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ABSTRACT

Purpose: 1) To develop, update, and improve a self-instructional website 
on Remote Microphone Systems for hearing-impaired students and their 
speechlanguage therapists, teachers, and parents; 2) to validate the website as 
a continuing education tool for teachers. Methods: This is a cross-sectional, 
descriptive, quantitative study. 1) All REMIC content was converted into 
infographics based on instructional design; 2) Thirteen elementary school 
teachers answered three questionnaires (pre- and post-intervention theoretical 
questionnaire, Motivational Survey Form, and Self-Assessment Scale of 
the Impact of Training on the Job). Results: 1) Six modules were created 
using infographics, communicating specific content objectively to the target 
audience. 2) There was a statistically significant difference between pre-and 
post-training about the questionnaire (p-value 0.005), the “Meaningful” 
domain of the Motivational Research Form had the highest score (19.23), 
and the average of the Training Impact on the Job Self-Assessment Scale 
was 42.3 points. These results indicate that the website is valuable for teacher 
training. Conclusion: REMIC has been updated and is available at https://
remic.fob.usp.br in Brazilian Portuguese and American English. Teachers 
considered it effective as a continuing education tool.
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RESUMO

Objetivo: Desenvolver, atualizar e aprimorar um site autoinstrucional sobre 
sistemas de microfone remoto para estudantes com deficiência auditiva e 
seus fonoaudiólogos, professores e pais e validar o site como ferramenta 
de formação continuada para professores. Métodos: Estudo transversal, 
descritivo, quantitativo. Todo o conteúdo do site REMIC foi convertido em 
infográficos com base no design instrucional. Treze professores do ensino 
fundamental responderam a três questionários (questionário teórico pré e 
pós-intervenção, Ficha de Pesquisa Motivacional e Escala de Autoavaliação 
do Impacto do Treinamento no Trabalho). Resultados: Foram criados seis 
módulos utilizando infográficos, comunicando conteúdos específicos de 
forma objetiva ao público-alvo. Houve diferença estatisticamente significativa 
entre pré e pós-treinamento em relação ao questionário (p-valor 0,005). O 
domínio “Significativo” da Ficha de Pesquisa Motivacional teve a maior 
pontuação (19,23), e a média da Escala de Autoavaliação do Impacto do 
Treinamento no Trabalho foi de 42,3 pontos. Esses resultados indicam que 
o site é valioso para a formação de professores. Conclusão: O site REMIC 
foi atualizado e está disponível em https://remic.fob.usp.br em português 
brasileiro e inglês americano. Os professores o consideraram eficaz como 
ferramenta de formação continuada. 

Palavras-chave: Deficiência auditiva; Auxiliares de Audição; Microfones 
remotos; Teleducação; Professores
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INTRODUCTION

Remote microphone systems (RMS) are assistive technology 
devices indicated mainly for students with hearing impairment 
(HI), users of electronic hearing devices and whose primary form of 
communication is oral language, with the aim of helping to improve 
functionality, favoring the process of autonomy(1). These devices 
can be classified according to their signal transmission method, 
such as digital transmission via the 900 MHz frequency band and 
the 2.4 GHz frequency band (digital modulation - DM), Bluetooth 
transmission, and the frequency modulation system (FM system)(2).

According to Ordinances No. 1.274 of June 25, 2013 (3), and 
No. 3 of February 19, 2020(4), RMS is indicated for children with 
HI, users of personal sound amplification devices (PSADs), and/or 
cochlear implants (CI) and bone-anchored hearing aids (BAHA), 
at any academic level, and who have oral language as their primary 
form of communication, as it assists and minimizes the acoustic 
problem of distance, background noise and reverberation(5-7).

As reported by the Department of Information and Informatics 
of the Unified Health System (DATASUS) (2023)(8), from July 
2013 to September 2023, 22.540 RMS were granted and adapted 
in services authorized by the Ministry of Health (MH). Despite 
the number of RMS granted, adherence and consistent use is 
a challenge, as it depends not only on the student but also on 
the support of their teachers.

Some authors(9,10) report that difficulties in using and adhering 
to RMS include embarrassment about using the device, breakage 
of the PSADs or the RMS itself, and lack of support from 
teachers in adhering to the device.

Teachers of students who use RMS often report being unprepared 
to receive students who use this technology. In one study(11), of 
the 33 teachers interviewed, 78.78% (n=26) reported that they 
had not taken a specialization course or had no professional 
qualifications involving educational inclusion and accessibility, 
and 51.51% (n=17) of the participating teachers reported that 
they did not feel prepared or qualified to meet the academic 
needs of students with hearing impairments.

