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Digitally Programmable
Hearing Aids:
A Historical Perspective

Over 10 years have passed since
the inception of Project Phoenix in
1984 which had as its mission the
researching and development of a

programmable digital hearing

instrument and a computer-based

hearing test instrument. This
article offers the author’s

retrospective views on the

accomplishments of this project.
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joint venture between the Uni-
Aversity of Wisconsin and Nicolet

Instrument Corp., Project
Phoenix had as its focus the research-
ing and development of both a hearing
instrument which incorporated digital
signal processing technology
and an advanced computer-
based hearing test instrument.
The project was initially fund-
ed by the Wisconsin Alumni
Research Foundation and the
Wisconsin State Department of
Development and was under
the direction of Kurt Hecox,
MD, PhD.' The project was
unique in that it brought
together academic researchers
in hearing science, neuro-
science, psychoacoustics, and
engineering (among others)
with a manufacturer of medical
instrumentation.

Project Phoenix was found-
ed on the beliefs that there
are individual differences in
hearing loss characteristics
and that digital signal pro-
cessing provided unique ways to
manipulate sound that were not pos-
sible in an analog device. Concurrent
development of both the audiodiag-
nostic workstation (the Nicolet Auro-
ra) and the digital hearing instru-
ment (the Nicolet Phoenix)was dri-
ven by the belief that the develop-
ment of a valid and reliable hearing
aid fitting method for this new tech-
nology was just as important as the
development of the digital hearing
aid. Computer technology provided a
flexible platform from which to
implement rapid changes in hearing
testing, hearing aid fitting protocols,
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and in the sound processing of both
products.*

The avdiodiagnostic
workstation

The hearing aid fitting was per-
formed using the Aurora which was a
80286 computer-based audiodiagnos-
tic workstation that was designed to
test, evaluate, and fit hearing
impairment. It had eight modules
including Audiometer, Real Ear’,
Hearing Aid Analysis, Hearing Aid
Fitting, PC mode and Database. An
optional Middle Ear analyzer also
was available. Priority was given to
the development of the Hearing Aid
Fitting module so it would be ready
for the launch of a digital hearing
instrument.

The Hearing Aid Fitting module
simulated what users would experi-
ence when they wore the digital
hearing instrument, the Phoenix.
The hearing aid earpieces (regular
and power models) and digital signal
processors in both the audiodiagnos-
tic workstation and the hearing
instrument were identical to ensure
that the sounds heard during the fit-
ting were identical to those the
patient would experience while wear-
ing the hearing instrument.
Researchers at CUNY and Nicolet
both felt that a paired-comparison
method would allow patients to reli-
ably converge on their preferences. A
Modified Simplex procedure initially
was used to find patient preferences
for frequency shaping and noise
reduction. The Sliding Scale
approach was later implemented into
the Hearing Aid Fitting module. This
module could also be used to fit con-
ventional hearing aids.

Ongoing research in the laborato-
ry and with portable field units eval-
uated digital signal processing
recipes or algorithms for the sound
processing that was being considered
for the digital hearing instrument.
This meant that project resources



were given to the collaborative
efforts of the digital signal processing
(DSP) engineers, research audiolo-
gists, and over 400 hearing-impaired
subjects who evaluated these algo-
rithms in the laboratory and in the
field.*

The three areas initially targeted
for improved performance were fre-
quency shaping, loudness limiting,
and noise reduction. Following
research and field trials, they were
added to the Hearing Aid Fitting
module of the Aurora and later pro-
grammed into the digital hearing
instrument based on user preference.

The Two-Piece
Hearing Instrument

The first digital signal processing
hearing instrument to be introduced
in Project Phoenix was a two-piece
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device (the Nico-
let Phoenix)
which consisted
of a pocket
processor con-
nected with a
cord to a behind-
the-ear instru-
ment. All parts of
this instrument
were designed
with perfor-
mance and maxi-
mum sound qual-
ity in mind.
Patients could
change the sound
processing with
three buttons on
the pocket processor of the Phoenix.
Overall gain was adjusted using a vol-
ume control on the earpiece. The func-
tion of the three buttons on the pocket
processor was defined in software and
could be changed to meet patient or
performance needs. For example, the
three buttons on the pocket processor
could be three different programs, or
each button could contain multiple
programs. Control was in the software
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by Larry Peters.

The BTE Hearing Instrument

In 1989, preparations were being
made for the introduction of a one-
piece, behind-the-ear model instru-
ment, the Nicolet Phoenix Behind-the-
Ear. This instrument housed both ana-
log and digital portions in one behind-
the-ear unit. The BTE instrument
used a custom integrated circuit that
had been developed and was ready for
mass production. A user had a switch
to select between different programs
and a volume control to apply overall
gain. The function of the switch could
be defined by programming. It ran on
three #675 batteries stacked in series
in the battery compartment.

The only user in the world to wear
the Phoenix BTE was Larry Peters.
He wore the instrument continuously
for three years without failure. Mr.
Peters has reported that “The sound
was extremely natural and clear. It
had precise definition without distor-
tion of sound, something I have not
obtained with other hearing instru-
ments. I was particularly impressed
by the noise reduction capability of
the instrument. I could push a but-
ton and hear in noisy restaurants
and groups. This never failed to
amaze me!”

An idea Before Its Time

The two-piece model of the
Phoenix had many objections to over-
come. In addition to its two-piece
configuration, the $2000 price tag

FEBRUARY 1996

The Nicolet Phoenix BTE that was worn

was considered
formidable in
the late 1980s.
Although cos-
metic objections
were addressed
by many dis-
pensers who
demonstrated
the performance
benefits of the
instrument, con-
sumer attention
in that period
was primarily
focused on canal
hearing instru-
ments.

Over $20 mil-
lion had been invested by Nicolet
Instrument Corporation to bring the
products developed in Project
Phoenix to market. An aggressive
search was made for partners outside
the stockholders that would invest
the funds necessary to mass produce
and market the BTE model. When
the timeline given by the stockhold-
ers was not met, the project was dis-
continued.

As a member of the project team, I
have never viewed Project Phoenix as
a failure. The project represented the
hearing instrument industry at its
best. It provided a method for individu-
alizing the hearing aid fitting using
the Nicolet Aurora Hearing Aid Fitting
module, and the Phoenix hearing
instrument models provided hearing
impaired consumers with performance
alternatives. Through the project,
researchers were encouraged to take
their research out of the sound booth
and into the real world by combining
field trials with laboratory studies.
Although Project Phoenix may never
rise from the ashes as did its mytholog-
ical counterpart, it broke new ground
and brought to light capabilities and
fitting options inherent in digital sig-
nal processing instruments. ¢
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