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Abstract

Currently published hearing aid fitting protocols recommend speech-in-noise
testing and loudness measures, but it remains unclear how these measures affect
hearing aid benefit and user satisfaction. This study compared two protocols
in their effects on benefit and satisfaction. Protocol A included an electroacoustic
analysis, real-ear measures, and hearing aid adjustments based on users’
comments. Protocol B included all of Protocol A and a speech-in-noise test,
loudness discomfort levels, and aided loudness. Thirty-two participants completed
the Abbreviated Profile of Hearing Aid Benefit (APHAB) and the Satisfaction with
Amplification in Daily Life (SADL) at 45 days and three months post-initial fitting.
Fewer hearing aid adjustments were made to the hearing aids for participants
fitted with Protocol B than participants fitted with Protocol A, but final gains were
similar for both groups. Although similar APHAB scores were obtained for both
protocols, SADL scores decreased between 45 days and three months for
Protocol A.
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Abbreviations: ANSI = American National Standards Institute; APHAB =
Abbreviated Profile of Hearing Aid Benefit; ASHA = American Speech-Language-
Hearing Association; AV = Aversiveness of sound (APHAB subscale); BN =
Background Noise (APHAB subscale); DSL[i/0o] = Desired Sensation Level
[input/output]; LDL = loudness discomfort level; NF = Negative Feature (SADL
subscale); Pl = Personal Image (SADL subscale); QuickSIN = Quick Speech-
in-Noise test; REAR = real-ear aided response; REUR = real-ear unaided
response; SADL = Satisfaction with Amplification in Daily Life; SC = Service
and Cost (SADL subscale); SNR = signal-to-noise ratio; SRT = speech
recognition threshold

Sumario

Los protocoles de amplificacion de auxiliares auditivo actualmente publicados
recomiendan pruebas de lenguaje en ruido y mediciones de apreciacion
subjetiva de la intensidad (sonoridad), pero no estéa claro como estas mediciones
afectan el beneficio de un auxiliar auditivo y la satisfaccion del usuario. El estudio
comparo dos protocolos en cuanto a sus efectos sobre beneficio y satisfaccion.
El Protocolo A incluyé un andlisis electroacustico, mediciones de oido real y
ajuste en el auxiliar auditivo basados en los comentarios del usuario. El
Protocolo B incluy6 todas las pruebas del Protocolo A, ademas de una prueba
de audicién en ruido, de niveles de molestia en la apreciacion subjetiva de la
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intensidad y de sonoridad amplificada. Treinta y dos participantes completaron
el Perfil Abreviado de Beneficio del Auxiliar Auditivo (APHAB) y la prueba de
Satisfacciéon con la Amplificacion en la Vida Diaria (SADL) a los 45 dias y a
los tres meses de la adaptacion inicial. Tuvieron que hacerse menos ajustes
en el audifono en los auxiliares auditivos de participantes adaptados con el
Protocolo B, que en los participantes adaptados con el Protocolo A, pero las
ganancias finales fueron similares en ambos grupos. Aunque se obtuvieron
puntajes APHAB similares en ambos protocolos, los puntajes SADL
disminuyeron entre los 45 dias y los tres meses para el Protocolo A.

Palabras Clave: Beneficio, protocolo de adaptacion, auxiliares auditivos,
satisfaccion

Abreviaturas: ANSI = Instituto Nacional Americano de Estandares; APHAB
= Perfil Abreviado de Beneficio con el Auxiliar Auditivo; ASHA = Asociacion
Americana de Audicion y Lenguaje; AV = Aversion al sonido (sub-escala
APHAB); BN = Ruido de Fondo (sub-escala APHAB); DSL][i/o] = Nivel de
Sensacion Deseado (ingreso/salida); LDL = nivel molesto de sonoridad; NF
= Rasgo Negativo (sub-escala SADL); Pl = Imagen Personal (sub-escala
SADL); QuickSIN = Prueba Rapida de Lenguaje en Ruido; REAR = respuesta
amplificada en oido real; REUR = respuesta no amplificada en oido real;
SADL = Satisfaccién con la amplificacién en la vida real; SC = Servicio y Costo
(sub-escala SADL); SNR = Tasa sefial/ruido; SRT = umbral de reconocimiento

del lenguaje

any guidelines have been sug-
gested in the fitting of hearing
aids, but no single protocol is

universally accepted. Despite differences,
published guidelines share some of the

same recommendations (e.g., ASHA
[American  Speech-Language-Hearing
Association], 1998; Kochkin, 2003;

Mueller, 2003; Washington University
School of Medicine, 2004). All protocols
recommend obtaining the 2-cc coupler
response of a hearing aid to compare it
with the ANSI (American National
Standards Institute) standards (1996 or
2003). Any hearing aid that does not meet
the specifications should be returned to
the manufacturer for repair before being
fitted to the user. Real-ear measures are
recommended to ensure appropriate hear-
ing aid gain. For compression hearing
aids, the real-ear response is usually
obtained at several levels (e.g., 50, 65, and
85 dB SPL) to make sure that measured
gain is appropriate across a wide range of
input levels. This procedure is important
for both analogue and digital nonlinear
hearing aids. The digital hearing aids are
often programmed using the manufactur-
ers’ software, whose gain prescription has
been reported to differ as much as 20 dB
from measured insertion gain, especially
at high frequencies (Hawkins and Cook,
2003; Keidser et al, 2003). Thus, real-ear
measures are important to verify aided
frequency responses.

