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Abstract

Background: Children with hearing loss often experience difficulty understanding speech in noisy and
reverberant classrooms. Traditional remote microphone use, in which the teacher wears a remote mi-
crophone that captures her speech and wirelessly delivers it to radio receivers coupled to a child’s hearing
aids, is often ineffective for small-group listening and learning activities. A potential solution is to place a
remote microphone in the middle of the desk used for small-group learning situations to capture the
speech of the peers around the desk and wirelessly deliver the speech to the child’s hearing aids.

Purpose: The objective of this study was to compare speech recognition of children using hearing aids
across three conditions: (1) hearing aid in an omnidirectional microphone mode (HA-O), (2) hearing aid
with automatic activation of a directional microphone (HA-ADM) (i.e., the hearing aid automatically
switches in noisy environments from omnidirectional mode to a directional mode with a cardioid polar
plot pattern), and (3) HA-ADM with simultaneous use of a remote microphone (RM) in a “Small Group”
mode (HA-ADM-RM). The Small Group mode is designed to pick up multiple near-field talkers. An ad-
ditional objective of this study was to compare the subjective listening preferences of children between
the HA-ADM and HA-ADM-RM conditions.

Research Design: A single-group, repeated measures design was used to evaluate performance dif-
ferences obtained in the three technology conditions. Sentence recognition in noise was assessed in a
classroom setting with each technology, while sentences were presented at a fixed level from three dif-
ferent loudspeakers surrounding a desk (0, 90, and 270° azimuth) at which the participant was seated.
This arrangement was intended to simulate a small-group classroom learning activity.

Study Sample: Fifteen children with moderate to moderately severe hearing loss.

Data Collection and Analysis: Speech recognition was evaluated in the three hearing technology con-
ditions, and subjective auditory preference was evaluated in the HA-ADM and HA-ADM-RM conditions.

Results: The use of the remote microphone system in the Small Group mode resulted in a statistically
significant improvement in sentence recognition in noise of 24 and 21 percentage points compared with
the HA-O and HA-ADM conditions, respectively (individual benefit ranged from —8.6to 61.1 and 3.4 to 44
percentage points, respectively). There was not a significant difference in sentence recognition in noise
between the HA-O and HA-ADM conditions when the remote microphone system was not in use. Eleven
of the 14 participants who completed the subjective rating scale reported at least a slight preference for
the use of the remote microphone system in the Small Group mode.

Conclusions: Objective and subjective measures of sentence recognition indicated that use of remote
microphone technology with the Small Group mode may improve hearing performance in small-group
learning activities. Sentence recognition in noise improved by 24 percentage points compared to the
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HA-O condition, and children expressed a preference for the use of the remote microphone Small Group
technology regarding listening comfort, sound quality, speech intelligibility, background noise reduction,

and overall listening experience.

Key Words: adaptive directional microphone, pediatric audiology, remote microphone system, small

group, speech perception

Abbreviations: CNC = consonant-nucleus-consonant; DSL = Desired Sensation Level; HA = hearing
aid; HA-ADM = hearing aid with automatic activation of a directional microphone; HA-O = hearing aid in
omnidirectional microphone mode; IEEE = Institute of Electrical and Electronics Engineers; RM =
repeated measures; RT60 = reverberation time for signal to attenuate by 60 decibels; SNR =

