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Adherence to Remote Microphone System
use at school in children and adolescents
with hearing loss

Adesao ao uso do Sistema de Microfone
Remoto em estudantes com deficiéncia
auditiva usuarios de dispositivos auditivos

ABSTRACT

Purpose: To identify relationships between Remote Microphone System (RMS) use in the classroom and the
schools’ and teachers’ characteristics. Methods: We analyzed 120 subjects aged 5 to 17 years with hearing loss
who had received an RMS from a health service accredited by the Unified Health System (SUS). The teachers
of RMS users were the other subjects in the study. We analyzed the patients’ medical records and interviewed
their parents/guardians at the follow-up visit to verify issues related to the RMS and its use at school. We
contacted the schools over the phone and visited some of them. Results: Of the students, 54% used the device
at school; 22% involuntarily did not use it; and 24% voluntarily did not use it. The Speech Intelligibility Index
pattern of those who used the RMS was similar to those who involuntarily did not use it. There was a significant
difference between the type of school and educational level — 86% of regular school students and elementary
school students tend to use the device more often (62%). Conclusion: Most subjects use the RMS at school.
The students’ educational level also interfered with the adherence to RMS use, as elementary school students
had a higher adherence. The data suggest that the coordination between health services and schools favors RMS
use. However, when the parents mediate this relationship, other factors interfere with the systematic RMS use
in the school routine.

RESUMO

Objetivo: Identificar relagdes entre a utilizagdo sistematica do Microfone Remoto (MR) em sala de aula de
estudantes com deficiéncia auditiva e caracteristicas das escolas e dos professores. Método: Foram analisados
120 sujeitos, entre cinco e 17 anos, com deficiéncia auditiva que foram adaptados MR em um Servigo de Saude
credenciada pelo Sistema Unico de Saude (SUS). Também foram sujeitos, professores de usuarios de MR.
Realizou-se uma analise de prontuarios e no momento que os sujeitos compareceram para acompanhamento
foi realizado entrevista com os pais/responsaveis para caracterizar rotina de utilizagdo do MR na escola. Foram
realizados contatos telefonicos e visitas presenciais em algumas escolas. Resultados: Quanto ao uso, observa-
se que a maioria dos sujeitos utilizava o dispositivo na escola. Aqueles que ndo utilizavam involuntariamente e
voluntariamente consistiu na minoria dos sujeitos. Houve uma similaridade no padrao do Speech Intelligibility
Index -SII dos sujeitos que ‘usam’ e ‘ndo usam involuntariamente” 0 MR. Houve diferenca significativa entre
o tipo de escola e o nivel de escolaridade, a maioria dos sujeitos que frequentavam escola regular e estavam
matriculados no ensino fundamental I tendem a usar mais o dispositivo. Conclusdo: A maioria dos sujeitos faz
uso do MR na escola. O nivel educacional do estudante também foi um fator que interferiu na adesdo ao uso
dos MR, com maior adesdo em estudantes do Ensino Fundamental 1. Os dados sugerem que a articulag@o entre
servigo de satde e escola favorece a utilizagdo do MR, entretanto quando essa relagdo ¢ intermediada pelos
pais, outros fatores acabam interferindo no uso sistematico no cotidiano da escola.
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INTRODUCTION

The hearing is responsible for picking up stimuli and has
an essential role in the overall development of children. One of
the requirements for children to acquire oral language is their
ability to detect, localize, discriminate, memorize, recognize,
and understand sounds-?.

All the environments to which the child belongs must be
favorable to pragmatics, language, and hearing, enabling not
only the communicative interaction but also the best use of
situations that involve dialogue to favor their development.
The school, for instance, is one of such environments. Since
it is a place where the child spends much of their time, it must
potentialize its students’ development®.

In addition to favorable environments, the hearing aid (HA)
must be programmed and verified to ensure that children with
hearing loss can hear speech sounds, which is necessary for
their language development®.

The Speech Intelligibility Index (SII) is an objective
measure taken in the process of verifying the HA. It informs
the amount of speech information the person hears with and
without amplification and is one of the manners to quantify
the relationship between the speech signal and the speech
recognition results®.

