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ABSTRACT

School classrooms are noisy and reverberant environments, and
the poor acoustics can be a barrier to successful learning in children,
particularly those with multiple disabilities, auditory processing issues,
and hearing loss. A new set of listening challenges have been imposed by
the recent global pandemic and subsequent online learning require-
ments. The goal of this article is to review the impact of poor acoustics
on the performance of children with auditory processing issues, mild
hearing loss, and unilateral hearing loss. In addition, we will summarize
the evidence in support of remote microphone technology by these
populations.
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Successful learning in school classrooms is
highly dependent on the acoustical environment
in which the learning occurs. However, an
unoccupied classroom often has noise and rever-
beration levels exceeding theAmericanNational
Standards Institute–recommended levels of 35
dBA and 0.6 to 0.7 seconds, respectively.1–3 In
occupied classrooms, noise levels can range from
60 to 80 dBA,while a teacher’s voicemay only be
65 dBA at a distance of 2 m.4,5 Other children’s
voices can be even less intense than the teacher’s
voice during class discussions depending on the
talker’s physical distance to a listener. As a result,
signal-to-noise ratios (SNRs) at the young lear-

ner’s ears are often poor and will fluctuate based
on the location of the primary talker relative to
the child.

The recent global pandemic required stu-
dents in the United States to engage in new and
often uncharted online learning platforms with
synchronous online teaching, asynchronous on-
line lectures, external videos, and independent
assignments. In addition to learning this new
technology, this type of learning poses several
additional educational challenges. First, parents,
many ofwhohave limited knowledge of teaching
and have jobs, have become teachers for younger
children or thosewho need one-on-one support.
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Second, students no longer engage with their
teachers or peers to ask clarifyingquestions about
assignments and tests. Third, children with
hearing loss and auditory processing issues
have unique listening needs. Similar to school,
the home environment is a noisy place with
appliances, multiple family members, and con-
stant distraction. In addition, synchronous on-
line learning may be difficult for children with
hearing loss and auditoryprocessing issues due to
the reduced visual cues, inconsistent internet
access and audio signals, and necessity to focus
for extended periods of time, all of which add to
listening fatigue experienced by these students.
Closed captioning and other school-provided
assistive technology may not be provided to
support online learning.

The high levels of noise and reverberation
present in classrooms and in some home envi-
ronments are known to result in greater speech
recognition deficits in children relative to adults,
despite the presence of normal pure-tone hearing
sensitivity. Neuman et al6 reported that, on
average, children with normal-hearing sensitivi-
ty, aged 6 to 11 years, require SNRs ofþ15 dBor
greater to obtain 95% correct speech recognition
with a reverberation time of 0.8 seconds, while
young adults required only a þ9 dB SNR. Fur-
thermore, when comparing speech recognition
(i.e., repeating what is heard) to comprehension
(i.e., answering questions about a short passage)
in the presence of background noise, large per-
formance differences exist across measures. Spe-
cifically, Valente et al7 reported that 8-year-olds
scored an average of 97% correct on sentence
recognition at a þ7 dB SNR and 0.6-second
reverberation time, but average comprehension
scores were only 42% in the same listening
condition. Comprehension is a higher-order
auditory skill requiring greater cognitive resour-
ces and, therefore, is more susceptible to inter-
ference in the typical classroom environment due
to the poor acoustic conditions.7 Consequently,
use of speech-recognition alone to evaluate
impact of the acoustic environment may under-
estimate potential for poor educational outcomes
due to impaired speech comprehension.

Typical classrooms have a variety of lear-
ners and do not consist solely of children with
normal hearing. Classes often include children
who have normal-hearing sensitivity with mul-

tiple disabilities, auditory processing issues, and
hearing loss. The goal of this article is to review
the impact of poor acoustics on the performance
of children with auditory processing issues,
mild hearing loss, and unilateral hearing loss.
In addition, we will summarize the evidence in
support of remote microphone technology
(RMT) by these populations.

POPULATIONS WITH NORMAL
HEARING AND AUDITORY
PROCESSING ISSUES
Children who are diagnosed with auditory pro-
cessing disorder (APD), autism spectrum disor-
der (ASD), attention-deficit hyperactivity
disorder (ADHD), Friedreich’s ataxia (FRDA),
and dyslexia often have normal-hearing sensitiv-
ity but experience deficits in auditory processing
and speech recognition relative to neurotypical
peers. These auditory processing issues are often
associated with poorer speech recognition in
background noise, educational issues, and a
host of other related challenges.