signal-to-noise ratio

INTRODUCTION

hearing loss are likely to encounter difficulty
with communication in noisy and reverberant
situations and when the speech signal of interest orig-
inates from a distance (e.g., more than a meter) from the
listener (Finitzo-Hieber and Tillman, 1978; Nabelek
and Nabelek, 1985; Crandell and Bess, 1986; Crandell,
1991; 1992; 1993; Wolfe et al, 2013). It is also well
known that classroom acoustics are often characterized
by moderate to high levels of competing noise and re-
verberation (Knecht et al, 2002; Choi and McPherson,
2005; Massie and Dillon, 2006; Crukley et al, 2011,
Ronsse and Wang, 2013). Remote microphone technol-
ogies have been currently established as the most effec-
tive means to improve speech recognition in noise for
hearing aid (HA) users (Hawkins, 1984; Ricketts,
2001; Wolfe et al, 2013). In a conventional remote mi-
crophone system, a microphone worn by the primary
talker (e.g., the classroom teacher) of interest captures
his/her speech and wirelessly delivers it via a radio
transmitter to radio receivers that are coupled to the
student’s HAs. In previous research studies in which
sentence recognition has been evaluated at SNRs often
encountered in real-world settings (e.g., 0 to +5-dB
SNR) (Pearsons et al, 1977; Crukley et al, 2011), the
use of remote microphone systems has allowed for an
average improvement of 30 to 60 percentage points in
sentence recognition in noise relative to use of HAs
alone (Hawkins, 1984; Madell, 1992; Lewis et al,
2004; Wolfe et al, 2009; 2013). As a result, remote mi-
crophone technology is most likely the best solution to
improve speech recognition in noise in situations in which
the primary talker is known and constant over a period of
time (e.g., traditional classroom lecture). Of note, when
used in this traditional or conventional mode, the remote
microphone polar plot pattern is typically directional so
that when pointed toward the talker’s mouth, the primary
speech signal of interest is captured while surrounding
noise is attenuated.
Unfortunately, there are several instances in which
the traditional use of a single, remote microphone sys-
tem may not fully address the communication needs of a

R esearch has clearly indicated that children with

student with hearing loss. For example, students may
spend a portion of the day in a classroom working on
assignments in small groups composed of their peers.
In fact, this type of learning activity occurs quite fre-
quently in contemporary educational settings. Feilner
(2016) observed students with hearing loss in multiple
classrooms and schools in several countries during
daily activities. The various educational activities
were classified into different categories based on the
teaching style or teaching method. Overall, 22% of
the school day consisted of frontal instruction/tradi-
tional lecture (e.g., the teacher lectured from the front
of the classroom), whereas thirteen percent of the
school day consisted of students working individually
(e.g., the student worked on an assignment at his/her
desk and received instruction/direction from the teacher
or asked questions to the teacher as needed). Because
the teacher’s speech is the primary signal of interest in
these situations, traditional use of remote microphone
technology would be expected to provide substantial
improvement in speech recognition and is likely to be
the best technological solution available to a student
with HAs.

Feilner (2016) also found that twenty-two percent of
the school day consisted of students with hearing loss
working in small groups with their peers, whereas thir-
teen percent of the day consisted of “interactive lessons”
in which there were multiple signals of interests that
changed rapidly in regard to source and direction. In
addition, Feilner noted that 22% of the day consists
of “exciting or other activities” (e.g., lunch in the cafe-
teria, walking in the halls between classes, and recess
on the playground), in which a remote microphone may
not be the ideal solution to hear multiple talker and/or
environmental sounds of interest. In short, the propor-
tion of the day in which traditional remote microphone
use would be expected to optimize hearing performance
(35%) is less than the proportion of the day in which re-
mote microphone use would be expected to offer little to
no improvement in listening abilities (65%).

Another potential solution to improve speech recogni-
tion during small-group educational activities is the
use of a remote microphone transmitter that may be
placed on a desk or table in the center of the small group

51

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



Journal of the American Academy of Audiology/Volume 31, Number 1, 2020

whereby the speech of the talkers may be captured
closer to the source of the signal. In this application,
the polar plot pattern of the remote microphone is typ-
ically omnidirectional to allow for the capture of speech
around the entire group. In addition, the sensitivity of
the microphone is often reduced to capture the signals
of interest that are proximal in the small group setting
while limiting the acquisition of the competing noise
from outside the group. This approach differs from tra-
ditional remote microphone use in which the micro-
phone is worn next to a single talker’s mouth and
uses directional technology to focus on the talker’s
speech and attenuate sounds from other directions.
As a result, remote microphone systems featuring
these capabilities often allow for manual (via a user-
controlled switch) or automatic switching of the func-
tion of the microphone mode.

