM, PSRAM, NOR and
NAND memories and LCD parallel interface. Usage of this
model allows for application of selected periphery
(display, memory, buttons) and presents calculation
power required to apply proposed method.

1. MATERIALS AND METHODS

A. Participants

Data, presented in the research, was obtained
on the basis of the O.S. Kolomiychenko Institute
of Otolaryngology of the National Academy of Sciences
of Ukraine using the Otoread device of the Interacoustics
company (Denmark) and all mentioned experiments
were conducted following national regulations and
ethical standards of the Declaration of Helsinki.

The OtoRead™ device, inits "Screener+" [15] licensed
version, offers next options for hearing screening using
two key methods: Distortion Product Otoacoustic Emis-
sions (DPOAE) and Transient Evoked Otoacoustic Emis-
sions (TEOAE).

e DP (Distortion Product) Testing Options

This mode is designed for a quick and accurate
assessment of the outer hair cell function of the cochlea
within a specific frequency range.

Protocols: 2 fixed protocols — DP 2s and DP 4s.
Frequency Range: 2 - 5 kHz.

Stimulus Level: 65/55 dB SPL (Sound Pressure Level).
Signal-to-Noise Ratio (SNR): 6 dB.

"PASS" Criterion: A response is registered at 3 out
of 4 tested frequencies.

Testing Time: 2 or 4 seconds per frequency.
e TE (Transient Evoked) Testing Options

This mode provides a comprehensive assessment
of the cochlea's condition across a broader frequency
spectrum and is ideal for general screening.

Protocols: 2 fixed protocols — TE 32s and TE 64s.
Frequency Range: 1.5 - 4 kHz.

Stimulus Level: 80 dB pe SPL (peak equivalent Sound
Pressure Level).

Signal-to-Noise Ratio (SNR): 4 dB.

"PASS" Criterion: A response is registered at 3 out
of 6 tested frequencies.

Testing Time: 32 or 64 seconds (maximum total test-
ing time).

During the research, the results of the hearing exam-
ination of the biological object - the guinea pig, were
assessed using the method of assessing the activity
of the inner ear. In order to replace the human auditory
canal during the study of the state of hearing, the audi-
tory canal of guinea pigs, in particular domestic guinea
pigs (Latin Cavia porcellus), was used. This was due to
the fact that the auditory organ of the guinea pig is built
almost identically to the human one[16] - although there
are some differences in the structure of the hypotympa-
num and mesotympanum, where the round and oval
windows are located at different levels, and the bone sys-
tem has an additional ligament[17].

B. Study design

Data measurements were as following: each ear
of a biological object (guinea pig) was tested via imple-
mentation of distortion product otoacoustic emission,
where sound pressure value of distortion product was
estimated.
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The obtained data is divided into experiments, each
of which includes a group of results of examination
of both ears of eight test subjects for six different
frequencies: 2, 4, 6, 8, 10 and 12 kHz. Thus, each experi-
ment represents a sample of 96 results grouped by
frequency ranges for the specified six frequencies.

A control group, which was not exposed to medica-
tion, was separated from the total set of test subjects.
The results of the hearing evaluation of this group were
accepted as the norm for further studies. A total of 40
experiments were conducted with drug exposure and
one to establish the initial normal value — experiment
Nel. For each frequency range in each experiment, 16
measurements were made, so a total of 3936 measure-
ments were collected, 656 samples were collected for
each of the used frequencies.

C. Statistical analysis

The obtained results were processed as follows: for
each frequency range of each experiment, the average
value of the amplitude of the sound pressure level
obtained during the experiment was calculated. After
that, deviations from the sample mean were determined
for each frequency, and confidence intervals were
constructed. The confidence interval indicates the range
of values within which the result of the next identical
experiment may lie within a probability of 95%.

In this study, standard normal distribution is
0=1.96=2 at significance level of p=0.05. This means that
means that 95% of the values of a normally distributed
random variable lie within the interval +1.96 standard
deviations from the mean[18]. If power of method allows
it, lower value of p will be used, which will also be speci-
fied. Sigma [19] is calculated according to formula (1) or

(2)

. 2
o2 - 2O (1)
n-1
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x ===, 3)
n
where expression(3) is the average arithmetic value
of the sample, n is the number of results in the sample,

xi is the i-th member of the sample.

The given algorithm was used both for the assess-
ment of normal and experimental (with drug exposure)
experiments.

Statistically meaningful differences between two
groups was calculated via implementation of parametric
— Student’s t-criterion [20] and non-parametric Mann—
Whitney U-test [21] methods.

