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While it is clear that many bene-
fits of digital signal processing
(DSP) seem particularly applica-
ble to the needs of children1, many
clinicians may not be comfortable
with programming the instru-
ments properly or verifying the fit-
tings on children. This may be due
to the limited ability of very young
children to express their prefer-
ences. The lack of a fitting protocol
with appropriate recommenda-
tions may be another reason for
such unease.

A fitting and verification protocol
for fitting SENSO DSP instru-
ments on children, based on the
1995 position statement of the
working group on Amplification
for Infants and Children with
Hearing Loss2, was initiated by
Widex Hearing Aid Co. In the fall
of 1997, the House Ear Institute
CARE Center was asked to evalu-
ate this protocol with 10-20 chil-
dren to determine its clinical prac-
ticality.

This report summarizes experien-
ces with this protocol and
briefly reviews the results of its
implementation. This article also
shares findings on the efficacy of a
digital hearing instrument in a
pediatric population.

Candidates ~
Instruments

Subjects were 14 children, ages 19
months to 17 years old, seen be-
tween September 1997 and March
1998. The families of these chil-
dren chose the digital hearing in-
struments from among a variety
of appropriate options presented
to them as part of a routine clini-
cal procedure.

The children were seen 1-3 times
during the 30-day trial period fol-
lowing the fitting. They were also
requested to return for follow-up
at three and six months.

During the time of this study, the
SENSO was available in three
BTE and one ITE/ITC model that
offered three channels and a
choice of six cross-over frequen-
cies. These hearing instruments
allowed fitting hearing losses up
to 90 dBHL. Today, the instru-
ments are also available in two
power models suitable for se-
vere-to-profound hearing losses.

Programming the
Instruments

These hearing instruments can be
programmed by determining the
in-situ (hearing instrument posi-
tioned in the ear) behavioral thresh-
olds (or Sensogram) at three fre-
quency bands (low, mid and high),
or by pre-programming the hear-

ing instruments directly using au-
diometric thresholds (or their
estimate, e.g., ABR tone pip thresh-
olds) at three frequencies. The
in-situ threshold measures can be
determined with any child who is
able to give reliable behavioral re-
sponses and take into account the
effects of residual ear canal vol-
ume and venting which alter the
SPLs in the child’s ear.

The measurements can be ob-
tained in children as young as 6-8
months using the Visual Rein-
forcement Audiometry (VRA)
technique.3 Stimuli are presented
via the hand-held programmer
through the hearing instruments,
and the child is trained to turn to
a light/toy when he/she hears the
stimulus (Fig. 1). Older children
(e.g., 2-5 year olds) can be trained
to give a conditioned play re-
sponse. As with VRA, conditioned
play can be done using the stimuli
from the programmer and a peg or
block toy that interests the child.
For children over five years old,
standard audiometry with hand
raising is appropriate. After the
behavioral thresholds are deter-
mined, a feedback test is conduct-
ed with the hearing instruments
in the child’s ears to minimize the
occurrence of feedback.

If the instruments are pre-pro-
grammed using audiometric
threshold data, the feedback test
must be performed with a finger
over the earhook so that feedback
values will be “0”. These values
can be adjusted if necessary once
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the instruments are in place on
the child’s ears.

� Results: Behavioral thresholds
were obtained for all 14 children.
However, pre-programming the
hearing instruments was also
found to be a viable option for
older children since, in all cases,
their behavioral threshold values
were within 5-10 dB of their au-
diometric thresholds. It is tempt-
ing to generalize this observation
for children under five years of age
instead of determining their be-
havioral thresholds; young chil-
dren fatigue easily and may be un-
able or unwilling to respond re-
liably to sound field test stimuli if
they have already performed the
same tasks during that same ap-
pointment. However, because the
size of the ear canal in children
younger than five years old is sig-
nificantly different from those of
older children and adults4, the
adult RECDs included in the for-
mulation of the behavioral thresh-
old values may not apply, and
these values for young children
may not be as consistent with au-
diometric thresholds. More data
are necessary to establish this re-
lationship in children under five.

Electroacoustic
Measurements

The instrument uses a special sig-
nal processing technique that
identifies a stationary signal as
“noise” and reduces its gain after
the stimulus is “on” for approxi-
mately 10 seconds. Because of this
property, the choice and the dura-
tion of the stimulus could affect
the measured frequency gain re-
sponse curve of the hearing in-
strument. In performing the Elec-
troacoustic measurements using
the Frye 6500 system, a 5-second
composite noise stimulus was pre-
sented at 50, 60 and 70 dB SPL in-
put levels. A 30-second pause was
introduced between each stimulus
level in order to achieve full gain
recovery.

� Results: We were able to exam-
ine the frequency response of the
digital instrument and its gain
change as input levels changed.