For example, some modern remote microphone systems
are equipped with accelerometers and/or gyroscopes
that allow for detection of the spatial orientation of
the microphone/transmitter and automatic activa-
tion of the microphone mode deemed most appropriate
for the use case associated with the detected orienta-
tion. Specifically, when the microphone is used in
the “Small Group” mode (i.e., lying on a table in the
horizontal plane), a three-microphone beamformer is
activated to adapt the beam of focus to any input from
360° around the device (within four feet from the device)
(see Figure 1A). By contrast, when the microphone/
transmitter is determined to be worn in the “Lanyard”
mode (i.e., positioned in the vertical plane as it would
be when worn around the neck on a lanyard and in
close proximity to a teacher’s mouth), the microphone
automatically switches to fixed directional mode to fo-
cus on the teacher’s speech and to attenuate competing
noise (see Figure 1B). There are no published studies
evaluating the potential benefits and limits of the use
of a remote microphone system that automatically
switches to an adaptive directional mode designed to
optimize hearing performance in small-group educa-
tional settings.

Study Objectives

In light of the aforementioned discussion, the objec-
tives of the present study were as follows:

¢ To compare speech recognition of school-age children
HA users between three technology conditions: (a)
HAs alone in the omnidirectional microphone mode
(HA-O), (b) HAs alone in adaptive directional mode
(HA-ADM) @i.e., the HA automatically switches in
noisy environments from omnidirectional mode to a
directional mode with a cardioid polar plot pattern),
and finally (c) HA-ADM mode with simultaneous use
of a remote microphone system designed for small-

A IR
Small Group

Figure 1. Microphone activation associated with two different
remote microphone use applications, (A) Small Group mode using
the three-microphone beamformer for adaptively targeting multi-
ple talkers, (B) Lanyard (Teacher) mode using a dual-microphone
beamformer for maximum focus on a single talker. (This figure ap-
pears in color in the online version of this article.)

group educational activities (HA-ADM + RM) (i.e.,
the remote microphone automatically switches to
the Small Group mode when lying on a desk) in a class-
room setting that mimics a school small-group learning
activity in omnidirectional mode.
¢ To compare the perceptual preferences of the same school-
age children between HA-ADM only or HA-ADM + RM.

MATERIALS AND METHODS
Participants
Information about the participants in this study is
provided in Table 1. The participant inclusion criteria
were as follows:
e Participants were 7 to 17 years old (mean = 12.95).

This age range was selected to allow evaluation
of school-age children and also to include children
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Table 1. Demographic Information and Speech Recognition Scores for Individual Participants

Participant # Age Years of HA Use PTA Right PTA Left CNC Score SNR dB HA-O Score HA-ADM Score HA-ADM-RM Score

1 12.3 6.5 63.8 62.5 92
2 13.2 6.8 56.3 75.0 90
3 12.4 6.5 47.5 45.0 100
4 14.2 9.5 55.0 52.5 94
5 1.4 8.5 45.0 45.0 96
6 10.8 10.8 73.8 70.0 100
7 1.0 6.2 48.8 47.5 100
8 156.3 11.5 50.0 36.3 98
9 13.8 7.0 68.8 67.5 94
10 10.0 7.3 63.8 35.0 100
11 14.8 15.0 60.0 47.5 84
12 14.3 8.7 61.3 60.0 90
13 15.9 4.0 62.5 50.0 96
14 15.6 10.0 73.8 76.3 82
15 9.3 9.33 53.8 50.0 90
Avg 129 8.5 58.9 54.7 93.7
SD 2.1 2.7 8.8 12.7 5.7

0 59.7 62.3 81.5
0 61 60.9 69.5
0 75.5 88.1 97.4
0 73.6 47.4 91.4
—-10 8.4 14.3 33.8
0 65.4 75.3 96.69
0 47.7 61.7 83.4
-5 41.5 37 64.9
0 37.1 34.4 72.9
+5 52.8 27.2 44.2
0 71 49.7 68.2
0 65.4 841 87.7
0 37.1 41.1 61.7
0 53.5 40.4 75.9
0 34.6 39.6 55
-0.7 48.0 50.9 723
3.2 20.8 20.9 18.5

Note: All scores are in percent correct. HA-ADM = hearing aid with automatic activation of a directional microphone; HA-ADM-RM = HA-ADM
mode and remote microphone technology; PTA = pure-tone average at 500, 1000, 2000, and 4000 Hz; age is in years; SNR = signal-to-noise

ratio during testing with the speech signal at 70 dBA.

who were mature enough to participate in the testing
being completed in this study. Also, this age range is
similar to previous research examining remote micro-
phone technologies in children (e.g., Wolfe et al, 2013).