For estimation of the presence of normality distribu-
tion of features in the aggregate data group were used

graphical method, Shapiro-Wilk method [22] and skew-
ness estimation[23]. If two out of 3 aforementioned cri-
terions are positive, the distribution is considered nor-
mal.

For estimation of correctness of the test, its power
was used. Power is the probability of avoiding a Type Il
error (a 'false negative'), where you mistakenly conclude
there is no effect when one is actually present (Type | and
Type Il Errors and Statistical Power).

Power estimation of Shapiro-Wilk method for asym-
metric distributions is presented on

For Student’s t-test power curve[24] is presented on

In turn Mann-Whitneys power ([25]) is shown on
, Where blue curves are for Mann-Whitney test and
numbers in legend refer to the standard deviation.

Plot of Power for Different Normality Tests:
Gamma (1, 5) (sk = 2.00, ku = 9.00)
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Statistical analysis was performed via usage of JASP
and Open Office data products.

1. REsSULTS

New proposed method serves the estimation pres-
ence of a medical effect of a drug used to change
the hearing level of a biological object. Said method is
based upon utilization of the ratio of the mean value
in the group to the standard error in it. Example
of graphic representation of a “2 kHz” frequency groups
results is presented on

In this example is visible a clear divide between two
major groups. Said groups can be described as follows —
group one has more grouped results, lower deviation
in a group and a higher mean result in a group. Second
group on the contrary has lower mean values, higher
standard error and the results are scattered.

Frequency range "2 KEz"

Mean Value, dB

Standart Error, dB

TABLE 1. EXPERIMENTS IN THE SECOND (DEVIATING GROUP), NAMES AND
NUMBERS

Experiment name Experiment number
therapeutic action for 14 days | 1
during intra\tympan
therapeutic action for 14 days | 2
during intra\peritone
therapeutic action for 14 days | 3
during v/m
gentamicin 7 days after 4
therapeutic action for 7 days | 5
during intra/tympan
therapeutic action for 7 days | 6
during v/m
therapeutic action for 7 days | 7
during intra\peritone

There were ten experiments in the second group.
Their names are presented in a Table 1. All of them were
obtained via usage of ototoxic influence.

Executed statistical analysis provided evidence
of the presence of a statistically meaningful differences
between two groups. Results from specialized statistical
software are presented in Table 2. It is important to say
that the results of the referential experiment Nel were
considered normal and were present in group one and
therefore it is named “Normal” for all other groups too.
For the future references said results will be presented
as “Test Nel”.

In previous test data assessment sessions were used
next methods:

e Usage of Sokolovs criterion[26];

e Application of a parametric and non-parametric
analysis methods.

So, need arises to estimate if a new method provides
corresponding results to the aforementioned tests. First
step in it will be usage of Sokolovs criterion. As stated in
[26], Sokolovs criterion values for different frequencies
are as shown in Table 3.

In accordance with presented data results of the test
group were analyzed and it was estimated, that for 2 kHz
group mean sound pressure levels were lower than
aforementioned criterion for 3 experiments. For pro-
posed graphical method ten experiments were in a devi-
ating group, and said 3 experiments were among this
group (numbers 5-8). For the future references said
results will be presented as “Test No2”.

Next step of method testing was conducted as a com-
parison of a parametric and non-parametric statistical
analysis methods utilization results with proposed graph-
ical method test results. Obtained from comparison data
is shown in a Table 4. In all experiments presence
of a statistically meaningful difference with experiment
Nel was confirmed. For the future references said results
will be presented as “Test Ne3”.

Validity of a presence of a difference between two
experiment groups for 2 kHz frequency band — normal
and deviating was concluded via application of afore-
mentioned three criterions — complete results are
presented in Table 5.
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gentamicin 14 days after 8
TABLE 2. STATISTICAL TEST RESULTS FOR 2 KHZ GROUP
Group Descriptives T-Test
Group N | Mean,dB | SD,dB SE, dB Coef. of variation t df P
2 kHz Normal 33 13.979 1.989 0.346 0.142
<
Deviating | 8 -1.563 4.364 1.543 -2.793 15276 | 39 | p=.001
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TABLE 3. FREQUENCY CHARACTERISTIC OF THE TEST ACCORDING
TO Y. K. SOKOLOW, SUPPLEMENTED FOR HIGH FREQUENCIES

