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What’s New About NAL-NL2?
Understanding the differences between NAL-NL1 and NAL-NL2 is important.
Here’s why.
BY JaSon a. GalSTER, PhD, anD KaThERinE STEvEnS, PhD

Here is a short summary of
some of the key changes to the
ubiquitous NAL fitting algorithm,
including the formula’s latest
approach to compression
attack-times, gender differences,
binaural/monaural fittings,
cases of mild-to-moderate loss,
the wearer’s primary spoken
language, and other factors.

Editor’s Note: Dr Galster regularly publishes commentary on interesting articles in
the hearing care literature. This article was
adapted from his March 1, 2012 blog post
found at http://galster.net in which he and
Dr Stevens focus on research from the 2011
paper published in Hearing Research by
Keidser et al.1
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or years, the National Acoustics
Laboratories’ NAL-NL1 has been the
benchmark for compressive, independently derived, prescriptive formulas.2
The recently introduced NAL-NL2 advances their original formula with knowledge
gained from a wealth of empirical data collected with NAL-NL1.2 Similarities between
NAL-NL1 and NAL-NL2 include:
1) The primary goals of maximizing
speech intelligibility while not exceeding overall normal loudness at a range
of input levels, and
2) The use of predictive models for speech
intelligibility and loudness.3,4
The speech intelligibility model used in
both NAL-NL1 and NAL-NL2 differs from
the Speech Intelligibility Index (SII).5 The
ANSI SII assumes that, regardless of hearing
loss, speech should be fully understood when
all speech components are audible. Included
in NAL-NL1 is a modification to the SII proposed by Ching and colleagues.6 This modification or effective audibility factor assumes
that, as hearing loss becomes more severe,
less information can be extracted from the
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speech signal. More recent data have been
collected to derive an updated effective audibility factor for use with NAL-NL2.1
The NAL-NL2 formula includes constraints
to prevent compression ratios from exceeding
a maximum value for a given frequency or
degree of hearing loss. Modifications were
based on data suggesting that users with severe
or profound hearing loss prefer lower compression ratios than those prescribed by NALNL1, when fitted with fast-acting compression.7 However, there is evidence to suggest
that higher compression ratios could be used
in this population with slow-acting compression. Therefore, in the case of severe or profound
hearing losses, the new formula prescribes lower
compression ratios for fittings with fast-acting compression than those with slow-acting
compression. For mild and moderate losses,
compression speed does not affect prescribed
compression ratios.
Based on experimental outcomes with NALNL1 fittings, the development of NAL-NL2
took various attributes of the hearing aid user
into consideration, such as gender, binaural
listening, experience level, age, and language.
In the case of gender, Keidser and Dillon8 studied the real-ear insertion gain measurements
for the preferred frequency responses of 187
adults, finding that, regardless of experience
or degree of hearing loss, female participants
preferred an average of 2 dB less gain than male
participants. As a result, gender differences are
factored into each fitting.
The NAL-NL2 method still prescribes
greater gain for monaural fittings than it does
for binaural fittings. This difference is similar to
the NAL-NL1 formula.9 Recent studies suggest
that the binaural to monaural loudness difference may be less than previously indicated.10
For symmetrical hearing losses, the binaural
difference ranges from 2 dB for inputs below
50 dB SPL to 6 dB for inputs above 90 dB SPL,
so binaurally fitted users will have higher prescribed compression ratios than monaural users.
For asymmetrical losses, the binaural correction decreases as the asymmetry increases.
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READ Keidser and grant’s article about
loudness normalization vs speech intelligibility maximization (January 2003 HR) at:
http://tinyurl.com/c7vc5a4

Experience with hearing aids as it relates
to degree of hearing loss is a consideration in
the NAL-NL2 formula. Keidser and her colleagues11 found that, with increasing severity
of hearing loss, new users prefer progressively
less prescribed gain than experienced hearing
aid users. Although this observation does not
agree with several other studies,12,13 the NALNL2 recommends gain adaptation for new
hearing aid users with moderate or severe hearing loss. Further details of this discrepancy will
be addressed in a future publication (personal
communication, Gitte Keidser, 2012).
The developers of the NAL-NL2 formula
determined that adults with mild-to-moderate hearing loss preferred less overall gain
for 65 dB inputs than would be prescribed by
NAL-NL1.11 This is corroborated by other
studies13,14 in which hearing aid users with
mild-to-moderate hearing loss preferred less
gain for high and low level inputs. These

reports indicate that participants generally preferred slightly less gain and higher
compression ratios than those prescribed by
NAL-NL1—a preference that was incorporated into the revised prescriptive procedure.
The NAL-NL2 also takes the hearing
aid user’s language into consideration. For
speakers of tonal languages (eg, many East
Asian languages, including Chinese), slightly more low-frequency gain is prescribed.
Increased gain in the low-frequency region
more effectively conveys fundamental frequency information, an especially important
cue for recognition of tonal languages.
Like its predecessor, the NAL-NL2 fitting
formula leverages theoretical models of intelligibility and loudness perception to maximize
speech recognition without exceeding normal
loudness. The revised formula takes into consideration a number of factors other than
audiometric information and benefits from
extensive empirical data collected using NALNL1. Ultimately, the NAL-NL2 procedure
results in a slightly flatter frequency response,
with relatively more gain across low and high
frequencies and less gain in the mid-frequency

range than in the NAL-NL1 formula.
The study of objective performance and
subjective preference with hearing aids is
constantly evolving, and the NAL-NL2 prescriptive method may be a step toward
achieving increased acceptance by existing
hearing aid users and improved spontaneous acceptance by new hearing aid users.
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