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What are assistive listening systems (ALSs)?

Assistive listening systems (ALSs) are devices designed to help people with hearing loss
improve their auditory access in difficult and large-area listening situations.

Typically, these devices are used in such venues as movie houses, theaters, auditoriums,
convention centers, and stadiums, where they are piggybacked on a public address system.
They may also be used in smaller listening locations like courtrooms, museums, classrooms,
and community centers.

Even though a public address (PA) system is in use, sound signals have to travel from the
loudspeaker(s) to the listener's seating position. Depending upon the particular site, this
distance may be anywhere from a few feet to well over a hundred feet. Whenever sound signals
travel acoustically, they lose volume over distance and are subject to distortion and masking
from background noise and reverberation.

The sound signals delivered by the ALS do not travel through acoustical space before arriving at
listeners' ears. Thus, they are not weakened by distance or degraded by noise and
reverberation during the transmission process. Instead, signals are transmitted via
electromagnetic, radio, or light waves to specialized receivers used by listeners. An ALS
eliminates the last acoustical leg of the signal transmission path, providing listeners with hearing
impairments with a parallel transmission path that short-cuts the usual delivery process.

ALSs may augment personal hearing aids or be used to improve functional hearing abilities for
people who don't use such aids. Because ALSs work by improving the signal-to-noise ratio, they
are most often used by people who have mild to moderate hearing loss. They can also provide
direct audio input to listeners who have cochlear implants. However, ALS do not provide
effective communications for people who rely on captioning or sign language interpreting.

How do ALS function for people with hearing loss?

Audibility and comprehension are not the same.

One of the most frequent complaints voiced by people with hearing impairments is that they
hear someone talking without understanding what is being said. Even in what appear

to be adequate listening conditions, people with hearing loss may struggle to understand. In
rooms with excessive noise and reverberation, comprehension can become impossible.



While hearing aids can restore some of the reduced loudness caused by a hearing loss, they
cannot separate the primary signal -- the desired sound -- from the undesired background noise.
In fact, they amplify both. Thus, hearing aids cannot improve the speech-to-noise ratio (S/N),
which is the intensity level of the speech signal relative to background noise. People who have
hearing loss need high S/N ratios to comprehend sound signals.

ALSs work to overcome the deleterious effect of the intervening acoustical conditions by
bypassing them. They deliver the desired sound signal directly to the listener's ear, which
increases the speech-to-noise ratio. This permits people with hearing loss to function to the
limits of their residual hearing capacities.

ALSs do more than improve basic speech perception capabilities in large-area listening
situations. Often people with hearing impairments are able, by expending a great deal of energy
and effort, to understand speech signals in such places. They can get the message, but they
have to focus so intently on receiving the spoken message that they have difficulty attending to
what is being said. Unlike people with normal hearing, they may not be able to relax and enjoy
an entertainment experience or focus effectively for long periods of time in an education setting.
The use of ALSs can minimize this listening fatigue.

Are ALSs required in assembly facilities?

The Americans with Disabilities Act of 1990 (ADA) requires that buildings and facilities be
accessible to and usable by people with disabilities. This includes communications access for
people with hearing loss.

The ADA does not cover private clubs and entities that are operated and controlled by religious
organizations. However, many houses of worship make ALSs available to their congregants, not
as a matter of law but as a service to their people, and club facilities used by other organizations
must support ALSs required for meetings and performances.

Consumers who use assistive listening devices report dissatisfaction with the quality of many
systems provided in assembly areas. Device use rates and patterns may have been artificially
depressed due to the lack of effectiveness and/or compatibility of many systems now installed.
Demographics suggest that use of ALSs will increase as our population ages. It is likely also
that current technologies will advance as new requirements are implemented.

What types of systems are currently available?
There are three basic types of large area assistive listening systems:

Induction Loop

In the first type, the induction loop (IL) system, a loop of wire encircles the listening area (or is
embedded in a mat or placed under a rug).