Continuing teacher training is ensured by the Law on 
Brazilian Education Guidelines and Bases (LDB)(12) and the 
National Education Plan (PNE)(13). However, this training is still 
a challenge(14). Considering that Brazil is an underdeveloped 
country, the Brazilian population needs support from society(15). 
Thus, several academic studies aim to help specific groups(16-18).

The FM System Portal was developed to assist speech-
language pathologists and audiologists in the process of adapting 
RMS, since, since the publication of Ordinance No. 1.274 of the 
Ministry of Health (GM/MH) in 2013, no validated protocols 
have been provided for this purpose. For this reason, the FM 
System Portal website was developed and validated in 2016 by 
31 speech-language pathologists and audiologists(19,20).

Since the development of the FM System Portal, its creators 
have planned to update it following new technological advances 
in Educational Audiology. Due to the constant research and 
technological development applied to remote microphone systems, 
the FM System Portal has become REMIC, a combination of 
the first syllables of the words remote microphone in English, 
to include other remote microphones and new information.

Therefore, this study aimed to develop, update, and improve 
REMIC, a self-instructional website on the remote microphone 
system, and validate the website as a continuing education 
instrument for basic education teachers.

METHODS

This is a cross-sectional, descriptive, and quantitative study, 
developed at the Laboratório de Acessibilidade Auditiva e 
Audiologia Educacional of the Department of Speech-Language 
Pathology and Audiology of the Bauru School of Dentistry, 
University of São Paulo (FOB-USP), and approved by the Research 
Ethics Committee under number 90562518.0.0000.5417 (CAEE 
2.909.498), based on the ethical standards of the National Health 
Council (CNS) Resolution 466/12.

The following methods and sections were divided according 
to the objectives of the study.

Development, updating, and improvement of REMIC

Considering technological developments and the existence of 
other remote microphones, changes were made to the structure 
and design of the website to update it. These changes were 
made in conjunction with the Educational Technology Sector 
and the Online Media Sector of the Bauru School of Dentistry, 
University of São Paulo (FOB-USP).

The development and improvement of the REMIC design 
were based on an instructional design development model 
proposed by authors(21). The model describes four phases: 
– analysis, design and development, implementation, and 
evaluation activities – which occur together, enabling changes 
throughout the process.

Validation as a tool for continuing education for 
teachers

According to the proposed steps(21), the effectiveness of 
REMIC, concerning content transmission, information retention, 
attitude changes, impact on work, and usability, needed to be 
evaluated. Thus, 13 elementary school teachers from the state 
of São Paulo participated in this stage. First, all participants 
were instructed on the objective and procedures of the study 
and signed the Free and Informed Consent Form (FICF). Then, 
they answered three questionnaires at different times during 
the study (Figure 1).

 Questionnaire I: theoretical questionnaire about your 
experience with hearing-impaired students and remote 
microphone system (Appendix 1)

The questionnaire consisted of nine closed questions. 
Teachers answered it twice to assess their prior and acquired 
knowledge: before accessing the REMIC website and one 
month after the first access.

 Questionnaire II: Motivational Research Form(22,23)

It was used to assess the motivational aspects of REMIC 
subjectively. It consists of 32 statements, each scored as follows: 
(3) I totally agree, (2) I partially agree, (1) I partially disagree 
and (0) I totally disagree.

The statements are grouped into four domains: Stimulating 
(statements 1, 5, 9, 13, 17, 21, 25 and 29), Meaningful (statements 
2, 6, 10, 14, 18, 22, 26 and 30), Organized (statements 3, 7, 11, 
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15, 19, 23, 27 and 31) and Easy to Use (statements 4, 8, 12, 
16, 20, 24, 28 and 32).

After scoring each domain individually, they are grouped 
according to the formulas Value = Stimulating + Meaningful 
and Expectancy of Success = Organized + Easy to Use. 
The author(22) recommends using a Cartesian projection: the 
abscissas (X-axis) score according to the Value formula and 
the ordinates (Y-axis) score according to the Expectancy of 
Success formula. If many points are located within the upper 
right quadrant, the material is an “impressive learning program” 
and is evaluated positively.

 Questionnaire III: Self-Assessment of Training Impact 
at Work Scale(24)

The scale consists of 12 questions, scored on a Likert 
scale (1 to 5 points). Teachers answered it two months after 
first accessing REMIC, to verify whether the information 
available on the site impacted their daily routine with 
students with HI.

Data were analyzed qualitatively. The Wilcoxon test(25) 
compared the theoretical questionnaire before and after teachers 
accessed REMIC. A significance level of 0.05 was adopted, 
with the construction of 95% confidence intervals.

RESULTS

Development, updating, and improvement of REMIC

Chart 1 presents the adjustments made according to the 
instructional design development model proposed by authors (21).