Outcome measures are also recom-
mended to validate hearing aid perform-
ance. Different outcome measures help to
identify problems patients may be experi-
encing related to their hearing aids (Beck,
2000). Two clinical outcome measures that
assess hearing aid benefit and user satis-
faction are the Abbreviated Profile of
Hearing Aid Benefit (APHAB,; Cox and
Alexander, 1995) and the Satisfaction
with Amplification in Daily Life (SADL;
Cox and Alexander, 1999), respectively.
The APHAB contains four subscales,
which are Ease of Communication (EC),
Reverberation (RV), Background Noise
(BN), and Aversiveness of sound (AV). A
benefit score is computed by comparing
unaided and aided APHAB scores. There
are four aspects of hearing aid satisfac-
tion measured using the SADL. These
include Positive Effect (PE), Service and
Cost (SC), Negative Feature (NF), and
Personal Image (PI). A Global Score (GS)
is based on a combination of all four sub-
scale scores. These outcome measures
help to identify problems that patients
experience so that clinicians can better
solve them.

In addition to the aforementioned
measures, several fitting protocols recom-
mend obtaining other unaided and/or
aided loudness measures (ASHA, 1998;
Kochkin, 2003; Mueller, 2003; Washington
University School of Medicine, 2004).
Generally, a measure of unaided loudness
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is referred to as a “loudness discomfort
level” (LDL). This measure identifies the
loudest level a patient can tolerate with-
out feeling uncomfortable. LDLs have
been shown to be important for proper
setting of the maximum output of hearing
aids (Walker et al, 1984; Hawkins et al,
1987, 1992). Aided loudness perception is
measured to ensure that a patient per-
ceives soft, moderate, and loud sounds
appropriately with compression hearing
aids (ASHA, 1998). For example, a 65 dB
SPL input should sound “comfortable,”
and an 85 dB SPL input should sound
“loud, but OK” to the patient.

Another test frequently recommended
in a hearing aid fitting protocol is the
aided speech recognition test in quiet
and/or in noise (e.g., Humes, 1999; Taylor,
2003; Wilson, 2004). Some widely used
speech-in-noise tests include the
Connected Speech Test (CST; Cox et al,
1987), Hearing-in-Noise Test (HINT;
Nilsson et al, 1994), and the Quick
Speech-in-Noise (QuickSIN) Test (Killion
et al, 2004). Of these tests, the QuickSIN
is the fastest to administer. The QuickSIN
can be used for three purposes (Taylor,
2003). First, it provides a measure of a
patient’s “signal-to-noise ratio (SNR)
loss,” when it is administered at a suffi-
ciently high level (e.g., 75—-80 dB HL). The
loss in SNR provides an estimate of a
patient’s unaided intelligibility in noisy
situations. Patients with a moderate and
severe SNR loss (e.g., >7 dB SNR) may
require a very favorable SNR to under-
stand speech in the presence of noise
(Etymwtic Research, 2001). These patients
usually need additional counseling on how
to cope with noisy listening situations.
Measuring SNR loss also helps the
patient set realistic hearing aid expecta-
tions. Second, QuickSIN can provide a
measure of aided intelligibility in noise
when speech is presented at a soft-to-mod-
erate level (e.g., 45 dB HL). This measure
allows both the clinician and patient to
observe how much the hearing aid reduces
the negative effects of noise. Small
changes in intelligibility may require an
adjustment of gain or further counseling.
Finally, QuickSIN can be used to deter-
mine a patient’s candidacy for directional
microphones and/or an FM system.

To include all of the above described
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measures should increase the likelihood of
a proper hearing aid fit and maximize
hearing aid benefit. Other potential
advantages may include providing evi-
dence for third-party reimbursement, pro-
viding training opportunities for audiolo-
gy students, and so on. However, clini-
cians rarely perform the basic recommen-
dations (Mueller, 2003; Kirkwood, 2006).
Medwetsky et al (1999) reported that
fewer than half of hearing aid dispensers
conducted verification procedures, and
loudness measures and speech-in-noise
testing were only performed by a limited
number of clinicians. According to Mueller
(2003), only 61% of audiology practices
routinely conducted prefitting loudness
measures (using speech instead of pure
tone as the stimulus), and as high as 75%
of the respondents in the survey
never/seldom performed any speech-in-
noise measures.