The capacity to process and understand the teachers’ speech
is essential to their school learning. Studies demonstrate that,
at school, children spend 45% of the time involved in activities
in which the teacher’s and classmates’ speech is predominant.
Hence, having adequate access to the teachers’ voice is essential
to their school learning®”. However, adherence to the device
only occurs when all the people involved with its use (health
professionals, family, and educators) work in partnership to
ensure its effective and proper use®'?,

The remote microphone systems (RMS) is an assistive
technology that provides technical help to people with hearing
loss. It includes products, instruments, equipment, and technology
adapted or specially projected to improve the functioning of
people with a disability, aiding them to achieve total or assisted
personal autonomy (Law no. 5296, of December 2, 2004),
providing direct access to the interlocutor’s voice.

In this context, the RMS is a wireless technology that picks
up the interlocutor’s voice (teacher, therapist, or parents) with
a microphone connected to a transmitter, which in turn sends
the speech signal to a receiver connected to the user’s HA or
cochlear implant (CI). Hence, it minimizes problems related to
distance, noise, and reverberation, improving the signal-to-noise
ratio in different environments.

The evolution of frequency modulation (FM) technology
for digital transmitters furnished further benefits to the users,
as it enables better speech recognition in noise and diminishes
interferences, making sound transmission more constant'". We
chose to use the term remote microphone because it encompasses
all such technologies.

In 2013, Regulation no. 1.274/GM/MS, promulgated by
the Ministry of Health, included the FM system? in the table
of procedures, medications, ortheses, prostheses, and special
material from the Unified Health System (SUS, in Portuguese).

The purpose was to implement new initiatives and intensify
the measures already being taken by the government to benefit
people with a disability and improve their access to basic rights,
such as education. Thus, HA and/or CI users aged 5 to 17 years
— particularly those with speech recognition abilities — could
turn to SUS to obtain this resource, making their learning at
school easier.

In 2020, the SUS began an analysis to extend RMS to people
of any age and at any educational level with hearing loss — SUS,
Regulation no. 3, of February 19, 2020329,

Schools are excessively noisy environments, and noise
interferes with the student’s academic performance, especially
those with hearing loss, with a direct impact on their listening
effort!®!9, The reverberation in the classrooms poses difficulties
in understanding the message conveyed by the interlocutor,
requiring more energy for the person to understand the content
that is being said. The best way to shorten the distance between
the speaker and interlocutor is with assistive technology, using
RMS to improve the signal-to-noise ratio in the calssroom®!519),

The effectiveness and success of RMS use depend on
various factors, including the partnership between health and
education. They need to work together in this process to benefit
the student. In the case of children with hearing loss and oral
communication, they must be ensured access to speech perception
and pedagogical content!®, However, some difficulties appear
in this relationship, such as excessive bureaucracy and lack
of human resources and time, which makes the school-health
partnership difficult!®-2%.

Concerning educational level, it has been demonstrated that
elementary school students use RMS more than middle and
high school students. This same study observed that subjects
who did not voluntarily use the equipment had good audibility
(above 60%) in silent situations®).

A study that analyzed 185 medical records of adolescents
who had been fitted with RMS in 2013 to 2016 reports that some
of the subjects who did not use the device were ashamed to use
it (40%), the HA or RMS of others was not working (20%), the
teacher did not encourage them or the students did not feel the
need to use it (27%), or had difficulties handling the HA and
rejected it (10%)2.

The hearing health service or specialized rehabilitation
center must quickly provide the necessary support to solve
problems and help the school get adapted to the device, besides
properly adjusting the RMS to the child’s HA and/or CI. Thus,
the objective of this paper was to identify relationships between
systematic RMS use in the classroom and the students’, schools’,
and teachers’ characteristics.

