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AUDITORY SYSTEM AIDING DEVICES AND SCHOOL
ENVIRONMENT

JIOITOMDKHI ITPHCTPOI CJIYXOBOI CHCTEMH TA
IHIKUIBHE CEPE/IOBHIIE

Urgency of the research. The
research under the support of disabled
children in educational and bringing
process are the condition of the subjects
life quality. Undertaking in disfunction
context they show the direction of
proceedings, and help to develop
appropriate solutions. In the age of
inclusion pedagogy, it is important to
widely discuss difficult topics regarding
the creation of specialized environments
in mainstream school to ensure equal
educational for all -children. Special
attention should be paid on disabled child,
where the existing developmental
potential can be inhibited by i.a. by
perceptual and communication
constraints.

Target setting.The purpose of this
paper is to highlight the situation of a
child with a hearing impairment in school
environment. We paid attention to the
problems of sound reception in
unfavorable conditions and to
contemporary means of supporting of
hearing. Another goal was to make
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AKmyaabHicms  00CAL0HCEeHHSL.
Jlocaioxcenns wodo 0o nidmpumxu
dimeii-iHeaniodis y Ha84aAbHO-
8UX0BHOMY nNpoueci € YMo80ow SKOCmi
acummsa  cyb'ekmis. Y  koHmexcmi
JducgyHKUlll B0HU NOKA3YIOMb HANPAMOK
pobomu 1 donomazaroms po3pobumu
810Nn0610H1 pillieHHs. B enoxy
nedazo2iuHoi  THMezpauii  8a3cAUBO
wupoxo obzosoprosamu CkAadHi memu,

wo cmocynombscs CMBOpeHHS
cneuianizosaHux cepedosuill 8
3a2a1bHO0CBIMHIU wrxonl ons

3abe3neueHHs 00HAK08020 PIBHA 0CBIMuU
oaa ecix dimeii. Ocobausy yeazy caid
3gepHymu Ha OJumuHy-iHeanioa, Oe
ICHYMO4Ull nomeHYylan po38UMKY Modice
6ymu npueHiueHuil wo0do cnpuliHamms i
KOMYHIKAQUITITHUX 0OMedHceHb.
ITocmanosexka npoo6.aemu. Memotro
uiei pobomu € suceimaeHHs cumyauii
w000 OUMUHOI0 3 NOPYUIEHHAM CAYXY 8
wxinbHoMY cepedosuwi. Mu 38epHyau
ysazy Ha npobaemu npuiiomy 368YKYy 8
Hecnpusmausux ymoeax i 00 CyuacHux
3acobie niompumxu cayxy. IHwor
Mmemoro 6yao 3pobumu nedazoza Oinvlu
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educator more conscious of how they
should work with deaf persons. We
introduced teachers to problems
hypoacoustic pupils and showed some
methods of making their life at school
easier, e.g. by creating adjustments of the

acoustic environment or application of

relevant accessories to enhance the verbal
message.

Actual scientific researches and
issues analysis. Technological support,
analysis of environmental conditions in
the education of children with hearing
impairment is undertaken by many
researchers. In this work we indicated,
among others, such authors as:
Marangos, Miquel, Novaes, Manrique,
Talaska, Schach, Mildner, Kochkin, Diller,
Laske, Veraguth, Dillier, Binkert,
Holzmann, Huber, Stecker, Sollmann,
Laszig, Sindija, Zrinski.

Their research work allowed to
determine the impact of acoustic
conditions on the signal perception
process, including speech.

The research objective. The study
is focused on pupils with hearing
impairment and some aspects of acoustic
environment.
modern hearing prosthetics for speech
understanding. We show the solutions
used to improve the quality of hearing.
The main goal of the work is support the
idea of inclusion development, raising the
awareness level of people associated with
the process of education and therapy.

The statement of basic materials.

