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Background & Objectives: The widespread prevalence of hearing loss can leave restrictive 
impacts on the acoustic and psychoacoustic hearing components, language and speech development, 
education, and employment of those with hearing impairments. On the other hand, given that 
hearing aids are the most commonly used devices to help auditory rehabilitation, and speech is 
the most essential human interaction signal, the examination of hearing aid’s frequency responses 
and the capability of intensity reconstruction of speech signals according to the existing standards 
are of utmost importance. The present study was conducted to compare hearing aid’s performance 
with two prescription formulas, at three input intensity levels, and two hearing loss configurations.

Methods: Using the FRYE FP35 analyzer, the present study examined two Phonak Bolero B50 
hearing aids fitted with two prescription formulas (NAL-NL2 and DSLi/o v5) for two degrees of 
hearing loss (mild to moderately severe and moderately severe to severe) presented with intensity-
filtered ISTS speech signals at three input intensities (50, 65, and 80 dB SPL). 

Results: The DSLi/o v5 formula prescribed higher average gain and intensity reconstruction for 
both hearing loss degrees and at all three input intensities compared with the NAL-NL2 formula.

Conclusion: Depending on the purpose of gain prescription, whether the loudness is important or 
speech intelligibility, the choice of an appropriate fitting formula can be affected.
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1. Introduction

ongenital hearing loss (hearing loss that 
is present at birth) is one of the most prev-
alent chronic conditions in newborns [1]. 
Normal hearing abilities are essential for 
the acquisition and development of lan-

guage and speech skills [2]. Hence, suffering from hear-
ing loss in such a critical period while being deprived of 
early rehabilitation interventions leave extremely destruc-
tive impacts on the language and speech skills of children 
with hearing impairments [3]. Since hearing aids are the 
most commonly used devices to help with auditory reha-
bilitation, they must incorporate suitable electro-acoustic 
properties to reconstruct the spoken sounds [4]. The initial 
purpose of a proper amplification is to create a signal per-
ceptible in all speech frequency ranges, which is specifi-
cally essential for hearing impaired children and infants 
due to their special amplification needs [5] .

The wide bandwidth of frequency response in hearing 
aids can result in perceptual benefits, but the entire band-
width has no similar effect in sound perception [6], and 
the hearing aid’s gain usually declines at the extremity of 
the frequency response range [4]. However, hearing aids 
are still inadequate in providing sufficient amplification 
at the favorable frequency bandwidth despite the recent 
advancements [7]. Therefore, it appears that the ques-
tion of whether or not these hearing aids are capable of 
providing adequate hearing gain for all speech sounds, 
specifically those with high-frequency speech stimuli, 
requires further examination. 

The majority of the previously conducted studies have 
examined the intensity parameters needed for providing 
maximum speech clarity and have tried to find which 

properties are required to reach this end, but few pieces 
of research have addressed hearing aids as the primary 
tools in the reconstruction and provision of these re-
quired intensity parameters.

On the other hand, the selection of a hearing aid capa-
ble of reconstructing the essential and required electro-
acoustic parameters without effective limitations gains 
a high gravity following acoustic dynamics loss in the 
cochlea [8]. A 2010 study conducted by Holube et al. 
aiming to compare various stimuli used to assess and 
validate hearing aids revealed that because speech is the 
most significant stimulus in the everyday life of hearing 
aid users and it is different from other stimuli in terms 
of spectrum, intensity, and other acoustic properties [9], 
it would be better to use speech stimuli to validate the 
proper performance of hearing aids and examine differ-
ent aspects of their capabilities. For this purpose, a stim-
ulus able to eliminate linguistic differences would be ef-
ficient. A 2001 study by Stelmachowicz et al. suggested 
the hypothesis that hearing aid’s incapability of complete 
reconstruction of speech sounds might be responsible for 
the low speech clarity of children with hearing impair-
ments [5]. Subsequently, many studies were conducted 
addressing suitable acoustic parameters for reconstruct-
ing speech sounds, but the question of whether or not the 
prescribed hearing aids incorporate these parameters still 
requires further investigations. The purpose of this study 
was to examine how capable hearing aids gain the re-
quired intensity properties given the existing limitations. 