Frequency,

kHz 2 4 6 8 10 12
The upper
limit of the 546 | -5.97

confidence in-
terval, dB

Sound pres-
sure level, dB
The lower
limit of the
confidence in-
terval, dB

-4,34 | 495 | -4,92 | -6 -6,37 | -6,88

-7,29 | -7,80

TABLE 4. COMPARISON BETWEEN STATISTICAL ANALYSIS
AND PROPOSED GRAPHICAL METHOD

Experiment number Presence of a statistically
meaningful difference with
experiment Nel
1 Present
2 Present
3 Present
4 Present
5 Present
6 Present
7 Present
8 Present
TABLE 5. COMPLETE TEST RESULTS FOR NEW METHOD,
2 KHz FREQUENCY BAND
Test Test Nel Test Ne2 Test Ne3
number
Result Difference 3 results out of | Difference
present, 8 are below cri- | present in 8
p<0,001 terion (Experi- | outof 8 expe—
ments Ne6-8) riments
TABLE 6. COMPLETE TEST RESULTS FOR NEW METHOD,
4 KHZ FREQUENCY BAND
Test Test Nel Test Ne2 Test Ne3
number
Result Difference 8 results out | Difference pre-
present, of 8 are | sentin8outof8
p<0,001 below crite- | experiments
rion

Same tests were conducted also for another 5
frequency bands. The results for frequency band “4 kHz"”
are presented in Table 6. Distribution of a results in it is
shown onaFig. 7.

Another observed difference is for test Ne2, where all
experimental results were below criterions value. For
the test N3 difference was present in all experiments.

Observed in this frequency band deviating group
is different from previous one — standard error in it does
not differ from “Normal” group.

Graphs of all other frequency groups are presented
on Fig. 8.

Frequency range "4 kHz"

" mNormal
o # Deviation

Mean Vale, dB

Standart Error, dB

Fig. 7. Distribution of results in 4 kHz frequency range

YoV B
[

Fig. 8. Distribution of results in 6 kHz frequency band (a), in 8 kHz
frequency band (b), in 10 kHz frequency band (c), in 12 kHz fre-
quency band (d)

Fig. 3 shows that apart from 6 kHz frequency band all
deviating groups have higher standard error, while other
two parameters (mean values in groups and scattering)
were present. Results of conducting of tests Ne2 and Ne3
for said frequency bands are presented in a Table 7. From
said table it is possible to see that in majority of cases all
three test were passed, but for some cases with
Sokolov’s criterion only part of experiments had mean
value below needed point. In conclusion, it’s possible to
see that three tests for frequency bands 4-8 kHz were
passed, but for test Ne2 frequency bands 2 kHz, 10 kHz
and 12 kHz had at least 5 more results which exceeded
Sokolov’s criterion but were in deviating group each. In
general, for all frequency bands 8 same results were
determined to be in deviating group.
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TABLE 7. COMPLETE TEST RESULTS FOR NEW METHOD,
6-12 KHZ FREQUENCY BAND

Test num- Test Nel Test Ne2 Test Ne3
ber
Frequency Difference | 8 results out | Difference
band 6 kHz present, of 8 are below | present in 8
p<0,001 criterion out of 8 ex-
periments
Frequency Difference | 6 results out | Difference
band 8 kHz present, of 8 are below | present in 8
p<0,001 criterion (ex- | out of 8 ex-
periments Ned | periments
and 5 are
above crite-
rion)
Frequency Difference 1 result out of | Difference
band 10 kHz | present, 8 is below cri- | present in 8
p<0,001 terion (experi- | out of 8 ex-
ment Ne§) periments
Frequency Difference | 3 results out | Difference
band 12 kHz | present, of 8 are below | present in 8
p<0,001 criterion (ex- | out of 8 ex-
periments 3, | periments
7, 8)

V. Discussion

The issue of healing from and rehabilitation after
ototoxicity substances exposure due to medical, occupa-
tional, environmental or other factors is at priority due
to growing number of cases nowadays. Currently, num-
ber of clinical studies of a minimization of the ototoxic
effects are ongoing, however there is a need for improve-
ment in the used methods of study not only to better
understand the mechanism behind ototoxicity in wide
array of individuals with differing values of hearing loss
[27] but to improve healing process as well.

One of the prominent methods to evaluate the effec-
tiveness of healing, rehabilitation or severity of hearing
loss during ototoxicity exposure is distortion product
otoacoustic emissions. Said method are more effective
then classical pure tone audiometry tests [28] and can
be used in number of situations apart from healing — for
example, the search of hidden hearing loss due to pro-
longed high noise levels from the factories [29]. Apart
from factories some studies [30] also had found the pos-
sibility for implementation of said otoacoustic emissions
not only in factories, but also in clinical environments
with high levels of noise exposure.

