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Background and Objectives The purpose of this study was to compare the preferred gain
and the National Acoustic Laboratories Nonlinear 2nd edition (NAL-NL2) gain value in Ko-
rean language hearing aid users.
Subjects and Method In this retrospective study, preferred gain and NAL-NL2 gain data
were obtained from 199 monaural hearing aids users who were satisfied with their hearing aid
devices. The gain value data were collected from three different sound levels at various fre-
quencies. Several factors were also evaluated to determine a potential impact on the preferred
gain.
Results The preferred gain was significantly higher than the NAL-NL2 target gain (p=0.01).
This difference was highest with the gain measured with a medium-level sound (65 dB) with 1
kHz tone. There was a tendency of reduced preferred gain with the increased age of the partici-
pant (p=0.049).
Conclusion The results indicate that Korean hearing aid users require more gain than the
NAL-NL2 target gain. Linguistic characteristics, age, degree of hearing loss, and many other
factors may be implicated in this result.
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Introduction

Hearing aids amplify the input signal to compensate for the
increased hearing threshold of the hearing loss (HL) patient.
The principle of fitting a hearing aid is that the amplified
sound should be comfortably heard by the HL patient, and
the intelligibility should be increased during conversation.
The volume of the amplified sound should be adjusted so
that it does not exceed the uncomfortable level."”

A prescription fitting formula is used to achieve appropriate
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amplification through certain gain value. Most of the current
initial hearing aid fittings for adults are based on the Nation-
al Acoustic Laboratories Nonlinear 2nd edition (NAL-NL2)
formula, a revised version of NAL-NLI which was developed
based on English.” After the initial fitting process, the fine-
tuning procedure is performed based on the individual’s pref-
erence. The final satisfied level of hearing aid amplification is
considered as the preferred gain.” Although fine-tuning may
effectively satisfy hearing aid users, the appropriate initial fit-
ting through fitting formula is important.”

Adults with mild and moderate HL preferred less overall
gain of 3 dB than NAL-NLI formula in a medium input sound
level.*” The NAL-NL2 prescribes more gain in low and high
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frequencies and less gain in medium frequencies than NAL-
NLL” A study reported at 65 dB and 80 dB SPL, 63% and
50% of participants preferred gain were within 5 dB of the
NAL-NL2 prescribed target.” However, there is no previous
study done on Korean language hearing aid users. The pur-
pose of this study was to investigate the difference between
the target gain based on the NAL-NL2 formula and the pre-
ferred gain among Korean hearing aid users in South Korea.

Subjects and Methods

Study design

Data were collected between March 2016 and April 2019,
199 monaural hearing aid users from a tertiary health care
center in Korea. The participants in the study were first-time
hearing aid users with sensorineural HL who were satisfied
with their hearing aid for 6 months or more. The preferred gain
values were compared with the target gain values based on
the NAL-NL2 prescriptive method. This study was performed
in accordance with the Helsinki Declaration. The Institutional
Review Board approved this study (IRB No. 2021GR0320).
The informed consent was waived because this study design
is retrospective medical record analysis.

Fitting procedure

Based on the patient’s pure tone audiometry results, the
initial setting was done with Target 4.1 (Phonak, Zurich, Swit-
zerland) and Smart Fit 1.4 (ReSound, Ballerup, Denmark) 1.4
programs which were developed based on NAL-NL2 formula.
The fine-tuning procedure was usually performed one to two
weeks after the initial setting was established. Participants
were allowed to undergo the fine-tuning process repeatedly
to obtain the most satisfactory sound level for optimum hear-
ing ability. The experienced staff adjusted the gain value in a
quiet, controlled room based on the patient’s subjective satis-
faction within their company’s protocol. To achieve a stable
level of gain, all the preferred gain values were collected 6
months after initiating the fine-tuning process. The patient’s
subjective satisfaction was subsequently assessed through
the Abbreviate Profile of Hearing Aid Benefit, 66 item self-
assessment, disability-based inventory that is used to docu-
ment the outcome of a hearing aid fitting.”

Data collection
The NAL-NL2 targets prescribe for the input levels of 50,
65, and 80 dB SPL. The data of the gain values were collect-
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ed when low (50 dB), medium (65 dB), and high (80 dB) input
sound levels were administered with low to high frequencies
(0.25,0.5, 1, 2, 4, 8 kHz). Additional data that were collected
including age, sex, type of hearing aid, and degree of HL of
the hearing aid users. The degree of HL was categorized as
mild HL (26—40 dB), moderate HL (41—55 dB), moderately
severe HL (56—70 dB), severe HL (71—90 dB), and profound
HL (91 dB or more). The three types of hearing aids used by
the participants were behind the ear (BTE), receiver in the
canal (RIC), and customized type. The customized group
included two types of hearing aids: in the ear and completely

in canal.