The paper deals with the problem of
hearing loss in the context of condition of

society and statistics determining the need
for a discussion regarding the school
functioning hard of heaaring people. The
conditions of the acoustic environment
were analyzed, including the impact of:
noise, reverberation, volume and
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We analyze means of

yceldoMieHuM, Max 5K 60HU NOBUHHI
npayrosamu 3 2ayxumu. Mu
nosHatiomunu guxnadauis 3
npobaemamu 2iNOAKYCMUYHUX YHHI8 1
nokasaau desiki cnocobu nose2uleHHs
IXHb020 HCUMIMA 8 WKOAL, HANP. WASLXOM
CMBOPEHH KOPU2Y8AaHb AKYCMUUHO20
cepedosuiua abo 3acmocysaHHs
810n0810HUX akcecyapis 019 nid8ULEeHHS
8epbanbHO20 NOBI0OMAEHHS.

AHaaiz ocmaHHix 0o0caidiceHsb 1
nyoaikauyiit. baecamo  docaioHukis
3atimaromscs MexXHON02TUHUM
3abe3neyeHHAM Ma aHanizom CMavy
HABKOAUWHBO20 cepedosuwia npu
HaB4aHHI dimeil 3 nOpyweHHaM cayxy. Y
yillt pobomi mu 8xasanu, ceped 1HUL020,
Ha maxkux aemopis, sak: Mapaneoc,
Mikeaw, Hosec, MaHpike, Tanacka, Illax,
Minoduep, Kouxiu, [ianep, Jlacke,
Bepazym, Jlinniep, Binxepm,
Xoavumanu, Xybep, IlImexep, ConmaHH,
Jlasie, Cindis, 3piHbCKi.

Ix HAaYyK080-00CAI0HT
do3zsoaunu susHauumu enaus
aKycmuuHux ymos Ha npouec
cnpuiiHAMmMA  cu2Haay, B6KAUAUU
MOBAEHHS.

INocmanosxa 3ae0aMHA.
Jlocnidxcenns 3ocepediceHO HA YUHAX 3
NOpYweHHaMu  cayxy ma  OesKux
acnexkmax axkycmuuiHoz20 cepedosuuid.
IlpoananizosanHo  3acobu  cy4acHoz2o
CAYX08020 NPOMe3Yy8aHHA 0N MOBHO20
PO3YMIHHA. ITpodemoxcmposaHo
PlleHHs, KT 8UKOPUCTMOBYOMbCA 04
noainweHHs sikocmi cayxy. OcHO8HOMW
Memor pobomu € nidmpumka po3sumxky
idei THKAMO3UBHOCMI, NIOBUUWEHHS PIBHA
obi3HaHocmi  »o0dell, nos'a3aHux 3
npouecom Ha84UaHHA 1 mepanii.

Buxaad ocHo8HO20 mamepiany.
Y cmammi posensdaemvca npobaema
empamu cayxy 6 KOHmexkcmi Ymos
cycninbemea 1 cmamucmuxu, — wo
su3Hauae HeobOXIOHICMb 002080peHHSA
NUMAaHHA npo PYHKUIOHYBAHHSA
caabouyrovux  odell 8 wxoAl.
IIpoananizogaHo Yymosu axkycmuuHo20
cepedosuwia, 6 MOMY UUCAl BNAUB:

pobomu
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absorbency of school rooms, on the
communication proces. Means of modern
hearing devices have been analyzed in
context of the speach perception
supporting.

Conclusions. The research under the
situation of disabled children in
mainstream schools are highly connected,
even more, are the part of policy of
pedagogical inclusion. The special
attention should be paid on children with
hearing disorders. From one side, there is
a technical progress and hearing devices’
support of hearing function allows to
achieve high level of  verbal
communication skills, from the other
hand, therapists, teachers or pedagogues,
cannot forget that those children still
require special methods and special
environment, in particular, the acoustic
environment of school facilities.

