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Abstract. Detection of the quality of physical hearing of children with
auditory impairment subject to cochlear implantation, and setting up the
cochlear implant processor are important areas of rehabilitation-pedagogical
support for such children. The aim of the given research is to work out a
system of pedagogical methods and techniques of diagnostics of accuracy of
the setup of the cochlear implant processor. The setup quality control of the
cochlear implant processor is done by the setup specialist and the peda-
gogue using subjective and objective methods. The authors have worked out
a series of special pedagogical techniques to diagnose the adequacy of the
processor setup in children after cochlear implantation which are effective
and adequate for the assessment of the quality of the processor setup. The
series includes six blocs: observation, discomfort test, registration of condi-
tional reflex motor response to sound, categorization of the sounds by vol-
ume, the recruitment phenomenon, and speech legibility. Cochlear implan-
tation and the subsequent processor setup facilitate the emergence of the
child’s physical hearing, and the lessons with pedagogues and the parents
enhance the development of functional hearing, which stimulates the for-
mation of the child’s spontaneous oral speech and his integration and social-
ization. The suggested methods can be used by defectologists,
surdopedagogues, logopedists, parents and setup specialists.
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At present, the cochlear implan-
tation method is the only efficient
method of rehabilitation of persons
with severe hearing loss and deaf
persons which allows them to get
physical auditory sensations that
serve as the basis for the develop-
ment of functional hearing and
spontaneous oral speech facilitating
their socialization and integration in
society.

Over recent years, the number of
such operations at the Saint Peters-
burg Research Institute of Ear,
Throat, Nose and Speech and other
Russian clinics have considerably
grown, which, to a large extent,
satisfies the demand in the given
kind of high-tech medical care. The
growing numbers of cases of coch-
lear implantation bring about the
need to improve the given kind of
medical assistance to persons with
hearing loss, first of all in the aspect
of post-surgical aural rehabilitation,
and especially to children, because
the effectiveness of cochlear im-
plantation is determined by the out-
comes of the post-surgical rehabili-
tation-pedagogical assistance facili-

tating the development of hearing
and speech in children.

The procedure of cochlear im-
plantation is subdivided into several
periods: pre-surgical period, opera-
tion and rehabilitation treatment,
and post-surgical period (including
initial, basic and final stages of re-
habilitation-pedagogical assistance);
this periodization is shown in table
1.

The post-surgical period is the
leading one, obligatory for all cate-
gories of children and the longest
one determining the final outcome
of cochlear implantation. Apart
from organization of purposive
training aimed at the children’s de-
velopment of hearing and speech,
the initial stage includes the first
switch-on and setup of the proces-
sor as the basis of physical hearing,
which is a prerequisite for the for-
mation and development of more
differentiated auditory sensations
and spontaneous oral speech. Regu-
lar processor setups and their quali-
ty control preserve their signifi-
cance at the next (basic and final)
stages of the post-surgical period.

Table 1. Rehabilitation periods and stages

Post-surgical period

Pre- Operation and
Surgical rehabilitation Initial stage
Period treatment

Basic stage Final stage

© Orlova O. S., Zontova O. V., 2018
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The setup quality control of the
cochlear implant processor is done
by the setup specialist and the ped-
agogue using objective and subjec-
tive methods. Objective methods
include data recording without us-
ing child response: neural response
telemetry, stapedius reflex and
brainstem auditory evoked poten-
tials in response to electric stimula-
tion recording. In a number of chil-
dren, examination with the help of
the given methods is impossible due
to various reasons, for example:
recording of brainstem auditory
evoked potentials in response to
electric stimulation has significant
measurement error, and not all spe-
cialists can use this method. In addi-
tion, these methods are not always
reliable for assessment of the setup
quality taking into account child
response to nonverbal sounds of the
surrounding world and illegible
speech, because the measurements
are taken on the auditory structures
situated before the cortex, and the
human response to speech, and
recognition of its individual peculi-
arities is localized in the temporal
area of the cortex. It is due to all
this that the processor setup quality
assessment should include subjec-
tive methods that take into account
the character of the child’s response
both to wverbal and nonverbal
sounds. The subjective methods of
the setup specialists include detec-
tion of response to sound, categori-
zation of sounds by loudness, and