Aided Sound-field
Thresholds

The same behavioral techniques
were used to estimate the aided
thresholds. Initially, narrow bands
of noise were used as stimuli. Sub-
sequent comparisons with warble-
tone stimuli revealed no signifi-
cant differences in aided thresh-
olds between the two stimuli. Both
stimuli were used inter-change-
ably in our aided threshold mea-
surements. In determining the
aided threshold, an ascending ap-
proach was followed. Stimulus du-
ration was about 2 seconds so that
the maximum gain of the hearing
instrument could be determined.

Speech awareness or speech re-
ception thresholds also were ob-
tained on all children.

� Results: Fig. 1 summarizes the
average unaided sound field (SF)
thresholds for the better ear and
the average aided SF thresholds.
On an individual level, the aided
SF thresholds were within the
range of conversational speech for
11 of the 14 children. Of the re-
maining three children, all had es-
sentially equal or better func-
tional gain with the digital
instrument compared to their pre-
vious instruments. For seven of
the 14 children with whom we
compared the aided digital instru-
ment thresholds to those of the

Figure 2. Idealized graphical output of the Audioscan RM500 SPEECHMAP/DSL pro-
gram when used for the digital aid. The bottom of each bar should be above the threshold
curve to be acceptable. One should not be overly concerned with matching the middle of the
»thick bars« to the DSL targets.

Figure 1. Average sound field thresholds with and without the digital hearing instruments
(N=14). The aided thresholds between the children’s previous instruments (O) and those of
the DSP instruments (S) are also indicated (N=7).



previous instruments, an advan-
tage of 5-10 dB was seen across
frequencies.

Real-Ear
Measurements

The same considerations for de-
termining electroacoustic output
should be applied when using
real-ear measurement (REM) sys-
tems to verify output. The stim-
ulus used in most real-ear sys-
tems, because of its stationary
nature, may be interpreted as
“noise” by the hearing instrument,
resulting in erroneous measure-
ment.

We elected to perform REMs us-
ing the Speech Map/DSL program
of an Audioscan RM500 because of
the brevity of the stimulus. The
Speech Map program allows for
actual real-ear and simulated
real-ear (S-REM) measurements.
In the S-REM mode, individual
measurement of real-ear to cou-
pler difference (RECD) was deter-
mined with insert earphones to
predict the real-ear responses
from coupler measures. Alterna-
tively, average RECDs are avail-
able for use.

Once the audiometric thresholds,
RECD and UCL values are en-
tered, the program generates an
SPL-O-Gram with the patient’s re-
sidual dynamic range (thresholds
and UCLs) and a target output.
The target is based on the recom-
mendation of the Desired Sensa-
tional Level (DSL) fitting formula
proposed by Seewald5. This target
takes into account the degree of
hearing loss, as well as the age-re-
lated changes in ear canal acous-
tics seen in children.

Because the SENSO’s loudness al-
gorithm is based on slow-acting
compression6,7 and the DSL algo-
rithm does not calculate for the ef-
fect of attack and release time on
its gain recommendation, clin-
icians are not advised to match
the output of the instrument to
any real-ear targets. Rather, the
goal of REMs is to ensure that
most of the amplified speech spec-
trum is within the patient’s dy-

namic range (Fig. 3, i.e., above
threshold for the “average” stimu-
lus, but not exceeding the pre-
dicted UCLs for the MPO stimu-
lus).

� Results: Real-ear measures
were able to be performed on sev-
en of the 14 children. The remain-
ing children either would not ac-
cept the probe-tube in their ear
canals, could not sit still for the
measurement or there was feed-
back with the probe-tube in the
child’s ear. Results of REMs on the
seven children were consistent
with the expected results. That is,
using the normal speech stimulus,
most of the amplified speech spec-
trum was above threshold but be-
low the UCL. In two of seven
cases, the initial program yielded
REMs that indicated outputs sig-
nificantly below the desired de-
gree of audibility. The gain values
(HTLs) for the appropriate filter
band were adjusted to reach audi-
bility.

Speech
Perception Tests

Speech tests were selected based
upon the age of the children. For
two children who were under 2.5
years old, the Ling 6 Sound test8

was administered in sound field
using VRA, and the threshold for
detection of each sound was re-
corded. For one child, the test was
administered in a face-to-face, au-
ditory-only condition using the
conditioned play technique. Two
of the children who were 2.5-5
years old were asked to repeat
each Ling sound again in the face-
to-face, auditory-only condition.
Identification/detection of these
sounds at normal conversational
level is consistent with the ability
to perceive most of the compo-
nents of conversational speech.

The Word Intelligibility by Picture
Identification (WIPI) test9 was ad-
ministered to one four-year-old
child. The WIPI is a six-alterna-
tive, forced-choice, picture-point-
ing test that requires identifica-
tion of words differing by one or
more phonemes. Two children

ages four to seven were given the
Phonetically Balanced Kinder-
garten (PBK)10 monosyllabic word
lists, and the NU-611 monosyllabic
word lists were administered to
four children eight years and old-
er.

