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SUMMARY

Aim: Acoustic problems can have untoward effects on academic performance especially in children with hearing loss. This study aimed
to determine whether frequency modulation (FM) assistive listening device affects school performance in first grade primary school students
with cochlear implants (ClIs).

Materials and Methods: Ten children were included in the CI group and 10 children were included in the CI + FM (frequency
modulation) group. The CI group did not use any hearing assistive devices, whereas the CI + FM group used the FM system regularly. A
total of three children from the two groups were excluded from the study for different reasons as of the second measurement. Achievement
tests were developed to assess the school performance and fundamental skills acquired via Turkish, mathematics, and life sciences subjects.
The tests were administered to the students in both groups at baseline and in three-month intervals, making a total of four measurements.

Results: The results showed a significant increase in students' performance (p< 0.05) in both groups throughout the study. Compared to
the CI group, the students in the CI + FM group improved their performance statistically more in mathematics and Turkish achievement tests
(p< 0.05).

Conclusions: The study results suggest that the use of the FM system contributes significantly to the school performance of children
with CL.
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FREKANS MODULASYON (FM) iSITMEYE YARDIMCI DINLEME CIHAZININ KOKLEAR IMPLANTLI
ILKOGRETIM BIiRINCi SINIF OGRENCILERINDE OKUL PERFORMANSINA ETKiSi: BOYLAMSAL BiR CALISMA

OZET

Amag: Akustik problemler, 6zellikle isitme kaybi olan ¢ocuklarda akademik performans ilizerinde istenmeyen etkilere neden olabilir. Bu
caligma, frekans modiilasyon (FM) isitmeye yardimer dinleme cihazmin koklear implant (KI) uygulanan ilkégretim 1. smif 6grencilerinde
okul performansini etkileyip etkilemeyecegini belirlemeyi amaclamustir.

Gereg ve Yontem: Ki grubuna 10 ¢ocuk, Ki+FM grubuna 10 gocuk dahil edilmistir. Ki grubu herhangi bir isitme yardime1 cihazi
kullanmazken, Ki + FM grubu FM sistemini diizenli olarak kullanmustir. ikinci 6lgiimden itibaren iki gruptan toplam ii¢ cocuk farkli
nedenlerle calismadan ¢ikarilmistir. Tiirkge, matematik ve hayat bilgisi derslerine iliskin okul performansini ve temel becerileri
degerlendirmek i¢in "Basar testleri" gelistirilmistir. Testler her iki gruptaki 6grencilere baslangigta ve iicer aylik araliklarla olmak iizere
toplam dort l¢iim yapilarak uygulanmistir.

Bulgular: Caligma boyunca her iki grupta da &grencilerin performansinda énemli bir artis elde edilmistir (p< 0.05). KI grubuyla
karsilastirildiginda, KI + FM grubundaki 6grencilerin performanslar1 matematik ve Tiirkce basari testlerinde istatistiksel olarak anlamli
diizeyde daha fazla gelismistir (p< 0.05).

Sonug: Calisma sonuglar;, FM sisteminin kullaniminin Ki'li ¢ocuklarin okul performansina énemli &lgiide katkida bulundugunu
gostermektedir.

Anahtar Sozciikler: Koklear implant; yardimci dinleme cihazi; basari testi; okul performansi; FM sistem
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and increases their academic development, social
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cohesion, and communication skills®, it brings
about some problems in the classroom.
Reverberation effect, background noise, and
distance from the sound resource (teacher's
voice) impair speech perception’. Such acoustic
problems can harm students' academic
achievement and performance, as they can have
a detrimental effect on students' ability to
distinguish and understand speech’. Especially
for children with hearing problems’ or learning
difficulties®, poor classroom acoustics may have
a negative impact.