Speech Recognition and Processing

Issues

The prevalence of APD is estimated to be two
to three percent of children in the general
population.8 Children who are diagnosed
with APD may exhibit auditory difficulties
across many domains including temporal pro-
cessing (i.e., timing aspects of stimuli), dichotic
processing (i.e., binaural integration of speech
between the ears), speech recognition in back-
ground noise, and observed listening behavi-
ors.8,9 In one study, children with APD had 10
to 20% worse average speech recognition scores
in noise (0 and þ3 dB SNR) compared with
peers.10 In addition to speech recognition defi-
cits, Johnston and colleagues9 reported that, on
average, children with APD have significantly
greater academic and listening difficulties and
lower psychosocial function (e.g., external locus
of control, difficulties with interpersonal rela-
tionships, anxiety, depression, and attention
problems) than peers.

Children with ADHD and ASD show
similar issues in auditory processing, cognitive
skills, and executive function despite the
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different etiologies of the disorders.11–19 For
example, children with ASD, ADHD, or both,
on average, have significantly poorer speech-in-
noise thresholds by 2 to 5 dB relative to peers,
and high-functioning children with ASD/
ADHD also experience listening difficulties
as determined via questionnaires.12,15,16,20

Other studies report significant differences
between children with ASD/ADHD and their
typically-functioning peers on questionnaires or
tests of percent-correct speech recognition;
temporal processing of amplitude variations;
and auditory attention, filtering, and sensitivi-
ty.13–15,18,21 In particular, parents of children
with ASD report their children have difficulty
attending to auditory information, are distract-
ible or cannot function in noise, and are unre-
sponsive to auditory stimuli.18 Auditory
filtering, or the ability to hear speech stimuli
and complete tasks in noise, is of particular
importance to children with ASD because it is a
significant predictor of higher academic perfor-
mance and reduced attention deficits.22

Children with FRDA represent another
small population of school-aged children with
auditory processing and speech-in-noise issues.
FRDA is a neurodegenerative disease that may
cause auditory neuropathy and steady decline
across multiple sensory systems. Multiple stud-
ies show children with FRDA have abnormal
temporal and spatial processing and poor
speech recognition, particularly in background
noise.23,24 For instance, Rance et al24 reported
that children with FRDA exhibit significantly
poorer average phoneme recognition scores in
noise (22% at 0 dB SNR) relative to a control
group (56%). The children with FRDA con-
firmed their difficulties communicating and
listening in noise on a self-report questionnaire
where their ratings were significantly poorer
than a control group.

Finally, in several studies, temporal pro-
cessing and speech recognition in noise are
poorer in children diagnosed with dyslexia or
learning disabilities.25–29 Ziegler and collea-
gues29 reported that children with dyslexia
showed significantly poorer (9% lower) average
perception of vowel–consonant–vowel stimuli
in noise relative to peers of the same age, and
many other studies show similar or even greater
deficits.

To summarize, many school-aged children
with disabilities will have normal pure-tone
hearing sensitivity but substantial auditory-
processing issues that impact speech recogni-
tion and performance in school. Themajority of
studies discussed in this section were conducted
in laboratory environments. As a result, perfor-
mance in a real classroom will likely be even
worse given the fluctuating levels of noise and
reverberation and additional sensory distrac-
tions. Also, many of these children have multi-
ple disabilities in addition to those discussed
earlier, such as language disorder, anxiety, gas-
trointestinal issues, or sleep disorders that will
contribute to their academic challenges. It will
be important to consider the listening and
auditory processing needs of each individual
child with one ormore disabilities to ensure that
he or she is receiving an education in the least
restrictive environment as outlined by the In-
dividuals with Disabilities Education Act.30