There may be many reasons for the low
use of loudness measures and speech-in-
noise testing, such as lack of equipment
and training. One primary reason, howev-
er, is that these measures add time to the
hearing aid fitting appointment. In addi-
tion, there is a lack of direct evidence that
these measures will improve hearing aid
benefit and/or user satisfaction. The effec-
tiveness of loudness measures and
speech-in-noise testing has not been con-
sistently established (for review, see
Killion and Gudmundsen, 2005; Mueller
and Bentler, 2005). For example, no
strong correlation was found between
speech-in-noise tests and hearing aid user
satisfaction (e.g., Humes et al, 2003;
Walden and Walden, 2004). Patient
reports of problems associated with loud-
ness have been shown to be reduced when
the measured real-ear saturation
response (RESR) was below the patient’s
measured LDL (e.g., Munro and Patel,
1998; Bratt et al, 2002). However, the
extent to which LDL measures improve
hearing aid benefit and/or user satisfac-
tion needs further research (Mueller and
Bentler, 2005).

In the current study, a randomized con-
trolled single-blind design was used to
compare two hearing aid fitting protocols.
Both protocols consisted of basic measures
recommended by all published guidelines,
such as 2-cc coupler responses and real-
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ear measures, but only one of the two pro-
tocols included loudness and speech-in-
noise measures. The two protocols were
compared to determine whether the inclu-
sion of loudness and speech-in-noise
measures would result in improved hear-
ing aid benefit and user satisfaction, as
assessed by the APHAB and SADL,
respectively. We expected that the proto-
col with the additional measures would
lead to higher benefit and satisfaction
scores because the extra information
would allow for a better hearing aid fit-
ting. Specifically, the unaided and aided
loudness measures could be used to deter-
mine the maximum output and/or adjust
gain (e.g., Valente and Van Vliet, 1997).
The result of the QuickSIN test could be
used to adjust the frequency response of
the hearing aid when the aided QuickSIN
scores showed minimum improvement
over the unaided scores. More important-
ly, the results can be used as a good tool
for counseling patients (Wilson, 2004). For
example, patients could be encouraged to
set realistic expectations about how their
hearing aids would help them in back-
ground noise. Such counseling could
improve the amount of hearing aid benefit
and level of user satisfaction, as could be
reflected on the APHAB and SADL,
respectively.

METHODS
Subjects

Participants included a total of 32
patients who came to the Gebbie Hearing
Clinic at Syracuse University. Power
analysis based on APHAB and SADL nor-
mative data, as published in Cox and
Alexander (1995, 1999), indicated that the
sample size was sufficient to achieve § =
0.80 at a = 0.05. All of the patients, who
were recommended a midlevel digital
behind-the-ear (BTE) or in-the-ear (ITE)
hearing aid (see below for specific models)
during the recruitment period for this
study, were invited to participate in this
study. All but one of the patients who met
the criteria within this time frame agreed
to participate (participation rate =

Mean Hearing Level (dB HL)

Institutional Review Board of Syracuse
University prior to their participation.
They made full payment for their hearing
aids and received a 50% discount for relat-
ed service charges.

Participants were informed that one of
two methods would be used to fit their
hearing aids. They had no knowledge of
what these methods were or how they dif-
fered from each other. The first partici-
pant to accept the offer to participate in
the study was randomly assigned to one of
the two groups (which happened to be
Group A). The following participants were
alternately assigned to Group B and
Group A when they consented to be in the
study. Participants assigned to Group A
were fitted with hearing aids using
Protocol A, and participants in Group B
were fitted using Protocol B. For both
groups, participants’ age and gender are
shown in Table 1, and the degree of their
hearing loss is shown in Figure 1. A
Mann-Whitney U-test indicated that

Table 1. Participants’ Age and Gender

Group A Group B
Age (years)
Median 78.0 76.5
Mean 74.5 74.4
Standard Deviation 11.3 9.9
Gender
Male 10 8
Female 6 8
0
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Figure 1. Mean pure-tone thresholds re: ANSI (1996) for

participants in Group A (black circles) and B (grey circles).
Only thresholds for the ears that were to be aided are
shown. The error bars represent one standard deviation.

96.97%) in this study. Patients all signed
a consent form approved by the
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there were no significant differences
between the two groups of patients’ ages
(U = 271.500, p = 0.792) and degrees of
hearing loss (p > 0.05). However, the dif-
ference in thresholds between the two
groups approached statistical significance
at 2000 Hz (¢ = -1.962, p = 0.055), with
participants in Group B having poorer
thresholds than participants in Group A.

Eleven of the 16 participants in Group
A and 10 of the 16 participants in Group B
were fitted with hearing aids for the first
time. The other participants in the two
groups had comparable hearing aid expe-
rience (i.e., 5-20 years). Table 2 identifies
the specific hearing aids the participants
were fitted with. The make, model, and
style of the hearing aids were not con-
trolled for but were comparable between
the two groups. Specifically, the midlevel
digital hearing aids fitted were GN
ReSound Canta2 and 4 series, Oticon
Gaia, Phonak Aero, and Unitron Unison6.
They all have three programs and similar
standard features such as directional
microphone, feedback cancellation, digital
noise reduction, and telecoil.