Keywords: audiology, cochlear
implant, hearing aids, school
environment, auditory system, hearing
loss, hearing impairment

wymy, pesepbepauis, ob'em i cmyniHb
NO2AUHAHHA 368YKY CMIHAMU WKIAbHUX
KIMHamM, HA Npoyec  CNLAKYBAHHA.
Ilpoananizogano  3acobu  cyuacHux
cayxosux anapamie Yy KoHmekcmi
niompumku cnpuiiHamms ca08d.
BucHnosxku. JlocaiOxcenns
cmaHosuwa dimeii-iHeaniodis y
3a2a1bHO0CBIMHIX wxonax micHO
nog'ssami, Hasimbv OiabUWl Mo20, €
yacmuHorw  noaimuxku  nedaz2o2iuHOl
iHmeepauii. Ocobausy yeazy caid
38epHymu Ha Oimeil 13 NOPYWeEHHAMU
cayxy. 3 o00Ho20 00KYy, mexHIuHull
npoepec 1 niOmMpumka  CAYXOBUX
anapamis 0038045€ docsiemu 8UCOK020
PiBHA HABUYOK YCHO20 CNIAKYBAHHA, 3
iHWwo20 60Ky, mepanesmu, guumeni abo
nedazosu He MOXCYmsv 3abymu, Wo Yum
Jdimam ece we nompibHi cneuiaavHi

memodu 1 ocobause  cepedosuuue.
3oxkpema,  axycmuume  cepedosuiue
WKIAbHUX NPUMIULEHD.

Kmouoeti  caoea:  aydionoezis,
KoxaeapHuil iMnaaHmam, cayxosi
anapamu, WKiL1bHE cepedosuiue,
cayxosuil anapam, empama cayxy,

NOPYWeEHHS CAYXY

Urgency of the research. There has been a major change in how people
with damage of the organ of hearing function within the society. The struggle for
human dignity held in the “7os (including fighting racial and sexual prejudices,
homophobia etc.) resulted also in a great turn in perception of and attitude to
disabled people, including deaf persons as well®. In the ’80s and ’90s many
European countries introduced acts which allowed to set up integral schools and
classes, although the first attempts to educate well-hearing and deaf children
together were reported as early as in 1826 (Bavarian experiment). The turn of
the centuries brought in completely new educational opportunities for deaf
people. Thanks to intense medical development and progressing advancement of

! Selected acts and resolutions aimed at spreading social equality in years 1970-1990:
0 Declaration on the Rights of Mentally Retarded Persons, United Nations General

Assembly, resolution 28/56 (XXVI) of December 20, 1971,
0 Declaration on the Rights of Disabled Persons, United Nations General Assembly, resolution 34/37

(XXX) of December 9, 1975,

0 The World Programme of Action for Disabled Persons, United Nations General Assembly, resolution

37/52 of December 3, 1982,

0 Convention on the Rights of the Child, UN Assembly in New York, November 20, 1989, Journal of

Laws of 1991, No. 120, Item 1673.
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hearing aids we could obtain maximum results and inclusion in community of
the hearing ones2. Intensive and long-term works on electro-stimulation of the
cranial nerve, which allowed to ,restore” individuals suffering from damages to
the organ of hearing to the world of sounds, as well as creation of systems that
support hearing (including hearing aids, BAHA implant, middle ear implant etc.)
made it possible to deaf people to use the sound speech that still is the basic way
of interpersonal communication all over the worlds. As a result of technological
and medical progress, teachers more and more often face children of special
educational needs, in this case the deaf or hypoacoustic children [1, 2].
Educational success of these children depends not only on application of
specialist therapy, but also on whether the teacher is able to make appropriate
selection of accessories or knows how to prepare the environment in terms of
acoustics so that it met the needs of such highly demanding listener [3].

Actual scientific researches and issues analysis. According to WHO 1 to
1000 babies is born with a bilateral hearing loss. American and European
research prove that the rate may reach even 2 to 5 per 1000 births, if we take
into account all babies, regardless of the degree of hearing disorder. A major
increase of inter- and post-lingual hearing losses has been reported [4]. Genetic
and perinatal factors are accompanied by other, environmental ones such as:
physical damage to the organ of hearing, drugs and ototoxic substances, illnesses
related to the organ of hearing or resulting in damages to the acoustic analyzer.
It has been estimated that 3 to 13 (out of 1000) school-aged children suffer from
hearing loss which exceeds the edge of 45 dB [5].