The benefits of the early use of CI in
children, especially in language  skills
development, are known. Most children with Cls
before the age of two were found to have similar
verbal language skills with their normal-hearing
peers”'’. Some studies have also found that
children implanted before three and attending
mainstream schools obtained similar scores with
normal-hearing (NH) children'""?. Early CI
contributed to language development, academic
achievement, and regular school attendance
similar to their peers with NH'’. However, CI
has limited ability to improve speech perception
due to room acoustic problems’. Studies have
found that speech perception performance of
individuals with CI in a noisy environment is
40% lower than in a quiet environment'*"®,

The American National Standards
Institute (ANSI) recommends the appropriate
acoustic environment for every student in an
educational setting. ANSI's 'American National
Standard Acoustical Performance Criteria,
Design Requirements, and Guidelines for
Schools' has been adopted as national classroom
acoustics standards. Accordingly, the noise level
should not exceed 35 dBA in an empty
classroom. It has also been suggested that the
reverberation time of an ideal classroom should
be less than 0.6 seconds for small classrooms
(10,000 sft) and less than 0.7 seconds for large
classrooms'’. The signal to noise ratio (S/N) in
the classroom environment should be at least
+15 dB. In a typical classroom setting, S/N
varies between +1 and +3 dB. Therefore, while
reaching a +15 dB S/N without raising the
teacher's voice in a typical classroom
environment is not sufficient even for a child
with normal hearing, at least a + 25- + 30 dB
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S/N is required for children with hearing loss'®.
Therefore, when the ideal S/N is not reached for
children to fully understand speech, the negative
effect of poor classroom acoustics on children's
auditory performance, which comprises 75% of a
school day, is better understood”.

The use of assistive listening devices
(ALDs) is offered as a solution to minimize
acoustic problems in the classroom environment
for students with hearing aids (HAs) or cochlear
implants (CIs), allowing the signal to reach the
child directly without distortion. Personal
frequency modulation (FM) systems, as a type of
ALD, are devices that increase the signal-to-
noise ratio (S/N) by transmitting the signal
amplified by FM radio waves directly from the
transmitter microphone placed on the speaker to
the receiver on the listener™. In this sense, the
FM system is considered one of the most
effective technological resources to remedy such
difficulties, contributing to improvements in
speech perception’’. Therefore, the difficulty
perceiving speech in typical noisy classroom
conditions encourages the use of signal-to-noise
enhancing technology for children using HAs or
CIs’.

Choi et al. found that most implanted
children had more problems in school in a noisy
background than at home®. Half of the
implanted children were found to have difficulty
in understanding the teacher. In this study, it was
suggested that personal FM systems could
provide a better listening environment to
improve classroom performance for children
with CI and poor speech perception. Many
studies have reported that these ALDs improve

sound quality, ease of listening, speech
recognition in noise, and intelligibility for
children with hearing technology™*. Studies

have reported that when children use these
technologies, these systems improve sound
quality, ease of listening, speech recognition in
noise, and intelligibility”**. Anderson et al. asked
school-age children who used HAs or Cls from
an early age to repeat their HINT sentence lists
in a condition with typical background noise and
echo time. In three different experimental
settings, students used a classroom sound field
system, a desktop personal sound field FM
system, and a personal FM system, respectively,
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besides amplification devices. When using the
personal FM system and desktop personal sound
field FM system, their correct reading rate was
higher. Besides, most of the participants stated
that the personal FM system made it easier to
listen”*. A meta-analysis study also supports that
personal FM systems provide more benefits in
recognizing speech in noise for children with
hearing loss than other type of FM systems™.
However, students with hearing loss who used
personal FM systems were more successful than
those who did not. Families, teachers, and
students have reported the benefit of FM system
at school and home environments'*.

This study aimed to examine the effect of
personal FM system on school performance of
primary school first-grade students with CI as
assessed via achievement tests during one
academic year. This is a significant research
considering the limited number of studies in the
literature regarding the contribution of the FM
system in the school environment.