2. Materials and Methods

The present applied research is an observational, de-
scriptive-analytical study and a subset of cross-sectional-
comparative studies. In order to test the consistency of 

C

 What is “already known” in this topic:

It has been reported that wider frequency response in hearing aids might give rise to better speech perception. 
Some frequencies are shown to contribute more than others in speech perception; however, even with advances in 
sound processing schemes, current hearing aids are usually unable to provide sufficient gain in upper and lower 
frequency ranges.

 What this article adds:

By choosing the fitting formulas, the rationale behind amplification should be taken into consideration. Ampli-
fication for creating equal loudness of all frequencies may result is different quality or speech perception from 
amplification for creating the highest possible speech intelligibility. This study showed DSL i/o v5 prescribed 
higher amount of gain compared to NAL-NL2 for both types of hearing lisses in this study at all three tested levels.
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outcomes, two Phonak Bolero B50 BTE hearing aids 
were selected. These two hearing aids were fitted with 
NAL-NL2 and DSLi/o v5 prescription formulas for 
both mild to moderately severe and moderately severe 
to severe hearing losses. Then, the amount of gain was 
measured across frequencies from 200 to 8000 HZ for 
input levels of 50, 65, and 80 dB SPL. There were three 
repetitions for the measurement at each level. The total 
number of trials was 72 (2 hearing aids×2 types of hear-
ing losses×2 types of fitting formulas×3 input levels×3 
repetitions).

The International Speech Test Signal (ISTS) stimulus 
used in the study was a 60-seconds recorded speech 
stimulus of a female speaker speaking with a combina-
tion of 6 living languages of the world (American Eng-
lish, Chinese, French, German, Arabic, and Spanish), 
with no meaning and therefore, capable of eliminating 
linguistic effects and simulating the acoustic character-
istics of speech.

The ISTS speech stimulus was intensity-filtered using 
Adobe Audition v. 12.1.3.10 –a 2019 Adobe product- to 
cover two degrees of hearing loss (mild to moderately 
severe and moderately severe to severe). The extent of 
stimulus intensity reduction was in proportion to the au-
diogram required to reduce various frequency contents.

In the next step, the selected hearing aid was fitted in 
conformity with the aforementioned two degrees of hear-
ing loss using the respective fitting software. The NAL-
NL2 or DSLi/o v5 prescription formulas were used to 
fit the hearing aid. The hearing aid was then exposed to 
the filtered stimuli in three input intensities, and the out-
put generated by the hearing aid was analyzed using the 
FRYE FP35 analyzer device. Eventually, the frequency 
response, the output gain of the filtered stimulus, and the 
amounts reduced by intensity filtration were compared.

The NAL-NL2 formula does not attempt to restore nor-
mal loudness at each frequency. The underlying ratio-
nale is to maximize speech intelligibility, subject to the 
overall loudness of speech at any level being no more 
than that perceived by a normal-hearing person [10]. 

One of the most popular loudness normalization pro-
cedures is DSLi/o v5 (desired sensation level input/out-
put). The rationale of DSLi/o v5 is to adjust the hear-
ing instrument parameters so that the acoustic dynamic 
range of a normally hearing person is compressed into 
the residual dynamic range of the hearing-impaired per-
son to be fitted. The objective is to make all sounds au-
dible to the hearing impaired user at the same loudness 
as they would be to the normally hearing person [6, 11].

Data analysis was conducted using IBM SPSS softwa v. 
25 at a significance level of 0.05. Indices of central ten-
dency (mean) and indices of dispersion (minimum, maxi-
mum, and standard deviation) were used in the descriptive 
statistics section. In the analytical statistics section, Kol-
mogorov-Smirnov and Generalized Linear Model (GLM) 
tests were conducted to examine the distribution of data and 
to analyze the differences between the groups, respectively. 
Tuckey’s test for post hoc analysis was also conducted to 
follow up the significant differences.

3. Results 

As indicated in Figure 1, for hearing aids fitted with 
the NAL-NL2 formula for mild to moderately severe 
hearing loss degrees in three input intensities of 50, 65, 
and 80 dB SPL, the highest gain was at the frequency 
of 4000 Hz (P=0.001) and the lowest gain was at the 
frequency of 200 Hz (P=0.004).

As indicated in Figure 2, for hearing aids fitted with the 
NAL-NL2 formula for moderately severe to severe hear-
ing loss at 50 dB SPL input intensity level, the highest 

Figure 1. Hearing aid gains in mild to moderately severe hearing loss at various frequencies using NAL-NL2 formula
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gain was at the frequency of 3000 Hz (P=0.002) and the 
lowest gain was at the frequency of 200 Hz (P=0.003), 
while the highest gain was at 4,000 Hz frequency 
(P=0.002) and the lowest gain was in 200 Hz frequency 
(P=0.003) at 65 and 80 dB SPL intensity input levels.

