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Abstract Background Previous research showed benefits of remote wireless technology in
bilaterally moderate- to-severe hearing-impaired participants provided with hearing
aid(s), cochlear implant(s) (CIs), or bimodal devices as well as in single-sided deaf (SSD)
cochlear implant recipients (with CI from Cochlear™) and normal-hearing (NH)
participants.
Purpose To evaluate the effect of the digital remote wireless microphone system,
Roger™, on speech recognition at different levels of multisource noise in SSD CI
recipients using MED-EL CI sound processor OPUS 2. Outcomes were assessed as a
function of the listening condition (NH only, NHþ CI, NHþ CIRog, NHRogþ CI, and
NHRogþ CIRog), Roger™ receiver type (Roger™ Focus for NH; Roger™ Xand Roger™
MyLink for CI) and accessory mixing ratio.
Study Sample Eleven adult, SSD participants aided with CI from MED-EL.
Data Collection and Analysis Speech recognition in noise was assessed in two no-
Roger™ conditions, one Roger™ X condition, and two Roger™MyLink conditions. For the
Roger™ X and no-Roger™ conditions, speech recognitionwas tested at 60.3 dB(A) with the
Oldenburg Sentence Test in classroom noise at levels of 55, 65, and 75 dB(A). For the two
Roger™MyLink conditions, speech recognition at 60.3 dB(A) wasmeasured at a noise level
of 75 dB(A). Roger™ X was assessed with an accessory mixing ratio of 1:1 (summation of
unattenuated microphone and audio accessory input). For Roger™MyLink, two accessory
mixing ratios were investigated, MT (1:1, summation of unattenuated microphone and
telecoil input) and T with maximum attenuation of microphone input.
Results Speech recognition at higher noise levels (65 and 75 dB(A)) improved
significantly with Roger™ in both unilateral use conditions (NHþ CIRog and
NHRogþ CI) as well as bilateral use condition (NHRogþ CIRog). Both the bilateral
application of Roger™ and the unilateral Roger™ application on the NH ear out-
performed the Roger™ application on CI alone. There was no statistically significant
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Introduction

Single-sided deaf (SSD) participants report difficulties with
speechrecognitionincompetingnoiseand localizationofsound
sources. Since 2008, cochlear implantation of SSD adults has
beenshowntobeasuccessful treatmentallowing for significant
improvementsof speech recognition in competingnoise aswell
as localizationof soundsources (Lieu,2004;13VermeireandVan
de Heyning, 2009;22 Buechner et al, 2010;4 Arndt et al, 2011;2

Jacob et al, 2011;11 Firszt et al, 2012;7 Tavora-Vieira et al,
2015;20 Friedmann et al, 2016;8 Arndt et al, 20173). Even so,
SSD cochlear implant (CI) recipients experience limited speech
recognition inchallenging listeningsituations,especiallyduring
conferences, in classrooms, and in reverberating rooms (Giolas
and Wark, 1967;9 Wie et al, 201028).

Wireless remotemicrophonesystemshavebeendesigned to
improve speech recognition of hearing- impaired participants
in those challenging listening situations. These systems are
intended to bridge the distance between a remote speaker and
the listener using a microphone transmitter put near to the
mouth of the speaker and a receiver connected to the listener’s
hearing aid (HA), CI, or NH ear via wireless audio signal
transmission. Conventional wireless remote microphone sys-
tems are fixed-gain or adaptive-gain (dynamic) frequency
modulation (FM) systems. In 2013, Phonak AG (Stafa,
Switzerland) introduced an advanced remote wireless micro-
phone system, Roger™, that consists of a wireless microphone
(e.g., Roger™ Pen) and one or several receivers (e.g., Roger™
Focus) compatible with most of the recent CI processors and
HAs (Phonak AG, 201314). Because the receiver gain is auto-
matically adjusted according to ambient noise level, Roger™
allows for good speech recognition, especially at higher com-
peting noise levels (Thibodeau, 201421).

Benefits of remotewireless technology in participantswith
bilateral hearing loss using HA(s) or/and CI(s) were shown in
former studies. Wolfe et al (2013)30 revealed that Roger™
significantly improved speech recognition at higher noise
levels (70, 75, and 80 dB(A)) and outperformed fixed-gain
and adaptive-gain analogue FM systems in adult bilateral CI
recipients and bimodal CI-HA recipients. These results were
confirmedby Thibodeau (2014),21demonstrating a significant
benefit of Roger™ compared with FM technology (fixed- and
adaptive-gain) in bilateral HA users. Furthermore, Wolfe et al
(2015)29 measured speech recognition in classroom noise
ranging in level from 50 to 80 dB(A) in a classroom in three
unilateral and eight bilateral CI recipients, ages 11-68 years,
using CI from Advanced Bionics AG (AB; Stafa, Switzerland).