MATERIAL and METHODS
Participants
The study included children who

volunteered to participate in the study, who were
6-8 years old, who had severe bilateral
sensorineural hearing loss, who had a unilateral
cochlear implant for at least three years, who
attended a special education and rehabilitation
center or kindergarten/nursery regularly after CI
surgery, who did not have a disability other than
hearing loss, who had their regular CI control for
adjustments, and who did not have any
transportation issues to attend the study visits at
scheduled times for the tests and controls.
G-Power 3.1 (Universitat Dusseldorf,
Germany) statistical program was used to
determine the sample size?’. When the literature
was examined, a significant difference with an
effect size (Cohen's d) of 1.78 was found in the
effect of using a personal FM system in the
classroom environment on the academic domain
of children with auditory processing disorder and
healthy controls with normal hearing®. In our
study, it was predicted that a similar level of
difference would be found between the academic
success of the CI and CI+FM groups. Therefore,
it was calculated that 10 participants should be
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included in each group to detect this difference
with 95% power and 5% type 1 error rate.

Out of 30 children with CI screened for
the study, 20 were found suitable to be included
in the study. The participants were divided into
two groups as the "CI+FM" group (n=10),
including participants using both the FM system
and CI and the "CI" group (n=10), including
participants using only CI.

The follow-up files of pediatric patients,
who underwent cochlear implantation surgery,
were reviewed to select the children meeting the
inclusion criteria. Preliminary information about
the study was provided to the families of the
children via phone calls. General information
was obtained from the families, including the
date of birth of the child, the date of the CI
operation, the status of attending special
education and rehabilitation programs, and the
place of residence. Based on the information
obtained, volunteering families and children
were invited to the clinic to select eligible
volunteers to recruit. The Denver II
developmental screening test was administered
to all the eligible volunteers to detect a
developmental disability other than hearing loss
in children.

In addition to the  Denver-II
Developmental Screening Test, the Turkish

Expressive and Receptive Language Test
(TIFALDI) and the Metropolitan School
Maturity Test were administered to the

participants in our clinic during the group
assignment process.

We calculated the z-scores for each of the
three tests using the participants" scores for each
test. We took the average of the total z-scores
obtained from the three tests to have the overall
z-score. We calculated the inter-percentile range
using the overall z-score. Participants were
ranked by the inter-percentile ranges from low to
high values. Participants with a similar or the
same inter-percentile range and using the same
CI brand were matched. When one of the
matched participants was randomly included in
the CI + FM group, the other participant was
placed in the CI group. Thus, we ensured the
formation of equivalent groups regarding the
language development, overall development, and
school readiness. Furthermore, gaps between



Gulce KIRAZLI, PhD; Gunay KIRKIM, PhD; Tahsin Oguz BASOKCU, PhD; Selhan GURKAN, PhD; Yuksel OLGUN,

MD

The Effect Of The Frequency Modulation (FM) Assistive Listening Device On School Performance In First Grade

Primary School Students With Cochlear Implants: A Longitudinal Study

individual differences that could affect the
assessment results during the year were
minimized. In other words, assigning
participants according to their matching

characteristics ensured the equivalence of the
groups.

Participants were evaluated in their
schools for all assessments after the groups were
formed. One participant in the CI group and two
participants in the CI + FM group were excluded
from the study as of the second assessment due
to transportation problems and loss of FM
system devices. The study was completed with
17 students: 8 children in the CI + FM group and
9 in the CI group. Children from 16 different
schools and 4 cities participated in the study.
Each participating child had nearly 30 peers in
the classroom. Similar curricula and similar
auditory-verbal training styles were delivered to
the participants. Demographic information of the
participants is shown in Table 1.

The mean age was 81+5.09 months for
the CI + FM system group and 78+5.51 months
for the CI group. The mean age of hearing loss
diagnosis was 13£8.32 months for the CI + FM
system group and 8+4.84 months for the CI
group. Cochlear implantation age mean was
314+9.04 months for the CI + FM system group
and 25+7.03 months for the CI group. Duration
of CI use was 49+8.92 months for the CI + FM
system group and 53+7.82 months for the CI
group. Special education duration was 67+6.56
months for the CI + FM system group and
70+£8.55 months for the CI group. None of the
participants had any contralateral HA use after
CI. All except two participants in both groups
had prelingual onset of deafness.

According to MannWhitney U test, there
were no significant differences between the two
groups regarding demographics.

After obtaining approval from the Local
Ethics Committee (Protocol No: 15-1.1/15), the
study was conducted in compliance with the
Declaration of Helsinki. Verbal and written
informed consent was obtained from all
participants and their parents.