¢ Participants had a four-frequency pure-tone average
between 35- and 75-dB HL in the better ear. This
hearing loss range was selected because it allowed
assessment of children for whom the use of amplifi-
cation is imperative for success in the classroom
while also excluding children who may have had
too much hearing loss to successfully complete the
aided assessments conducted in this study. The par-
ticipants had bilateral hearing loss with symmetrical
degrees of hearing loss (e.g., interaural pure-tone
averages within 20 dB). Study participants were
recruited from the patient database of the clinic
where the data were collected. Air and bone conduc-
tion pure-tone thresholds were measured using con-
ventional Hughson-Westlake clinician procedures
(Carhart and Jerger, 1959) at the beginning of this
study to ensure the children met audiometric inclu-
sion criteria. Audiometric evaluation was completed
with a Grasson-Stadler Industry (GSI) AudioStar
Pro audiometer coupled to RadioEar IP-30 insert
earphones and a RadioEar B-81 bone conduction
oscillator.

e All children were experienced binaural users of
behind-the-ear HAs.

e All children had a consonant-nucleus-consonant
(CNC) (Petersen and Lehiste, 1962) word recognition
score at 60 dBA of at least 60% correct in quiet in the
best aided condition. This criterion was selected to
ensure that children were unlikely to encounter floor

effects on the speech recognition in noise testing com-
pleted in this study. CNC word testing was evaluated
before aided testing was completed in this study.
CNC word recognition testing was completed in an
audiometric test both with words presented from a
loudspeaker located 1 m directly in front of the par-
ticipant at a presentation level of 60 dBA at the lo-
cation of the participant.

¢ All participants were able to read written instructions
and complete questionnaires in English.

¢ All participants in this study used spoken language as
their primary mode of communication.

Fifteen children (10 males and 5 females) ranging in
age from 9 to 15 years (mean age = 12.9 years; SD = 2.1)
participated in this study. Mean audiometric thresh-
olds of the participants are provided in Figure 2, and
additional participant demographic data are provided
in Table 1. All of the children had sensorineural hearing
loss. The study was approved by the Western Institu-
tional Review Board (WIRB).

Frequency (Hz)

250 500 1000 2000 4000 8000
](0) =-Right <-Left
20
30
40
50
60
70
80
90

Threshold (dB HL)

Figure 2. Mean audiometric thresholds in dB HL (bars indicate
one standard deviation).
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Equipment

Participants in this study were fitted binaurally with
Phonak Sky V90 behind-the-ear HAs coupled to their
personal earmolds. Probe microphone measures were
conducted with the Audioscan Verifit HA analyzer to
verify the output of the HAs for each child. The HAs
were programmed to provide an output that matched
the Desired Sensation Level version 5.0 (DSL 5.0) pedi-
atric targets (=5 dB) at 250, 500, 1000, 2000, 4000, and
6000 Hz for the Audioscan Verifit Standard Speech sig-
nal presented at 55, 65, and 75-dB SPL. Furthermore,
the prescribed maximum output was set to DSL 5.0 real
ear aided response targets for an 85-dB SPL input sig-
nal. The aided speech recognition and subjective prefer-
ence was evaluated in the same session that the HAs
were fitted. Although the children were not provided
with an opportunity to acclimate to the HAs, it should
be noted that all children used binaural Phonak HAs
fitted to DSL 5.0 prescriptive targets before their inclu-
sion in this study.

Test Environment and Materials

Assessment of speech recognition was conducted in a
25'3" by 24'8" by 9’ unoccupied classroom with an am-
bient noise level of approximately 44 dBA as measured
with a Quest Technologies 1200 Type 1 sound level me-
ter. The reverberation time required for 60-dB attenua-
tion (RT60) was 0.6 seconds (averaged across frequency),

%

A T

which is similar to a typical classroom (Knecht et al,
2002; Crukley et al, 2011). Speech perception in noise
was assessed using a multiple loudspeaker array with
Genelec 8020B loudspeakers. The participant sat in
the middle of the room behind a desk that was sur-
rounded by three near-field loudspeakers located at
0, 90, and 270° relative to the desk (see Figure 3). The
target speech was presented from three loudspeakers
surrounding the desk. Four loudspeakers were located
in the corners of the room and were used to present un-
correlated classroom noise (Schafer and Thibodeau,
2006) (see Figure 3).