They were able to show that the use of Roger™ technology
(Roger™ inspiro transmitter, Roger™17 receiver) significantly
improved speech recognition. De Ceulaer et al (2016)5

assessed speech reception thresholds in seven unilateral and
five bimodal AB CI recipients in a diffuse field of multitalker
babble noise generated by three nonsimultaneous companion
talkers simulating a group conversation situation at a table in a
restaurant environment. For the application of a Roger™ 17
receiver connected to the recipients’ CI sound processor and
one Roger™ Pen transmitter in the middle of the table, the
authors could demonstrate a significant improvement of
speech reception thresholds, and an additional improvement
for the application of three Roger™ Pen transmitters used by
each talker in a microphone network.

Other advanced remote wireless microphone systems,
Mini Microphones 1 and 2þ, also enabled a significant
improvement of speech recognition in noise in unilateral
or bilateral CI recipients as well as bimodal CI-HA users (De
Ceulaer et al, 20176). In bimodal recipients, the application of
Mini Microphone 2þ on both the CI and HA yielded a
significant improvement compared with unilateral use
with the CI only (Vroegop et al, 201724). Furthermore, the
benefits of remotewirelessmicrophone systemswere shown
for pediatric unilateral and bilateral CI recipients with bilat-
eral hearing loss (Schafer and Thibodeau, 200619; Razza et al,
201718). In addition, Razza et al (2017)18 assessed the
improvement of speech reception threshold in noise in
bilaterally hearing-impaired unilateral or bilateral CI chil-
dren using two different remote wireless systems and found
a significantly better speech performance with the Mini
Microphone 1 compared with Roger™. Furthermore, we
were able to demonstrate the benefits ofthe remote wireless
technology, Roger™, in SSD participants provided with a CI
from Cochlear Ltd. (Sydney, Australia) and normal-hearing
(NH) participants (Wesarg et al, 201927). Both SSD CI recip-
ients and NH participants benefited from the unilateral
application of Roger™ on the NH ear, on the CI as well as
from using Roger™ bilaterally, and no difference was
revealed between the applications (Wesarg et al, 201917).

With the Roger™, different microphone transmitters
(Roger™ Pen, Roger™ Touchscreen Mic or Roger™
Table Mic) can be combined with various receivers (Roger™
X, Roger™ MyLink or Roger™ Focus) (Phonak AG, 2013;14

Phonak AG, 2016;15 Phonak AG, 201716). An audio input
socket is required to attach Roger™ X to a hearing device (HA
or CI processor), whereas the Roger™ MyLink neckloop
requires an integrated telecoil in the hearing device. Using

effect of type of CI Roger™ receiver (Roger™ X or Roger™ MyLink) and the accessory
mixing ratio (MT or T) on speech recognition.
Conclusions Speech recognition for distant speakers in multisource noise improved
significantly with the application of Roger™ in SSD CI recipients. Both the unilateral
Roger™ application on the NH ear or the CI as well as the bilateral Roger™ application
can be recommended.
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Roger™ MyLink, different mixing ratios between the input
from the CI sound processor or HA microphone(s) and the
input from coupled audio accessories can be selected.
The accessory mixing ratio controls the relative strength of
the input signals from the audio accessory and the hearing
device microphone(s). Johnstone et al (2018)12 measured
speech recognition in quiet and noise in bilaterally hearing-
impaired pediatric CI recipients (mean age 14 years) using
the T-Mic™, the adaptive directional microphone (ADM)
Ultrazoom as well as the omnidirectional remote micro-
phone (Pho- nak RemoteMic). Speech recognition signifi-
cantly improved with the application of both ADM and
remote microphone in quiet and noise compared with
T-Mic™T-Mic™?A3B2 ek?> alone. Even though there was a
benefit with ADM and remote microphone, the CI children
performed poorer than the NH children (Johnstone et al,
201812). Wolfe and Schafer (2008)31 assessed the influence
of the mixing ratio on speech recognition in noise in bilater-
ally hearing- impaired unilateral CI users. In a frontal lecture
format, there was no significant difference of objective and
self-reported speech performance between the two mixing
ratios (50:50 and 30:70, i.e., 50% or 30% from CI processor
microphone and 50% or 70% from coupled audio accessory)
applied. In addition, Wolfe and Schafer (2008)31 showed that
the subjectively judged performance was poorer with the
mixing ratio 30:70 when the speech signal was not pointed
directly to the recipient’s FM transmitter, e.g., in multitalker
situations. Hey et al (2009)10 compared speech recognition
in noise in Cochlear™ CI participants using an FM system
with different accessory mixing ratios in two listening
situations: a classical lecture format with one frontal speaker
and in a listening situation with a lateral speaker. According
toHeyet al (2009),10 amixing ratio of1:1 is recommended for
listening situations with multiple talkers such as teaching
with discussion and a larger mixing ratio for a classical
lecture format.