The number of individuals who are hard of hearing increases
systematically year by year. This fact seems to be reflected in the data provided
by WHO which in 1986 reported that around 42 million people all over the world
suffer from hearing disorders, including 12 million of those who have been
diagnosed a bilateral deafness or profound hypoacusia. Now the same
organization estimates that these numbers could be even seven times as big. In
2005 WHO published a report which provided that 278 million people from all
over the world suffer from moderate or severe hearing loss, whereas 80% of
them are citizens of developing countries — with low or average income, and 45
million of them live in Europe only [4]. According to Hear-it [6], Poland is the
sixth European country in terms of people with hearing disorders population.
The number or deaf or hypoacoustic people accounts to 4.7 million. It allows to

2 Selected acts and resolutions aimed at spreading social equality:

O The Standard Rules on the Equalization of Opportunities for Persons with Disabilities, United
Nations General Assembly, resolution 48/96 of December 20, 1993,
1997 Amsterdam Treaty, Art. 13, provision on prohibition to discriminate disabled persons,
Charter of Fundamental Rights of the European Union, Nice, December 7, 2000, as amended,
2002 Madrid Declaration,
The Treaty establishing a Constitution for Europe of June 18, 2004, as amended, including among
others the Charter of Fundamental Rights,

0 2001-2006 Community Action Programme to Combat Discrimination, Member States of the EU.

3 Deaf persons may use two legally equal (1980 after establishments made by members of the

International Congtress of Deaf Education in Hamburg) systems of communication: the first one
based on linguistic system of particular country and its verbal expression and the other one based

on natural gestures (which looks different in various countries).
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conclude that the main risk factors are social and technological development.
Environmental factors, including noise, are the cause of about 40% of all hearing
losses [7]. Noise, regardless of its contribution to hearing disabilities, constitutes
the main obstacle in perception and reception of speech. At the same time, it
stimulates development of auditory prosthetics. Technological and medical
progress imply more effective ways of dealing with insufficient acoustic
perception, and especially with failure to understand speech at unfavorable
conditions [8].

Results of the research show that noise is the main disturbance in
everyday life of people who are hard of hearing. 82% of respondents with
hearing loss reported that hearing aids should be improved in this aspect [9].
The same conclusion could be drawn from the own research of 71 young and
active users of hearing aids and cochlear implants [10]. What received the lowest
grade in evaluation was the operation in a noisy environment, including the level
of speech understanding under noise and reaction of the devices to loud sounds.

Noise is a multidimensional phenomenon and can be considered as:
purely physical subject of analysis consisting of constitutional elements,
duration, amplitude etc. or, in terms of health (e.g. influence of exposure to
noises on human health), as a result of influence measurements it has if
considered in relation to the environment, either objectively or subjectively. In
the present paper noise will be referred to as a noise level, a set of disturbances
that constitute background for signals of speech which directly influence on
quality and effectiveness of communication.

The course of sound speech involves two specific structures:

— Temporal Fine Structure

- Signal envelope amplitude

Complete and proper reception of a verbal message requires fluency in
both structures. If we rely on nothing more than the information provided by the
envelope amplitude, which reflects only the variations in loudness, we are able to
understand speech in quiet environment. Reception of speech in noisy
conditions is determined more by the time structure which provides data on
quickly alternating frequencies and minor variations within component
frequencies of particular time section [11].

Dependent on kind and extent of hearing defect the noise will more or less
affect correctness of speech recognition.