Test Methods and Equipment

All assessments administered in this study were com-
pleted within one test session which typically took
about two hours to complete. The children were pro-
vided with 5- to 10-minute breaks between the HA fit-
ting and speech recognition assessment portions of this
study and again before the assessment of subjective
preference.

Evaluation of Speech Recognition in Noise

Assessment of the participants’ speech recognition in
noise was evaluated in three conditions: (a) HA-O, (b)
HA-ADM, which automatically switched to a direc-
tional microphone mode with a cardioid polar plot pat-
tern in the noisy situation evaluated in this study, and

s
.7 meters
4 meters 2700‘ ,)) — ‘E -—-! p— *E e ((( ’ 90° 4 meters
= | =
.7 meters
- o O g
2235 435“
I 4 meters I

Figure 3. Loudspeaker arrangement used in the study. Relative positions of the listener, touchscreen microphone (shaded box), near-
field speakers (black), and far-field speakers (white). The listener and near-field speakers were positioned 0.7 m away from the
touchscreen microphone; far-field speakers were positioned 2.8 m away from the touchscreen microphone.
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(c) HA-ADM with simultaneous use of the Phonak
Roger Touchscreen remote microphone in the Small
Group mode (i.e., HA-ADM-RM). The Small Group
mode was automatically activated and could be verified
by an icon on the touchscreen.

The Phonak Roger Touchscreen remote microphone
is a digital radio frequency transmitter (2.4-GHz band-
width) that adaptively increases the gain of the radio
frequency signal when the ambient noise exceeds
57-dB SPL. The Small Group mode of the Roger
Touchscreen uses a three-microphone beamformer to
adaptively direct the beam toward the direction from
which the speech signal is arriving and suppressing
noise arriving from other directions originating from
any azimuth 360° around the transmitter. The Small
Group mode is designed so that the Roger Touchscreen
microphone may be placed in the center of 2 to 5 group
members during group learning or listening activities.
Specific signal characteristics, such as the SNR and
signal level, are analyzed and used to localize speech
information and to identify the talker’s direction. The
automatic analysis of the acoustics of the listening en-
vironment allows the Small Group mode to automati-
cally follow the conversation by always focusing the
beam of sensitivity toward the active talker. The Small
Group mode uses a system of three microphones which
are oriented orthogonally to one another (i.e., a 90° an-
gle between each of the microphones) and which allow
creation of four-directional beams. Figure 4 provides a
visual representation of the beams that may be auto-
matically directed toward active talker. The Phonak
Roger Touchscreen contains an accelerometer, which

Figure 4. A visual representation of the beamforming capabil-
ities of the Phonak Roger Touchscreen Small Group mode. (This
figure appears in color in the online version of this article.)

Remote Microphone System with Tri-mic/Wolfe et al

is used to determine the orientation and motion of
the device. The Small Group mode is automatically ac-
tivated when the Roger Touchscreen is placed on a flat
surface, such as a desk or table.