This loop of wire is connected to the amplifier output of a public address (PA) system instead of,
or in addition to, the usual loudspeaker. The IL system produces an electromagnetic field
around the wire. These electromagnetic signals are accessed by listeners with hearing
impairments through telephone coils found in many hearing aids (about 30% of hearing aids



include "T" coils). While these "T" coils were originally included in hearing aids to improve
telephone communication, they will respond to any electromagnetic field.

When the electromagnetic field emanating from the wire loop intersects these coils, it induces
an alternating electrical current in the coil. This electrical current is then processed by the
hearing aid in the same way that it processes acoustical (sound) signals reaching its
microphone. The major advantage of IL systems is that listeners whose hearing aids include "T"
coils always have an ALS receiver with them. All they have to do to get tuned in is switch their
hearing aids to the telecoil ("T") position when entering a looped area.

Facilities with IL systems must provide separate telecoil receivers for people who do not use
hearing aids. These receivers come in various shapes and sizes, but all contain a wire coil to
detect the electromagnetic field and an amplifier to increase the signal level.

Problems reported with IL systems include spill-over of the magnetic field into adjacent areas
(both horizontally and vertically); susceptibility to stray electromagnetic fields; variations in the
electromagnetic field within the loop; and issues related to the quality and physical orientation of
the telecoils. With a proper installation and appropriate hearing aids, all of these problems can
be eliminated or minimized for satisfactory operation.

FM
The second type is the FM system.

An FM assistive listening system is simply a variation on the commercial FM radio. The signals
are broadcast by FM transmitters and picked up by listeners using an FM receiver tuned to the
transmitting frequency. These receivers must be made available by the facilities that use FM
ALSs. The FCC has reserved two non-commercial bands for auditory assistance devices. The
lower band is a non-exclusive band, which means that interference from other users in the same
frequencies may occur (such as from emergency vehicles of various kinds). The effective range
of the lower FM band is a radius of about 300 to 500 feet; that of the upper band approximately
twice that.

There are several potential problems with FM systems.

The first is that privacy is not possible. The FM signals do not stay contained within the four
walls of an enclosure. If privacy is a consideration, then an FM system is not appropriate for that
facility.

The second potential problem is the obverse of the first: radio signals originating outside of the
facility can enter the facility and interfere with reception. One cannot prevent occasional
interference, as when an emergency vehicle in the area transmits on the same frequency used
in the venue. However, persistent interference can usually be overcome by selecting alternate
frequencies within the permitted bands.

On the up-side, it is relatively easy with an FM system to ensure adequate signal strength at all
seat locations, even in the largest venues.

Infrared/IR



The third type of ALS is the Infrared (IR) light system.

In an IR system, audio signals from any source are conveyed to listeners via infrared light
waves (using light emitting diodes) invisible to the human eye. The light waves are picked up by
a photo detector diode contained within an optical bubble on the IR receiver. The receiver
extracts the audio information from the IR signal and delivers an amplified version to the ears of
a listener.

Since IR systems are light waves, they exhibit the advantages and disadvantages of light
waves. The IR signals will be contained within a room, thus ensuring privacy, and adjacent
rooms in a facility can use IR systems without fear of inter-room interference. They are also not
as subject to radio or electromagnetic interference as are FM systems. However, outdoor use
may be problematic because of the effect of sunlight (which contains a great deal of infrared
energy) and it is more difficult to cover the largest venues with IR systems.

All IR systems require a radio-frequency (RF) sub-carrier as an intervening step between the
audio and the light waves. Compatibility between venues has always been a major advantage of
IR systems, although electromagnetic interference produced by the newer, more energy
efficient, fluorescent lights has led some facilities to change frequencies. This will not be a
problem for consumers as long as the facility provides them with compatible IR receivers.
Commercial IR receivers haven't yet been manufactured to detect all the possible sub-carrier
frequencies.

How do | know which type is appropriate for my facility?