METHODS

This is an exploratory qualitative and quantitative study
with teachers who worked with students with hearing loss who
used RMS in the school routine. This study was submitted to
the Research Ethics Committee of the Pontificia Universidade
Catolica (Pontifical Catholic University) of Sdo Paulo and
Plataforma Brasil and was approved under evaluation report
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number 1.110.125 (CAEE: 45415514.1.0000.5482). All the
subjects’ parents/guardians signed the informed consent form.

We analyzed 120 subjects with mild to profound sensorineural
hearing loss who had been fitted with RMS and undergo
audiological follow-up at a health service accredited by the
SUS as a specialized rehabilitation center II — Auditory and
Intellectual (CER II), in the city of Sao Paulo between January
and December 2017. The subject characterization is shown in
Table 1. The other subjects of this study were teachers of the
RMS users. The research inclusion criteria are based on those
described in the FM Regulation 1.274.

Before the assessment, we analyzed the medical records to
obtain information such as sex, age, auditory thresholds at 500
Hz to 4 kHz in both ears, SII values at 65 dB in the best ear,
place of residence, the student’s educational level (elementary,
middle, or high school, or adult education), socioeconomic
classification, parents’/guardians’ educational level, and type of
school the student attended (regular, regular with an interpreter,
or special school taught in Brazilian Sign Language [LIBRAS]).

In the annual or bi-annual follow-up visit to the institution
to undergo further audiological examinations and verify the
HA, we carried out the following procedures:

1. Interview with the parents/guardians to verify issues related
to the RMS and its use at school;

2 Administration of a questionnaire on the families’ socioeconomic
classificaiton®;

3. Verification of the HA and the mean daily hours using it;
4. Verification of RMS functioning;
5. Classification regarding RMS use:

Yes — using RMS

e If they use it regularly at school (more than 1 and a half
hours a day at school)

Not using RMS — involuntarily
*  RMS is being repaired;

e RMS was lost or stolen;

Table 1. Subject characterization

e The teacher does not want to use it at school.
Not using RMS voluntarily

e Returned the RMS;
» Attends special school (LIBRAS);

e The student does not want to use the RMS at school.

6. Material handed to the parents/guardians for them to take
to the school’s education staff, containing instructions on
the proper use of the equipment; the Brazilian SIFTER —
Screening Instrument for Targeting Educational Risk in
middle and high school students; research presentation
letter; and informed consent form.

Phone contact with all the schools

Besides the material sent through the families, we contacted
some schools over the phone and visited them. It is part of the
institution’s protocol to visit the schools to explain and guide
about the RMS, even when the parents do not ask us to go to the
school. We gave priority to those which the parents or children
asked us to visit or when the school invited us to go.

All the schools are in the city of Sdo Paulo. We found their
address and principal with the following procedures:

1. Searching on Google for the name of the school to find their
phone number and address, or using information brought
by the parents;

2. Contacting the schools of the students in this research over
the phone to talk with the teacher, coordinator, support room
teacher, principal assistant, and/or interpreter responsible for
the student; those who were available at the moment were
invited to visit the school;

3. Scheduling the visit according to the school’s availability.
In case the RMS was not working or waiting for compatible
receivers (involuntary non-use), we did not visit the school.

Characterization of subjects

Sex Femaly
N 59
% 49%
Socioeconomic Level A+B1
N 8
% 7%
Educacional Level Fundamental |
N 68
% 57%
Degree of Hearing loss Normal/Mild
oD 21
OE 12

Male
61

51%

B2+C1 C2+D+E

67 45

56% 38%

Fundamental Il Ensino Médio

41 11

34% 9%

Moderate Severe Profound

38 35 26
40 36 32

Legend: OD- right ear; OE- left ear
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School visit

*  Visit paid to the student’s school scheduled over the phone
with the available professional responsible for the student.

School visit plan

1. Present the RMS to the education staff who were in the
meeting to explain the benefits of using it and how to handle
the device;

2. Show a video demonstrating the benefits of the equipment and
the difference in the child’s hearing with HA and HA+RMS,
and how to care for the equipment;

3. Demonstrate the RMS with an earphone for the teachers/
coordinators to have a real sensation of using the RMS, so
they could relate to how the students hear in the classroom;

4. Ifthe child was at the school and could pause their activities,
we asked to visit their classroom to demonstrate the RMS
in use;

5. Hand the explanatory booklet (Annex 1) to the school, as
well as the Brazilian SIFTER®,

After the school visit, we scheduled a new appointment with
the families (unless they already had a follow-up visit scheduled)
to give feedback on the visit to the school and new instructions.