The REMIC website was composed of 8 main pages:

● Home: presents interactive banners that lead to the 
modules. The page exposes the topics that will be covered 
in the REMIC units.

● Unit 1 – Noise and school: module that discusses the 
importance of acoustic accessibility for speech perception 
and how noise and reverberation directly impact listening 
effort and fatigue.

● Unit 2 – Remote Microphone: The module describes 
the types of remote microphone systems (RMS) and 
the signal processing mode.

● Unit 3 – Remote Microphone Adaptation: module 
containing guidelines for RMS adaptation and evaluation. 
Procedures such as electroacoustic transparency and 
behavioral assessment are described.

● Unit 4 – Parents and teachers: the module presents the 
types of hearing impairment, the audiogram of familiar 
sounds, and a guidance guide for parents and teachers on 
best practices for the effective use of RMS. In addition, 
illustrative videos are presented and booklets are available 
for free download.

● Unit 5 – Self-advocacy: module that presents a booklet 
on what self-advocacy is and the rights of people with 
disabilities. At the end, testimonies from a teacher and 
a student who uses RMS are presented.

● Unit 6 – Troubleshooting: module that describes 5 
common malfunctions that can occur with RMS and 
their solutions.

● About the site: a brief explanation of the origin of the 
site with links to the master’s dissertations that report 
on its development.

Chart 1. Steps for updating the REMIC website

Analysis Design and Development Implementation Evaluation
Objectives To identify learning needs and 

update the theoretical content 
of the website.

To preparate and adequate the 
content.

To analyze the resources used 
to share the content

To monitor, review and 
maintain the website To 

validate the website
Activities A bibliographic search was 

conducted to select updated 
information about Remote 

microphone systems (RMS).

Theoretical content was 
changed into infographics 
Production of instructional 
videos, photographs and 
animations to make the 

learning environment more 
dynamic and interactive

The website was adapted and 
enhanced, with infographics 

that were available online and 
for download.

Validation process described 
in the third topic.

Figure 1. Flowchart of the questionnaires used to evaluate REMIC
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All modules were created using infographics, communicating 
specific content objectively to the target audience, and are 
available for access and download (in PDF)(26).

Validation as a tool for continuing education for 
teachers

 Questionnaire I: theoretical questionnaire about your 
experience with hearing-impaired students and remote 
microphone system

There was a significant difference (p-value 0.005) in the prior 
and acquired knowledge of teachers assessed by the theoretical 
questionnaire (Table 1).

Figure 2 shows the distribution of teachers’ correct answers 
per question before and after accessing REMIC.

 Questionnaire II: Motivational Research Form(22,23)

The “Meaningful” domain obtained the highest average 
score (19,23), emphasizing the relevance of the topics covered, 
followed by “Easy to use” (18,46) and “Stimulating” (18,23), 
indicating that the audiovisual resources used in REMIC were 
attractive and intuitive (Figure 3).

After scoring each domain by participant, they were 
organized according to the formulas Value = Stimulating + 
Meaningful and Expectancy of Success = Organized + Easy to 
Use. Figure 4 presents the recommended Cartesian projection(22). 
Since all points are located in the upper right quadrant, REMIC 
was evaluated positively by the teachers.

 Questionnaire III: Self-Assessment of Training Impact 
at Work Scale(24)

Figure 5 shows the descriptive statistical analysis of the 
Self-Assessment of Training Impact at Work Scale, answered 
by teachers two months after their first access to REMIC.

The maximum score on the scale was 60. The average 
total score of the participants was 42.3, indicating that REMIC 
positively impacted their work.

DISCUSSION

This study described the development, updating, and 
improvement of REMIC, a self-instructional website on RMS, 
and its validation as a continuing education tool for teachers.

When preparing the REMIC content, we sought to achieve 
the greatest possible clarity, avoiding unnecessary technical 
terms. When essential, technical terms in audiology were 

described and visual representations were used to facilitate 
the reader’s understanding. Infographics allow extensive and 
complex information to be shared in a didactic way, with visual 
reinterpretation for lay readers(27,28).

When analyzing the overall score of the theoretical 
questionnaire, there was a significant difference (p-value 0.005) 
in the prior and acquired knowledge of teachers, indicating 
that REMIC is an effective self-instructional website. These 
results correspond to other studies, which suggested distance 
training through websites with self-instructional resources to 
cultivate knowledge(20,29).

