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Disparity Between Clinical
Assessment and Real-World
Performance of Hearing Aids
Why is it so difficult to predict patient outcomes?
clinical test results (Figure 1a) showed
a substantial advantage for the directional microphone when listening to speech
in noise. The patients were then sent home
and instructed to compare the two settings
in their everyday lives. When the patients
returned to the clinic 1 month later, they
were asked to provide a subjective rating of
their speech understanding ability in noise
with each of the two microphone settings
(Figure 1b). It was apparent that the substantial directional microphone performance advantage measured in the clinical
testing was not perceived by the patients in
everyday listening environments.
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Better predictions of outcomes
would help clinicians and
patients develop more realistic
expectations of improved
communication ability,
ultimately resulting in

F

or most hearing aid users, the primary
reason for using amplification is to
improve speech understanding. Thus,
clinicians often use tests of speech recognition ability to assess hearing aid benefit. It
seems reasonable to assume that the benefit
measured in the clinic will relate to the benefit the patient will obtain in everyday life.
However, clinical assessments of hearing aid
performance are often not highly predictive
of performance in the real world.1-4
This is especially true with regard to
speech understanding in noise. As an exam-

increased success and
satisfaction with amplification.

FIGURE 1. Average performance measured in the clinic (left, 1a) and patients’ subjective ratings of performance (right, 1b) with omnidirectional and directional microphones.

ple, Figure 1 shows the results of a clinical
study that assessed patient performance
with directional microphone hearing aids.5
A total of 40 hearing-impaired adults were
evaluated with a clinical measure of speech
understanding in noise using both the
omnidirectional and directional microphone settings of their hearing aids. The

This presents a big problem. Based on the
speech-in-noise testing, the patient may
leave the clinic with very high expectations
of the benefit for the directional setting, only
to be disappointed when using the hearing
aids in real-world noisy environments. This
may ultimately lead to rejection of the hearing aids because they did not meet the
patient’s expectations.
Why does this discrepMary Cord, AuD, is a research audiologist at Walancy exist between
ter Reed Army Medical Center in Washington,
benefit observed in the
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Clinic Versus Real World
Most obvious, perhaps, is the fact that
real-life listening situations may be very different from controlled clinical test conditions.5 In contrast to the static clinical test
environment, real-life situations may involve
talkers and listeners who are moving around
and variations in environmental noise
sources and levels. Interactions may occur
between certain types of hearing aid signal
processing and the listening environment.
For example, in the case of directional microphone hearing aids, the effectiveness of directionality is diminished as the distance
between the signal and the listener increases,
as reverberation increases,6,7 and as the spatial
separation of the signal and noise decreases.8
Interactive conversation may involve
more complex cognitive functioning than
clinical speech-in-noise tests. While trying
to follow what is being heard, the listener
may also simultaneously be processing and
storing information in memory and thinking
about how to respond to what is being
said.9,10 The clinical test situations in which
we assess speech recognition may be more or
less difficult than those experienced by hearing aid users in the real world,3,11 making it
problematic to determine the extent to
which the benefit demonstrated in the clinic
translates to real-life listening environments.
Visual cues. Many everyday situations
involve face-to-face communication, with
visual speech cues available to the listener. In
the clinic, we typically test in an auditoryonly modality. Visual speech cues may provide as much or more useful speech information than does amplification, and visual cues
and hearing can interact to effectively reduce
background noise by up to 8 dB.12 Some
patients may rely on and benefit more from
visual cues than others.13 Also, when visual
information is available, low-frequency auditory cues become more important than when
such information is not available.14 Thus,
auditory-only testing in the clinic may not be
highly predictive of an individual’s performance in real-world auditory-visual situations.
Aging. Older people often have a harder time than young people adjusting to
amplification,15 which may be reflected in
poor subjective outcomes, even if the hearing aids are providing good objective benefit in clinical testing. Also, for some older
patients, visual problems may appear to be
“hearing problems.” As visual disorders
(eg, macular degeneration) develop, a
decreased ability to communicate may be
interpreted as decreased hearing ability,
since visual speech cues are no longer
being received clearly. Additionally, older
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patients may experience cognitive declines
that will affect hearing aid outcomes.16
Listening effort. Hearing loss may be a
risk factor for fatigue and mental distress.17
Patients often report being less tired and
stressed at the end of the day once they begin
using hearing aids. It appears that hearing
aids not only improve the ability to hear
more speech, but may also allow the listener
to hear speech more easily.9,18,19 A patient may
report significant benefit from the hearing
aids because he or she is expending less
effort to hear in everyday listening environments, even if the clinical performance
measures do not show large benefits.
Similarly, clinical performance measures
may not adequately reflect other possible
effects of hearing aids, such as processing
unattended sounds.20
Individual differences. Substantial
intersubject variability is a consistent finding in hearing aid outcomes research.21
This is likely due to the multitude of factors that may influence performance with
hearing aids and that may interact with
one another in unique ways for each
patient. In addition to the underlying
physiology of hearing loss that might differ
from one patient to another, hearing aid
benefit may be influenced by a number of
variables such as personality, motivation,
attitude toward hearing aids, readiness to
accept change, educational level, overall
health status, the “auditory ecology” of the
patient,22 and prior hearing aid experience.
Signal-to-noise ratio (SNR) loss.
People with similar hearing loss may differ
widely in their ability to understand speech
in background noise,23,24 and a number of
researchers have suggested that individual
differences in susceptibility to noise interference (SNR loss) may be a primary factor in
explaining why hearing-impaired individuals obtain varying degrees of benefit from
hearing aids.24-27 However, to date, no clear
relationship has been found between objective speech-in-noise measures and success
with hearing aids.
Recently, Nabelek and her colleagues28
reported on a variation of an SNR loss measure that results in a subjective estimate of the
SNR at which a listener is comfortable listening to speech in noise. The acceptable noise
level (ANL) is the difference between the
most comfortable listening (MCL) level for
quiet speech and the level of the maximum
background noise that the patient is willing
to accept while listening to speech presented
at the MCL. It appears that the more noise an
individual can tolerate, the more likely he or
she is to be successful with amplification.