The Hearing in Noise Test for
Children (HINT-C)12 was also
used with six children who were
six years and older. Each list con-
sists of 10 sentences and can be
scored for sentence-correct or
words correct in each condition.
Recorded HINT sentences were
delivered in quiet and in noise at
either 40 or 50 dB HL, and at one
or more signal-to-noise (SNR) ra-
tios from -10dB to +10dB depend-
ing on the clinician’s estimates of
the child’s ability to perform on
the test. Because the children dif-
fered greatly in their degrees of
hearing loss, ages and levels of
maturity, it was not practical or
possible to test all the available
SNR conditions for comparison
purposes.

� Results: Speech perception tests
were conducted on 12 of the 14
children. Two children were not
tested because they were from an-
other country and did not speak
English. Of the five children in the
youngest group with whom the
Ling 6 Sound test was performed,
all detection levels were within
the range of conversational speech.
Better scores were obtained in
quiet with the digital instrument
compared to the previous instru-
ments (44% vs. 28% and 96% vs.
90%) for two children. Two chil-
dren with whom we were able to
perform the HINT-C test also
showed better performance with
the digital instrument than their
previous instrument (35% vs. 30%
and 60% vs. 20%). For those chil-
dren with whom we were unable
to compare scores, the digital in-
strument scores were considered
to be satisfactory relative to their
hearing loss (Fig. 3).

Survey Instruments

Several patient/parent report
scales were recommended as part
of the protocol to determine sub-
jective benefit.



For children younger than five
years old, the Meaningful Audi-
tory Integration Scale13 (MAIS)
and the Meaningful Use of Speech
Scale14 (MUSS) were used to elicit
parental feedback. The Listening
Inventory For Education15 (LIFE)
and the Screening Instrument for
Targeting Education Risks16

(SIFTER) were recommended for
use with school age children.

The LIFE determines the amount
of difficulty a child has in various
school listening situations and
gathers the teacher’s evaluation of
the efficacy of the amplification.
The SIFTER, which was given to
the families of school-age children,
is a teacher report scale that seeks
to identify children who need
educational intervention.

� Results: We found the greatest
benefit of the MAIS and the
MUSS to be that they provided us
the opportunity to sit down with
the parents and stimulate discus-
sions on the kinds of behaviors
they observed in their children in
various situations. In many cases
the conversations wandered from
the specific information that we
requested to providing more use-
ful information than we might
have obtained with direct ques-
tioning. Of the nine SIFTER forms
that were given to our school age
children, only one completed form
was returned. Several factors may

have contributed to this low re-
turn rate, including the fact that
our children were distributed over
a wide geographical area and con-
sequently we did not have a direct
relationship with most of the
teachers.

Whereas the families of the
younger children kept all their fol-
low-up appointments, the same
was not true for the older children.
Most of these patients did well
and tended to cancel appoint-
ments unless there was a prob-
lem. This does not, however, obvi-
ate the need for close monitoring
of the child’s performance with the
hearing instruments. Clinicians
and patients alike could benefit
from practical survey tools that
could be sensitive to the needs of
both the younger (infants and tod-
dlers) and older (teens) pediatric
populations.

Observations

� The considerations involved in
fitting a digital hearing instru-
ment to a pediatric population are
no different from those of an ana-
log hearing aid (pre-selection, ac-
tual selection and fitting, verifica-
tion, and validation).

� The actual fitting process for dig-
ital hearing instruments should
be the same for children as it is for

adults, as long as the clinician ac-
counts for age-related differences
in behavior and maturity (e.g., use
of VRA).

� The traditional verification
measures (coupler measures, real-
ear measures, SF aided thresh-
olds, etc.) may need to be adapted
for some digital hearing instru-
ments. This is because the pro-
cessing algorithms in some digital
aids may impose special require-
ments on the measurement proce-
dures. Conventional measure-
ment systems can be used to re-
liably verify the output of a digital
hearing instrument when special
attention is paid to the necessary
stimulus characteristics such as
duration, inter-stimulus interval,
and spectrum.

� Although 11 of the 14 children
purchased these digital hearing
instruments during the study
period and all (including their
parents) expressed satisfaction
with the performance of the in-
struments, we do not have a com-
plete set of data on all of these
children to support this observa-
tion. Factors such as time, family
cooperation and reliability in
keeping appointments interfered
with the CARE clinicians’ ability
to complete all elements of the
protocol in fitting each patient. Al-
though subjective questionnaires
are expected to be extremely ben-
eficial tools for validating the per-
formance of hearing instruments
for all ages, this assumption was
valid only for the very young chil-
dren among our subjects because
we were able to work directly and
immediately with the reporting
parents. Our experience may be
important for researchers and
manufacturers: a fitting protocol
must not only be complete and
useful, it must also be efficient
and practical for clinical use.

The SENSO’s fitting and verifica-
tion protocol covers multiple issues
related to fitting the instruments
on children. It allows for flexibility
appropriate to various age groups
and individual needs, and addres-
ses issues of analysis of hearing in-
strument function/performance
specific to the devices.

Figure 3. Sentence scores in quiet and in noise (SNR=0 or +10) on the HINT-C for six of the
14 children fit with the digital aids.
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