Out of the ways of improvement of distortion product
otoacoustic emissions method of monitoring of the hear-
ing organ of biological object is optimization of rate
of amplitude of stimulus signals and relations of frequen-
cies of said signals. It was found that for different
frequency bands different frequency ratios must be used
to obtain the largest DPOAE levels when hearing organs
are tested for calculation of ototoxic influence[31].

Noteworthy is also new method of analyzing
of obtained otoacoustic emissions data via implementa-
tion of trained models which can simplify calculation
of results of ototoxic treatment[32].

Apart from usage of learned models, sometimes
deep-neural-networks are implemented. Also said
networks can differ in their efficiency depending on their
architecture, and be effective not only in working with
already acquired data, but also for modelling back-prop-
agation system [33].

Novel ways of implementation of OAE include usage
of some type of emissions for creation of the new types
of biometric data[34].

All aforementioned facts highlight the need for
upgrading existing and creating new methods of working
with obtained via usage DPOAE data, one of which is pre-
sented in this study.

Further research on this topic involves creating
a physical prototype of the device. Such device can
be a useful tool in medical procedures not only aiding
the personnel by providing a reliable and precise data
but also speeding up the whole process resulting in bet-
ter patient care.

CONCLUSIONS

Presented in the study results show that proposed
graphical analysis method can be used for estimation
of the effectivity of rehabilitation of a hearing organ
of biological object due to its distinction in highlighting
differences between data groups which had been sub-
jected to the influence of ototoxic drug and ones which
either had not or had ototoxic influence on them miti-
gated.

Further analysis had shown that results, obtained
by graphical method, correlates well with statistical
analysis conducted both on pair of normal and deviating
experiment group, and on pairs of an experiment Nol
(normal value) and experiments in deviating group for
each frequency band.

At the same time differences were observed for
implementation of Sokolov’s criterion, where proposed
graphical method had found additional differing from
normal value results for frequency band of 2 kHz — 5
more results which values are above criterion, band
of 8 kHz - 2 more results above criterion, band of 10 kHz
- 7 more results above criterion, band of 12 kHz - 5 more
results above criterion.

Summarizing everything aforementioned — proposed
graphical method correlated perfectly with statistical
methods of finding differences between values in data
groups and provided more results for majority
of frequency bands (high-frequency ones) then method
utilizing Sokolov’s criterion.
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A promising direction for further research is proto- CONTRIBUTION OF AUTHORS
type development of the proposed device, the main ad-
vantages being reliability and completion speed.
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AHoTauis—MeToto AaHOi po60TH € aHaNi3 MOXKINBOCTI BUKOPUCTAHHA Ta e(PEKTUBHOCTI HOBOTO 3aNPONOHOBAHOro rpadiu-
HOrO MEeTOoAY OLiHKU HafABHOCTI Pi3HULi MiXK 340p0BUM i XBOPUM OpraHom ciyxy bionoriuHoro 06’ekra nig vyac peabinitauii Big,
OTOTOKCUYHOrO BN/MBY. BKaszaHMii meTog npu3HayeHui ana 3abesneyeHHn 6inbluoi WBUAKOCTI aHANI3Y, NiABULLEHHA MOro AKO-
CTi Ta MOXX/IMBOCTi MOro 3aCTOCYBaHHA BCIM MeAUYHMUM NEePCOHANIOM — SIK IIKAPCbKUM, TaK i CECTPUHCBbKUM.