Study Objective
The aim of the present study is to determine whether SSD CI
recipients using a CI from MED-EL Elektrome- dizinische
Gerate GesmbH (Innsbruck, Austria) benefit from different
modes of application of Roger™ in speech recognition for a
distant speaker in multisource background noise. Such an
improvement is expected, as demonstrated in our study
including SSD CI recipients implantedwith CI fromCochlear™
(Wesarg et al, 201927). In addition, the influence of either
unilateral (NH ear; CI) or bilateral application of Roger™
should be evaluated in SSD MED-EL CI recipients. Based on
the results of Wesarg et al (2019),27 our hypothesis is that the
use of Roger™ in SSDCI recipients either on theNH side, the CI
side, or bilaterally provides equal benefit. Furthermore, the
impact of the type of Roger™ receiver coupled to the CI
(Roger™ X versus Roger™ MyLink) on speech recognition in
noise is investigated. It is expected that thereceiver typehasan
impact on speech recognition because of different signal
transmission technologies: digital remote wireless micro-
phone with the Roger™ X versus induction hearing loop
with Roger™ MyLink. In addition, different mixing ratios

(MT; T)weighting processormicrophone andRoger™ receiver
signals on the CI side are compared. For a classical lecture
format as assessed in our study,we expect themixing ratioT to
be more beneficial, as the microphone input signal is strongly
attenuated with this mixing ratio while the audio accessory
input signal is not altered. To complement the objective
assessment, we include a questionnaire rating subjective
speech perception and identifying device preferences.

Materials and Methods

Participants
In this study, included SSD participants were required to use
aMED-EL CI and have device experience of $3months, be $18
years of age, and speak German as their native language.
According to the definition of SSD by Vincent et al (2015),23

they had to show (nearly) normal hearing in their better-
hearing ear defined as air conduction pure-tone thresholds
from 125 Hz to 4 kHz of equal to or less than 30 dB HL. In
addition, Freiburg monosyllabic word recognition at 65 dB
SPL of $50%with the CI in freefield (with the contralateral NH
ear masked) was required.

Elevenadult SSDCI recipientsusingdifferent implants from
MED-ELwith thesoundprocessorOPUS2were included in this
study.►Table 1 displays detailed information on the included
CI recipients.

CI and Roger™ Adjustment
During testing, the patients used their own sound processor
OPUS 2 with their favorite everyday program. ►Table 1

shows the coding strategy, volume setting, and microphone
sensitivity of the favorite everyday program of the included
CI recipients. Before testing, the processor was technically
inspected, including a check of microphone function.

The Roger™was used as the remote wireless microphone
system. The system’s microphone, Roger™ Pen, was set to
handheld mode (lanyard mode) applying an adaptive beam-
former yielding a directional microphone characteristic
(Bernadette Fulton (Phonak Communications AG), personal
communication, 2018).

Three different receivers were applied: Roger™ X and
Roger™ MyLink on the CI and Roger™ Focus on the NH ear.
For the Roger™ X, an accessory mixing ratio of 1:1, referred to
as MT in the following, was used in which both input signals,
from the audio accessory and the hearing device microphone,
are added up without attenuation. This ratio is preset and
cannot be altered. Before the application of Roger™MyLink as
the receiver, the telecoil of the OPUS 2 was activated. With
Roger™ MyLink, the mixing ratio was set via the processor’s
remote control to either MT (1:1, summation of unattenuated
microphone and telecoil input) or T (maximum attenuation of
microphone input, telecoil input not altered). For application
of the Roger™MyLink with themixing ratioMT, the receiver’s
volume was adjusted individually to match the loudness
perceived with the Roger™ X. The individual adjustment
was required because of the interindividual differences of
distance and orientation between the neckloop of Roger™
MyLinkandtheOPUS2 telecoil affecting the loudnesswith this
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audio induction loop-based signal transmission. This volume
adjustment was kept for the application of Roger™ MyLink
with themixing ratioT. The Roger Focus and the Roger Xwere
applied with a gain of 0 dB.

Stimuli, Equipment, and Test Conditions
For each test condition, speech recognition in noise was
measured in percent correct applying one randomly selected
30-sentence list of the Oldenburg Sentence Test (OLSA)
(Wagener et al, 1999a,b25,26). As competing noise, a digitally
edited first-, second-, third-, and fourth-grade school class-
room noise established in the study by Schafer and Thibo-
deau (2006)19 was used. The classroom noise was recorded
during students’ independent work time and altered so that
it matched the long-term average spectrum of the phrases
used as speechmaterial in their study (Hearing in Noise Test)
(Schafer and Thibodeau, 200619).

