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Questionnaires were sent to 33 manufacturers to determine which of their hearing
aids could be used with an FM system via direct-input or a neckloop arrangement.
For each of these hearing aids, specific information was requested regarding options
for receiving the FM signal, output limiting, microphone type, and warranty period.
Of the 65 hearing aids included in the survey, more than two-thirds had 5 or fewer
of the 10 desirable features suggested by the authors. Because such information
frequently does not appear on hearing aid specification sheets, the results of the
authors’ survey may be used as a guide in selecting hearing aids for hearing-impaired
children.

Most hearing-impaired children will use some type of group amplification system during
the course of their educational training. With the increased popularity of the personal FM
system, it is very likely that an FM arrangement will include a child’s personal hearing
aid coupled via direct input or a neckloop. However, Hawkins and Van Tasell (1982),
Hawkins (1984), Hawkins and Schum (1985), and Thibodeau (in press) have indicated
that not all hearing aids are equally well-suited for these arrangements. In many cases
the electroacoustic characteristics of a hearing aid will change when it is coupled to an
FM system. In addition, some hearing aids are limited in their signal options when coupled
to FM systems. For example, they may be capable of receiving only the FM and the
environmental signals combined and not have the option to receive the FM-only signal.
Because information regarding signal options and compatibility with FM systems is often
not included in manufacturers’ specifications, there is a need for a comprehensive summary
of the features of FM-compatible hearing aids.

Hawkins (1984) measured speech recognition in noise by mildly-to-
moderately hearing-impaired children using a variety of FM arrangements. Based on his
findings, the following desirable features of hearing aids for children are proposed:

1.A hearing aid should be capable of functioning in both a direct-input and a neckloop
arrangement. Hawkins found that either arrangement, compared to the personal hearing
aid alone, was equivalent to approximately a 15-dB improvement in signal-to-noise ratio
(S/N) and as much as a 32% improvement in speech recognition. Having both options
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(direct-input and neckloop) would provide maximum flexibility to accommodate whatever
amplification arrangements may be encountered throughout the school years.

2. A hearing aid should be capable of receiving an FM signal alone or in combination
with environmental signals in both the direct-input and the neckloop arrangement. Re-
ceiving the signal via FM-only resulted in approximately a 17-dB increase in S/N compared
to receiving the signal via FM + environmental microphone for Hawkins’ subjects. At
a +6 dB S/N, there was a 20% increase in speech recognition when using FM-only
compared to FM + environmental microphone. However, there may be times, such as
class discussions in relatively quiet rooms, when the FM + environmental microphone
is needed so that the child can hear the teacher as well as classmates.

3. A hearing aid should have a directional microphone. When listening via FM + en-
vironmental microphone, Hawkin’s subjects tolerated approximately 5 dB more noise
when the hearing aids had directional microphones.

Based on our clinical experience, the following additional desirable features for chil-
dren’s hearing aids are proposed:

4. A hearing aid should have compression. Compression has been recommended when
the dynamic range of a listener — that is, the difference between uncomfortable loudness
levels and threshold levels — is less than 40 dB (Hawkins, 1980; Skinner, 1988). However,
dynamic range is difficult to determine in young children with limited attention span or
language skills which limit comprehension of the concept of uncomfortable loudness.
Furthermore, predictions of dynamic range based on data from adults are complicated by
the fact that the smaller ear canals of young children result in higher sound pressure levels
than for adults (Jirsa & Norris, 1978). A conservative approach would be to fit children
with hearing aids which have compression capability so that, when dynamic range cannot
be determined, maximum output can be limited with less undesirable distortion of the
speech signal.

5. A hearing aid should have at least a two-year warranty. In order for children to
receive maximum benefit from amplification, they should wear their hearing aids during
all waking hours. Consequently, their hearing aids will be exposed to elements such as
undue perspiration and playground dirt and will be at a greater risk for repair than a
hearing aid worn by an adult.

6. A hearing aid should have direct-input capability as a standard feature. Hearing
aids which are not compatible with FM systems may be fit on children by some dispensers
who are not knowledgeable about special-order procedures. Furthermore, such special
ordering or retrofitting for direct-input options often involves additional paperwork by
the audiologist/hearing aid dealer and may result in unwanted delays in amplification
experience for hearing-impaired children.

The purpose of this paper is to report the results of a survey intended to identify hearing
aids capable of functioning in direct-input and neckloop arrangements, and to provide a
reference for clinicians to use in selecting hearing aids for children. The options associated
with the six desirable features listed above led to the 10 optimal characteristics shown in
Table 1, which were assessed for each aid.