Individuals with a normal range of hearing understand very well a
common speech (100% discrimination) which oscillates from 65-70 dB, when
the average signal level exceeds the noise level by about 6 dB — the S/N (speak-
noise) quotient is +6dB. 50% speech understanding can be reached by well-
functioning acoustic analyzed at the S/N quotient “0”, that is when the levels of
speech and noise are equal. Well-hearing people are able to understand verbal
message also in case of negative S/N value when some additional conditions are
met, e.g. when the content of message is known, reception is supported with
visual stimulations or speech and noise reach the receiver from opposite
directions [12]. Diller provides that S/N value for such instances can be even “-
15 dB” [13].
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The thing is, however, different for people whose organ of hearing is
damaged. The optimum S/N value which allows reception and understanding of
speech is about 20 dB. Under 15 dB S/N value perception of speech becomes
severely disturbed or even impossible.

Another meaningful determinant of speech perception is the frequency
range of received sounds. A healthy individual is able to receive signals ranging
between 16-20 Hz and 16-20 kHz [14, 15]. Correct reception of messages in a
quiet environment requires such band of acoustic transmission that consists of
frequencies of at least 4 kHz. Under this value acoustic perception is severely
limited (usually to simple sounds only), even if the dB norm is met.

The research objective. The situation of a child with hearing loss in
public school was analyzed by reference to the information on noises and
perception of speech. It was estimated that the level of teacher’s speech is about
70 dB. Thus the level of acoustic background shall not exceed 45 dB (to meet the
desired S/N value) so that a student with hearing loss could understand his or
her teacher. Suggested norms#+ provide that the noise level shall not exceed the
safe threshold of 30-35 dB (which not only affects condition of hearing but also
results in tiredness, decreased concentration and lowering mental abilities etc.).
The point is that results of measurements made in public schools show that the
noise level is highly above the suggested norms: during lessons (silence) it is
about 60 to 80 dB, whereas during breaks it can reach even 120 dB [13].
Therefore the S/N value during the lesson is “0” and during breaks “-50”. There
is no doubt that in such conditions a hypoacoustic child is not able to receive
verbal messages in convenient way.

Apart from that, the child with a hearing loss has to deal with other
distracting agents that are present in the classroom and result from acoustic
properties of school premises. These include mainly shape and volume of the
room, its absorbing properties, distance from the source of sound. All these
factors affect the dispersal of acoustic energy and arrangement of frequencies.
Another remarkable agents include lighting, teacher’s and student’s personality
or applied accessories.

Reverberation — the time required to reduce intensity/energy of acoustic
wave of 60 dB — is the crucial determinant of effective communication.
Optimum reverberation for the premise where conversation takes place is 0.3-
0.4 s. In the classroom, where verbal communication takes place nearly all the
time, reverberation shall not exceed 0.75 s [13]. Having no regard to the
situation of children with hypoacusis many countries, including Poland, lack
regulations concerning acceptable reverberation parameters for school
classrooms. According to the British data it can be noticed that reverberation

4 Selected directives concerning norms for noise in the European Union:

0 Directive 2002/49/EC of the European Parliament and the Council relating to the assessment and
management of environment noise of June 25, 2002,

0 Directive 2003/4/EC of the European Parliament and of the Council on public access to environmental
information of 28 January 2003,

0 Directive 2003/10/EC of the European Parliament and of the Council concerning noise of February 6,
2003. It determines minimum requirements for health protection and safety in terms of employees’
exposition to physical agents.
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norms should be adjusted to how the group of pupils in question functions. To
compare, British regulations provide norms both for well-hearing and
hypoacoustic children which are accordingly 0.5-0.8 s and 0.3 — 0.6 s [16].

Polish research on reverberation in school premises (measurements for
frequencies ranging between 100 Hz to 5 kHz) show unambiguously that they
are not adjusted to work with children suffering from hypoacusis. In school
buildings from the 70’s time of reverberation ranges from 0.75 s (high tones),
1.15 s (medium tones) to 1.36 s (low tones). This time is even longer in school
buildings erected after 2000 — from 1.2 s (low tones), 2.83 (medium tones) to
1.62 (high tones). Another thing to worry about is the frequency line which
should run flat with slight deflection of 5-10% and a drop of reverberation time
towards lower frequencies (below 300 Hz). In fact, it more reminds a curve
dropping towards the high frequencies (school buildings from the 70’s) or is bell-
shaped (school buildings erected after 2000). This results in major distortion of
speech, e.g. advantage of vowels in received message. Longer reverberation
results in interference of sounds, vowels start to dominate the message. When
signal in such premise is enhanced, reverberation increases and reception of
speech becomes even more difficult. This may cause misunderstanding between
student and a teacher.