►Figure 1 shows the room dimensions and the experi-
mental setup used in the present study. Speech stimuli and
competing noise were presented by a Dell Optiplex 790 PC
with a Fireface UC soundcard and five loudspeakers. The
recipients were seated 5.5 m from the speech-presenting
single-cone loudspeaker Fostex 6301B (speaker 5). The com-
peting noise was presented in an uncorrelated fashion from
four Genelec 8030B loudspeakers (1-4). These speakers were
positioned to present the noise toward the middle point of
the experimental setup. Sound levels of speech and noise
were measured and calibrated as time-averaged sound pres-
sure levels (Leq in dB(A)) using an NTi Audio Acousti- lyzer
AL1 sound level meter. The speech levelwas set to 65 dB(A) at
a distance of 1 m from the front edge of the loudspeaker 5,
resulting in a speech level of 60.3 dB(A) at the recipient’s
head (5.5 m from speaker 5). Noise levels investigated were
set to be the same at the location of the recipient’s head as
well as at the position of the Roger™ Pen. To assure same
noise levels at both positions, calibration was carried out as

follows. To begin with, loudspeakers 1-4 were calibrated at
75 dB(A) at a distance of 1 m in front of each speaker.
Following, loudspeakers 1 and 2 were simultaneously cali-
brated at the position of the Roger™ Pen, and loudspeakers 3
and 4 were simultaneously calibrated at the recipient’s head
at 75 dB(A) each. Finally, all four noise-presenting loud-
speakers were simultaneously calibrated at 75 dB(A) at the
positions of the Roger™ Pen aswell as the recipient’s head. To
assure equal noise levels at both positions, adjustments to
the simultaneous calibration of loudspeakers 1 and 2, loud-
speakers 3 and 4, or all four loudspeakers were made as
needed. The Roger™ Pen was positioned at a distance of
20 cm in front of loudspeaker 5 at the same height as this
speaker, mimicking the vertical position of a Roger™ Pen
worn by a speaker around the neck.

We altered four variables to measure their impact on
speech recognition in noise. First, we applied five listening
conditions, two no-Roger™ conditions: NH ear and CI turned
off (NHonly) andNH ear and CI turned on (NHþ CI) aswell as
three Roger™ conditions: NH ear and CI with Roger™
(NHþ CIRog), NH ear with Roger™ Focus and CI
(NHRogþ CI), and NH ear with Roger™ Focus and CI with
Roger™ (NHRog 1 CIRog) (►Table 2). Second, two different
Roger™ receivers were attached to the CI (Roger™ X or
Roger™ MyLink). Furthermore, two accessory mixing ratios
(MT; T) were applied during testing. Last, three different
noise levels were applied: 55, 65, and 75 dB(A).

Speech recognition was tested for all Roger™ conditions
with the Roger™ X attached to the CI with the mixing ratio
MT as well as for both no-Roger™ conditions at three noise
levels, 55, 65, and 75 dB(A). With the applied fixed speech
level of 65 dB(A), this yields signal-to- noise ratios of 5.3, -4.7,
and �14.7 dB at the recipient’s head, respectively. Speech
recognition assessment usingfixed levels of speech and noise
was chosen according to the Clinical Practice Guidelines
Remote Microphone Hearing Assistance Technologies for

Fig. 1 Room dimensions and experimental setup used for the assessment of speech recognition in competing noise for a distant speaker.
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Children and Youth from Birth to 21 Years (American Acade-
my of Audiology, 20111). In addition, for two Roger™ con-
ditions (NH 1 CIRog and NHRogþ CIRog), testing was
performed at noise level 75 dB(A) with Roger™ MyLink
with either mixing ratio (MT; T).

The sequence of the test conditions was randomized
across participants.

For training of speech recognition in classroom noise and
accommodation to the procedure of speech recognition
assessment administered during testing, two lists of 20
OLSA sentences were presented at 65 dB(A), one at a noise
level of 55 dB(A) and one at 75 dB(A) in the no-Roger™
condition NH 1 CI before testing.

Subjective Assessment
After speech recognition testing, each SSD CI recipient
completed a self-reported questionnaire providing informa-
tion about subjectively perceived speech recognition in the
no-Roger™ NH only and all Roger™ listening conditions as
well as their preferred listening condition in a work- related
environment and in private daily living. The participants
were asked to compare the listening conditions presented in
the study against the daily listening condition NH 1 CI.
Furthermore, anecdotal information about different listen-
ing conditions was gathered. The English translation of the
questionnaire is displayed in ►Figure 2.