Martepian i metogum. Mig yac nigrotoBku gaHux 6yno nposegeHo 41 eKcnepumeHT. Bcboro 6yno BuKoHaHo 3936 Bumipto-
BaHb, N0 96 ANA KOXKHOro ekcnepumeHTty. KoXKHe BMMipIOBaHHA NPOBOAUNOCA HAa OAHOMY BYCi MOPCbKOI CBMHKMU LUJIAXOM
BUKOPUCTAHHA OTOAKYCTUYHOI emicii Ha YacToTi NPOAYKTY CNOTBOPEHHS. I3 3a3HayeHux 41 ekcnepumeHTy 40 6ynmn nposeaeHi
Ha nigAocnigHUX rpynax 3 pisHUM BMIMBOM MEAUKAMEHTIB (AK OTOTOKCMUYHWUMN, TaK i NiKyBanbHUIA), @ OANH NPOBOAUBCA AK
pedepeHTHUII — A AeMOHCTpaLil HOPMaZbHOrO CTaHy OpraHy cayxy. Y KOXXHOMY eKCnepuMeHTI BUMiptoBaHHA bynu posnogi-
NeHi Mix 6 gianasoHamu yacTor (2 Klu, 4 Ky, 6 KMy, 8 Ky, 10 KMy, 12 KMy) — no 16 BMMiptoBaHb Y KOXKHOMY. [lani 6yno pospa-
XOBaHO cepeHE 3HAYEeHHA CUrHANY OTOAKYCTUUHOI eMicii Ta CTAaHAAPTHY NOMMJIKY B KOXKHIW CMY3i AN KOXKHOFO eKCNepUMEHTY.
OTpuMaHi 3HauYeHHA 6yan BUKOPUCTaHI B NpeACcTaBNIeHOMY METOAi ANA NOLWYKY BigMiHHOCTEN MidXX HUMM. Mi3Hiwe 6yB peani-
30BaHUII CTaTUCTUUHUIA aHANi3 ANA NepeBipKU HaAiINHOCTI meToay. Npu cTaTUCTUYHOMY aHani3i 6yn10 BpaxoBaHO HOPMaNbHICTb
posnoginy pe3ynbraTiB y rpynax i B 3a/1eXXHOCTi BiJ, LibOro BUKOPUCTAHO NapameTpuiHuii abo HenapameTpuuHuii Tect. Haain-
HiCTb 3a3Ha4YeHUX METOAIB NepeBipAIN TaKOXK LUNAXOM BUKOPUCTaHHA KpuTepito Cokonosa.

Pe3synbratu. IMnaemeHTauifs 3anponoHOBAHOrO MeTOAy NOKasana, WO ANA KOXKHOro AianasoHy 4actoT pe3ynbratu 6ynu
po3aineHi Ha ABi BenuKi rpynu — HopmasbHa rpyna (mictutb ekcnepumeHt Nel y cBoemy cknagi) i BigmiHHa rpyna. BigmiHHocTi
MiXK ABOMA rpynamm HacTynHi — HOpMasibHa rpyna Mae€ BuLi cepegHi 3HaYeHHA, MEHLUi CTAaHAAPTHI NOMUIKU eKCNepUMEHTIB
Y Hill i pe3ynbTaTM MeHLW Ky4yHO po3nogineHi Ha rpadiky. HagiliHicTb 3anponoHOBaHOro meToay nepesipsnv 3a A0MOMOro
TPbOX Pi3HMUX TECTIB — HAABHICTb CTAaTUCTUYHO 3HAYYLLUX BiAMIHHOCTEN MiXK cepeaHiMU 3HAUEHHAMU eKCNePUMEHTIB Yy Hopma-
NIbHIN rpyni Ta rpyni i3 BiAMIHHOCTAMM, HAABHICTb CTaTUCTUYHO 3HAUYYLMX BigMiHHOCTel MiK AaHMMK eKcnepumeHTty Ne 1 Ta
KOXKHOrO EKCNEePUMEHTY B rpyni 3 BigMiHHOCTAMM Ta KopensALia pe3ynbraTtiB MeToay i3 pesyibTatamMmu BUKOPUCTAHHA KPUTEpito
CoKonoBa. BunpobysaHHA nigTBEpAUAM HAZiMHICTL 3aNPONOHOBAHOIO MeToAY i NOKa3au, WO BiH HaBiTb Mae nepeBaru nepep,
y)Ke BUKOPUCTOBYBAaHMMMU MeTogamu — 6yab To 6inblua yyTausictb abo npocToTa ioro peanisatiii.

BUCHOBOK: TeCTYBaHHA HOBOIO MeTOAyY NOKa3a/o Moro HaAilHiCTb 3a pe3y/ibTaTaMu NPoBeAEeHUX Cepili TeCTiB ANA KOXKHOIo
Aiana3oHy yactot. Kpim npoctotn peanisauii Ta 36inblueHHA WBUAKOCTI aHaNi3y pe3yabTaTiB, 3aNpONOHOBaHUI METOZ TaKOoX
Mae 6inbLu BUCOKY YYTAUBICTD, HiXK AeAKi BXKe iCHYIoUi meToaM aHani3ly pe3ynbTaTiB aHani3y cTaHy opraHy cayxy B 6ionoriuHomy
06'€eKTi.

Knto4oei cnoea — omoakycmuvHa emicia; npoodyKm crnomeopeHHs; bionoziyHuii 06'ekm; o6'ekmueHa aydionozis;
MAWUHHE HABYAHHSA.
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