Equipment

FM system device

The Phonak MLxi Dynamic FM system
and the Zoomlink + Dynamic FM system were
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used as FM system receivers and transmitters,
respectively.

The families and teachers of the
participants in the CI + FM group were informed
about the use of the FM system. Then, a
demonstration was performed for hands-on
practice. The families and teachers were
provided with guidelines on the use of the FM
system. The participants used the FM system
regularly during school hours and in the
classroom for approximately 8 hours a day.

Seating arrangements were set in
cooperation with respective teachers of the
participants in the CI group. All students in the
CI and CI + FM groups were seated in a
standardized seating order in the front row to
remain directly in the teacher’s angle of view.

The families were phoned weekly to
check for any potential issues with the FM
system and CI. Students who experienced
technical problems were invited to the clinic for
control procedures. Parents and teachers were
also asked to check the FM systems regularly
every day.

Achievement tests

The achievement tests for life sciences,
mathematics, and Turkish for first grade primary
school students were specifically developed for
this study through a comprehensive evaluation
process including the preparation stage and the
stages of the validity and reliability.

In the first stage, we aimed to identify
academic difficulties experienced by first grade
primary school students with CI. For this
purpose, primarily, the classroom and special
education teachers teaching children with CI
were interviewed. Based on the feedback
received during the interviews, issues were
listed. These interviews in the first stage revealed
that children with CI had difficulties, especially
in reading comprehension, expressing the
content of the text, listening comprehension,
solving math problems, and taking dictation.

In the second stage, we aimed to identify
the basic objectives of achievement in the
previously listed academic subjects. Basic
objectives of achievement were described as "a
statement of what the student is expected to
know, understand, and/or be able to perform at
the end of a period of learning"®. We considered
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that the identified gains by students via the listed
courses would form the basis for questions to be
developed for the achievement tests. Before
developing the achievement tests, the curriculum
and guidance booklets developed by the Head
Council of Education and Morality of the
Turkish Ministry of National Education were
reviewed in collaboration with two teachers and
a faculty member from the Department of
Assessment and Evaluation of the Faculty of
Education. The curriculum and guidance
booklets covered the targeted gains to be
acquired through the Turkish, mathematics, and
life sciences curricula for the first grade of the
primary school. After reviewing the respective
guidelines and booklets, the expected gains were
identified. The following points were taken into
consideration while selecting the gains to be
assessed: 1. Out of the gains serving the same
purpose or similar purposes, the optimal one was
chosen. 2. Gains that could not be assessed were
not included in the achievement tests. 3. Gains
that would not directly serve the assessment of
the FM system’s contribution on school
performance were excluded.

In the third stage, which was the stage of
the preparation and selection of questions
corresponding to the selected gain items, we
utilized a diverse selection of textbooks
recommended by the Ministry of Education for
the first grade of primary school. The order of
the questions in the achievement tests was
arranged to rank from the easiest to the most
difficult one. The same teachers and the same
academician, who took part in the previously
mentioned tasks, selected the achievement test
questions. The following points were taken into
consideration while preparing the questions in
cooperation with the teachers and the
academician, who was an expert in assessment
and evaluation: a. The questions were formulated
using clear and understandable language. b. the
questions were capable of measuring the
expected gains.

At the stage of measuring the validity and
reliability of the questions prepared (fourth
stage), an elementary school was chosen, where
normal-hearing students attended. The developed
questions were preliminarily administered to a
total of 34 second-grade primary school students
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from two different classes in the first week of
school. As per the problems detected during and
after the preliminary administration of the
questions, respective questions were revised to
eliminate  potential ~ misunderstandings  of
students. The reliability of the developed test
was assessed by calculating the KR-20 reliability
coefficient. Item discriminations were assessed
by calculating the item-test correlations using the
point biserial correlation coefficient. Items that
did not have sufficient discrimination value
(<0.20) were excluded from the test based on the
results of the analyses’®™. The tests were
finalized after consulting with the same teachers
and the same academician, who took part in the
previous procedures. The reliability coefficients
calculated for the tests ranged from 0.74 to 0.86.
This value was observed to be higher than 0.70,
which was accepted as the lower limit of
reliability for achievement tests>*. After the
revisions, it was concluded that the questions in
the achievement tests were suitable for
measuring the students' success level.