Facilities, particularly larger ones, are well-advised to consult with a professional sound
contractor, preferably one with experience in installing ALSs, before purchasing any system. An
experienced installer will lead you through the steps that are necessary to ensure that both you
and your patrons will be happy with the results. Below are just some of the considerations that
you and the installer will jointly consider:
e Is privacy a major consideration? Is it necessary that the events taking place within a
facility be inaccessible to people outside the enclosure? If so, then an IR system must be
employed.

o Are alarge number of simultaneous events going to be taking place in adjoining
facilities? While there are a sufficient number of potential FM carrier frequencies
available to ensure non-interference between rooms, and thus an FM system is a
possibility, it will then be necessary to provide FM receivers that can be tuned to all the
possible frequencies. How will your audience respond to the necessity to change
frequencies? Do you care if someone in one room can tune in to events in a different
room? If these possibilities can cause problems, then an IR system will be best.

¢ Is it going to be necessary to use the system alternately in a number of different rooms
(such as in a community center, from one activity room to another)? Ordinarily, FM
system are somewhat more flexible and can be used both indoors and out (as in a tour
group). However, some IR systems are also relatively easy to deploy, and portable units
will work well in the smaller activity rooms, though they will not operate as effectively
outdoors.



e Is your facility very large? Is it a massive auditorium with balconies, overhangs, and
other nooks and crannies? While a skilled person can install an IR system in such
locations, it is easier to ensure an appropriate signal at all seat locations with an FM
system. Is much of the action going to take place outdoors (as at a racetrack)? In this
case too, your best bet would be an FM system.

Is your facility being bombarded by stray FM transmissions? Your installer will use a
frequency scanner to determine the possibility of interference. If the interference is likely
to persist, then an IR system would be the best bet.

[ ]
In facilities where a large percentage of users are likely to have "T" coils in their hearing aids, IL
systems are probably the simplest system to manage, since the IL receiver is simply the telecoil
in the person's own hearing aid. However, an IL system must also make specialized IL receivers
available to others, including hearing aid users whose devices don't include telecoils and to
listeners who don't use hearing aids at all.

What types of receivers and coupling arrangements are available?

Receivers induce the greatest variability in system effectiveness for listeners and offer the
greatest opportunity for gain. Interference is a major concern, but coupling arrangements are
also a concern. Because ALS users may be listening with or without aids, a variety of
connections must be provided. Standardized connectors are needed to serve listeners with in-
the-ear, behind-the-ear, and other hearing aids; people who have cochlear implants; and users
whose hearing is not aided. ALSs can also be used to provide audible description.

All receivers should be binaural/stereo. Neckloops and silhouettes are the recommended
connection between receiver and ear (aided or unaided). Neckloops are compatible with
telecoil-equipped hearing aids and can also provide for direct input (DAI). They are easy to use,
comfortable to wear, hygienic, and allow binaural hearing use. They can be turned off for
conversation. With the addition of a standard 1/8-inch jack at the receiver, direct coupling to a
personal aid or cochlear implant is possible. Silhouette (transducer) couplings are also
compatible with telecoil-equipped hearing aids, but may not be as comfortable to wear.

Ear buds are useful to those with normal hearing or mild hearing loss. They are not binaural,
and are a better vehicle for audio description than for assisted listening.

Overall ALS sound quality is a function of multiple factors, including:
microphone quality, placement, and use in a public address system;
equipment quality and maintenance;

room acoustics;

room proportion, surface, and use

listener location and orientation with respect to transmitting devices;
hearing aid type and condition; and

compatibility between coupling devices and aids (if any).

[ )
FM receivers are about the size of a pack of cigarettes and include on/off switches and volume
controls. The receivers may be worn hung around the neck, clipped to a belt or placed in a
pocket. They connect to headsets, earbuds, or neckloops.



People who use hearing aids may prefer to use a neckloop that does not require a fitting over
the ear. It is plugged into the receiver earphone jack and transmits an electromagnetic field to a
hearing aid telecoil. This inductive coupling is a convenient way to use an ALS receiver, since it
enables people to continue to use their personal hearing aids. However, only about 30% of
modern hearing aids include telecoils (mainly because of size restrictions -- they won't fit into
the smallest hearing aids).