free sound field audiometry. In the-
se cases, the setup specialists notes
the presence of the child’s response
to clear tone sounds of different
frequency. According to the data
provided by scholars [1; 2; 4], the
child’s responses to clear tones and
nonverbal and verbal sounds are
distinctly different. Researchers
report [5; 6; 12; 14] that it is only
due to the joint effort of the setup
specialist, pedagogue and the
child’s close people that it becomes
possible to set the processor up in
the proper way and to teach the
child to hear with the help of the
cochlear implant and, later, — to
speak. The speech processor setup
and adaptation to new auditory sen-
sations are two inseparably con-
nected processes: the setup special-
ist switches the processor on and
tunes it up and uses objective and
subjective methods with clear tones
for diagnostics, which gives the
child a chance to hear the surround-
ing sounds. And the pedagogue and
the close people evaluate the hear-
ing responses to verbal and nonver-
bal sounds and help the child in
their learning to listen and to orient
themselves in them. And the im-
provement of hearing responses
makes the processor parameters
setup easier, which, in its turn,
stimulates the auditory potential of
the child and hearing-and-speech
rehabilitation.

Many authors [3; 6; 7; 8; 9; 10;
11; 13; 14] stress the need for appli-
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cation of various techniques and
approaches to the organization of
rehabilitation-pedagogical support,
and note the significance of the
joint work of the setup specialist
and the pedagogue with parents. At
the same time, inadequate attention
is paid to the detailed study and
design of specialized approaches
and techniques of pedagogical as-
sessment of the quality of processor
setup.

We have worked out a series of
special pedagogical techniques to
diagnose the adequacy of the pro-
cessor setup in children after coch-
lear implantation, including six
blocks of realization. Let us dwell
on each block separately.

BLOCK 1 - OBSERVATION

This stage begins with collection
and analysis of information about
the way the child reacts to various
nonverbal sounds of the surround-
ing world including five sounds of
various frequencies and volume
more commonly heard in the sur-
rounding world for each category:
everyday household sounds (tele-
phone ring, microwave oven beep,
sound of an object falling to the
floor, sound of a zipper on
clothes/boots, sound of water run-
ning from a tap), street sounds (car
horn hooting, train wheels clatter-
ing, wind howling, rain dropping,
sound of sea waves), voices of ani-
mals and birds (cat meowing, dog
barking, cow mooing, swine grunt-
ing, nightingale singing), nonverbal

human sounds (steps, snheezing,
coughing, laughter, whistling), mu-
sical instruments (piano, drums,
flute, bell, rattle).

We have worked out special
workbook for recording the audito-
ry perception results in which chil-
dren, together with the pedagogue
and the parents, are to draw up and
record the sounds of the surround-
ing world to which the child makes
a response. The object or phenome-
non producing the nonverbal sound
is drawn in the workbook, an entry
on the model “what? + is doing
what?” is made, and the vocal imi-
tation of the sound is fixed. Apart
from the diagnostic effect, such
workbook facilitates the develop-
ment of auditory perception, as it
allows collecting images of the sur-
rounding sounds, expanding vocab-
ulary, and training in understanding
sound imitations. Sound imitations
accompanied by the sound descrip-
tions can be used later for diagnos-
tics. It is easier for the child to ex-
plain their sensations to the setup
specialist with the help of sound
imitation.

BLOCK 2 - DISCOMFORT
TEST

It is important to check up the
discomfort parameters and take its
results into account for better
speech intelligibility, so that the
child would not develop a negative
attitude to the sounds perceived and
the presence of the device itself. It
is well known that the presence of
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discomfort at perception of loud
sounds hampers auditory attention
and perception in such a way that
low sounds get masked and muffled
by overamplified loud ones.

Check up of negative sensations
presupposes test of possible pres-
ence of discomfortable perception
of loud sounds across the whole
frequency range. We used two
kinds of loud high frequency and
low frequency sounds: festive trum-
pet as a loud low frequency sound
with the maximum frequency peak
at 500 Hz; office bell as a loud high
frequency sound with the maximum
peak at 6,000 Hz.