Remote Microphone Technology in

Children with Normal-Hearing

Sensitivity

RMT is one potential option to address the
difficult acoustic classroom environments faced
by young learners. Currently, the most common
RMT options for normal-hearing populations
are stand-alone digital modulation (DM) or
frequency modulation (FM) systems manufac-
tured by Phonak or Oticon (Table 1; Figs. 1
and 2). These systems consist of a transmitter,
transmitter microphone, and receivers with no
built-in microphone coupled to small, unocclu-
ding domes. These devices provide minimal
amplification of sound from the transmitter,
but they improve the SNR at the listener’s
ears. Tables 2 and 3 summarize published evi-
dence to support the use of FM and DM
technology for improving speech recognition,
observed and perceived listening abilities, and
other auditory behaviors in children who have
APD, ASD, ADHD, language disorder,
FRDA, and dyslexia.9,15–17,19,20,24,31–38 Al-
though we recommend use of a receiver on
each ear to provide a balanced sound and optimal
SNR, to date, there are no published studies that
explore performance differences with one versus
two receivers for these populations.
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In the majority of studies cited earlier,
children used ear-level, wireless RMT with the
exception of the Updike study where body-worn
RMTs were used.19 Across these studies, consis-
tent increases in speech recognition in noise with
RMT use were observed compared with results
without the technology. Average increases in
percent correct speech recognition ranged from
17 to 86%; average improvements in speech-in-
noise thresholds ranged from 6 to 10 dB. Other
measures employed in these studies included
parent, child, and teacher questionnaires; tests
of psychosocial function; listening comprehen-
sion in noise; phonological processing; observed
classroom behavior; and electrophysiological
measures. In the studies that included question-

naires, significant average improvements in class-
room and home listening behaviors were
reported by children, parents, or teachers. Nota-
bly, these measured and observed improvements
were also supported by objective changes in
electrophysiological responses to speech sounds
in two separate populations, children with ASD
and dyslexia.37,39

Similar to children who use hearing aids,
RMT for children with normal hearing should
be fit and verified by a licensed audiologist.
Suggested fitting, verification, and validation
procedures of RMT in normal hearing popula-
tions are outlined in two previous studies.33,40 In
the most updated fitting recommendations,
Schafer et al33 described the need for real ear

Figure 2 Examples of remote technology receivers that may be used by children with normal hearing,
unilateral hearing loss, or mild hearing loss: (A) Phonak Roger Focus for children with normal-hearing
sensitivity; (B) Phonak Roger X universal receiver for use with most hearing aids; (C) Phonak Roger design-
integrated receiver for a specific device.

Figure 1 Examples of remote microphone digital transmitters or remote microphone accessories: (A) Oticon
EduMic; (B) Phonak Roger Select; (C) ReSound Multi Mic; (D) Phonak Roger Clip-On Mic; (E) Phonak Roger
Pen; (f) Phonak Roger Touchscreen Mic.
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measures that account for the child’s ear canal
volume and hearing thresholds and also how to
adjust the receiver volume to meet prescriptive
targets. In addition, to validate the fittings, the
use of speech recognition in noise testing and

specific questionnaires is recommended, similar
to the studies described in Tables 2 and 3.

RMT is expensive, and,most often, funding
to purchase RMT for classroom use is obtained
in three ways: (1) special education funding with

Table 2 Benefits of Remote-Microphone Technology in Children with ASD and ADHD

Disorder:

Participants

Authors, year Test measures: results

ASD:

10 ASD

10 controls

Rance et al,

201415
• Word recognition in noise: significant 17 and 10% improvements with

FM in ASD and control groups, respectively

• Questionnaires: better ratings with FM on child APHAB and teacher

LIFE

ASD:

26 ASD

Rance et al,

201731
• Word recognition in noise: significant 21% improvement with RM;

performed at expected level for age with RM

• Questionnaires: perceived benefit with RM

• Salivary cortisol concentration: decrease in stress levels when using

RM

ASD:

12 ASD

Schafer et al,

201620
• Speech recognition in noise: significant 4.6 dB improvements in 8 of

the 12 children with RM

• Questionnaires: teachers, participants, and parents reported reduced

listening difficulty with RM

• Auditory working memory and comprehension: 12–13 point improve-

ment in 7 of the 12 children with RM

• ANL: accepted 8.6 dB more noise with RM

ASD:

15 ASD

Schafer et al,

201932
• Speech recognition in noise: significant 36.3% improvement with RM

• Auditory processing test battery: 6 of the 9 subtests improved after

RM use and training

• ANL: significantly improved with RM

• Spatial processing: significantly improved LiSN-S high-cue threshold in

noise after RM use and training

• Dichotic testing: significantly improved after RM use and training

• Questionnaire: significantly improved LIFE-R after RM use and training

ASD:

22 ASD

Schafer et al,

201933
• Speech recognition in noise: improved by 29% with RM

• Educational need: BKB-SIN, LIFE, sensory profile, and difficulty

checklist used to document need. All showed need on 1–2 measures

ASD, ADHD:

7 ASD/ADHD

11 controls

Schafer et al,

201316
• Sentence recognition in noise: significant 6 dB improvement with FM

significantly worse than controls without FM; similar performance with

FM

• Examiner-observed classroom behavior: improved on-task behaviors

• Teacher CHAPS: improvement with FM

ASD, ADHD,

LD, or SLI:

12 subjects

Schafer et al,

201417
• Sentence recognition in noise: significant 65–86% improvement with

RM

• Listening comprehension in noise: improved significantly with FM

• Questionnaire: improved with FM–LIFE-R, CHILD, and parent CHILD

ADHD/ADD:

31 subjects

Updike,

200619
• Word recognition in noise: significant 34% improvement with FM

• Teacher questionnaires: improvements in attention and listening skills

Abbreviations: ADHD, attention-deficit hyperactivity disorder; ANL, acceptable noise level; APHAB, abbreviated
profile of hearing aid benefit; ASD, autism spectrum disorder; BKB-SIN, Bamford–Kowal–Bench speech-in-noise test;
CHAPS, Children’s Auditory Performance Scale; CHILD, Children’s Home Inventory for Listening Difficulties; FM,
frequency modulation system; LIFE-R, Listening Inventory for Education – Revised; LiSN-S, Listening in Spatialized
Noise – Sentences Test; LD, language disorders; RM, remote microphone; SLI, specific language impairment.
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the device listed in the child’s individualized
education plan (IEP), (2) Section 50441 funding
in a school district, or (3) private pay by the
parent. Most of the children discussed in this
section will be receiving special education ser-
vices, making the first option the best choice
unless the family wishes to purchase the system.
Section 504 is a law that attempts to eliminate
educational or work barriers in agencies or
activities that receive federal funding that could
limit participation of people with disabilities.
The evidence regarding auditory difficulties of
children with processing problems (Section II)
paired with the evidence provided in Table 2
and 3 may be used by audiologists and other

related professionals to highlight educational
need for RMT in these populations.

POPULATIONS WITH MILD AND
UNILATERAL HEARING LOSS

Educational and Psychosocial Issues

Poor classroom listening environments affect all
young learners, especially those with auditory
processing difficulties. For childrenwith hearing
loss, the effects of poor acoustics on performance
are even greater.42 A body of research since the
mid-20th century has established that children
with mild and unilateral hearing loss are at risk

Table 3 Evidence Regarding Benefit of Remote-Microphone Technology in Children with

Normal Hearing and Auditory Processing Disorder, Friedreich’s Ataxia, and Dyslexia

Disorder:

Participants

Author,

year

Test measures: results

APD:

10 APD

13 controls

Johnston et al,

20099
• Sentence recognition in noise: improved 10 dB with FM

• Parent SIFTER: worse academic ratings for APD group

• Participant LIFE: improved after FM use

• Psychosocial function BASC-2: improved ratings for locus of

control, anxiety, depression

APD:

28 subjects

Smart et al,

201834
• Speech in spatial noise: improved 13% with FM

• Cortical auditory evoked potentials: use of FM reduced the

impact of noise on P1 and N2 latencies and amplitude

• Questionnaires: significantly better teachers and participant

ratings with FM on LIFE

APD:

55 subjects

5 groups

Sharma et al,

201235
• Frequency pattern test: improved in language and discrimination

groups

• CELF-4: improved core language scores for discrimination and

discriminationþ FM groups

Friedreich’s ataxia:

10 subjects

Rance et al,

201036
• Word recognition in noise: improved 27% with FM

• Child APHAB: less difficulty in noise and reverberation

Friedreich’s ataxia:

19 ataxic

20 controls

Rance et al,

201224
• Speech perception: scores increased in ataxic participants with

FM to the level of controls

Dyslexia:

38 subjects

19 used FM

19 dyslexia

controls

Hornickel et al,

201237
• Phonological processing and reading: improved after FM for 1

year for dyslexia group

• Speech ABR: improved neural consistency in FM group; greatest

improvement in children who had improved phonological

awareness

Reading delay:

23 with FM

23 controls

Purdy et al,

200938
• Teacher LIFE: significantly improved classroom listening for FM

group; no change for control group

• Participant LIFE: significantly improved classroom listening for

difficult situations for FM group; no change for control group

Abbreviations: APD, auditory processing disorder; APHAB, abbreviated profile of hearing aid benefit; BASC-2,
Behavior Assessment System for Children, 2nd edition; CELF-4, Clinical Evaluation of Language Fundamentals;
CHAPS, Children’s Auditory Performance Scale; FM, frequency modulation system; LIFE, Listening Inventory for
Education; SIFTER, Screening Instrument for Targeting Educational Risk.
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for poor psychoeducational outcomes compared
with typically-developing peers with normal
hearing.43 Domains where these children may
be at risk include interpersonal relationships,
academic achievement, reading, language skills,
problembehaviors, self-esteem, attention, stress,
and listening fatigue. Davis et al44 found that
children with permanent hearing loss and pure-
tone averages (PTAs) less than 44 dB HL
exhibited delays in vocabulary, difficulties with
interpersonal relationships, and an elevated risk
of behavioral problems such as aggression and
impulsivity. One noteworthy finding of this
study was that degree of academic or psychoso-
cial concern for children with hearing loss was
poorly predicted by PTA and that children with
mild hearing loss faced similar risks of poor
outcomes as their peers with moderate and
severe hearing loss. Some of these reported
difficulties may be attributed to differences in
the standard of audiological care for children
withmildhearing loss prior touniversal newborn
hearing screening. In previous decades, children
with mild hearing loss were typically identified
later and were less likely to wear hearing aids (or
be fit bilaterally) as part of routine audiological
management.44,45 Nonetheless, full-time use of
amplification remains a challenge in this popu-
lation, and children with mild hearing loss are at
an elevated risk of discontinuing hearing aid use
over time relative to peers with more severe
hearing loss.46

Comparable psychoeducational risks asso-
ciated with unilateral hearing loss have also
been reported.47,48 Children with unilateral
hearing loss who generally demonstrated typical
spoken language skills and attended main-
stream classrooms nevertheless had increased
risk of difficulties in educational progress, with
35% having failed at least one grade, a rate more
than ten times higher than peers with normal
hearing, bilaterally.48 Previously, it was as-
sumed that children with unilateral loss experi-
enced minimal educational and communication
difficulties and that preferential seating—an
accommodation that all of the children in the
study mentioned earlier received—was ade-
quate to meet their listening needs.49 The
specific listening difficulties of children with
unilateral hearing loss are thought to relate to
diminished or absent binaural listening benefits

such as binaural summation, head shadow,
squelch, and localization unmasking when lis-
tening to speech in noise.49 More recent work
has confirmed the elevated risk of behavioral
and academic concerns persists in children with
unilateral hearing losses.50

The similar risks of poor psychoeducatio-
nal outcomes in children with mild bilateral
losses and children with unilateral hearing loss
has led some researchers to group children
with these two audiological profiles together.
Bess et al51 reported that children with thres-
holds between 20 and 40 dB HL—combined
with children with unilateral hearing loss
under the umbrella term of “minimal hearing
loss”—experienced poorer social and/or emo-
tional outcomes than peers with normal hear-
ing, and 37% of children in this group failed at
least one grade. Nonetheless, some recent
studies have found that psychoeducational
outcomes of school-age children with minimal
hearing loss were not significantly different,
on average, from their typically developing
peers with normal hearing with the exception
of teacher reports of attention.52 In this case,
the lack of mean group differences in psycho-
educational outcomes has the potential to
obscure the fact that individual children
with mild hearing loss were more likely to
score significantly below normative means on
standard psychoeducational assessments than
their peers with normal hearing. Furthermore,
there is a lack of uniformity in what, if any,
interventions and support children with mild
and unilateral hearing loss receive given that
they do not meet eligibility criteria for early
intervention in some states,53 and the devel-
opmental risks associated with mild and uni-
lateral hearing loss are not universally
understood or effectively communicated. For
example, the use of the term “minimal” sen-
sorineural hearing loss likely downplays the
difficulties these listeners experience.54

Issues with Speech Recognition

In spite of some improvements in the early
detection and audiological management of mild
and unilateral hearing loss,52 the challenging
listening conditions in typical classrooms re-
main an issue for these children. The poor
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acoustic conditions in typical classrooms—
noise generated from inside the classroom,
sound transmission from noise sources outside
the classroom, effects of distance from the
teacher/talker, and excessive reverberation
within the instructional space—have long
been suspected to negatively impact the listen-
ing environment and auditory learning of chil-
dren with and without hearing loss.55 Children
with hearing loss in the range of 15 to 30 dB
HL experience greater decrements in speech
recognition scores with decreases in SNR than
peers with normal hearing.56 Similarly, Bess
et al57 reported greater decrements in speech
perception scores with decreases in SNR in
children with unilateral hearing loss than peers
with normal hearing, particularly when speech
was presented from the side of the affected ear.