Data analysis

We analyzed the relationships between the audiological
and demographic characteristics of the subjects and schools,
relating them to the adherence to RMS use. We also performed
a qualitative analysis based on the school visits, which we had
paid to guide them and obtain reports regarding difficulties and/
or benefits of the student’s RMS use.

The data were entered into a spreadsheet and analyzed
with the Statistical Package for the Social Sciences (SPSS),
version 22.0 for Windows. We used nonparametric tests to
compare the qualitative variables, specifically, the Kruskal-
Wallis test to compare two or more categories. If there was a
significant difference, we used the Mann-Whitney U test for
paired comparisons between the groups.

RESULTS

Atotal of 120 subjects fitted with RMS attended the follow-
up visit at the institution in the year we collected the data. Of
these, 54% (n=65) were females and 46% (n=55), males. As for
the socioeconomic classification, 63% (n=76) were from class
C, 28% (n=34) from class B, 8% (n=9) from class D, and one
family (1%) from class A.

We found that 54% (n=65) used the device at school; 22%
(n=26) involuntarily did not use it (the HA or RMS had been
lost or stolen, or was being repaired; the HA was incompatible
with the receiver; and/or the teachers did not want to use it);

24% (n=29) voluntarily did not use it (they returned the device
saying they did not see any benefit in it; oral language was not
their main form of communication; LIBRAS was their main
form of communication and they attended a special school,
where the teachers taught in this language; and/or the student
did not want to use the device at school).

We used the SII to establish the degree of hearing loss.
The distribution of RMS use and the subjects’ SII is shown in
Figure 1, in which we see a great SII variability at 65 dB in
subjects who use and involuntarily do not use the device. In
those who voluntarily do not use the device, there is a trend to
a higher SII value. This difference was significant (p < 0.05).

The lowest mean and median HA daily use were observed in
those who voluntarily did not use the device. The distributions
of this variable are shown in Figure 2.

Concerning the type of school, 86% (n=103) attended regular
schools, 7% (n=8) attended regular schools with a LIBRAS
interpreter, and 7% (n=9) attended special schools, exclusively
taught in LIBRAS. Of the 120 subjects, 57% (n=68) were
enrolled in elementary school, 34% (n=41) in middle school,
and 9% (n=11) in high school.

We compared their educational level with RMS use and
found high significance levels. The comparison between the
three educational levels had a significance of p=0.028, while that
between elementary and high school had a significance of p=0.008.

The educational level comparative analysis revealed that 62%
of the subjects in elementary school used the RMS. This was
the educational level with the highest adherence to device use,

110
100
90
80

70

SIl 65 best ear
@
o

Using Does not use voluntarily
Use of RMS

Figure 1. Box plots of subject distribution regarding Remote Microphone
use (using it and kept from using it — grouped in one — and not using
it) in relation to the Speech Intelligibility Index (n=120)

: .

Does not use voluntarily

Average hours of AASi in the best ear
=
°©

o N B O ®

Using Does not use involuntarily

Use of RMS

Figure 2. Box plots of the median daily use of the hearing aid in each
category of microphone use
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followed by high school (55%) and middle school (41%). We
must point out that there were only 11 subjects in high school,
which makes comparison difficult (Figure 3).

The distribution of RMS use by elementary (n=68) and middle
school subjects (n=41), when compared with one another, have
some differences in the number of subjects in each category we
analyzed, as shown below.

There were more subjects in elementary than in middle
school using (difference in n=25) and involuntarily not using
the device (difference in n=9).

Middle school surpasses elementary school only in the
number of subjects who voluntarily did not use the device
(difference in n=7).