Other hearing aid (behind-the-ear type) or cochlear implant users may prefer to directly connect
their aid to the earphone jack on the receiver using a patch cord of their own.

Infrared (IR) body pack receivers are similar to FM receivers and employ the same coupling
arrangements (headphones, earbuds, neckloops, patchcords).

The major difference is that every IR receiver has an optical bubble which collects the IR light
wave for processing by a photo-optical circuit. IR receivers are also available in forms not
available with FM receivers, such as under-the-chin stethoscope units and self-contained
headphones. Stethoscope units place the electronics, volume control and optical bubble in a
single unit that dangles from a user's ears. Some of these units also include an output jack for
insertion of a neckloop.

Where inductive loop (IL) systems are installed, listeners who have telecoil-equipped hearing
aids need only turn on the switch to activate the ALS. It will be necessary to provide specialized
receivers that contain a telecoil to deliver the sound through a hearing aid or by means of a
headset or earbud.

How many receivers should | make available?

The number of receivers should be equal to at least four percent of the total number of seats
available, with a minimum of two receivers in any facility with fixed seating of 50 or more.

What kinds of signs and public notification of ALS's should | provide?

While not required by the ADA, it is advisable for venues to note the availability of ALSs in all of
their media publicity (including printed ads, TV and radio announcements, recorded telephone
messages). People who require an ALS should know that one is available -- and what type it is -
- before they make plans to attend an event.

What is required by the ADA is visible signage at the facility that notes the availability of an ALS
and information on where receivers can be checked out. These signs should be placed at
several prominent locations within the facility, certainly including one at or near the box office.

Who has the responsibility for managing the receivers?

Every facility that provides an ALS should designate someone to be responsible for checking
the receivers in and out and for ensuring that they are working correctly.

This is not a responsibility that venues should treat lightly. Neither the ticket seller at the box
office or the clerk at the refreshment stand will be able to manage distribution, trouble-shooting,
and collection of ALS receivers in large venues. Patrons should not have to search the facility



for someone to return the receiver to at the close of the program to redeem their driver's license
(or other ID). A fixed location is best, staffed by a trained employee assigned this responsibility.

The staff member should understand the basic principles of the ALS and the operation of the
receivers and coupling devices and be able to show patrons how to turn the system on and off.
Technical assistance should be available during a performance for malfunctioning devices.

What are the probable expenses in purchasing and maintaining an ALS?

For a movie theater, small auditorium, or large meeting room or lecture hall, the purchase of a
wide-area FM transmitter will cost between $600 and $1200 and will include three or four
receivers with the package. Additional single channel receivers will run about $100 each, while
multi-channel receivers are more expensive.

If rechargeable batteries are to be used (ordinarily recommended), then it is necessary to add
the cost of a pocket recharger/storage case. A sixteen-pocket recharger costs about $500.
Infrared systems tend to be a bit more expensive, ranging between $800 and $2500 for a similar
venue, depending upon the number of emitters required to cover the seating area. Infrared
receivers also tend to be just a bit more expensive than FM receivers and installation expenses
are somewhat higher for an IR than an FM system.

Considering the usual expenses in operating any kind of assembly facility, however, the cost of
any type of ALS is a relatively small item.

Maintenance costs should also be minimal. Depending upon how often the system is used,
rechargeable batteries in the receiver should last well over a year. The disposable tips on
earbuds should be changed after each use, but this costs only pennies. Periodically, a receiver
will have to be replaced. This does not happen too often. Rather than have some irate customer
call your attention to a malfunctioning receiver, it is best that problems be detected before
receivers are handed out to patrons

Using a staff member as the ALS receiver "caretaker" is probably the greatest ongoing expense
associated with ALS's. It may take an hour or so to check the receivers in and out, which
includes troubleshooting the receivers to ensure their proper operation.