Other sounds in other frequency
ranges were not used, as it is diffi-
cult to select a very loud sound with
a more limited and clear spectrum.
What is more, we tried to find the
most feasible everyday life stimuli
for a wider translation of our meth-
od across the pedagogical environ-
ment.

BLOCK 3 - REGISTRATION
OF CONDITIONAL REFLEX
MOTOR RESPONSE
TO SOUND

Detection of conditional reflex
motor responses to the sounds of
different frequencies and volume in
a child after cochlear implantation
takes place after discovery of the
child’s ability to hear loud and dis-
cern low sounds. We have used
speech sounds of various frequen-
cies and volume for pedagogical
assessment of the setup adequacy of

the cochlear implant. Nonverbal
sounds were not presented as they
are more broadband and have inten-
sity peaks in various frequency
ranges. The following speech
sounds were used as stimuli: loud
low-, mid- and high-frequency
sounds, and soft low-, mid- and
high-frequency sounds.

At this stage, we tried to get a
motor response to a sound signal.
The patients were asked to do the
following: to throw a snowball to
the floor or into a basket, to put a
shell into a bowl filled with water,
to press a button with a finger. We
used an authored complex of reha-
bilitation materials “Zanimaemsya s
Usharikom” to enhance motivation.

During the process of practicing
the ability to hear speech sounds,
we began by testing if the child
after cochlear implantation had
conditional reflex motor response to
visual (waving of a little flag) and
tactile-vibrational (knocking on the
chair upon which the child sits)
signals; after that — to loud nonver-
bal sounds (festive trumpet and
office bell). If there was positive
response to all these sounds, we
asked the child first to listen to loud
verbal syllables of various frequen-
cies (PA, LA, SI) at close distance
(70 cm — 1 m). After that, we pre-
sented low speech signals of various
frequencies: first at the same dis-
tance, then — increasing it up to 6 m.

We recorded the child’s re-
sponses to loud and low speech
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sounds of various frequencies at the
distance of 6 m. We noted the ab-

sence of response and registered
how the child heard the sound.

Table 2. Distribution of signals in volume and frequency ranges

Range Sounds
Loud Low
Low-frequency MU po
Peaks: 200—700 Hz Peaks: 200—3000 Hz
Mid-frequency LA sch
Peaks: 1000—4000 Hz Peaks: 3000—5000 Hz
High-frequency Sl s
Peaks: 5000—7000 Hz Peaks: 4000—9000 Hz
Table 3. Distinction of sounds in volume and pitch
Low-frequency High-frequency
Loud A |
Low sh s
BLOCK 4 — categories. To this end, one can use

CATEGORIZATION OF
SOUNDS BY VOLUME

The ability to categorize (classi-
fy) sounds by volume in our diag-
nostics procedure allowed us to
assess the adequacy of the cochlear
implantation system processor setup
in three modes: low, normal, and
loud. The main task of this block is
to teach the child to perceive the
sounds correctly trough the device
setup: loud sounds as loud, low
ones — as low, and by frequency —
in the corresponding frequency
range. After pedagogical detection
of the nature of the speech sounds
perceived, the setup specialist can
tune up the processor.

In the diagnostic mode (before
carrying out pedagogical test prop-
er) it is necessary to check up the
child’s ability to understand these

tactile-vibrational sensations and
schematic images of their intensity:
small circle — soft sounds, low vi-
bration, and big circle - loud
sounds, strong vibration. Special
exercises are presented in the com-
plex of rehabilitation materials
“Zanimaemsya s Usharikom”

When you clearly see that the
child does the exercises correctly, it
is possible to begin pedagogical
diagnostics of volume categoriza-
tion, which presupposes examina-
tion of the child’s ability to classify
sounds by loudness. Speech sounds
of various frequencies are recom-
mended to be used for this purpose
(see table 3).

The child’s task is to show low
sounds of various frequencies ([sh],
[sD) on a small circle, and loud
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sounds of various frequencies ([A],
[1]) — on a big circle.