In the fifth stage, the achievement test
questions on life sciences, mathematics, and
Turkish were collected in a single booklet. We
prepared these questions to appropriately reflect
the gains and ranked them in increasing order of
difficulty. Participating children in both groups
underwent assessments in a silent room equipped
with tools (a video camera, a stopwatch, and data
recording forms) to collect data. The Turkish,
mathematics, and life sciences achievement tests
were administered approximately in 35, 15, and
10 min, respectively. Assessments of the
participants' school performance level covered
one academic year. The tests were administered
to participants at the beginning of the year and in
3-month intervals (+1/-1 weeks) during the
academic year. A total of four assessments were
performed. During the administration of the
achievement tests, the FM systems of the CI +
FM group participants were switched off.

The correct answer of each question in
the achievement test on each of the academic
courses was scored by the degree of difficulty.
The scoring was conducted in collaboration with
experts and the assessment specialist according
to the level of representing scope of the
questions.
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Determination of the teacher factor
and school readiness levels of normal-hearing
children in both groups

A total of 67 normal-hearing children
attending the same class with the participants of
both groups were selected randomly at the study
baseline to exclude a potential teacher factor and
determine the differences between the school
readiness levels of the normal-hearing children.
The normal-hearing children were assessed
through the same achievement tests but only
twice; one at baseline and the other at the end of
the study period. There were no significant
differences between normal-hearing peers in
both groups regarding the achievement test score
averages in the first and fourth assessments
based on the independent samples t-test results
(p> 0.05).

Statistical Analysis

The differences in  demographical
characteristics between the two groups were
analyzed using the Mann-Whitney U test. The
effect of using the FM system on the school
performance level of first grade primary school
students with CI was determined using the
variance in repeated measures. The pre-test and
post-test mean changes by the groups were
analyzed with the wunrelated samples t-test.
Considering the reference studies, the p value
was determined as 0.05 in the study’. Statistical
analyses were performed using SPSS version
15.0.

RESULTS

The assessments were performed for the
two groups at the beginning of the study, in the
third month, in the sixth month, and in the ninth
month. The first, second, third, and fourth
assessments were named as the "1st assessment",
"2nd assessment" "3rd assessment”, and the "4th
assessment", respectively.

The means of four scores obtained from
all achievement tests (life sciences, mathematics,
and Turkish) are presented by the groups in
Table 2. According to Table 2, the CI + FM
group's mean scores obtained from all
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achievement tests were significantly higher than
those of the CI group as of the second
assessment.

A two-factor ANOVA test was performed
to determine both intragroup and intergroup
changes in the mean scores of the achievement
tests in the CI and CI + FM groups over time
(from the 1st to the 4th assessment). A
statistically significant increase was observed in
the mean scores (test performance) of both
groups in the life sciences achievement test over
time [F(3.45) = 164.207, p<0.05]. The mean
scores of the CI + FM group were higher than
those of the CI group (Figure 1) from baseline to
the last assessment (group-measurement effect)
but no statistically significant differences were
observed between the mean scores of the two
groups (intergroup difference) [F(3.45) = 1.845,
p=0.153 (p>0.05)].

A statistically significant increase was
found in the mean scores of the mathematics
achievement test in both groups over time
[F(3.45) = 88.743, p<0.05]. A statistically
significant difference was found in the mean
scores of the two groups from baseline to the last
assessment (group-measurement effect) [F(3.45)
= 2.813, p <0.05)] (Figure 2), meaning that the
performance of the CI + FM group in the
mathematics achievement test significantly
increased over time compared to the CI group.