Remote Microphone Technology in

Children with Mild and Unilateral

Hearing Loss

In light of the persistent risk of poor psycho-
education outcomes and elevated vulnerability
of children withmild and unilateral hearing loss
to poor acoustic conditions, the potential bene-
fit from RMT—including RMT with and
without the use of hearing aid—has received
significant attention over the years. RMT
options for children with mild and unilateral
hearing loss are similar to those described in the
previous section and are summarized in Table 1
and shown in Figs. 1 and 2.

In the literature, two types of RMT, per-
sonal FM and desktop sound field systems, have
been reported to promote better speech percep-
tion than classroom infrared sound field systems
for children who use hearing aids.58 Children
with unilateral hearing loss have consistently
been found to have better speech perception in
quiet and noise across a range of listening
conditions when using a personal FM compared
with both contralateral routing of the offside
signal (CROS) and standard hearing aids.59,60

In addition to improved speech perception, even
brief periods of FM use in the classroom have
been associated with improvement in academic
performance of children with minimal hearing
loss per teacher’s report.61 A growing body of
evidence also supports the use of RMT for

families of children with hearing loss to improve
access to communication in the home.62Though
the effectiveness of RMTuse in improving SNR
is well established, the uptake of FMby students
with unilateral loss is by nomeans universal, with
one study finding that only 28% of students had
ever used an FM in school,50 and another that
found only 5 out of 27 students with minimal
hearing loss used hearing aids and/or FM in
school.52 Some potential challenges to use may
include issues with physical comfort of ear-level
devices,61 though social stigma and lack of
support from peers and instructors are common-
ly reported reasons for inconsistent or nonuse by
studentswith hearing loss.63Additional research
is needed on these populations with newer
hearing technology to examine if some of these
barriers still exist.

CONCLUSIONS AND FUTURE
TRENDS IN RMT
Use of RMT holds significant potential
benefits for children with normal, pure-
tone hearing sensitivity but auditory proces-
sing issues, as well as for children with mild
or unilateral hearing loss. Numerous studies
support improved auditory or behavioral per-
formance on one or more measures including
speech recognition in background noise, ob-
served or perceived listening behaviors, lis-
tening comprehension, psychosocial function,
and phonological processing.

The primary limitations to using RMT are
the cost and, at times, the inability to hear
others while using the device. Most of the
personal RMT used in school cost between
$3,000 and $5,000 for two ear-level receivers
and one transmitter. To ensure children hear
classmates and class discussions, children with
normal hearing will require unoccluding recei-
vers (i.e., small domes) that still allow for some
level of retention on the ear. For children with
hearing loss, the best approach will be to fit a
hearing aid and couple a FM/DM receiver
directly to the aid to allow the child optimal
audibility even when the RMT is not in use.
When considering options for RMT use in
the home, many manufacturers provide small
clip-on microphones that connect directly to
hearing aids. These clip-on microphones may

REMOTE MICROPHONE TECHNOLOGY FOR CHILDREN WITH HEARING LOSS/SCHAFER ET AL 285

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



T
a
b
le

4
S
u
m
m
a
ry

o
f
A
p
p
s
th
a
t
m
a
y
b
e
U
s
e
d
w
it
h
H
e
a
d
p
h
o
n
e
s
o
r
L
o
u
d
s
p
e
a
k
e
rs

