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The Binaural Advantage: Evidence
From Subjective Benefit &
Customer Satisfaction Data
By Sergei Kochkin, PhD, &
Francis Kuk, PhD

n 1983, the Hearing Industries Assn.1
conducted the first major study of
the hearing-impaired market. This
study documented that the
binaural hearing instrument
fitting penetration rate of
the U.S. market was only
Five samples of subjects (n=3,951)
22%. The figure was considwith bilateral hearing loss were
ered low by industry leaders
at this time since the majorianalyzed to determine if there were
ty of hearing instrument
significant end-user differences in
users have a bilateral hearing loss. Given the known
perception of satisfaction and
benefits of binaural hearing
subjective benefit between subjects fit instruments, a concerted
effort was made by the
monaurally (n=944) and subjects fit
industry to encourage the
use of binaural hearing
binaurally (n=3,007). All five
instruments. In a 10-year
samples showed strong
period, the binaural penetration of the entire hearing
“directionality” effect in favor of
instrument market has risen
binaural fittings, enhanced enjoyment to 52% due to the increasing
incidence of binaural hearin outdoor environments and
ing instrument fitting in the
United States over this
improved benefit (as measured by
same time frame (24.5% in
APHAB). High performance hearing 1984 to 65.3% in 1994).2
This remarkable growth
instruments demonstrated a stronger
can be attributed to the parabinaural advantage in sound quality digm shift in the mid-80s
that “two hearing aids are
and in multiple listening situations.
better than one” and to the
many excellent papers written by clinicians and researchers on the
benefits of binaural hearing instrument
fittings.3,4 Conceivably, this growth is also
attributed to a more enjoyable hearing

I

Sergei Kochkin, PhD, is
director of market
development and market
research at Knowles
Electronics, Inc., and
Francis Kuk, PhD, is
director of audiology at
Widex Hearing Aid Co.

instrument wearing experience on the
part of the consumer.
Recently, the series of reports on adult
onset auditory deprivation from monaural
hearing instrument use has contributed significantly to the selection of binaural hearing instruments by professionals.5—13 In addition to their apparent value, these deprivation studies lay the physiological basis for
potential litigations14 if consumers are not
given the proper rehabilitative option.
It is gratifying to see the increase in binaural hearing instrument fittings. After all,
it has been demonstrated in clinical and
laboratory studies that binaural hearing
instrument wearers may benefit from the
ability of the central auditory system to
integrate binaural information and enjoy
benefits such as binaural loudness summation15, masking level difference16, localization17, and elimination of head-shadow.18
The combination of these psychoacoustic
benefits means that binaural hearing
instruments could yield speech that is
“clearer,” “more comfortable” and “more
natural.” In addition, the wearer may be
able to locate a sound source more readily
even at a low intensity level. More consistent speech understanding, regardless of
its source, and better speech understanding in noise may also be possible with binaural fitting (over monaural). By and large,
these benefits have been reported consistently in clinical and laboratory studies.19—30
Consumer surveys also supported the
results of laboratory studies on the benefits
of binaural amplification. Several studies31,32,33 have reported that over 75% of binaural hearing instrument wearers continued to wear binaural hearing instruments
at their follow-up evaluation (minimal three
months post-fitting). Other surveys, using
different subject populations, revealed that
binaural hearing instrument preference
was not affected by subject experience
with hearing instruments21,25,26,34, hearing
loss symmetry 35, and cost of hearing
aids.26,33 In addition, these studies all reported improvement in speech clarity as the
most frequent advantage of binaural amplification. Stereophonic hearing, balanced
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hearing and better overall hearing were
also reported frequently.
While most of these surveys confirmed the laboratory findings on binaural advantages over monaural fittings, they
consistently showed minimal binaural
advantage over a monaural hearing
instrument in noisy situations (even
though such benefit can be demonstrated
in the clinic). Furthermore, the magnitude of the binaural benefit also varied
from one survey to another.
Minor variation in experimental results
is a normal outcome of cross-centers studies. For example, the competence of the
investigators/dispensers fitting the hearing instruments; the choice of different
brands/models of hearing instruments at
each site; the characteristics of the patient
population being sampled (e.g., paying vs.
non-paying, gender, age, previous hearing
instrument history, etc.) could all lead to
different outcomes. While all these studies
contributed greatly to the acceptance of

binaural hearing instruments in their own
right, a more “generic” study is necessary
to determine the average consumer satisfaction for binaural hearing instruments fit
by the average dispenser.
The discrepancy in outcome between
laboratory studies and real-world reports
of binaural advantage in noise suggests
that the test conditions used in the laboratories may not reflect the same listening conditions that wearers encountered
in their daily lives. For example, the typical intensity level that was used in most
laboratory studies was about 65 dB SPL.
In real-life, depending on the level of the
background noise, speech could easily
be increased to 75 dB SPL.36 In addition,
the speech spectrum will also be shifted
to a higher frequency.
These changes in test conditions may
have a significant impact on the functioning of the hearing instruments. In the laboratory, where testing is conducted at the
conversational level, the output of the hear-