The mean scores of both groups increased
statistically significantly from the 1st assessment
to the 4th assessment in the Turkish achievement
test [F(3.45) = 48.144, p<0.05)]. The comparison
between the CI + FM and CI groups revealed a
significant difference in the increase of the test
scores of the two groups (intergroup difference)
from baseline to the last assessment [F(3.45) =
4.862, p<0.05) (Figure 3)], demonstrating that
the increase in the CI+FM group's test
performance in Turkish was significantly higher
over time compared to the CI group.
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Table 1. Demographic information of participants
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Ll Y

Age of Special
Hearing Duration  Status of Educati
Loss Ageof of HA Use in on
Diagnos Hearing Hearing Contralat CI Age Duration Parental  Duratio
Partic Grou Age CI is Aid Use Aid Use eral Ear (Month of CI Use Typeof Education n Onset of
ipant  p (Month) Sex Ear Aetiology (Month) (Month) (Month) AfterC1 ) (Month) CI Degree (Month) Deafness
B ge MR Seiure 24 24 20 NOHA Ty 20 MedEl MTHEN 60 peritingual
1 M le use school
) CII\ZF 84 I\l/ia R Men;ngm 24 24 12 SS‘; HA 42 40 Med-El Fszclljéilf 60 Perilingual
Fe M=
CII\IF 72 mal R Genetic 1 2 26 i‘é HA 28 42 Nu‘;le“ Primary 70  Prelingual
3 e school
Fe g
CHE g mal R Unknown 12 12 14 ~ NoHA 26 52 Med-El EHigh oo b ingual
4 M o use School
Fe M=
Cll\j[_ F 84 mal R Unknown 12 12 12 Ijsz HA 21 64 Med-El Universit 72 Prelingual
5 e y
Fe -
CHF g4 mal R Seimre 17 17 17 NoHA 38 46 Nuclew F=Univer oo pioual
6 M e use S sity
Fe M=
Cll\j[_ F 74 mal R Genetic 12 12 6 uNs(c)s HA 23 51 Med-El Secondar 62 Prelingual
7 e y school
Fe Advanc g
CII\ZF 84 mal R  Genetic 4 5 17 NS‘; HA 25 59 ed FS‘CI;;% 79 Prelingual
8 e 4 Bionics
Fe S
cI 86 mal R rematr 3 24 NoHA 30 s6  MedEl MMM g3 prlingual
9 o e birth use school
- F=Secon
I 74 I\I/Iea R ?u{}i’rf;gh 6 6 16 fs‘; HA 26 48 Nuzle“ dary 68  Prelingual
10 y School
M=
CI 79 I\I/Iea R Genetic 5 6 21 NSZ HA 27 52 Nu(s:leu Primary 73 Prelingual
11 b school
cI 86 M3 R Unknown 11 11 24 NoHA 33 53 Med-El L HENos pgineual
12 le use School
Fe S
CI 78 mal R Genetic 13 13 6 No HA 19 59 Nucleu  M=High (5 Prelingual
13 o use s school
Fe e
CI 69 mal R  Seizure 17 17 16~ NoHA 33 36 Med-El EHED 5 pinoual
14 o use School
M=
79 I\I/fea R Geneic 4 4 21 EIS‘; HA 25 54 Nuzle“ Universit 75 Prelingual
15 y
Fe No HA F=Univer
CI 78 mal R Unknown 6 7 17 16 62 MedEl & V" 71 Prelingual
16 e use sity
Fe No HA M=
CI 74 mal R Unknown 6 6 8 14 60 Med-El  Primary 68 Prelingual
17 e use school

*Prelingual onset (0-2 years), Perilingual onset (2-4 years) of deafness; M =Mother; F = Father

86



Gulce KIRAZLI, PhD; Gunay KIRKIM, PhD; Tahsin Oguz BASOKCU, PhD; Selhan GURKAN, PhD; Yuksel OLGUN, KBB-Forum =
MD 2023;22(1) \ "'i ‘I\

The Effect Of The Frequency Modulation (FM) Assistive Listening Device On School Performance In First Grade www.KBB-Forum.net