Sentence recognition was evaluated with Institute of
Electrical and Electronics Engineers (IEEE) sentences.
As discussed in the following paragraphs, the sentences
were randomly presented from each of three different
loudspeakers. The Quest Technologies 1200 sound level
meter was used to ensure that the presentation level of
the sentences presented from each of the three loud-
speakers was fixed at 70 dBA when measured at the lo-
cation of the remote microphone. Before assessment in
each of the three technology conditions, the level of
classroom noise was adaptively adjusted to determine
the SNR required for IEEE sentence recognition to fall
in the 30-50% range (SNR-50) with the HA in the om-
nidirectional microphone mode and without the use of
remote microphone technology. More specifically, the
level of the competing noise was initially set at 60
dBA (i.e., +10-dB SNR), and sentence recognition
was evaluated with a full list (10 sentences) of IEEE
sentences. If the participant’s score exceeded 50% cor-
rect, the level of the competing noise was increased in
5-dB steps until a sentence recognition score between
30% and 50% correct was obtained for a full list (10 sen-
tences) of IEEE sentences. The examiner noted that
SNR that yielded a score between 30% and 50% correct,
and the assessment of the three technology conditions
(HA-O, HA-ADM, and HA-ADM-RM) was completed at the
same SNR. The order in which performance was tested
for each of the three technology conditions was counter-
balanced across participants. For each of the three tech-
nology conditions, speech recognition in noise (in percent
correct) was evaluated with two full lists (ten sentences
per list; 20 sentences total) of IEEE sentences. The chil-
dren were asked to repeat the words in the sentences
that were presented, and the examiner scored each word
that was correctly repeated (i.e., total percent correct =
number of words presented correctlynumber of total
words within the sentences). Of note, although the
HA-O served as the baseline condition for which the ex-
aminer determined the SNR yielding a score of 30-50%
correct, the HA-O condition was evaluated again in a
counter-balanced order with the remaining conditions
to ensure that an order effect did not influence perfor-
mance measured in the HA-O condition. Also of note,
some of the participants’ scores in the HA-O study con-
dition fell outside of the 30-50% correct range, a finding
for which there is no definitive explanation.

Within each condition, the sentences were randomly
presented from each of the three loudspeakers sur-
rounding the participant’s desk, whereas uncorrelated
classroom noise was presented from the four loud-
speakers located in the corners of the classroom at a level
corresponding to the previously determined SNR-50 (see
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Figure 3). Although the speaker from which the senten-
ces were presented was randomly alternated, within
each technology condition, seven sentences were pre-
sented from one loudspeaker, seven sentences were pre-
sented from another loudspeaker, and six sentences
were presented from the third loudspeaker. Because
the order of technology conditions and sentence lists
were counter-balanced across participants, an equal
number of sentences were presented from each of the
three loudspeaker locations (i.e., 0, 90, and 270°).

Assessment of Subjective Preference

After the speech recognition assessment was com-
pleted, the examiner evaluated the participant’s subjec-
tive preference for the remote microphone in group
mode with the HA in directional mode compared with
the HA in directional mode but without remote micro-
phone use. Specifically, the participants listened to a
list of IEEE sentences in two conditions: (a) HA-ADM
and (b) HA-ADM-RM (of note, the HA-O condition
was not evaluated because it was presumed that the
HA would adaptively switch to the directional micro-
phone mode in a noisy environment with a noise level
similar to what was used in this study). The presenta-
tion level of the sentences was fixed at 70 dBA at the
location of the remote microphone, and the classroom
noise level was set to the level that was used in the
speech recognition portion of this study. After listening
to a full list of 10 IEEE sentences in each condition, the
children were asked to rate their preference for the
technology conditions under evaluation across five lis-
tening domains: (a) listening comfort (e.g., the children
were asked, “which made it more comfortable for you to
listen?”), (b) intelligibility of speech (e.g., the children
were asked, “which made the speech more clear and

100
90
80
70
60

50

Percent Correct

HA Omni

easier to understand?”), (c) sound quality (e.g., the chil-
dren were asked, “which had the best sound quality?”;
“which sounded the best?”), (d) reduction of background
noise (e.g., the children were asked, “which made the
noise go away the most?”), and (e) overall preference
(e.g., the children were asked, “which was your overall
favorite?”; “which did you like the most?”).

For each listening domain, the participants expressed
their preference for one of the two listening programs by
selecting from five options, each of which was assigned a
value by the examiner, (a) Program A is much better
than program B (+2), (b) Program A is a little better
than program B (+1), (c) Program A and B are the same
(0), (d) Program B is a little better than program A (—1),
and (e) Program B is much better than program A (—2).
The order in which each program was evaluated was
counter-balanced across each listening domain. The
children were blinded as to the function of the technol-
ogy corresponding to programs A and B (and they were
unaware of the function of the remote microphone,
which was placed in front of them on the table throughout
the entire assessment). The Appendix provides an ex-
ample of the form used to acquire the children’s prefer-
ence across each listening domain.