BLOCK 5-THE
RECRUITMENT
PHENOMENON

It is well known that all people
with impaired hearing have a nar-
row dynamic range, which makes
intelligible auditory perception of
the sounds and speech perception in
general difficult. And the children
can hardly hear a low sound after a
loud one; in a quiet environment, an
unexpected loud sound is perceived
as discomfortable.

Pedagogical  diagnostics s
aimed at the study of adequacy of
the cochlear implantation system
processor setup. It is necessary to
check up if the child hears a low
speech sound after a loud one. For
this purpose, we used reversed syl-
lables with a low consonant at the
end: As, Osh, Usch. The child was
given isolated sounds and direct and
reversed syllables in all combina-
tions: A, O, U, s, sh, sch, As, sA,
Osh, shO, Usch, schU. In addition,
the children who could read were
offered cards with letters and sylla-
bles.

The pedagogue pronounces
sounds and syllables in an exagger-
ated way: low sounds — softly, and

loud sounds — loudly behind a fab-
ric screen which prevents reverbera-
tion. The child repeats what they
hear. The given recruitment phe-
nomenon test is considered to be
positive if the child does not per-
ceive a low consonant in the re-
versed syllable, but repeats the
vowel only. It means that we ob-
serve a salient recruitment phenom-
enon.

BLOCK 6 — SPEECH

INTELLIGIBILITY

Adequate processor setup in
children after cochlear implantation
focuses on speech intelligibility
improvement. To evaluate the pho-
nemic level of speech intelligibility,
we studied the pupils’ capability to
discern speech sounds of various
volume and frequency within each
range.

The data of special literature and
our own experience of many years of
work with children after cochlear
implantation let us argue that it is
most difficult for the children to dif-
ferentiate low-frequency sounds, in-
cluding loud ones, and soft sounds of
mid and high frequencies. That is
why, it is these sounds that we used
within the framework of the method
of pedagogical assessment of proces-
sor setup design (table 4).

Table 4. Audio material for speech intelligibility analysis

Sound frequency Sound intensity List of sounds used
Low-frequency Loud o, U
Mid-frequency Low sh, sch
High-frequency Low s, S
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The pedagogue offered the child
a pair of sounds for oral compre-
hension (behind a fabric screen in
front of the processor microphone):
low-frequency loud sounds, mid-
frequency low sounds and high-
frequency low sounds in various
combinations. The child’s task was
to differentiate the pairs of sounds,
and to point at the letter or the cor-
responding pictogram matching the
sound pronounced by the peda-
gogue. Diagnostics by pictograms
presupposed preliminary training
and learning the correlation
“sound — pictogram “. The answers
were recorded and taken into ac-
count for processor setup.

All blocks of our method of
pedagogical diagnostics of adequa-
cy of processor setup in children
after cochlear implantation are real-
ized gradually, from the simple to
the most complicated. Correction is
held after each block, and second
testing and subsequent setup are
done according to the pedagogue’s
recommendations.

The advantage of our research
consists in the opportunity to take
into account delayed results of ap-
plication of the pedagogical proce-
dure of the processor setup quality.

CONCLUSIONS

Cochlear implantation and the
subsequent processor setup facili-
tate the emergence of the child’s
physical hearing, and the lessons
with pedagogues and the parents
enhance the development of func-

tional hearing, which stimulates the
formation of the child’s spontane-
ous oral speech and their integration
and socialization.

The series of special pedagogi-
cal techniques of diagnostics of the
processor setup adequacy in chil-
dren after cochlear implantation
including six realization blocks (ob-
servation, discomfort test, registra-
tion of conditional reflex motor
response to sound, categorization of
sounds by volume, the recruitment
phenomenon, and speech intelligi-
bility) is an efficient adequate tool
of the processor setup quality as-
sessment.

Many years of experience at the
Saint Petersburg Research Institute
of Ear, Throat, Nose and Speech
and other rehabilitation centers on
the program “Ya slyshu mir!” (I can
hear the world!) allow recommend-
ing it for implementation in practi-
cal activity.
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