METHOD

A questionnaire was sent to the 15 manufacturers listed in the Buyer’s Guide to Assistive
Devices (1987) as providers of direct-input systems and to the 18 other manufacturers
listed in the 1987 Directories of hearing health care in The Hearing Journal or Hearing
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Table 1
Desirable Features of Behind-the-Ear Hearing Aids for Children

1. Capable of receiving the FM-only signal in the direct-input mode.

2. Capable of receivingthe FM + environmental signal in the direct-input
mode.

3. Capable of two signal options: the FM-only signal orthe FM + environ-
mental signal in the direct-input mode.

4. Capable of receiving the FM-only signal in the neckloop mode.

5. Capable of receiving the FM + environmental signal in the neckloop
mode.

6. Capable of two signal options: the FM-only signal or the FM + environ-

mental signal in the neckloop mode.

. Directional microphone.

. Compression.

. Direct-input capability standard.

. Two-year warranty.

S 0 o

Instruments as producing hearing aids compatible with auditory training systems. The
questionnaire was a checklist of features, similar in format to Table 1, with additional
questions regarding cost of boots and cords. Information was also taken from the manufac-
turers’ specifications. Of the 17 manufacturers that replied (52% response rate), 12
reported having direct-input hearing aids. The information was verified by phone conver-
sation and through written confirmation from a representative of each manufacturer.

RESULTS

From the 12 manufacturers, 65 behind-the-ear hearing aids were identified that could
be used with direct-input and neckloop arrangements. This is approximately 32% of the
total number of behind-the-ear hearing aids available from these manufacturers. The
hearing aids and their respective features are provided in Table 2 listed according to
high-frequency-average full-on-gain value within manufacturer. Also provided for each
hearing aid is telecoil sensitivity. Thus, the list may be used to preselect the hearing aids
that have the appropriate gain and the greatest number of desirable features for hearing-
impaired children.

The signal options available in each arrangement were difficult to assess because this
information was not included in the specifications, and in most cases the manufacturers’
representatives needed to consult with their engineers to provide the information. In the
direct-input arrangement, 57% of the hearing aids were capable of receiving the FM-only
signal while 79% were capable of receiving the FM + environmental signal. In some
aids, the FM-only option in the direct-input mode is obtained by setting the aid to the
telecoil position such that amplification of any stray electromagnetic energy can occur
(e.g., Audiotone A61). Only 35% were capable of both signal options with switch settings
that an elementary-age child could accomplish. In contrast, in the neckloop arrangement,
all of the aids were capable of receiving the FM-only signal and one-fourth (25%) were
capable of both FM-only and FM + environmental microphone options. Although in
some cases an aid could be specially ordered to receive a particular signal option, such
as the FM-only signal in the direct-input mode, the modification may result in the loss
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of another option, such as FM + environmental microphone in the neckloop mode (e.g.,
Phonic Ear 860 PPC).

Very few of the hearing aids had directional microphones (19%). Just over half of the
hearing aids had compression (59%) or came with direct-input as a standard feature (62%).
The two-year warranty was available for 40% of the hearing aids. Regarding cost of
direct-input arrangements, respondents indicated the wholesale cost ranged from $11 to
$60 for the boot and from $5 to $20 for the cord.

In order to compare the hearing aids according to the desirable features, each aid was
assigned a point for each of the 10 features listed in Table 1. The points were summed
for each aid. None of the 65 hearing aids had all of the desirable features. While only 7
of the hearing aids had 7 or more of the characteristics, more than two-thirds (n = 46)
had 5 or fewer. Regarding signal options, only two aids allowed receipt of FM-only and
FM + environmental signals in both the direct-input and neckloop modes without any
special modifications (Opticon E38P and E39PL).

CONCLUSIONS

Based on the results of this survey of manufacturers who provide hearing aids with
direct-input/telecoil capability, there are very few BTE hearing aids on the market that
include the features identified by Hawkins (1984) and the authors as desirable for hearing-
impaired children. Audiologists/hearing aid dealers must carefully consider a hearing
aid’s features, such as options for selecting signal source, compression, directional micro-
phone, and warranty when conducting hearing aid evaluations with children. It is recom-
mended that they stock only those hearing aids that have these desirable features. They
should be alert to special ordering requirements for certain options, and limitations as-
sociated with modifications that might add one option but remove another. It is also
strongly suggested that manufacturers include more information regarding signal options
on the specification sheets for each hearing aid with direct-input/telecoil capability.
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