ing instruments may not be high enough
to reach saturation. Thus, binaural hearing
instrument wearers may fully enjoy the
binaural benefits, including better speech
understanding in noise. In real-life noisy
situations, the speech and noise levels may
be so high that they saturate the hearing
instruments, leading to distortion products
and the masking of any benefits provided
by the binaural fitting. Under this hypothesis, a hearing instrument wearer would
prefer binaural hearing instruments if the
aids produce no or minimal distortion in
noise. Otherwise, a monaural hearing
instrument would be preferred instead.
Naidoo and Hawkins 29 tested this
hypothesis by comparing the preference of
15 hearing-impaired subjects for binaural/monaural amplification. Subjects wore a
variety of hearing instrument circuits and
listened to discourse passages presented
in quiet and in noise backgrounds of 70 dB
SPL and 80 dB SPL noise. The circuits that
were compared included the K-Amp, Class

Table 1. Mean ratings of satisfaction and benefit for bilateral loss subjects fit monaurally and binaurally.
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D, linear output compression, Manhattan
II and a linear peak-clipping circuit. The
results showed that subjects preferred binaural amplification for all but the linear
peak-clipping circuit. The authors speculated that such preference was related to the
level of distortion products generated at
high input levels. All but the linear peakclipping circuits generated minimal distortion at high input levels. Subjects preferred
the linear peak-clipping circuit in the
monaural mode over the binaural mode
because there was less distortion with one
hearing instrument. The other circuits were
preferred in the binaural mode because the
reduced distortion allowed subjects to enjoy
the binaural advantages.
The results of Naidoo and Hawkins29
study have significant implications for the
reconciliation of the noted difference in binaural benefits in noise between real-world
and laboratory findings. Hearing instruments fitted up to the late-‘80s or early-‘90s
were mostly linear hearing instruments

with peak-clipping as a method to limit output. It is likely that these hearing instruments would saturate in noisy situations
when worn outside the clinic. The high distortion products may have masked the binaural advantage in noise, leading to no
noticeable superiority for binaural instruments over monaural instruments.
In the past 10 years, advances in hearing instrument technology have led to
the development of many high quality,
high performance circuits. For example,
many programmable hearing instruments offer compression as either a limiting mechanism (i.e., compression limiting) or as a signal processing method
(e.g., wide dynamic range compression).
These circuits, along with other non-programmable nonlinear hearing instruments (e.g., K-amp), minimize distortion
at high input levels. It is conceivable that,
if the consumer surveys were conducted
today, binaural hearing instrument wearers using these high performance hear-