RESULTS

ean IEEE sentence recognition scores (with 1 SD

bars) are shown in Figure 5, and individual par-
ticipant data are provided in Table 1. To examine any
significant differences across the conditions, a one-
factor repeated measures analysis of variance was used.
The analysis revealed a significant main effect of condi-
tion, F(g, 45) = 24.8, p < 0.0001. A post-hoc analysis was
conducted with the Tukey—Kramer multiple compari-
sons test, which revealed that the HA in directional

HA Dir HA + Roger

Device Condition

Figure 5. Mean speech recognition scores using three different technology conditions: (1) HA alone with omnidirectional microphone
mode, (2) HA alone with adaptive directional microphone mode, and (3) HA with adaptive directional microphone technology along with
simultaneous use of a remote microphone in the Small Group mode. Vertical lines represent one standard deviation.
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mode with simultaneous use of the Phonak Roger
Touchscreen remote microphone in the Small Group
mode resulted in significantly better speech recognition
than the remaining two hearing aid—alone conditions
(p < 0.05).

The individual subjective ratings (n = 14) across the
five domains (comfort, intelligibility, quality, back-
ground noise, and overall preference) are shown in Fig-
ure 6 (of note, the subjective task was not completed
with one participant because of technical difficulties
with the study equipment). Across all domains, most
participants rated HA-ADM-RM equal to or higher than
the HA-ADM.

DISCUSSION
Speech Recognition in Noise

The most clinically significant finding of this study is
the fact that the Small Group application of the remote
microphone provided a significant improvement in speech
recognition in noise in a simulated small-group learning
environment relative to the remaining conditions. This
represents the first published report showing the poten-
tial benefit of placing a remote microphone in the middle
of a desk to allow a child with HAs to better understand
his or her peers when involved in a small-group learning
activity. This finding is relevant because it supports a po-
tential solution for a problematic situation for which until
now, there were few alternatives to optimize hearing per-
formance of children with hearing loss.

As previously mentioned, it is possible for children to
use a multitalker network of remote microphone sys-

10
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tems so that each peer in a small group is outfitted with
a personal remote microphone. Most likely, this alter-
native would allow better speech recognition in noise
than what was obtained in this study with a single re-
mote microphone in the Small Group mode. However, a
multitalker network of remote microphone systems
may not be a viable option for some classrooms because
of school district budget limitations. Also, some class-
room teachers and peers may find the use and implemen-
tation of a multitalker network to be inconvenient or
undesirable. Additional research is needed to develop
abetter understanding of the advantages and limitations
of different types of remote microphone and HA technol-
ogies for the purpose of improving hearing performance
in small-group learning activities. This research should
attempt to clarify the magnitude of speech recognition
improvement in noise one would expect to obtain with
amultitalker remote microphone system, a single remote
microphone in the Small Group mode, and HA noise
management technology, such as adaptive beamforming.

Of note, the mean speech recognition in noise score
was similar between the omnidirectional and directional
conditions (i.e., no significant benefit or detriment oc-
curred with directional use relative to performance in
the omnidirectional condition) when the HAs were used
without the remote microphone system. Previous re-
search examining the potential pros and cons of direc-
tional HA use in classroom situations has generally
shown improvement in speech recognition in noise with
the use of directional technology when the signal of in-
terest arrives from in front of the child (Ricketts et al,
2007; Ricketts and Picou, 2013; Wolfe et al, 2017). In
addition, directional decrement, has been reported for

B Background Noise B Overall Preference

ADM Much Better

Than ADM-RM Than ADM-RM

ADM Slightly Better ADM and ADM-RM

ADM-RM Slightly ADM-RM Much Better
Equal Better Than ADM Than ADM

Rating Classifiers

Figure 6. Mean subjective ratings across listening domains while using the (1) HA alone with adaptive directional microphone mode and
(2) HA with adaptive directional microphone technology along with simultaneous use of a remote microphone in the Small Group mode.