Procedures

Data were collected over a total of six
visits to the clinic. These visits consisted
of a prefitting consultation, hearing aid
fitting, three postfitting follow-ups within
the 45-day trial period, and one last visit
scheduled at three months postfitting.
Three certified clinicians at the Gebbie
clinic (i.e., the first, third, and fourth
authors) conducted the hearing aid fit-
ting. The clinicians performed the tests
according to the group the participants

Table 2. Hearing Aids Used in the Study

Group A Group B
Make
Oticon 1 1
Phonak 1
GN ReSound 11 10
Unitron 3 4
Style
BTE 12 12
ITE 4 4
Binaural/Monaural
Binaural 12 13
Monaural 4
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were assigned. To minimize biases, the cli-
nicians had no control in assigning partic-
ipants and did not have access to the
results from the outcome measures before
the study was concluded.

Prefitting Consultation

During a two-hour prefitting consulta-
tion, pure-tone and speech audiometric
test results were reviewed with the par-
ticipant; different types of hearing aid
styles, models, and features available for
the participant’s degree of loss were dis-
cussed; and warranty and trial period
information were provided. Also, an
impression of the ear was taken, and the
unaided section of the APHAB was com-
pleted. The clinician guided the partici-
pants through the first two items of the
APHAB questionnaire and answered any
questions raised by the participants. The
clinician then left the room, and the par-
ticipants completed the questionnaire.

For Group B participants, two more
tests were conducted during the prefitting
consultation, the QuickSIN and the LDL.
The QuickSIN was administered at 70 dB
HL for participants who had a speech
recognition threshold (SRT) of <45 dB HL
or at 40 dB SL re: SRT for participants
who had an SRT of >45 dB HL. One
QuickSIN list (six sentences) was present-
ed to each of the participant’s ears separate-
ly via a TDH-49 headphone (Telephonics,
Farmingdale, NY). The sentences in
QuickSIN are prerecorded at six SNRs,
from 25 to O in steps of 5 dB SNR.
Participants’ scores were based on the
number of key words in the sentences
they correctly repeated. The final score
represented the participant’s total SNR
loss. Participants with severe SNR loss
(SNR > 7) (Etym%tic Research, 2001;
Taylor, 2003) were counseled extensively
on noise reduction technologies and reha-
bilitative strategies during the prefitting
consultation and the hearing aid fitting.
The QuickSIN provided the participant
experience listening to speech in noise
and the clinician a quantitative measure
of the participant’s ability to process
speech in noise. These allowed for a more
individualized counseling session on
explaining strategies for listening in noise
and setting realistic expectations for
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aided benefit in noisy situations. This was
in contrast to the general instruction on the
function and usage of directional micro-
phones provided to Group A participants.
The second measure conducted for
Group B was the LDL. LDL was obtained
under headphones at 500 and 2000 Hz for
each ear separately, using the method
described by Hawkins et al (1987). Briefly,
participants judged the loudness of a 500
and 2000 Hz narrowband noise using a
scale that had nine categories, ranging
from “very soft” to “painfully loud.” The
clinician zeroed in at the “uncomfortably
loud” level and, using a bracketing proce-
dure, reached the level where “loud, but
OK” was reported. This level was taken as
the participant’s LDL for that specific fre-
quency. Previous studies have recom-
mended 500 and 3000 Hz (Bentler and
Cooley, 2001), 500 and 4000 Hz (Hawkins
et al, 1987), or 500, 1000, and 2000 Hz
(Liu and Chen, 2000) to obtain the LDL.
In the present study, 2000 Hz was chosen
because all the manufacturers’ fitting
software included a 2000 Hz band for gain
manipulation, whereas some software
(e.g., Phonak PFG v8.3, GN ReSound
Aventa v1.50) did not have a 3000 Hz
band. Including 500 and 2000 Hz made it
easier to adjust the gain of the aid in
response to the LDL. The LDL test ear,
test frequency, and presentation level were
randomized across participants. LDL
information was utilized in the hearing
aid fitting as described in the next section.

Hearing Aid Fitting

Two weeks after the prefitting consulta-
tion, participants returned to the clinic for
their hearing aid fitting. Prior to this
visit, an electroacoustic analysis was con-
ducted to verify that the hearing aids
were performing within the manufactur-
ers’ specifications (ANSI, 1996). All hear-
ing aids met the specifications.

At the hearing aid fitting visit, the
hearing aids were programmed using the
NOAH system (HIMSA, St. Paul,
Minnesota) through the Hi-Pro interface.
Regardless of the make and model of the
hearing aid, the omnidirectional mode
was always programmed as the default for
the first program; the directional-
microphone mode was typically pro-

grammed in the second program; and the
third program was reserved for telephone
use. Gain was prescribed based on a par-
ticipant’s recent audiogram and, for
Group B participants, also their LDLs,
using the Desired Sensation Level
[input/output] (DSL[i/o]) fitting rationale
(Cornelisse et al, 1995) in NOAH. If
DSL[i/o] was not available in the manu-
facturer’s fitting software (mainly GN
ReSound Aventa v1.50), then the manu-
facturer’s recommended fitting rationale
was used.