The aforementioned research show also other abnormalities in acoustic
features of school buildings which are caused by disturbed proportions, shape
and volume of the premises. Classrooms are longer and wider than
recommended. Those built in the 70’s are wider by 60% and longer by 90%,
whereas the ones that were erected after 2000 are wider by 35% and longer by
13% [16].

Because we cannot influence dimensions of school premises, other
measures should be taken to improve acoustics during the lesson. It is
recommended to use sound-absorbing and dispersing materials with special
attention paid to how they are arranged. At the same time, some rules must be
obeyed while working with hypoacoustic students. We must be aware of
direction and distance between interlocutors and remember that doubling of the
distance damps the sound by 6 dB. According to this, a child who sits at the first
desk would hear 80% of message whereas the one at the end of the classroom is
able to receive only 40-50%. Therefore, work stands must be arranged in such
way that the child with a hearing loss was always closest to the teacher and in
front of him or her, and had appropriate lighting provided.

Other determinants of speech audibility:

o] teacher’s voice emission skills: pace of speech, loudness, color,
defects in articulation etc.

o] pace of work and stress,

o] student’s personal features including problem solving strategies,

o] cognitive development, fluency in communication,

o] supporting persons — integral classes,

o] presence of supportive accessories, including acoustic aids.

The statement of basic materials. Technological advancement of
the present hearing aids allow effective compensation of more and more
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complicated damages to the hearing organ. Deaf individuals often owe their
opportunity of living in the world of sounds to combination of various therapies
and appropriate adjustment of hearing aids. Appropriately selected and adjusted
device allows to receive signals even in unfavorable acoustic conditions such as
reverberation, noise, presence of loud and sudden sounds, instable acoustics and
others. The most common technical solutions include hearing aids, cochlear
implants and their variations such as BICROS systems, hybrid implants, BAHA
implants. Middle ear and stem implants are less frequently used and/or less
effective. In order to increase acoustic comfort of the listener, these systems are
accompanied by supportive devices such as FM systems, inductive loops and
charging mats or other wireless systems.

The most commonly used compensating devices are hearing aids. They are
easily accessible and require no surgeries. They are dedicated to individuals with
hypoacusis of various extent but in case of severe damages to the organ of
hearing which result in nearly complete loss of hearing they may be insufficient.
Well-selected hearing aid which is consistent with the qualification framework
allows [17-19] to obtain satisfactory level of well-being in each aspect of human
life. This became possible thanks to better enhance and direction of sound with
an opportunity to reduce unwanted signals, even noise as the most disturbing
agent. Contemporary devices are extremely powerful and manufacturerss
introduce numerous solutions to improve perception of sound:

- digital processing of signal — reduction of noises and distortions,

- automation and adjustment to current acoustic conditions,

— wide band of signal transmission from 60 Hz to 10000 Hz (for
advanced devices),

- acoustic signal converters and integrators,

- systems of microphones (to determine directions),

- silencers — adaptive reducers,

- systems of speech location, selection and enhancement,

- application of multiple channels and bands,

- reducers of after-sound and wind (air) noise,

- anti-coupling systems,

- acoustic programs,

- systems for high-tone compression and/or phase shifting in order to
improve reception of high tones or compensate dead areas,

- dynamic contrast regulators,

- possibility to connect external devices including FM systems.