Primary School Students With Cochlear Implants: A Longitudinal Study

Table 2. Life science, mathematics, turkish lesson achievement tests’ mean {X) scores and standard

deviation (SD) values

Cl ClI+FM
Lessons Measurement — —
n X £ SsS n X £ SsS
1 9 10,22 + 4,97 8 12,88 + 3,09
Life Science 2 9 18,11 +£7,13 8 23,5+3,42
Lesson 3 9 20,89 + 6,47 8 26 + 3,96
4 9 22,78 £ 5,87 8 28 +4,78
1 9 422 +2.39 8 5,88 +3,14
Mathematics 2 9 18,11 + 14,37 8 28,13+ 10,96
Lesson 3 9 27,78 £ 15,97 8 41,5+ 13,98
4 9 36+ 15,53 8 50,5+12,18
1 9 6,44 + 2,96 8 6,13 £1,64
. 2 9 23,11 +16,02 8 41,5+ 14,43
Turkish Lesson
3 9 44,22 + 35,37 8 79,5 + 30,72
4 9 56,33 +£46,83 8 103,38 + 39,09

n; sample size, X; mean of measurement, ss; standart deviation

&5

35,00
30,00
25,00
20,00
15,00
10,00

5,00

0.00

#= 1. Measurement

# 2. Measurement

# 3. Measurement

24 Measurement

Figure 1: Life science lesson achievement test- repeated measurement scores for CI and CI+FM groups
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Figure 2: Mathematics lesson achievement test- repeated measurement scores for CI and CI+FM groups
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Figure 3: Turkish Lesson Achievement Test-Repeated Measurement Scores for CI and CI+FM Groups
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DISCUSSION

Studies have shown that cochlear
implantation  provides speech  perception,
production, and speech-language®®>®. However,
CI is not sufficient to develop academic skills
such as reading and writing. Listening assistive
devices such as FM systems may be needed®’.
We aimed to analyze the effect of personal FM
system use on the school performance of
children with CI in primary school first grade,

where mainly verbal communication takes place.

In our study, a statistically significant
increase was observed over time in the mean
scores of all achievement tests in both groups
(Table 2). The difference between the first and
the last assessments was significant. The mean
age of undergoing cochlear implantation surgery
was younger than 31 months in the overall group
of the study participants. Besides, participants
started receiving audio-verbal training early in
special education centers. These factors were
thought to contribute to the statistically
significant improvements in the scores of all
achievement tests obtained over time in both
groups. Marschark et al. critically analyzed
experimental studies investigating literacy and
other areas of academic achievements in children
with CI*°. In such experimental studies, because
of the improvements in speech production,
speech perception, language, literacy, and social
development in children undergoing -early
cochlear  implantation  surgery, similar
improvements have been observed in academic
achievements, too.

In a study investigating diverse aspects of
mathematical  skills including arithmetic,
counting, and geometrical reasoning in children
with CI, the performance of children with CI was
found significantly lower compared to the
control group40. This finding was explained by
insufficient language development rather than an
insufficiency in mathematical skills, considering
that teaching mathematics requires narratives via
complex verbal explanations. Similarly, other
studies which reported poor mathematical
performance in children with hearing loss have
also associated the results with poor language
skills*'*. Davis reported that children with
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hearing disability might have disadvantages in
interpreting mathematical information
successfully and using symbols in a
mathematical context because of the level of
development in  communication  skills*,
Therefore, ensuring the ease of communication
in the learning environment is of marked
importance for children with hearing loss. Poor
access to sound can cause academic delays in
children with hearing loss. In particular, noise is
considered to have a detrimental effect on
learning and achievement in primary school
children. Shield and Dockrell found a significant
and negative correlation between noise levels
and math skills in primary school children®. In
our study, the increase in the mean scores of the
mathematics achievement test over time was
statistically significantly higher in the CI + FM
group compared to the CI group. This finding
demonstrates that long-term use of FM systems
in combination with CI reduces the effect of
noise and enables students to understand the
teacher's verbal instructions and mathematical
topics clearly in the classroom environment.