After programming the aid, real-ear
measures were obtained using the Verifit
system (Audioscan, Dorchester, Ontario).
The target responses were set for the
DSLI[i/o] rationale. Although the DSL[i/o]
rationale is typically used for children, it
is also used for adults (for review, see
Scollie et al, 2005). The system was cali-
brated following the procedure specified
on the Verifit user’s manual (Etymonic
Design Incorporated, 2005). Briefly, the
open end of the probe tip was placed over
the reference microphone, and the probe
module (i.e., the probe and the reference
microphone) was held five inches in front
of the Verifit speaker. A short tone sweep
was presented to obtain the frequency
response of the probe with the goal to cal-
ibrate it to the flat frequency response of
the reference microphone.

The Speechmap module was activated
to obtain the real-ear aided response
(REAR). In this module, a discourse spo-
ken by a male voice was presented at 55,
70, and 75 dB SPL, representative of soft,
average, and loud speech level (Etymonic
Design Incorporated, 2005). The partici-
pant was seated approximately three feet
in front of the Verifit speaker. Hearing aid
gain was adjusted via NOAH so that the
output for the 70 dB SPL input matched
the 70 dB SPL DSL[i/o] targets on the
Speechmap. It was difficult to meet the
targets for all frequencies, especially for
participants with severe high-frequency
hearing loss or significant loudness
recruitment. In these cases, gain was
adjusted in NOAH to ensure that at least
the output for the 55 dB SPL input was
above the participant’s thresholds. It
should be noted that average real-ear
unaided response (REUR) provided by
Verifit was included in all real-ear measures
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reported in this study (Etymonic Design
Incorporated, 2005).

The LDL information was primarily
used to set the saturation sound pressure
level (SSPL-90) in the hearing aids
(Hawkins et al, 1987, 1992). Also, the
addition of LDL information changed the
DSL[i/o] target across frequencies. Table 3
shows the difference in the mean DSL[i/o]
target output with and without the meas-
ured LDLs at 500 and 2000 Hz. The dif-
ference was significant at all frequencies
except 3000 and 6000 Hz.

Postfitting Follow-Ups

Participants were scheduled to return
to the clinic every two weeks after their
initial hearing aid fitting. Thus, partici-
pants were scheduled for three visits
within their 45-day trial period. During
each visit, hearing aid adjustments were
made based on participants’ comments.
For example, if a participant complained
that the hearing aid sounded “too loud,”
then the gain was reduced. If the partici-
pant felt that he or she was listening “in
a barrel,” then the gain in the low-frequency
region was adjusted.

At the first postfitting visit, Group B
participants were given two additional
tests: the QuickSIN and aided loudness
tests. The QuickSIN was administered
unaided and aided at 50 dB HL in the
sound field. The results were primarily
used for counseling purposes. For exam-
ple, participants with poor aided
QuickSIN scores were reinstructed on
how to maximize their directional micro-
phones (i.e., identifying noisy listening
situations, switching between programs,
etc.) and how to use other strategies for
listening in noise (i.e., sitting close to the

talker, practicing speech reading, and
asking the talker for paraphrasing and
clarification, etc.). The low-frequency
gain was reduced, and mid- to high-
frequency gain was increased for a small
number of participants who showed little
to no improvement in aided QuickSIN
scores.

The second additional test given only to
Group B was aided loudness. This test was
evaluated using a speech-shaped noise in
the sound field. The noise was generated
by a GSI-61 audiometer (Grason-Stadler,
Madison, Wisconsin) and presented at 0°
azimuth. Participants’ loudness perception
was obtained binaurally at 50, 65, and 85
dB SPL in the sound field, following the
procedure recommended by Washington
University School of Medicine (2004).
Adjustments of gain were made to the
hearing aids if the participant failed to
report “soft, but audible,” “comfortable,”
and “loud, but OK” in response to the 50,
65, and 85 dB SPL presentation level,
respectively. To administer this test
through the GSI-61 audiometer, these val-
ues were converted to 30, 45, and 65 dB
HL using ANSI (1989). These presenta-
tion levels were randomized across partic-
ipants. It should be noted that the sound
pressure level measured at the location of
the hearing aid microphone was 2-3 dB
lower than the presentation levels of 50,
65, and 85 dB SPL. However, all the par-
ticipants in Group B reported that the
softest input was audible to them.