N
a
m
e

P
la
tf
o
rm

C
o
s
t

Q
R
C
o
d
e

D
e
s
c
ri
p
ti
o
n

M
ic
ro
p
h
o
n
e
liv
e

iO
S

F
re
e

P
h
o
n
e
o
r
ta
b
le
t
m
ic
ro
p
h
o
n
e
a
m
p
lifi
e
s
s
p
e
e
c
h
v
ia

B
lu
e
to
o
th

h
e
ad

s
e
t/
lo
u
d
s
p
e
a
k
e
rs
,

h
e
ad

p
h
o
n
e
s
,
o
r
e
a
r
b
u
d
s

B
lu
e
to
o
th

lo
u
d
sp

e
a
k
e
r

iO
S

A
n
d
ro
id

F
re
e

P
h
o
n
e
o
r
ta
b
le
t
m
ic
ro
p
h
o
n
e
a
m
p
lifi
e
s
s
p
e
e
c
h
v
ia

B
lu
e
to
o
th

h
e
ad

s
e
t/
lo
u
d
s
p
e
a
k
e
rs
,

h
e
ad

p
h
o
n
e
s
,
o
r
e
a
r
b
u
d
s

M
ic
ro
p
h
o
n
e
b
y

W
o
n
d
e
r
G
ra
c
e

A
n
d
ro
id

F
re
e

P
h
o
n
e
o
r
ta
b
le
t
m
ic
ro
p
h
o
n
e
a
m
p
lifi
e
s
s
p
e
e
c
h
v
ia

B
lu
e
to
o
th

h
e
ad

s
e
t/
lo
u
d
s
p
e
a
k
e
rs
,

h
e
ad

p
h
o
n
e
s
,
o
r
e
a
r
b
u
d
s

S
o
u
n
d
a
m
p
lifi
e
r

A
n
d
ro
id

F
re
e

P
h
o
n
e
o
r
ta
b
le

m
ic
ro
p
h
o
n
e
u
s
e
d
to

a
m
p
lif
y
s
o
u
n
d
to

w
ir
e
d
h
e
a
d
p
h
o
n
e
s

286 SEMINARS IN HEARING/VOLUME 41, NUMBER 4 2020

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



T
a
b
le

4
(C
o
n
ti
n
u
e
d
)

N
a
m
e

P
la
tf
o
rm

C
o
s
t

Q
R
C
o
d
e

D
e
s
c
ri
p
ti
o
n

V
o
lu
m
e

b
o
o
s
te
r

G
O
O
D
E
V

A
n
d
ro
id

F
re
e

P
h
o
n
e
o
r
ta
b
le
t
m
ic
ro
p
h
o
n
e
a
m
p
lifi
e
s
s
p
e
e
c
h
v
ia

B
lu
e
to
o
th

h
e
a
d
s
e
t/
lo
u
d
s
p
e
a
k
e
rs
,

h
e
ad

p
h
o
n
e
s
,
o
r
e
a
r
b
u
d
s

H
e
a
rY
o
u
N
o
w
—
Y
o
u
r

p
e
rs
o
n
a
l
s
o
u
n
d

a
m
p
lifi
e
r

iO
S

F
re
e

P
h
o
n
e
c
a
n
b
e
u
s
e
d
a
s
p
e
rs
o
n
a
l
s
o
u
n
d
a
m
p
lifi
e
r
w
it
h
e
a
r
b
u
d
s

REMOTE MICROPHONE TECHNOLOGY FOR CHILDREN WITH HEARING LOSS/SCHAFER ET AL 287

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



be included with the purchase of the aid or
available for about half the cost of the more
sophisticated ones used in the educational
classroom. In particular, these clip-on micro-
phones may be the most feasible and affordable
option for enhancing online learning when
schools are unable to provide RMT at home.

In the future, lower-cost options may be
available, in the form of smartphone applica-
tions. Currently, there do not appear to be any
remote microphone software applications (apps)
available for connectivity with hearing aids that
can be downloaded on iPhone or Android
smartphones that offer the features of the sys-
tems discussed without undesirable delay in the
transmitted signal.However, there are two other
options for apps when used with headphones
rather than streaming to hearing aids with
microphones (Table 4). First, Bluetooth head-
phones or Bluetooth loudspeakersmay be paired
to smartphone apps (e.g., Microphone Live,
Bluetooth Loudspeaker, or Microphone by
Wonder Grace). The second and often hard-
wired option is to download an amplifier app
(e.g., Sound Amplifier, Volume Booster GOO-
DEV, or HearYouNow—Your personal sound
amplifier) to amplify sounds while the listener
wears earphones or ear buds that areplugged into
the smartphone. The authors of this article
caution against the use of smartphone apps on
an individual trial basis because (1) there is no
evidence to support their use with these particu-
lar populations and (2) in the latter option, the
amplifier will amplify the primary talker’s voice
as well as any background noise. It is possible
that this type of app might be of benefit in a
quieter home environment but may not improve
the SNR at the listener’s ear in a noisy environ-
ment and could actually degrade speech recog-
nition performance relative to an unamplified
condition. Overall, less expensive RMT options
are expected in the future and, with supportive
evidence, may be recommended for populations
with auditory processing issues, mild hearing
loss, and unilateral hearing loss.
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