Statistical Analysis
The statistical analysis was carried out in GNU R (R Core
Team, 201417). The Shapiro-Wilk test was used to test
the data for normal distribution. To analyze the impact of
the four within-subject factors (listening condition, receiver
type, accessory mixing ratio, and noise level) on speech
recognition separate Friedman tests were conducted. Post-
hoc analyses were administered with pairwise comparison
Wilcoxon rank tests using Bonferroni correction to assess the
influences of significantmain effects. In all analyses, a level of
significance of 0.05 was applied.

Results

Speech Recognition in Noise
►Figures 3 and 4 display the box-and-whisker plots of
speech recognition in noise of the 11 SSD CI recipients.

Listening Condition
To analyze the impact of the listening condition on speech
recognition, a separate Friedman test was conducted per noise
level. There was a highly significant effect of the listening
condition at all three noise levels: 55 dB(A) (p< 0.001), 65 dB
(A) (p< 0.001), and 75 dB(A) (p< 0.001). At noise level 55 dB
(A), the Roger™ conditions NHRog 1 CI and NHRog 1 CIRog
yielded significantly better speech recognition than the two
no-Roger™ conditions (NH only; NH 1 CI) as well as the
Roger™ condition NH 1 CIRog. At noise level 55 dB(A), there
wasnosignificantdifferencebetweenNHonly,NH1CI,andNH
1 CIRog. At noise levels 65 dB(A) and 75 dB(A), the post hoc
analyses revealed that speech recognition in both no-Roger™
conditions (NH only; NH 1 CI) was significantly worse than in
the three Roger™ conditions. Furthermore, at thehigher noise
levels 65 dB(A) and 75 dB(A), there was significantly better
speech recognition in the listening conditions NHRog 1 CI and
NHRog 1 CIRog compared with NH 1 CIRog. At all noise levels,
speech recognition did not differ significantly between listen-
ing conditions NHRog 1 CI and NHRog 1 CIRog. This means
application of Roger™ on the NH ear or bilaterally yielded
better speech recognition than the unilateral application of
Roger™ on the CI only.

At the lowest noise level (55 dB(A)), speech recognition in
noise showed a ceiling effect in all listening conditions. In
addition, a ceiling effect for speech recognition in noise was
observed in NHRog 1 CI and NHRog 1 CIRog at 65 dB(A).
Furthermore, flooring effects were seen in the no-Roger™
conditions at noise level 75 dB(A).

Noise Level
Separate Friedman tests for each listening condition revealed
a highly significant effect of the noise level: NH only
(p< 0.001), NH 1 CI (p< 0.001), NH 1 CIRog (p< 0.001),
NHRog 1 CI (p< 0.001), and NHRog 1 CIRog (p< 0.001).
The post-hoc analyses revealed that the SSD CI recipients
performed significantly better at the lowest noise level
(55 dB(A)) compared with noise levels 65 dB(A) (p< 0.001)
and 75 dB(A) (p< 0.001). Speech recognition at 65 dB(A) was
significantly better than at 75 dB(A) (p< 0.001).

Receiver Type and Accessory Mixing Ratio
There was no significant difference in effect of receiver type
in the listening conditionsNH1CIRog (p> 0.05) andNHRog 1

Table 2 Listening Conditions

No Roger conditions

I NH only NH ear, CI turned off No Roger

II NH 1 CI NH ear, CI (turned on) No Roger

Roger conditions

III NH 1 CIRog NH ear, CI (turned on) with Roger Unilateral Roger use on CI

IV NHRog 1 CI NH ear with Roger Focus, CI (turned on) Unilateral Roger use on NH ear

V NHRog 1 CIRog NH ear with Roger Focus, CI (turned on) with Roger Bilateral Roger use on CI and NH ear

Note: Rog¼ Roger.
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CIRog (p> 0.05) at noise level 75 dB(A). Furthermore, there
was no significant impact of the accessory mixing ratio on
speech recognition in the listening conditions NH 1 CIRog
(p> 0.05) and NHRog 1 CIRog (p> 0.05) at noise level 75 dB
(A).

Questionnaire
All SSD CI recipients rated their speech recognition with
Roger™, attached unilaterally on either ear or bilaterally, as
“much better” or “better” than without Roger™. Except one
recipient reporting “no difference,” all recipients evaluated
speech recognition without CI (only with the NH ear) as
“worse” or “much worse” thanwith the CI or with each of the

three Roger™ applications. For their work-related environ-
ment, five of the eleven recipients preferred the bilateral
application of Roger™ and three of them the unilateral
application on the NH ear. As two recipients had already
retired, they did not specify their predominant work-related
listening condition. One recipient did not complete the
questionnaire. For their private daily living, six recipients
preferred the bilateral Roger™ application, three recipients
the application of Roger™ only on the CI, and one recipient
the everyday no-Roger™ listening condition NH 1 CI. Anec-
dotally, one recipient described the application of Roger™ as
follows: “With Roger you have the feeling of being able to
participate in society without restrictions again.”