At the last of the three postfitting vis-
its, Group A and B participants were
asked to complete the aided section of the
APHAB and SADL. The clinicians were
not present while these questionnaires
were being filled out. To estimate longer-
term benefit and satisfaction, participants

Table 3. Differences across Frequencies in Mean DSL[i/o] Target Output as a Result of

Incorporating Measured LDLs at 500 and 2000 Hz

250 Hz 500 Hz 1000 Hz ~ 2000Hz 3000 Hz 4000 Hz 6000 Hz
Mean Target Output 71.000 76.074 77.519 91.741 96.647 99.741 106.704
(with Predicted LDL)
Mean Target Output 73.185 77.481 79.741 93.222 97.471 101.222 107.593
(with Measured LDL)
Difference 2.185 1.407 2.222 1.481 0.824 1.481 0.889
tvalue -7.49 -3.683 -5.547 -3.730 -1.171 -2.770 -1.986
p value <0.001 0.001 <0.001 <0.001 0.259 0.010 0.058
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were asked to come back to the clinic at
three months postfitting to complete the
APHAB and SADL questionnaires again.
The questionnaires were mailed to par-
ticipants who could not return to the
clinic. Mail surveys have been shown to
not bias the hearing aid user as much as
phone interviews (Dillon et al, 1991). A
phone interview was conducted for only
five participants who did not return their
surveys by mail. Three graduate stu-
dents in audiology conducted these
phone interviews and were not given any
information about the study.

RESULTS

EARs were obtained for a 55, 70, and

75 dB SPL input for both groups of
participants (Figures 2 and 3). All partici-
pants’ REARs for the 70 dB SPL (average)
input met the DSL[i/o] targets up to 3000
Hz. Above 3000 Hz the REARSs were lower
than the targets. The REARs for the 55
dB SPL (soft) input were above all the
participants’ pure-tone thresholds up to
2000 Hz but below thresholds for partici-
pants whose hearing loss was more severe
at the higher frequencies. The REARs for

140 : : : :
120 - 1
100 |
N {| —o— REAR (55 dB SPL)
g ol || —o— REAR (70 dB SPL)
%) —&— REAR (75 dB SPL)
—@— Threshold
% 60 1| —®— DSL[ilo] Target
—&— LDL
40 | ]
20 | 1

0.25 0.5 1

2

Frequency (kHz)

Figure 2. Real-ear measure results for Group A participants. REARs were obtained for speech inputs at 55 (triangles
down), 70 (squares), and 75 (triangles up) dB SPL. Also shown are the DSL[i/0] target (pluses in circles) and predicted
LDL (pluses in diamonds). LDL was predicted by the Verifit system. The error bars represent one standard deviation.
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Figure 3. Real-ear measure results for Group B participants. REARs were obtained for speech inputs at 55 (triangles
down), 70 (squares), and 75 (triangles up) dB SPL. Also shown are the DSL[i/o] target (pluses in circles) and meas-
ured LDL (pluses in diamonds). LDL was obtained by entering LDL values at 500 and 2000 Hz into the Verifit sys-

tem. The error bars represent one standard deviation.
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the 75 dB SPL (loud) input were below
the LDL values, ensuring that gain was
not too high to cause loudness discomfort.

The total number of gain adjustments
made within the 45-day trial period is
shown in the top panel of Figure 4. These
include adjustments made to the partici-
pants’ aids based on their comments,
real-ear measures, and, for Group B, also
the QuickSIN and LDL information. The
number of gain adjustments made based
only on the participants’ comments is
shown in the bottom panel of Figure 4.
Overall, more total adjustments were
made for participants in Group A than in
Group B, but the difference was not sta-
tistically significant (¢ = 1.229, p > 0.05).
However, significantly more adjustments
were made for Group A than Group B
based only on the participants’ comments
(t = 2.149, p = 0.040). Interestingly, the

Protocol A Protocol B

Subject Group

Protocol A Protocol B

Subject Group

Figure 4. Number of hearing aid adjustments made within
the 45-day trial period. Top panel: total number of adjustments;
bottom panel: number of adjustments based on users’ com-
ments. The error bars represent one standard error.
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complaints made by several of the Group
A participants were related to noise and
loudness, whereas few such complaints
were made by Group B participants. This
finding suggests that participants in
Group B had more realistic expectations
about using their hearing aids in noise
and/or their hearing aids were more fine-
tuned than Group A because of the LDL
and QuickSIN measures. As a result,
Group A participants had requested more
adjustments in the follow-up visits.

The difference between the initial (on
the fitting day) and final (at the end of
the 45-day trial period) hearing aid gain
was determined by subtracting the users’
initial gain values displayed on NOAH
from their final gain values displayed on
NOAH for a 50 and 80 dB SPL input. The
range of differences across frequency was
larger for participants in Group A (-10 to
26 dB) than participants in Group B (-10
to 15 dB). However, the differences were
not statistically different for any frequen-
cies (p > 0.05).

For Group B participants, QuickSIN
scores significantly improved in the aided
condition compared to the unaided (¢ =
5.167, p < 0.001). The average QuickSIN
unaided score was 14.75 dB SNR
(3.5-25.5 dB SNR), and the aided score
was 9.375 dB SNR (1.5-20.5 dB SNR).
The LDLs across all frequencies meas-
ured for Group B participants were sig-
nificantly higher (1.5-2 dB) than those
estimated by the Verifit system (p <
0.003).