These researchers were able to classify the
participants in this study as successful or
unsuccessful hearing aid users with 85%
accuracy using ANL as a predictive measure.
Saunders and Cienkowski29 developed
the Performance-Perceptual Discrepancy
(PPDIS) test that evaluates a listener’s actual SNR for 50% performance in noise, and
their perception of the SNR at which he or
she can just follow the speech. The difference between the performance score and
the perceptual score gives a measure of the
extent to which the listener misjudges his
or her hearing ability. This procedure correctly classified 75% of the study participants as “contented” or “discontented”
hearing aid users, with discontented users
believing they need a better SNR to hear
than they really do.

summitrecommendations
There are a number of significant
challenges to solving the problem presented by the disparity between clinical
and real-world hearing aid performance:
1) Find ways to bring real-world
conditions
into
the
clinic.
Datalogging hearing aids now allow this
to be done to a limited degree by providing some information about the way a
patient uses a hearing aid and the general types of listening environments
encountered by the patient. Future
advances may make it possible to
expand datalogging to include audio
recordings of problematic listening situations. This would allow the clinician to
better understand the specific problems
the patient is facing so that fine-tuning
adjustments and/or counseling could be
tailored to meet individual needs. Also,
with advances in technology, virtual reality may allow patients to interact with a
computer-simulated environment similar to the real world, and allow clinicians
to obtain performance measures that are
predictive of real-world benefit.
2) Give greater control of hearing aid fine-tuning to the patient.
“Self-learning” or “trainable” hearing
aids that fine-tune themselves would
reduce the amount of time the clinician
must spend tweaking hearing aid
parameters in response to a patient’s
oftentimes vague complaints. Some
hearing aids currently on the market
have a trainable volume control, which
adapts over time to the levels the listener
prefers. It is possible that algorithms will
be developed that give control over other
fitting features (noise reduction, direc-
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summitrecommendations (continued)
tionality) and parameters (compression,
attack and release times) to the user, so
that the fitting could be individualized to
specific preferences in troublesome listening environments.
3) Develop a clearer understanding of the audiological and nonaudiological factors that can influence
hearing aid outcomes. The numerous
audiological and nonaudiological variables, which may interact in complex
ways for different patients, make it difficult for the clinician to predict benefit.
More research is needed to understand
how to quantify the influence of these
factors and how they interact with one
another for individual patients.
4) Understand the relationship
between SNR and patient satisfaction. Conduct additional research to
determine the clinical utility of subjective SNR measures (such as ANL and
PPDIS tests) as predictors of success
with amplification.
5) Explore the use of performance measures that assess cognitive effects, such as listening effort,
in addition to measures of speech
intelligibility. It may be important to
consider perceived effort when evaluating hearing aid benefit. Measures of
perceived effort, in combination with
objective speech recognition testing,
may provide a more complete picture of
the amount of benefit an individual
derives from amplification.30-32
If dispensing professionals had more
accurate means for predicting how
patients perform with hearing aids in
everyday living, rehabilitation strategies
could be tailored to more precisely meet
their individual needs. Better predictions
of outcome would help the clinician and
the patient develop realistic expectations
for improved communication ability, and
ultimately result in increased success and
satisfaction with amplification. w
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