Fig. 2 Self-report questionnaire used in the present study, translated from German into English.
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Discussion

Various studies have shown that speech recognition in noise
and localization of sound sources in SSD participants signifi-
cantly improve after cochlear implantation (Lieu, 2004;13

Vermeire and Van de Heyning, 2009;22 Buechner et al,
2010;4 Arndt et al, 2011;2 Jacob et al, 2011;11 Firszt et al,
2012;7 Tavora-Vieira et al, 2015;20 Friedmann et al, 2016;8

Arndt et al, 20173). Nevertheless, SSD CI recipients are still
exposed to challenging listening conditionswithdistant speak-
ers or multisource competing background noise, and hearing
rehabilitationwith the CI has shown to provide limited benefit
(Wolfe et al, 2013;30Thibodeau, 2014;21Wolfe et al, 2015;29De
Ceulaer et al, 2016;5Wesarg et al, 201927). In these conditions,
the successful application of the remote wireless technology,
Roger™, has already been demonstrated in bilaterally moder-
ate-to-severehearing- impairedparticipantsprovidedwithHA

(s), CI(s), or bimodal devices (Wolfe et al, 2013;30 Thibodeau,
2014;21 De Ceulaer et al, 20176) as well as in SSD CI recipients
(with CI from Cochlear™) and NH participants (Wesarg et al,
201927). The aim of the present study is tomeasure the benefit
of the remotewireless technology, Roger™, in SSDCI recipients
using a CI fromMED-EL and to compare the unilateral applica-
tion of Roger™ on the NH ear or on the CI and the bilateral
Roger™use onboth ears. In addition,we assessed the effects of
the type of Roger™ receiver (Roger™ X; Roger™ MyLink) and
accessory mixing ratio (MT; T).

The present study demonstrates a significant benefit of
the application of Roger™ in SSD CI recipients in a frontal
lecture like school classroom situation. As we applied a
classroom noise, our results are primarily applicable to this
specific listening situation. This is one wide-spread every-
day-life situation that we were able to reproduce in an
experimental setting and thus, Roger™ should be considered

Fig. 3 Box-and-whisker plots of speech recognition of 11 SSD CI recipients obtained for OLSA sentences presented at 65 dB(A) at 3 noise levels of
competing classroom noise for each of five listening conditions. For two Roger™ conditions (III and V) tested at 75 dB(A), the data displayed
includes both receiver types (Roger™ X; Roger™MyLink) as well as both accessory mixing ratios (both receivers: T; Roger™MyLink: MT). Speech
was presented at 65 dB(A) as measured at 1 m from the speaker, whereas the listener sat 5.5 m away from the speaker.

Fig. 4 Box-and-whisker plots of speech recognition of 11 SSD CI recipients obtained for OLSA sentences presented at 65 dB(A) at a noise level of
75 dB(A) for two different receivers (Roger™ X; Roger™MyLink) on the CI and two different accessory mixing ratios (both receivers: MT; Roger™
MyLink: T). Speech was presented at 65 dB(A) as measured at 1 m from the speaker, whereas the listener sat 5.5 m away from the speaker. R1-R11,
SSD CI recipients 1-11. (This figure appears in color in the online version of this article.)
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for recommendation by ENT physicians and audiologists as
an effective technology to improve communication in these
recipients, particularly in this situation. Based on our setup
presuming the benefit of Roger in other everyday-life sit-
uations such as lecture halls or restaurant settings is difficult.
This is due to a potential large impact of noise and room
characteristics on the benefit with remote microphone
technology. Therefore, future researchmay explore the effect
ofnoise or room characteristics on this benefit for a variety of
real-life listening environments using setups appropriately
mimicking these environments.

IncludingSSDCI recipientsprovidedwithaCI fromMED-EL,
the present study expands previous findings from a recent
study in SSD CI recipients with a CI from Cochlear™ (Wesarg
et al, 201927). Therefore, it seems that with the application of
Roger™ technology, a benefit in speech recognition in noise is
evident in SSDCI recipients independently of CI sound proces-
sor technology. Multiple studies, including the present study,
have shown that the Roger™ system has a robust physical
effect on speech recognition in noise for distant speakers
independent of the type of HA or CI (Wolfe et al, 2013;30

Thibodeau, 2014;21 Wolfe et al, 2015;29 De Ceulaer et al,
2016;5 Wesarg et al, 201927).