From another perspective, the subjects who were using the
RMS at school were grouped with those who were not using
it due to factors beyond their control (involuntarily not using
the device). This distribution makes more evident the greater
difficulty adhering to its use on the part of middle school students
(Figure 3 and Figure 4).

Number of subjects

«

25
20 I
, . .--

Elementary | High School

] Using "]

Elementary I

Does not use involuntarily ] Does not use voluntarily

Figure 3. Subject distribution relating the Remote Microphone use to
the student’s educational level (n=120)

70

60

50

0

30

20

ID I

| H_

High School

Nurmber of subjects

Elementary | Elememary n

Using or does not use involuntarily Does not use voluntarily

Figure 4. Student distribution relating the Remote Microphone use
(using it and kept from using it — grouped in one — and not using it) in
relation to the student’s educational level (n=120)

One of the reasons to contact the school was to give the
Brazilian SIFTER, either through the families or in the visit,
to the education staff that met with the health professionals.
We received back only six (5%) out of the 120 questionnaires
we had delivered. Given the low adherence to it, we could not
analyze the answers to this instrument.

In a qualitative approach to improve the process of adapting
to the device at schools and meet the parents’ needs, we contacted
the schools over the phone and scheduled visits to 28 of them,
as shown in the map below (Figure 5).

We scheduled 14 visits based on requests of the users’
families to better guide their education staff, and another 14
visits based on the institution’s protocol, as long as the schools
agreed with it.

In 75% (n=21) of the schools we visited, the children were
using the RMS in the classroom; in 14% (n=4), the student “did
not get adapted to using the RMS”, according to the school; in
7% (n=2), the students’ HA/RMS were being repaired; and one
(3%) was a special school, taught in LIBRAS. Their availability
to receive the health service team for guidance was probably
a determining factor to this distribution. The schools whose
students used the device regularly seemed to be more interested
in receiving guidance.

In 54% (n=15) of the schools we visited, teachers and
coordinators participated in the meeting; in 29% (n==8), only
the coordinator participated, who committed to passing on to
the teachers at another moment what had been discussed during
the visit; in 21% (n=6), only the teachers participated.

Considering that the students were using the RMS in the
classroom in 23 out of the 28 schools that agreed to have us visit
them, the coordinators were present in 91% of the visits, and
both the coordinator and teachers were present in 56% of them.

DISCUSSION

Actotal of 120 subjects fitted with RMS in 2017 participated
in the study. They were part of the Agreement Term, a project
involving the specialized rehabilitation center — hearing loss and
the Municipal Government of Sao Paulo, via the Department of
Participation and Partnership/Municipal Council of Children’s
and Adolescents’ Rights.

The adherence to RMS is much more complex than simply
handing the device and expect the subject to be successful in
using it, with no coordination between family, teachers, and
health professionals!”!9,

We observed that 54% (n=65) of the students were using
the device at school, 22% (n=26) were involuntarily not using
it, and 24% (n=29) were voluntarily not using it. According to
the authors'*?%, this may be related to various factors, including
lack of information on the part of the teacher about how to use
the equipment and about the student’s hearing loss. In other
cases, the student refused to use the device, claiming they were
ashamed to do it in front of their classmates.

In this study, we related the equipment use to the SII. The
subjects who used the device had a similar SII pattern to those
who involuntarily did not use it, whereas those who voluntarily
did not use it tended to have a higher SII. This can be explained
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Figure 5. Subject distribution relating the schools visited and telephone contacts that were made (n=120)

by the students’ not feeling differences at first with and without
the RMS and the family’s not understanding the real need for
the device and not insisting on its use'?), The subjects who
voluntarily did not use the equipment had good audibility (above
60%) in silent situations, which may explain the low adherence
to the RMS in the initial adaptation, as they claim they hear
well with the HA or CI alone®V.