The way hearing aids work and look and what we currently know about
hearing defects allow to select appropriate system for even most demanding
user. It also became possible to support asymmetrical hearing losses or
unilateral deafness. The latter, however, provokes discussion on whether we
should develop hearing aids for those patients whose one ear is fully efficient.
Nevertheless, research show that supporting these controversial incidences is

3 Data acquired from training materials of Phonak, Widex, Oticon, Bernafon, Siemens, Audio
Serwis.

-64 -



Burmyck 9 (11-12) OcBiTHIN AUCKYypC: 30ipHUK HAYKOBHUX Ipalb

needed and effective [10, 19]. What is extremely important in the
aforementioned case is that the child may become able to receive sounds that
come from various directions. In order to provide patient with acoustic comfort
and possibility to receive sounds on the side of damaged organ, the CROS system
has been invented. Standard CROS was first constructed in 1965 by Hanford and
Barry. It is based on the division of subsets in regular hearing aid (thus the
CROS system is considered a type of the hearing aid). The deaf ear is supported
with a microphone, whereas the other ear is equipped with an earpiece and
amplifier. Both devices are connected with a special wire which allows
transmission of sounds, or alternately, they are equipped with transmitter and
receiver for wireless signal transmission. Devices are set in place with individual,
open inserts which results in no occlusion, and most of all, allows ventilation of
auditory meatus and natural reception of sound by the healthy ear. Thanks to
such solution it is possible to avoid the wall of “head’s shade” which stops signals
(mainly the high-tone ones) from reaching the hearing ear. It becomes easier for
the patient to identify source of sound, to receive complete acoustic image and to
communicate in unfavorable conditions — noise, after-sound, chat with
numerous interlocutors [20].

The CROS system was introduced with some modifications to create the
BICROS system. It is applied to such hearing damages where on the one side
there is deafness, residual hearing or profound hypoacusis and on the other side
either slight or moderate hypoacusis. What makes it different from the standard
CROS system is that the side of more severe hypoacusis is equipped with
microphone placed on an open insert, whereas on the other side there is a
complete hearing aid (equipped with all necessary subsets: earpiece, amplifier
and microphone or combination of microphones) mounted to a ventilated insert
dependent on the extent of hypoacusis. The name is commonly simplified to
CROS.

Cochlear implants systems, as another example of how we are now able to
support hearing, are dedicated mainly to people with profound, bilateral
cochlear hearing loss. Due to the opportunity of rehabilitation they are more
often used for small children before they develop speaking skills. They require
specialist surgery to be implanted. They are highly complicated technological
solutions which allow to achieve excellent therapy results. At the moment they
are equipped with a range of functions which made it possible to restore audition
to completely deaf people (cochlear hypoacusis which is hardly ever located on
some other section of the auditory path). Contemporary devices are
multielectrode cochlear implants systems, which provide additional solutions to
make hearing highly precise even in most complicated acoustic conditions.
Suggested and applied solutions include as follows®:

— simultaneous stimulation with no interaction of channels

o] channel interaction compensation,
o] sign-correlated simulation,
o] triphasic pulses,

® Data obtained from training materials of Med — El, Cochlear, Bionic.
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- precise determination of processor parameters thanks to NRT
measurements (responses from the cranial nerve during surgery),

—microphone systems for determining direction — single and omni-
directional,

— selective perception in noise — reduction of distracting signals,

—deep location of the bunch of electrodes so that all synapses of the
cranial nerve were stimulated in order to maximize the signal transmission
band,

—precise stimulation at optimum frequency thanks to which the system
works in the same way as a healthy organ,

—making it possible to users of the cochlear implant to receive time
dependencies within a sound that is the information included in signal’s time
structure,

—automatic adjustment of hearing dynamics separately for all channels,

—automatic reduction of useless/loud/uncomfortable sounds in order to
emphasize the crucial part of information within channels,

—multiple bands — e.g. turning down the bands with recognized noise,
turning up the quiet ones,

—automation and adjustment to current acoustic conditions,

—application of auditory software,

— opportunity to connect external devices including FM systems.