In both studies,Wesarg et al (2019)27 and the present study,
no significant difference was detected between the unilateral
application on the NH ear and bilateral application. One novel
finding of the present study concerns the effect of Roger™
application on speech recognition in noise. While the present
study revealed better speech recognition with the application
of Roger™ on the NH ear or bilaterally than on the CI alone,
there was no significant difference between unilateral (NH or
CI) and bilateral application as obtained by Wesarg et al
(2019).27 For unilateral application of Roger™ on the CI (NH
1 CIRog), speech recognition in noise is potentially influenced
by the speech performance obtained with the CI alone, and a
poorer performance may yield less speech recognition with a
remotewireless systemon the CI. Therefore, the poorer speech
recognition with the unilateral application of Roger™ on the
CImight bedue to the poorer CI speech performance of the SSD
CI recipients in the present study compared with the SSD CI
recipients included inWesarg et al (2019).27 Summarizing the
outcomes of the present study, the unilateral application
ofRoger™ on the NH ear or the CI as well as the bilateral
Roger™ application can be recommended to SSD CI recipients.
Even though, unilateral Roger™ application on the CI should be
mainly recommended to SSD CI recipients with good speech
recognition with the CI. A unilateral application might be
preferable, as it is more cost-effective. However, subjective
preferencesshouldbetaken intoconsiderationas thesubjective
assessment showed that most of the included recipients pre-
ferred thebilateral applicationofRoger™ for theirwork-related
environment and their private daily living.

Furthermore, speech recognition in noise with two differ-
ent Roger™ receivers (Roger™ X, Roger™ MyLink) coupled
with the CI were assessed in the present study revealing no
significant difference at the only common noise level (75 dB
(A)). Based on this result, both Roger™ receivers can be
recommended to SSD CI recipients using MED-EL processors

to improve speech recognition in noise. Whereas there are no
significantdifferences ineffectsofRoger™XandMyLink, there
isa trendtowardbetterperformancewithRoger™Xfor several
participants. Clinical implicationmay be to evaluate outcomes
with both options for SSD CI recipients on an individual basis,
when possible in addition to considering subjective prefer-
ence. Roger™ MyLink enables the application of the Roger™
transmitters in hearing- impaired participants usingHAs or CI
sound processors with an integrated telecoil even without an
audio input socket in the hearing device.

In contrast to Roger™ X, the Roger™ MyLink offers the
additional option to apply different accessorymixing ratios. In
the present study, speech recognition in noise was measured
for the Roger™ conditions NHþ CIRog and NHRogþ CIRog
with two different accessory mixing ratios (MT; T) and two
different receivers (Roger™ X with mixing ratio MT; Roger™
MyLink with mixing ratios MTor T) attached to the CI. For the
mixing ratio MT, input signals from both the microphone and
the telecoil are added upwithout attenuation. By contrast, for
the mixing ratio T, the microphone input signal is strongly
attenuated, whereas the telecoil input signal is not altered. No
significant effect of the mixing ratio was found. This contra-
dicts our assumption that SSD CI recipients should have
obtained better speech recognition in noise with T than MT.
This assumption is based on a better SNR of the pure telecoil
input signal with T compared with the SNR of the summed
microphone and telecoil input with MT. The SNR of the
microphone input signal roughly corresponds to the SNR at
the recipient’s head, i.e., amounts to 5.3, -4.7, or �14.7 dB for
the assessed noise levels, 55, 65, and 75 dB(A). Comparedwith
these SNRs, the SNRs of the signals at the telecoil input are
higher because of two reasons. The radio-transmitted signals
reaching the receiver were recorded near the speech-present-
ing speaker with a speech sound level 4.7 dB larger than at the
recipient’s head. In addition to this robust physical effect of
compensating for thedistance-dependent reduction in speech
level by radio transmission, Roger™ applies an adaptive-gain
adjustment and noise cancellation (Phonak AG, 201314)
further improving the SNR of the telecoil input signal.
However, there was no effect of accessory mixing ratio on
speech recognition in noise in the conditions NH 1 CIRog and
NHRogþ CIRog. On the one hand, thismight be attributable to
a ceiling effect for the NHRogþ CIRog condition. This ceiling
effect could be due to the dominating effect of Roger applica-
tion on the NH ear. As shown in our results, at the background
noise levels 65 dB(A) and 75 dB(A), SSD CI recipients benefited
significantly more from Roger application in the NH ear or
bilaterally than from unilateral application on the CI,
NHþ CIRog. Therefore, different mixing ratios for the bilateral
Roger application might have no significant effect on speech
recognition because of the dominance of the NHperformance.
On the other hand, mixing ratios MT and T had no significant
impacton speech recognition in theNH1CIRogcondition. This
might be attributed to anonly small difference in SNRbetween
pure telecoil input signal with T and the summedmicrophone
and telecoil input signal with MT.