Vertical lines represent one standard deviation.
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situations in which the signal of interest does not arrive
from in front of the listener and when the origin of signal
of interest changes throughout testing (Ricketts et al,
2007; Ricketts and Picou, 2013; Wolfe et al, 2017). In
the present study, because target sentences were pre-
sented randomly from loudspeaker located at three differ-
ent locations (0, 90, and 270°) without the use of a video
monitor (i.e., auditory-only presentation rather than
auditory-visual), there were no visual cues available to par-
ticipants to assist in identifying the location from which
the signal was originating. As a result, the participants
may have been unable to promptly orient toward the loud-
speaker in which the signal was being presented, an ac-
tion that is necessary to obtain benefit from directional
microphone technology. Of note, although there were
no differences in the group mean scores for the HA-O
and HA-ADM conditions, one child in this study did ob-
tain a statistically significant improvement in speech rec-
ognition in noise with use of the directional microphone
(HA-ADM) relative to the omnidirectional condition
(HA-O). By contrast, two children did experience a statis-
tically significant decrease in speech recognition in noise
with the use of the directional microphone (HA-ADM). It
is unclear why one child obtained benefit from the use
of the adaptive directional microphone, whereas two
children experienced detriment from the use of the
directional microphone. Also of note, one of the children
who experienced a significant decrease in speech recogni-
tion in noise with the use of the directional microphone
also did not obtain an improvement in speech recognition
in noise in the remote microphone condition (HA-ADM-
RM). It is possible that the apparent detriment associated
with the use of the directional microphone limited the
child’s overall performance when the remote microphone
was used in conjunction with the HA directional micro-
phone. Further research is needed to better understand
the potential pros and cons of adaptive directional micro-
phone use in small-group classroom situations.

In real-world use, it is possible that children with
HAs may have used visual cues to locate the talker
and orient in that direction. If this did indeed occur,
then use of adaptive directional microphone technology
may prove to offer better speech recognition in noise
than omnidirectional use. However, it should be noted
that children do not always orient toward the signal of
interest in classroom or other daily situations (Valente
et al, 2012; Lewis and Wannagot, 2014; Lewis et al,
2015), and when they do make a concerted effort to look
at a talker, speech comprehension often decreases
(Lewis and Wannagot, 2014; Lewis et al, 2015). The de-
crease in speech recognition and comprehension associ-
ated with a greater tendency to attempt to look at the
talker is attributed to a greater number of cognitive re-
sources being allocated toward identifying the location
of the talker which results in fewer cognitive resources
available for listening comprehension. If better speech
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comprehension is associated with lower looking behav-
ior, then it is possible that the use of a remote micro-
phone in the Small Group mode may allow better
hearing performance than use of directional HA tech-
nology in small-group listening activities. Additional
research is needed to further understand the poten-
tial benefits and limitations of adaptive directional
technology and remote microphone technology when vi-
sual cues are also available to the child with hearing loss.

Subjective Preference

In agreement with the speech recognition score, the
participants (n = 14) typically reported a preference for
the use of the remote microphone system in the Small
Group mode when compared with use of the HA alone
(Figure 5). More specifically, for each domain, the fol-
lowing number of participants preferred (i.e., combined
ratings of “Slightly Better” or “Much Better”) the re-
mote microphone Small Group mode: 10 for Comfort,
10 for Intelligibility, 10 for Quality, 8 for Background
Noise, and 11 for Overall Preference.

Summary and Clinical Implications

Behavioral and subjective measures of speech percep-
tion conducted in this study indicate that use of remote
microphone technology with the Small Group mode may
improve hearing performance in small-group learning
activities. Specifically, sentence recognition in noise im-
proves by almost 25 percentage points compared with
the HA alone condition, and more than two-thirds
of the children who completed the subjective ratings
expressed a slight to moderate preference for the use
of the remote microphone Small Group technology in
regard to listening comfort, sound quality, speech intel-
ligibility, background noise reduction, and overall listen-
ing experience. Taken collectively, the use of a remote
microphone with an adaptive Small Group listening mode
appears to be a viable solution to improve hearing perfor-
mance in small-group learning activities in the classroom.
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APPENDIX

Scoring Key

A:. As AB Ba

B.

A
As.
AB.
Ba.
B..

A is much better than B

A is slightly better than B

A and B are equal

B is slightly better than A

B is much better than A
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