Both groups of participants completed
the APHAB and SADL questionnaires at
the end of the 45-day trial period and
again at three months postfitting.
However, only 11 of the 16 participants in
Group A and 14 of the 16 participants in
Group B completed the two question-
naires at the three months postfitting. Of
the five participants who dropped out in
Group A, one switched to another model
at the end of the trial period, two did not
complete the follow-up for health reasons,
and two were displeased with the per-
formance of the hearing aids and did not
wish to complete the three-month follow-
up. Of the two participants who dropped
out in Group B, one did not respond to the
mail survey or phone interview, and the
other upgraded his or her hearing aids,
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which disqualified him or her from the
study.

Results from the APHAB and SADL
questionnaires, measured at 45 days and
three months postfitting, are shown for
both groups of participants in Figures 5
and 6, respectively. Note that partici-
pants who did not complete the follow-up
three months postfitting were not includ-
ed in the bottom panels of these figures.
No significant differences (p > 0.05) were
observed between Group A and B partici-
pants’ APHAB and SADL subscale scores
at the end of the 45-day trial period or
three months postfitting.

A paired ¢-test revealed that there were
no significant differences between Group A
participants’ scores on the APHAB at
45 days and three months postfitting
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=3 Protocol B
40 . \ A
EC RV BN AV
Subscale
40 ‘ T T :
- 3-Month
i ﬂ h i—L‘ |
0
20 - J
. Protocol A
== Protocol B
-40 - : :
EC RV BN AV
Subscale

Figure 5. Mean APHAB benefit scores for Group A (black
bars) and B (grey bars) participants at 45 days postfitting
(top panel) and at three months postfitting (bottom panel).
The data in the bottom panels were based on 11 and 14
participants in Group A and B, respectively. The error bars
represent one standard error.

(p > 0.05). However, Group A participants’
scores on the SC and NF subscales of the
SADL were significantly lower at three
months compared to 45 days (SC: ¢t = 2.701,
p =0.022; NF: ¢ = 2.250, p =0.048) (Figure 7).
The Wilcoxon signed rank test was used to
analyze the PI subscale scores because the
distribution of the data failed the normality
test. The PI score was significantly lower for
Group A participants at the end of three
months compared to 45 days (W =-34.00,p
=0.016). No significant within-group differ-
ences on the APHAB and SADL were
observed for Group B participants at 45
days and three months. Thus, satisfaction
remained constant for participants in
Group B but decreased over time on some
subscales for participants in Group A.
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Figure 6. Mean SADL satisfaction scores for Group A
(black bars) and B (grey bars) participants at 45 days post-
fitting (top panel) and at three months postfitting (bottom
panel). The data in the bottom panels were based on 11
and 14 participants in Group A and B, respectively. The
error bars represent one standard error.

491



Journal of the American Academy of Audiology/Volume 18, Number 6, 2007

DISCUSSION

In the current study, two different hear-
ing aid fitting protocols were evaluated
in how they affect hearing aid benefit
(APHAB) and satisfaction (SADL).
Protocol A and B included 2-cc coupler
responses and real-ear measures. The two
protocols differed in that Protocol B
included a speech-in-noise test (QuickSIN
test) and loudness measures (LDL and
aided loudness) and Protocol A did not.
The participants who were fitted with the
two different protocols had similar
degrees of hearing loss, age, gender, and
experience with hearing aids.

There were no significant differences in
the participants’ APHAB and SADL sub-
scale scores fitted with the two different
protocols when tested at 45 days and at
three months postfitting. However, the
SC, NF, and PI subscales of the SADL
yielded significantly lower satisfaction
scores for Group A participants at the end
of three months compared to 45 days,
whereas satisfaction remained constant
across all the SADL subscales for partici-
pants in protocol B.

One possible reason that minimal dif-
ferences were observed between the two
protocols is that both protocols included
real-ear measures. At least one adjust-
ment was made to every hearing aid
based on the real ear measure. Yet it is
still difficult to know whether, if one of the
protocols had not included real-ear meas-
ures, it would have resulted in more
changes based on patient comments
and/or a final frequency response less
similar to that of the protocol that did
include the real-ear measure. Clearly, a
study assessing the specific effect of real-
ear measure on fitting protocols would be
interesting. A recent survey reported that
fewer than 50% of audiology practitioners
perform real-ear measures half of the
time or more (Kirkwood, 2006). Direct evi-
dence in support of the relationship
between real-ear measure and hearing aid
benefit and satisfaction may help increase
the number of clinicians who are invest-
ing their time performing this test.