The lacking difference in speech recognition between
mixing ratios is in line with Wolfe and Schafer (2008)31
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who investigated the two different mixing ratios 50:50 and
30:70 between the input of an FM receiver attached to a CI
processor and the CI processor micro- phone(s) in bilaterally
hearing-impaired CI recipients. They found no difference
between the two different mixing ratios in either objectively
or subjectively assessed speech recognition in noise. Poten-
tially, the difference between both mixing ratios is too small
to allow for a significant impact on speech recognition. By
contrast, Hey et al (2009)10 revealed an improvement of
speech performance in noise with increasing mixing ratio,
corresponding to decreasingmicrophone input and constant
FM receiver input, assessing speech reception thresholds in a
classical lecture format for unilateral application of an FM
system in postlingually deafened uni- or bilateral CI recip-
ients. However, the discussed studies significantly differed in
methodology which might explain the different findings. In
the present study as well as in the study ofWolfe and Schafer
(2008),31 speech recognition was assessed in multitalker
speech babble (classroom noise or four-talker babble) at
fixed levels of speech (60.3 dB(A) or 65 dB(A), respectively)
and noise (75 dB(A) or 60 dB(A), respectively), whereas Hey
et al (2009)10 measured speech reception thresholds in
unmodulated speech-simulating noise (OLnoise) varying
the speech level at a fixed noise level (65 dB SPL).

However, the mixing ratio T might not be appropriate for
multiple-talker situations occurring e.g., during conferences.
This claim is supported by the study by Wolfe and Schafer
(2008)31who revealed a poorer speech performance in noise
with a mixing ratio of 30:70 compared with 50:50 when the
speech signal was not pointed directly to the FM transmitter.
Hey et al (2009)10 suggested the application of different
mixing ratios in different listening situations, a mixing ratio
of 3:1 or higher for the classical lecture format and a mixing
ratio of 1:1 in multitalker settings, like a conference or group
work. Furthermore, in thebilateral Roger™ condition, speech
recognition approached ceiling level in the present study;
thus, a possible effect ofmixing ratio appliedwith Roger™ on
the CI might be obscured by the NH ear performance.

According to the Clinical Practice Guidelines (American
Academy of Audiology, 20111), fixed levels of speech and
noise, i. e., afixed SNR,were used in the present study instead
of adaptive speech-in-noise testing. In addition, the applica-
tion of fixed levels of speech and noise was chosen to allow
for comparison of the present study with many previous
studies (Wolfe et al, 2013;30 Thibodeau, 201421), including
our study published inWesarg et al (2019).27However, fixed
SNR have resulted in floor as well as ceiling effects in speech
recognition in both the present study and the study by
Wesarg et al (2019).27 To avoid floor and ceiling effects, in
future studies investigating benefits of remote wireless
microphone technology, speech reception thresholds using
adaptive procedures might be measured. However, these
assessment procedures should have been standardized be-
fore their application.

Further research investigating various mixing ratios in
different listening situations in SSD CI recipients would be
interesting, and clinical recommendations based on the
results could help these recipients to select mixing ratios

with their remote wireless technology to be most benefi-
cial for communication in their work- related environment
and private daily living. In addition, the comparison of
different remote wireless microphone technologies in
adult SSD CI recipients, similar to the study conducted
by Razza et al (2017),18 would help to improve clinical
recommendations.

Conclusions

The digital remotemicrophone system, Roger™, significantly
improves speech recognition for distant speakers (5.5 m) in
multitalker competing noise at higher noise levels (65 dB(A)
and 75 dB(A)) in SSD MED-EL CI recipients. Speech recogni-
tion in noise is significantly better with the application of
Roger™ on the NH ear or bilaterally thanwith Roger™ on the
CI alone.

The type of Roger™ receiver attached to the CI processor
(Roger™ X; Roger™ MyLink) did not affect speech recogni-
tion in noise. In the investigated listening situation with one
frontal speaker, both assessed mixing ratios (MT; T) yielded
comparable speech recognition. The self-assessments of the
recipients revealed a preference for Roger™ application and
especially bilateral Roger™ application in their work-related
environment. To sum up, for SSD CI recipients, the unilateral
application of Roger™ on the NH ear or on the CI as well as
the bilateral application can be recommended. Furthermore,
both receivers (Roger™ X and Roger™ MyLink) as well as
either mixing ratio (MT with both receivers; T with Roger™
MyLink) can be endorsed.

Abbreviations

ADM adaptive directional microphone
CI cochlear implant
FM frequency modulation
HA hearing aid
NH normal hearing
OLSA Oldenburg Sentence Test
SSD singlesided deafness
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