Figure 3 indicates that the highest gain was at the 
frequency of 1000 Hz (P=0.007) and the lowest gain 
was at the frequency of 8000 Hz (P=0.005) for hearing 
aids fitted with DSLi/o v5 formula for mild to moder-
ately severe hearing loss at 50 dB SPL input intensity 
level, while the highest gain was at 3000 Hz frequency 

(P=0.006) and the lowest gain was at 8000 Hz frequency 
(P=0.002) at 65 and 80 dB SPL intensity input levels.

As Figure 4 illustrates, the highest gain was at the fre-
quency of 1000 Hz (P=0.003) and the lowest gain was at 
the frequency of 8000 Hz (P=0.001) for hearing aids fitted 
with DSLi/o v5 formula for moderately severe to severe 
hearing loss at 50, 65, and 80 dB SPL input intensity levels.

Using hearing aids fitted with NAL-NL2 formula at 50 
dB SPL input intensity level, the highest gain was at the 
frequency of 4000 Hz (P=0.005) and the lowest gain was 
at the frequency of 200 Hz (P=0.002) for mild to mod-

Figure 3. Hearing aid gains in mild to moderately severe hearing loss at various frequencies using DSLi/o v5 formula

Figure 4. Hearing aid gains in moderately severe to severe hearing loss at various frequencies DSLi/o v5 formula

Figure 2. Hearing aid gains in moderately severe to severe hearing loss at various frequencies using NAL-NL2 formula
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erately severe hearing loss, while the highest gain was at 
3000 Hz frequency (P=0.007) and the lowest gain was at 
200 Hz frequency (P=0.003) for moderately severe to se-
vere hearing loss. Using DSLi/o v5 obtained the highest 
gain at 1000 Hz frequency (P=0.001) and the lowest gain 
at 8000 Hz frequency (P=0.004) for both mild to moder-
ately severe and moderately severe to severe hearing loss 
degrees. In general, the DSLi/o v5 formula exerts higher 
average gains at both hearing loss degrees.

The highest gain was at the frequency of 4000 Hz 
(P=0.008) and the lowest gain was at the frequency of 
200 Hz (P=0.006) for hearing aids fitted with the NAL-
NL2 formula for both mild to moderately severe and 
moderately severe to severe hearing loss degrees at 65 
dB SPL input intensity. Using the DSLi/o v5 formula 
for mild to moderately severe hearing loss, the high-
est gain was observed at 3000 Hz frequency (P=0.001) 
and the lowest gain was observed at 8000 Hz frequency 
(P=0.012). In general, the DSLi/o v5 formula exerts a 
higher average gain at both hearing loss degrees.

In both mild to moderately severe and moderately se-
vere to severe hearing loss degrees, fitting the hearing 
aid with the NAL-NL2 formula at 80 dB SPL input in-
tensity level yields the highest gain at 4000 Hz frequen-
cy (P=0.003) and the lowest gains at 200 and 8000 Hz 
frequency, respectively (P=0.002 and P=0.009, respec-
tively). Using DSLi/o v5 formula exerts the highest gain 
at 3000 Hz frequency (P=0.002) and the lowest gain at 
8000 Hz frequency (P=0.001) in mild to moderately se-
vere hearing loss, while it exerts the highest gain at 1000 
Hz frequency (P=0.001) and the lowest gain at 8000 
Hz frequency (P=0.009) in moderately severe to severe 
hearing loss. Generally, DSLi/o v5 yields higher average 
gain at both hearing loss degrees.

4. Discussion

Hearing aid response modification and examination 
of its efficiency and usefulness are among audiological 
rehabilitation objectives that are practiced immediately 
after the hearing aid is fine-tuned and its function is vali-
dated. The validation of a hearing aid’s appropriate gain 
does not necessarily mean that the hearing aid is effec-
tive. The main factor contributing to the effectiveness 
is the hearing aid’s gain and electroacoustic parameters 
having an effective function in hearing. The validation of 
the hearing aid’s usefulness is dependent on mental, real, 
and verbal tests in various situations.