Findings similar to the APHAB scores
reported in this study were also observed
in the Cunningham et al (2001) study.
They used several outcome measures to
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Mean Satisfaction Score

evaluate aided benefit (i.e., APHAB) and
satisfaction in two groups of hearing aid
users. Both groups were fitted with the
same hearing aids in the same manner,
including real-ear measures. The difference
was that the hearing aids for one group
were fine-tuned over a five-month period
based on patient comments. The amount of
change in gain was comparable to the gain
change we reported in this study.
Interestingly, as in our study, Cunningham
et al (2001) found no statistically signifi-
cant differences on any of the benefit and
satisfaction measures. Hence, small
amounts of change in gain do not lead to
measurable increases in perceived benefit
and satisfaction in hearing aid users.
Although most of the basic demograph-
ics were similar across the two groups of
participants, other characteristics, such
as physical, psychological, and medical
conditions and expectation of hearing aids
and motivation to try hearing aids, which
have all been shown to affect hearing aid
benefit and user satisfaction (e.g., Kricos
et al, 1991; Gatehouse, 1994; Wilson and
Stephens, 2002; Arlinger, 2003; Humes et
al, 2003; Cox et al, 2005), were not con-
trolled for in this study. The two partici-
pants in Group A who dropped out of the
study because they were displeased with
their hearing aids would have likely
obtained very unfavorable satisfaction
sores at three months postfitting. As a
result, Group A participants’ average
APHAB and SADL scores may have been

— 4I5-Day qrouP A
6 r| === 3-Month " * 1
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2 - i
0
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Figure 7. Mean SADL satisfaction scores obtained at 45
days (black bars) and three months (grey bars) post—-hearing
aid fitting for Group A participants. The error bars repre-
sent one standard error. The * symbol indicates significant

difference between two SADL scores (p < 0.05).
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worse if these participants had stayed in the
study.

Participants in protocol B showed a 5-6
dB SNR improvement in their aided
QuickSIN scores compared to their unaid-
ed scores, which is similar to the SNR
changes (4—6 dB) reported in Figure 4 of
the Walden and Walden (2004) study.
Despite the consistency in the results
with previous studies, how the QuickSIN
was used in this study might have con-
tributed to small differences in benefit
and satisfaction observed between the two
fitting protocols. The number of hearing
aid adjustments made based on QuickSIN
was negligible because there are no pub-
lished recommendations for how gain
should be adjusted based on a QuickSIN
score. Our adjustment and reprogram-
ming of the hearing aids based on
QuickSIN may not produce enough of a
change in gain or frequency response to
affect hearing aid benefit. We did, howev-
er, consistently use the QuickSIN scores
to counsel participants, which may
account for the stable satisfaction scores
observed in Group B participants and not
in Group A participants. Also, the
QuickSIN test was initially intended in
the prefitting to better determine how
strongly to recommend directional micro-
phones. However, due to the wide avail-
ability and affordability of directional
microphones in contemporary digital
hearing aids (e.g., entry-level models such
as GN ReSound Canta2 and Unitron
Unison3), participants in both groups
were fitted with directional microphones.
Recently, inconsistencies were reported
across some QuickSIN lists by McArdle
and Wilson (2006). This issue may also
have affected the results in the present
study because, if a difficult list was used
in the unaided condition and an easy list
was used in the aided condition, then it
may have exaggerated the effectiveness of
the hearing aids.

Despite these potential confounding
factors, the participants fitted with
Protocol B were more consistently satis-
fied with their hearing aids over a three-
month period than participants fitted
with Protocol A. Perhaps the QuickSIN
and LDL information, obtained in
Protocol B, gave clinicians an opportunity
to provide these participants with more

focused counseling in areas such as back-
ground noise, feedback issues, and loud-
ness of amplified sound. Indeed, Group B
participants showed stable satisfaction
scores on the SADL SC subscale, which
measures satisfaction with the clinician’s
competency in service, and the NF sub-
scale, which measures satisfaction with
the clinician’s ability to solve problems
and respond to complaints, but scores on
these two subscales for the participants in
Group A decreased over time.

The number of hearing aid adjustments
that were made to the hearing aids based
only on the participants’ comments was
significantly less for Protocol B than
Protocol A. This result was likely attrib-
uted to the LDL measure. When the par-
ticipants’ LDL values were used, it signif-
icantly changed the DSL[i/o] targets
across frequencies. Similar findings have
been reported in other studies (e.g.,
Bentler and Cooley, 2001). It may be
argued that the small change in gain that
we observed is not clinically important,
but if it reduced the number of adjust-
ments made to the hearing aids, it could
be meaningful. Exclusive reliance on a
patient’s comments may result in over- or
underamplification and, more important-
ly, if the patient needs to keep describing
how unsatisfied he or she is with the qual-
ity of the amplified sound, he or she may
lose confidence in the fitting procedure
and/or the clinician. Even if after multiple
adjustments the patient becomes satisfied
with the hearing aid performance, there
may be residual effects on his or her over-
all satisfaction. It should be noted, howev-
er, that the significant difference in
adjustment between the two protocols has
a low statistical power (p = 0.44) and,
therefore, more data would be needed to
test this hypothesis.

In summary, inclusion of LDL, aided
loudness, and speech-in-noise measures
in a hearing aid fitting protocol tended to
reduce the total number of hearing aid
adjustments and significantly reduced the
number of adjustments based on patient
comments. Although these measures did
not improve initial hearing aid benefit
and satisfaction, patients who did not
receive them showed a significant
decrease in their hearing aid satisfaction
over time.
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