The Turkish language achievement test in
our study comprised questions related to verbal
reading, dictation skills, reading comprehension,
and listening abilities. In the CI + FM group, the
average scores obtained from the Turkish
language  achievement test  significantly
increased more from the first to the last
assessment compared to the CI group. Shield and
Dockrell found that the performance of primary
school children in reading and mathematics was
unfavorably affected by the classroom speech
noise compared to quiet situations’. In a review
study by Klatte et al.,, it was reported that
children exposed to classroom noise and
reverberation performed poorly in verbal tasks
and had poor reading performance®. It was
observed that noise was much more likely to
impair tasks associated with speech perception
and listening comprehension in children than
adults. Non-auditory tasks such as short-term
memory, reading, and writing were affected by
noise, too. Furthermore, classroom learning
activities are expected to improve the
development of the spoken language and to
enable the child to understand more complex
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sentences compared to the sentences used in
daily life. Reading skills and literacy have been
found to be related to spoken language.
Therefore, children with poor spoken language
skills can be predicted to be at risk of reading
difficulties. It was reported that, although CI
enhanced the auditory capacity, inadequacies in
language and literacy might persist. Therefore,
the importance of early cochlear implantation
has been stressed*®. In our study, we thought that
the increase in the average scores obtained from
the Turkish language achievement test in both
the CI and the CI+FM groups as of the second
assessment paralleled the improved language
skills of the students because of early cochlear
implantation surgery and special education
support services. In the study, teachers taught
using the auditory-verbal method in a typical
ordinary classroom environment where the S/N
ratio was insufficient. Therefore, it was thought
that the CI+FM group achieved higher
performance in the Turkish language test
compared to the CI group because of the FM
system's contribution.

Most topics in life sciences in the
primary school curriculum are based on daily life
and past experiences. The students participating
in the study started receiving literacy skill
training in special education centers before
starting primary school. This early training might
be the reason for the occurrence of the
insignificant difference between the CI + FM
group and the CI group. Therefore, it can be
assumed that these factors could be more
effective in the classroom compared to listening
skill levels.

Only first-grade primary school students
took part in our study. One reason is that the
achievement tests developed in our study only
aimed at assessing the first-grade level. In
addition, a student starting the first grade does
not yet have a background in Turkish,
Mathematics, and Life Sciences, other than the
knowledge learned in kindergarten. Therefore, in
this study, it was aimed to exclude the effect of
previously acquired academic knowledge to
show the effect of the FM system on academic
achievement and progress more clearly. The
assessments during the entire academic year and
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the inclusion of children, who had just started
primary school, provided the opportunity to
evaluate better the effects of the FM system on
school performance.

Our study investigated the effect of the
personal FM system on the school performance
of first-grade primary school students assessed
via achievement tests in three-month intervals,
covering one academic year. In this sense, our
study 1is the first in the literature to evaluate the
long-term contributions of the use of personal
FM systems to the academic performance of
first-grade primary school children with CI via
achievement tests, proven to be valid and
reliable. There are a limited number of studies in
the literature evaluating the short-term benefits
of the FM system in the classroom setting in
children with hearing loss in different age
ranges'®***’. However, these studies have not
directly analyzed the relationship between the
FM system and school performance. They
mostly focused on the FM system's positive
contributions to the amelioration of the
difficulties in speech recognition and speech
perception experienced by students in the
presence of background noise in the classroom
environment.

Study Limitations

The findings in our study are of
importance for educational settings and school
performance of children with CI. However, our
study has a few limitations. The results of our
study should be considered preliminary because
a larger study sample and a longer period of
assessments are needed to better evaluate the
effects of the FM system in educational settings
and daily life including the home environment.
On the other hand, subjective evaluations of
teachers and parents regarding the benefits of the
FM system should also be evaluated besides the
objective achievement tests developed for the
study.

In conclusion, this is the first study
evaluating the FM system's effectiveness over a
year on achievement test scores of first-grade
primary school students with CI. It was found
that the use of the FM system contributed to the
school performance of the first grade primary
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school students in the classroom. Therefore, this
result supports the need for the use of an FM
system in the school environment in students
with hearing loss. To establish best practice
guidelines for the fitting and adjustment of these
devices and to support the contribution of ALD
in an educational environment, further studies
are needed to explore specific barriers and
facilitators in the acquisition and use of ALD for
hearing-impaired children.
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