The regulation of the Ministry of Health does not provide for
replacements in case the equipment is lost, stolen, or defective.
In this study sample, 22% of the subjects involuntarily did not
use the device because it had been lost or stolen, the HA or RMS
was being repaired, the HA was incompatible with the RMS
receiver, and/or the teacher refused to use it — which agrees
with the literature. In another study with the population who
had received the RMS between 2013 and 2016, the equipment
of 16% of them was not working®?,

Many subjects stopped using the RMS for factors beyond
their control, being deprived of its benefits. When RMS users
are grouped with those who would use it if they were not
prevented from it, this difference further highlights the increase
in the number of potential RMS users at school. They would
not be kept from using the RMS if replacement policies were
carried out, as stated in Regulation 1.274. Also, Report no. 58
of the National Commission for Incorporating Technologies

Esturaro et al. CoDAS 2022;34(3):¢20200326 DOI: 10.1590/2317-1782/20212020326

into SUS (CONITEC, in Portuguese) points out the impact
on the budget when this assistive technology is incorporated,
considering the target audience originally subject to this type
of intervention. Having the RMS systems available at SUS
is a great improvement towards the rehabilitation of children
with hearing loss. Nonetheless, the distribution is still short of
the recommended by the Ministry of Health, as it is unequal
between the regions of the country and the device availability
has decreased in recent years®). Some studies®2% argue that
these technologies have a 4-year service life and need to be
replaced from time to time. However, two years after the number
of concessions were expected to double, as mentioned above,
no FM system had been replaced, neither had the indicated
technology been revised.

The student’s educational level was also a factor that interfered
with the adherence to RMS use — 57% (n=68) of the subjects
were attending elementary school, and they were the ones who
most used the RMS (62%). This agrees with the statistical tests,
with a significance level of p=0.028 in the comparison between
educational levels (elementary, middle, and high school) and
device use. We observed a greater use in elementary school
students, even when grouped with those who involuntarily did
not use the equipment. Likewise, when the educational level
(elementary and high school) was compared with RMS use, we
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also found a significance of p=0.008. This difference suggests that
having only one teacher in the classroom in elementary school
helps the students’ use of the electronic device, the guidance,
and the adherence to its use in the school routine — which was
observed by the author, as well®V.

The literature shows that the coordination between health care
and school is still challenging®. In this study, we verified that
contacting the school was not an easy process. We had to call
them over the phone many times before being successful, and
the professionals had to go long distances to visit the schools,
which also interferes with the adherence®*27.

This is further evidenced by the low adherence to the
questionnaire, as only 5% of the teachers answered the SIFTER,
mostly claiming they lacked the time to fill in and send the
questionnaire. According to the author™, such a lack of time
was a factor that also hindered the cooperation between health
care and education.

We analyzed the children who did not use the RMS and
related them to the participants in the meetings when we visited
the schools. We identified that those who participated were the
support room teacher and the specialized educational support
teacher. These professionals spend only a few hours a week
with the children; hence, the absence of the main teacher and
education coordinator in these meetings may negatively interfere
with RMS use.

On the other hand, the situation was different when we
analyzed the subjects who used the RMS. In most of them
(56%), the teachers and coordinators participated in the meeting.
We concluded that having the whole team together in these
meetings helps them adhere to RMS use, as it does not depend
on the students alone, but collectively on the school, family,
and health system.

Successful RMS use requires coordination between health,
family, and education. We must consider, though, that the
relationship between the health service and the school does not
seem to be systematic and depends on informal contact between
these teams. Seemingly, the regulation of the Ministry of Health
needs to be revised to include the replacement of devices due to
loss, theft, and receiver incompatibility when the HA is replaced,
and the maintenance of defective devices.

Further research on this topic is essential to broaden the
awareness of verbal child inclusion in school settings and
develop more protocols to help their adaptation to RM at school.
Furthermore, the partnership between health and education
must be strengthened to benefit the children with hearing loss.

CONCLUSION

We concluded that:

* The majority of the subjects used the RMS at school.

¢ Loss, theft, and defect were some of the reasons for
involuntarily not using the device.

* The student’s educational level was also a factor that
interfered with their adherence to RMS use; students attending
elementary school were the ones who most used the RMS.

+ Difficulties reaching the teacher contributed to the non-
adherence to device use, as it was not always possible to
give the necessary instructions regarding its consistent and
adequate use.
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