As indicated in other studies, non-linear hearing aids 
fitted with NAL-NL2 and DSLi/o v5 formulas exert dif-

ferent gains at 50, 65, and 80 dB SPL intensity levels. 
The exerted gains for the aforementioned input intensi-
ties were constantly observed to be significantly higher at 
50 dB SPL compared with the other two input intensities 
(P=0.001). Using NAL-NL2 and DSLi/o v5 formulas for 
both mild to moderately severe and moderately severe 
to severe hearing loss degrees, the highest exerted gain 
was observed at the input intensity level of 50 dB SPL 
(P=0.002 and P=0.009, respectively) while the lowest 
gain was observed at 80 dB SPL (P=0.003 and P=0.007, 
respectively) input intensity level. This difference be-
tween the prescribed gains was significant and consistent 
with the findings of similar studies [12-14].

In terms of hearing loss degrees, it can be said that both 
NAL-NL2 and DSLi/o v5 exerted a significantly higher 
average gain for moderately severe to severe hearing 
loss compared with that of mild to moderately severe 
hearing loss. This difference between the prescribed 
gains was significant and consistent with the findings of 
similar studies [12, 15].

In terms of the reconstruction of filtered intensity con-
tent at 50 dB SPL input level, it can be said that DSLi/o 
v5 exerted a higher average gain and intensity recon-
struction at both hearing loss degrees at an input intensity 
level of 50 dB in low and medium frequencies (P=0.001 
and P=0.002, respectively). However, the two formu-
las indicated the same performance in high frequencies 
(P=0.004) and the NAL-NL2 formula might even exert 
higher gains for those with mild to moderately severe 
hearing loss at higher frequencies (P=0.014). Also, in 
terms of the reconstruction of filtered intensity content at 
65 and 80 dB SPL input levels, it can be said that DSLi/o 
v5 formula revealed to exert higher gains at both hearing 
loss degrees (P=0.006 and P=0.002 respectively) that is 
consistent with the findings of other studies [13, 15].

5.Conclusion

By comparing the two formulas, it can be inferred that 
DSLi/o v5 exerted higher average gains compared with 
NAL-NL2 for both hearing loss degrees and at all three 
input levels. Therefore, depending on the purpose of gain 
prescription, whether the loudness is important, or speech 
intelligibility, the choice of appropriate fitting formula 
and other specific prescription qualities can be affected.
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بررسی بازسازی شدتی سیگنال های گفتاری با ارزیابی پاسخ فرکانسی سمعک های پشت گوشی 
DSLi/o v5 و NAL-NL2 تنظیم شده با فرمول های تجویزی

مقدمه شیوع گسترده ی افت شنوایی می تواند تاثیرات بازدارنده ای بر مولفه های آکوستیک و سایکوآکوستیک شنوایی، پیشرفت گفتار و 
زبان، تحصیالت، و شغل افراد کم شنوا داشته باشد؛ از سوی دیگر با در نظر داشتن این مهم که سمعک پرکاربردترین کمک افزار شنوایی، 
و گفتار نیز مهمترین سیگنال ارتباطی انسان است؛ بررسی پاسخ فرکانسی و قابلیت سمعک در بازسازی شدتی اصوات گفتاری، بر مبنای 
استانداردهای موجود از اهمیت ویژه ای برخوردار است. این مطالعه نیز برای بررسی عملکرد سمعک ها در دو فرمول تجویزی، سه سطح 

شدت ورودی محرک و دو میزان کم شنوایی، انجام شده است.
مواد و روش ها در این مطالعه، دو سمعک Phonak Bolero B50 با استفاده از دو فرمول تجویزی NAL-NL2 و DSLi/o v5 و برای 
دو مقدار افت شنوایی مالیم تا نسبتاً شدید و نسبتاً شدید تا شدید تنظیم شدند و با ارایه سیگنال گفتاری ISTS فیلترشده از نظر شدتی 

در سه سطح شدت ورودی )50، 65، و 80 دسیبل SPL( به آنها، در دستگاه آنالیزور FRYE FP35 بررسی شدند. 
یافته ها فرمول DSLi/o v5 میانگین بهره و بازسازی شدتی بیشتری در هر دو مقدار کم شنوایی و در هر سه سطح شدت ورودی نسبت 

به فرمول NAL-NL2 اعمال کرده است.
نتیجه گیری هدف از تجویز بهره، که آیا بلندی اصوات مهم تر باشد یا درک گفتار، می تواند در انتخاب فرمول تجویزی مناسب تاثیرگذار باشد.
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