Observing the questions in the theoretical questionnaire 
individually, the percentage of correct answers for most questions 

Table 1. Descriptive statistical analysis of the total score and percentage of correct answers in the theoretical questionnaire before and after 
accessing the REMIC website

Theoretical questionnaire N Mean
Standard 
deviation

Minimum Maximum
Percentiles

p- value
25º

50º 
(Median)

75º

Before accessing REMIC 13 78.5 13.9 55.5 100.0 66.6 77.7 88.8
0.005*

One month after the first access 13 94.8 7.3 77.7 100.0 88.8 100.0 100.0
Statistical test: Wilcoxon Signed Rank Test;*significance level p <0.05
Subtitle: N = number of participants

Figure 3. Descriptive Statistical Analysis of Domains Assessed by 
Participants in the Motivational Research Form

Figure 2. Distribution of teachers’ correct answers per question before 
and after accessing REMIC

Subtitle: Q = question; % = percentage
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improved after accessing REMIC, except for questions 2, 3, 
and 4 (Figure 2).

Question 2 considered the appropriate distance between the 
teacher’s mouth and RMS. It presented a lower percentage of correct 
answers when compared to prior knowledge. Considering that 
the distance from the RMS is essential for its proper use, images 
representing correct and incorrect ways of using the different 
types of RMS were added to module 4 (parents and teachers). It is 
worth noting that validation with teachers was carried out in the 
Brazilian version of REMIC and the changes resulting from this 
process were not reflected in the North American English version. 
However, the proposed development model(21) already anticipated 
such situations, as it describes phases that occur recursively.

Question 3 concerns the functioning of RMS and question 
4 its use. The scores remained the same in both questions: 
teachers scored the highest before and after accessing REMIC. 
These results suggest that participants had a minimum prior 
knowledge, which was consolidated after accessing the site.

REMIC uses motivational resources that encourage the 
reader to learn through integrated links to other media and 
activities. The Motivational Research Form was used to assess 
the motivational aspects of REMIC subjectively. The results 
suggest that REMIC resources favored teachers’ navigation 
and engagement with the site.

The participants’ average score on the Self-Assessment of 
Training Impact at Work Scale indicates that REMIC had a 

positive impact on their work. These findings are in agreement 
with a previous study(20), which evaluated the continuing education 
proposal on the FM System Portal from the perspective of 
Brazilian speech-language pathologists and audiologists.

CONCLUSION

REMIC was developed and updated(26) in Brazilian 
Portuguese and American English. Teachers found the RMS 
training effective for students with hearing impairments. It is 
suggested that the website be validated by parents and users of 
this type of assistive technology. It is expected that REMIC will 
contribute as a valuable tool for RMS users, speech-language 
pathologists and audiologists, parents, education professionals, 
researchers, and policymakers, contributing to the promotion 
of more inclusive and accessible practices.
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Appendix 1. Theoretical questionnaire regarding their experience with hard-of-hearing students and remote microphones systems (RMS)
1. According to Ordinance No. 1.274/13, which 
students would benefit from using the RMS?

a. All students would benefit from using it.

b. Students whose first language is the Brazilian Sign Language (Libras).

c. Students who use hearing aids and/or cochlear implants and have good performances while using the devices.

2. What is the proper distance between the 
teacher’s mouth and the RMS?

a. 20 to 25 cm.

b. 10 to 15 cm.

c. 30 cm.

3. RMS is an assistive technology device is 
composed of...

a. ...a transmitter and a receiver. The transmitter (teacher’s microphone) picks up the signal from the sound source 
and transmits it to the student’s receiver.

b. ...a transmitter that is connected to the student’s hearing device.

c. ...a receiver that is connected to the student’s hearing device.

4. Regarding the use of RMS, select the 
correct option.

a. Always check that the device is working correctly at the beginning of class.

b. Do not let scarves, blouses, lab coats or jackets cover the microphone.

c. All options are correct.

5. The following images illustrate the use of 
an RMS transmitter. Please, select the image 
that represents the correct way to use it.

6. Why use RMS? a. So that your voice always comes above the background noise and constantly.

b. So that the student is not exhausted at the end of the class for having worked so hard to understand the teacher.

c. All options are correct

7. Select the correct instruction a. Write down the model and channel each student uses in the school.

b. Select different channels to avoid interference between students who are not in the same classroom.

c. All options are correct.

8. Which of these changes can help the 
learning process in the classroom?

a. Placement of more curtains and/or thicker curtains, and use of chairs and tables with rubber feet

b. Use of cork boards.

c. All options are correct..

9. The following images illustrate the 
use of an RMS transmitter with a lavalier 
microphone. Please, select the image that 
represents the correct way to use it..

10. Do you think the Classroom Speech 
Perception Audiogram, Brazilian Portuguese 
version, helped you understand the auditory 
characteristics and hearing needs of a 
student with hearing impairment?

Yes No (explain)