Exclusion criteria

Exclusion criteria were as follows: less than 10 years of age
or more than 90 years of age, profound HL, and history of
infectious disease or middle ear surgery.

Statistical analysis

A paired t-test was used to compare preferred gain and NAL-
NL2 gain. The difference according to hearing aid type was
compared using the analysis of variance (ANOVA) t-test. An
ANOVA trend analysis was performed to investigate a poten-
tial relationship in age. The results were analyzed by IBM SPSS
version 20 (IBM Corp., Armonk, NY, USA), and a p-value
of 0.05 or less was considered significant.

Results

Demographic data

A total of 199 hearing aid users were enrolled in this study.
In age distribution, most patients were over 60 years of age
(n=142, 71.3%). There was a greater proportion of female par-
ticipants enrolled in the study (n=116, 58.3%). For the degree
of HL, most participants belonged to the moderate (n=87,
43.7%) and moderately severe (n=68, 34.2%) groups. The RIC
(n=111, 55.8%) was the most used hearing aid type among the
participants, followed by the customized type (n=79, 39.7%),
and BTE (n=9, 4.5%) (Table 1).

Difference between preferred gain and NAL-NL2
The average preferred gain (17.8411.7 dB) was higher than
the NAL-NL2 gain (15.6+10.4 dB) by 2.2+6.6 dB (95% con-
fidence interval [CI]: 1.30—3.16, p<0.001). According to the
input sound level, the difference was significant in the high-
level (3.9+7.2 dB, 95% CI: 2.89—4.91, p<0.001) and medi-



um-level (2.6+7.04 dB, 95% CI: 1.63—3.60, p<0.001) input
sound (Fig. 1). In the frequency response, the preferred gain
was statistically higher in all frequencies, except 0.25 kHz and
6 kHz. The difference was largest at 1 kHz (5.6+10.0 dB,
95% CI: 4.78—6.39, p< 0.001) followed by 2 kHz (4.7£8.2 dB,
95% CI: 4.094—5.38, p<0.001), 0.5 kHz (2.9+8.2 dB, 95% CIL:
2.24-3.56, p<0.001), and 4 kHz (1.0+0.3 dB, 95% CI: 0.25—
1.66, p<0.01) (Fig. 2).

Factors associated with preferred gain among
hearing aid users

Based on the degree of HL, there was a significant differ-
ence between preferred gain and NAL-NL2 gain in moder-
ate HL (2.6 0.57 dB, 95% CI: 1.42-3.68, p<0.01) and mod-

Table 1. Levels of hearing ability by demographics and types of
hearing aid (n=199)

Degree of Moderately Severe

Preferred Gain and NAL-NL2 Gain in Korea l Lee JG, et al.

erately severe HL (1.8+0.73 dB, 95% CI: 0.41—3.32, p<0.05)
(Fig. 3).

To investigate the age factor, participants were divided into
60 years old-age group. The pre-existing degree of HL in both
groups was not statistically different (58.4 dB vs. 56.2 dB,
p=0.266). The group of younger participants (20.2+14.0 dB)
demanded more gain than the group of older participants
(16.9£10.6 dB). In ANOVA trend analysis, there was a ten-
dency of reduced preferred gain with increased age (p=0.049).

There were three types of hearing aids: RIC (n=111), cus-
tomized type (n=79), and BTE (n=9). The pre-existing de-
gree of HL was highest in participants with the BTE type of
hearing aid (BTE [62.3 dB], customized type [60.0 dB], RIC
[54.2 dB]; ANOVA t-test, p<<0.001). Since the number of BTE
was only 9, which is few to classify into one group, the anal-
ysis was conducted by integrating with the RIC. The preferred
gain of BTE and RIC group was 16.8+13.27 dB and the pre-

hearing loss Mild  Moderate @ Total ferred gain of the customized type group was 20.8+12.25 dB,
Sex and the difference was significant (3.91+1.87 dB, 95% CI:
Male 5 34 28 16 83 -7.8—-0.25, p=0.036).
Female 9 53 40 14 116
A
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Custom 3 29 31 16 79 kHz, and 4 kHz groups. 'p<0.01; *p<0.001. NAL-NL2, National
BTE, behind the ear; RIC, receiver in the canal Acoustic Laboratories Non-Linear 2nd edition.
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Fig. 1. Comparison of preferred gain and NAL-NL2 gain data by
level of sound. There is a significant difference in medium-input
sound level and high-input sound level groups. Paired t-test was
used to determine significance. #p<0.001. NAL-NL2, National
Acoustic Laboratories Non-Linear 2nd edition.