ing instruments would report a binaural
advantage (over a monaural fitting) even
in the presence of noise.
The latest consumer survey on binaural
hearing instrument satisfaction/preference
was conducted over a decade ago. In view
of the potential impact made by our recent
understanding of adult-onset auditory
deprivation, advances in hearing instrument technology and the increased incidence of binaural hearing instrument fitting, it is time that the profession re-examine the current status of binaural hearing
instrument benefit. This information, in
addition to its academic value, should also
be helpful for third party payers to evaluate
the efficacy of binaural hearing instruments
over a monaural hearing instrument.
Consequently, the purpose of the present study is to measure average consumer satisfaction for binaural hearing
instruments using a “generic” approach.
That is, satisfaction for all brands/models
of hearing instruments, fit by dispensers
of all levels of competence, to consumers
with different degrees of hearing loss and
expectations for hearing instruments will
be sampled. Specifically, the following
research questions are asked:
1 Given the increasing incidence of
binaural hearing instrument fittings over
the last ten years, do consumers “experience” the binaural advantage; in other
words, is the binaural advantage reflected
in differences between subjects fit monaurally and binaurally?
2 Given the improvement in hearing
instrument technology in the past 10 years,
is there a difference in satisfaction for binaural hearing instruments between wearers of conventional hearing instruments
and wearers of high performance hearing
instruments?
Methodology
 Survey Method: We queried the
Knowles customer satisfaction databases for subjects with bilateral hearing
loss who were fit either monaurally or
binaurally. The development of these
databases has been described in previous studies.37,38,39
Five samples of subjects were identified as having adequate sample sizes for
comparison (e.g., monaural versus binaural). The Knowles MarkeTrak sample,
which reports on consumer satisfaction
with the “average” hearing instrument
sold in the United States, consists of hearing instruments less than two years of
age purchased between 1993-1994 (MarkeTrak IV) or 1990-1991 (MarkeTrak III).
The majority of the instruments were
non-linear with peak clipping. In addition,
four “high-performance” products were
compared based on recent research conducted by this author. 38 Two samples
were non-programmable and they
employed either wide-dynamic range
compression or ASP/BILL (base
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increase at low level) signal processing.
Two samples were multiple channel programmable instruments. They were further divided into single and multiple
memory products. Our databases did not
have enough subjects with single channel
programmable product.
 Instrumentation: Both the Knowles
MarkeTrak Satisfaction Survey30 and the
Abbreviated Profile of Hearing Aid Benefit (APHAB)40 were administered by mail
to each subject in this study. With respect
to satisfaction, 34 items were measured
using a 5-point Likert scale (very satisfied,
satisfied, neutral (defined as equally satisfied and dissatisfied), dissatisfied and very
dissatisfied). The 34 items were broken
down as follows: overall index (1), hearing instrument product features (8), performance and value (9), performance in
specific listening situations (10), and dispenser service (6). In addition, five behavioral measures were captured (hours
worn per day, impact on quality of life,
likelihood of repurchasing hearing instrument brand, repurchasing from dispenser, and in recommending hearing
instruments to friends).
The APHAB consists of 24 items
scored on four 6-item subscales: Ease of
Communication (EC), Background
Noise (BN), Reverberation (RV) and
aversiveness of Sounds (AV). The
respondents completed the APHAB
under both aided and unaided conditions
in the same administration by indicating
the percent of time they experienced
problems hearing under the situations
described in the inventory. A person’s
score on each subscale is the mean rating of the six items making up the subscales. An APHAB subscale was scored
only if the respondent answered four or
more items within the specific subscale.
Scores range from 1-99% for all subscales. In addition, total APHAB scores
were computed by taking the mean of
subscales EC, BN and RV. The rationale
for combining these subscales was based
on the results of a factor analysis of the
total unaided subscale scores.
Results
Table 1 summarizes the mean satisfaction ratings for subjects fit monaurally and
binaurally. Mean differences are also
reported and are followed by asterisks (*)
if the difference is statistically significant.
With respect to the average hearing
instrument data (MarkeTrak III & IV),
binaural fittings had a significant positive
impact on ability to localize sounds (e.g.,
directionality including higher ratings in
“place of worship”) and the total APHAB
score. However, subjects who wore binaural hearing instruments were more likely
to give lower (i.e., less satisfactory) ratings to ease of volume adjustment, ease of
battery change and battery life.
With respect to the high performance
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hearing instruments, all four samples
had significantly higher ratings on directionality and subjective benefit. The
ASP/BILL sample rated higher on performance in noisy situations in addition
to two listening situations. The WDRC
rated higher on overall satisfaction and
five additional listening situations. The
multiple channel/multiple memory product rated higher on perceptions of
improved hearing, clearness of sound
and three listening situations. The multiple channel/single memory sample rated
higher on clearness of sound and five listening situations. All four products
demonstrated higher mean differences
in outdoor environments (three were significant). One out of the four products
were rated significantly lower on ease of
changing the battery and battery life
(multiple channel/multiple memory),
while the WDRC product was rated
lower on-going expense.
The average monaural-binaural difference of the high performance product is
documented in the last column in Table 1
and graphically portrayed in Fig. 1. In this
figure, the relative advantage of binaural fittings is expressed as a percentage of the
most notable binaural factor (i.e., directionality). The Fig. 1 profile demonstrates that
enhanced localization due to binaural fittings also results in enhanced listening
enjoyment in outdoor and difficult listening
situations such as small and large groups.
Logically, binaural fittings also result in
lower satisfaction ratings on expense and
in adjustment of the instrument (volume
controls and battery change).
The satisfaction ratings for directionality as a function of technology are presented in Fig. 2. The satisfaction score differences (i.e., binaural minus monaural)
ranged from a low of 8% points (WDRC) to
a high of 19% points (multiple channel/single memory). The average change in satisfaction across all four technologies was
14.5% points compared to 13% points for
the average hearing instrument (MarkeTrak).
Conclusions
Hearing instruments that were fit up to
the late-‘80s or early-‘90s were still mostly
linear hearing instruments with peak-clipping as a method to limit output (i.e., MarkeTrak sample). It is likely that these hearing instruments would saturate in noisy situations when worn outside the clinic.
Because of the high distortion they produced, it is likely that any binaural advantage in noise may have been masked,
resulting in little or no noticeable superiority with binaural fittings in difficult listening
situations. To a certain extent the MarkeTrak data support this hypothesis. High
ratings in directionality and subjective benefit were noticed with binaural fittings, but
little else in terms of listening enjoyment in
difficult situations.

In the past 10 years, advances in hearing instrument technology have led to
the development of many high quality,
high performance circuits. For example,
many programmable hearing instruments offer compression as either a limiting mechanism (i.e., compression limiting) or as a signal processing method
(e.g., wide dynamic range compression).
These circuits, along with other non-programmable, nonlinear hearing instruments (e.g., K-amp), minimize distortion
at high input levels.
Naidoo and Hawkins29 demonstrated
that such technological differences could
lead to a difference in preference for binaural hearing instruments in a laboratory situation. This study corroborates their findings. High performance hearing instruments can preserve some of the noted
advantages of binaural fittings in more difficult listening situations. It was our belief
that binaural hearing instrument wearers
using these high performance hearing
instruments would report a binaural advantage (over monaural fitting) in more difficult listening situations.
While the findings are not consistent
across all four high performance products, one can conclude that, in addition
to enhanced localization and subjective
benefit, high performance hearing
instruments fit binaurally can be expected to enhance subjective perceptions of
sound quality (clearness of tone/sound)
and enjoyment in outdoor environments,
one-on-one communication and traditionally more difficult listening situations
(e.g., small groups, large groups and
cars) over monaural fittings. ◆
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