Additional tool to support most of available hearing aids are so called
wireless sound transmission systems which take advantage of radio waves. These
are referred to as FM systems. They are intended to enhance functions of the
hearing aid and cannot be used independently.

They are used primarily to make hearing easier to people with profound,
or most of all with difficult hearing losses — the ones where even little noise
results in major decrease in perception of speech (e.g. auditory neuropathy,
cochlear damages). These devices transmit signal directly from the speaker to
receiver’s hearing aid or implant and allow to adjust directions of microphones
and reduce the acoustic background completely. Therefore, pure signal with no
disturbances can be received no matter where the act of communication takes
place. Unfortunately, despite obvious benefits from using the FM system, it is
introduced in relatively rare cases. Gaps in knowledge of specialists, limited
access to information for affected persons and prices deter potential buyers.
Apart from that, survey which covered 17 individuals with severe hypoacusis that
had purchased FM system showed that even those who are equipped with it tend
to use it rather rarely: 7 respondents use it often, but not always (adults), 5 —
only at home and another 5 — rarely or hardly ever. 7 out of 10 home or
occasional users are school-aged children. Reported reasons for not using the
FM system were mainly: fear that it might be damaged, lack of knowledge on
how to use it (refers mostly to the teachers) and doubts on whether the system
works at all ,,I'm not sure if it works at all and if my child uses it correctly’.

Conclusions. This paper highlights the situation of a child with damaged

" A. Czyz, research conducted in 2009, not published work
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organ of hearing in school environment with special attention paid to perception
of speech. Data analysis provides valuable information on negative influence of a
noisy environment and additional agents which disturb reception of speech on
the act of communication which constitutes a crucial part of school education.
Another issue to mention was how present hearing aids can be supported to
improve reception of sound in unfavorable acoustic conditions.

To conclude, the only possible way of improving situation of children with
hypoacusis is to spread knowledge on nature of the defect, application of hearing
aids and to pay more attention to acoustic comfort of the environment which is
the primary source of school failure of deaf or hypoacoustic children.
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JIIATHOCTUKA PIBHA PO3BUTKY TBOPUNX 3IGHOCTEM
YUHIB HIKIJI MUCTEITB B ITPOIIECI HABYAHHA 3
BHUKOPUCTAHAM EJIEKTPOHHOI'O MY3NYHOI'O
IHCTPYMEHATPIIO

DIAGNOSTICS OF THE DEVELOPMENT LEVEL OF ART SCHOOL
STUDENT'S CREATIVE ABILITIES IN THE LEARNING PROCESS WITH
ELECTRONIC MUSICAL INSTRUMENTS USING

B. B. MapuuniB

AxmyaavHicmb memu Urgency of the research.
docaidxcennn. I[ugpposi mexnonoeii y Digital technology in the modern world
cydacHomy ceimi wupoko euxopuc- 1is widely used in various fields of

mosymbvca Yy pi3Hux 006.1acmsx A00CbKol
disavHocmi. Y uasuanavbHoMy npouect
MucmeybKux 3axnadis oceimu
3acmocosyrombsca K 8ipmyanvHi, max i
Pizuuni e/NeKMpOoHHI MYBUUHI
iHcmpymenmu. B wkoaax mucmeyms
8NPOBAONHCEHHS eAeKMPOHHO20 MY3Uu-
HO20 IHCMpyMeHmMapio noe’sa3ave 13
BUKOPUCMAHHAM Y HABYANbHOMY Npoyect
e1eKMpPOHHO20 KAAB8IWHO20 CUHMe3a-
mopa. 3HauHO nepesazol  Ybo20
MY3UUYHO20 THCMPYMEHmMa € WUPOKI
Moxcausocmi ons AKICHO20 ma
effexkmugHo20  poO38UMKY meopuux
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human activity. There are virtual and
electronic musical instruments, which
can be used in the educational process
of art schools. The implementation of
the electronic musical instruments
associated with using in educational
process of electronic digital keyboard.
Advantages of this musical instrument
there are many big opportunities for
qualitative and effective development of
creative abilities of students.