Fig. 3. Comparison of preferred gain and NAL-NL2 gain data by
degree of HL. There is a significant difference in moderate HL and
moderately severe HL groups. *p<0.05; 'p<0.01. NAL-NL2, Na-
tional Acoustic Laboratories Non-Linear 2nd edition; HL, hearing
loss.
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Discussion

The preferred gain in Korean hearing aid users was sig-
nificantly higher than the NAL-NL2 gain. This result implies
that the target gain based on the NAL-NL2 fitting formula
should be increased to reflect this preference among Korean
hearing aid users.

The NAL-NL2 formula was invented based on an English-
speaking population. The NAL-NL?2 also considered language
for prescription. For example, tonal languages like Chinese,
slightly more low-frequency is prescribed.”

Linguistic or acoustic differences between the Korean and
English languages may help explain the results obtained in
our study. Indeed, a review of the literature confirms the lin-
guistic or acoustic differences between the two languages.

The long-term average speech spectrum (LTSS) shows the
average frequency distribution of sound energy in continuous
speech. It is used for the evaluation of the hearing instrument’s
suitability or fitting of hearing aid.” In a comparison study of
the LTSS of Korean monosyllabic words and sentences and
English sentences, there was a significant difference at fre-
quencies of 125, 160, 500, and 4000 Hz (p<0.05), but not in
other frequencies.'” The dynamic range (DR) of speech refers
to the difference between the minimum and maximum speech
levels. The DR for the Korean language was lower than that
for the English language at low-frequency bands but larger at
mid-frequency bands."” The band-importance function (BIF)
relates to a value characterizing the relative importance of
various frequencies to speech intelligibility.” The low-fre-
quency regions below 1 kHz were more important in the Ko-
rean language than in the English language.” However, it is
not yet clear exactly how much these differences affect the
preferred gain. The preferred gain was higher than the NAL-
NL2 gain at most frequencies except 6 kHz in our study,
which is not consistent with previous studies regarding lin-
guistic differences. Further research is needed on the rela-
tionship between preferred gains according to differences in
LTSS, DR, and BIF.

The tendency for higher gain was found in the group of
younger participants. A similar result was found in a previous
study, specifically that the group of younger participants pre-
ferred greater gain; however, it was not significant (p=0.08)."
Another study found that children preferred higher gain levels
than adults.”” Age-related emotional, physical, physiological
differences may affect the result, but further study is needed.

There were some limitations in this study. The real ear mea-
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surements were not performed, and the fine-tuning process
followed company’s own protocol which could be subjective.
Though real ear measurements for fine-tuning of hearing aids
were not performed in all cases, the satisfaction of enrolled
hearing aid users was proven over the long term through im-
provement in Abbreviate Profile of Hearing Aid Benefit.” The
difference due to real ear measurement would have been small
since the patient with ear canal deformity, surgical history,
and pediatrics were excluded. Even if the fine-tuning process
was subjective, it is meaningful because the preferred gain
was obtained from the subjectively satisfactory value of the
hearing aid users for more than 6 months. Only the monau-
ral hearing aids were analyzed in this study. It is well-known
that the binaural loudness summation concept may influence
an individual’s hearing threshold. Due to binaural summa-
tion, the difference in decibels in monoaural hearing aid us-
ers is 3—5 dB.'” For this reason, in NAL-NL2 fitting formula,
the monoaural and binaural prescription targets are different.
Therefore, the difference between the preferred gain and the
NAL-NL2 gain is not due to the monoaural hearing aid. An-
other limitation is that three types of hearing aids were used.
The output power of the hearing aid depends on the charac-
teristics of the hearing aid itself. However, this would not in-
fluence the results, because the difference was only deter-
mined by the output gain of each hearing aid.

In conclusion, this study analyzed the difference between
actual preferred gain and gain value based on the NAL-NL2
formula in Korean hearing aid users. On average, the pre-
ferred gain showed a higher gain level than the NAL-NL2
gain. The difference was statistically significant in moderate
and moderately severe HL hearing aid users. In the medium
or high input level of sound, the gain value should be increased
more than the gain based on the NAL-NL2 formula. In terms
of frequencies, the higher gain should be administered than
the gain obtained from the NAL-NL?2 formula in all frequen-
cies except 0.25 and 6 kHz.
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