What is involved in installing an ALS?

Let's first consider the goal, which is to ensure both an adequate and high-quality signal
(electromagnetic, radio, or light wave) at all seat locations within a facility.

By an adequate signal, we mean one that is strong enough to be properly processed by the
correct receiver (FM, IR, or "T" coil). By high quality, we mean a signal that meets defined
electroacoustic standards.

Given these goals, then the most significant decision a provider can make is to select a
knowledgeable and experienced sound contractor. Many venues also have in-house personnel
with basic expertise in amplification technologies. Staff should consult with manufacturers in
determining what type of ALS should be selected and how it should be installed. When a new
sound system is designed, ALSs should be integrated.



In smaller venues, such as community and senior centers and houses of worship, it is not likely
that an in-house expert will be available. More likely than not, the maintenance person, the site's
administrator, or a computer or communications "techie" will be the one on whom the installation
responsibility will fall. Even here, however, it is desirable to seek expert advice. This can be
obtained from local audiologists and from the representatives of the various companies that
manufacturer ALSs. These "reps" are a particularly good source of information; while not
professional installers, they are usually able to offer good advice and information. In any facility
where there is an existing sound system, the most economical and efficient way to proceed is to
piggy-back the ALS on this system.

NOTE for Parishes in the Diocese of New York: the Diocesan Accessibility Committee has
consultants who are experts in ALSs.

Also, attaching the ALS to an existing system may save money but the quality of the sound and
the ability of people with hearing loss to understand what is being said depends on the quality of
the sound system. A poor sound system will give poor results.

What kinds of problems may occur after an ALS has been installed?

Some of the more common problems are enumerated below, along with solutions:

e Distorted or no sound coming from FM or IR receivers: Solutions: (1) Check all batteries
(rechargeable and disposable) before using. (2) Check that VU indicator on transmitter
shows correct reading.

e Sound is coming from the loudspeakers, but not the ALS. Solutions: (1) Check to see
that the system is turned on (piggybacking the ALS to the PA system would preclude this
problem). (2) Check receiver batteries.

¢ IR signals are weak or distorted. Solutions: (1) Check that IR emitters have not been
moved or covered with some object. (2) Check that the optical bubble on the personal
receiver is not being covered. (3) Check batteries. (4) Check VU reading on transmitter.

e Spurious radio signals being detected by FM receiver. Solutions: (1) Change transmitting
frequency (remember to vary receiver frequency as well). (2) Use frequency scanner to
determine a "clean" channel.

¢ FM systems picking up signals from adjoining locations. Solution: Check that FM
receiver is tuned to the correct channel.

o With IR systems, dead spots in the listening area. Solution: Check with the
manufacturer/installer. It is possible that the emitters will have to be re-oriented or
additional ones installed.

¢ Receiver okay, but patron is using a hearing aid that doesn't pick up signal. Solutions:
(1) When receiver is coupled to a neckloop, check that hearing aid is in the "T" position.
(2) Problem may reflect an inoperable hearing aid; check that patron can hear with
hearing aid when not using the ALS.

It's important that installers train provider personnel to troubleshoot simple problems.
How many people in our society can benefit from an ALS?
The statistics regarding the number of people with hearing loss in our society vary depending

upon the source and the criteria used to define hearing loss. Most sources give this number as
between 24 and 28 million people, or about 10 percent of the population.



Hearing-impairment increases with age. It is estimated that about 50% of persons over the age
of 65 have some degree of hearing impairment. Additionally, the incidence of noise-induced
hearing loss has increased over the last two decades. Due to increased longevity and the aging
of our population (and the increase in hearing loss in younger people), the total number and
proportion of people with hearing loss is likely to increase substantially in the future. Most of
these people will enjoy greater perception with less listening effort when using an ALS in
assembly areas where audible communication is integral to the use of the space.

People receiving direct assistance from an ALS are not the only ones involved. People do not
usually attend events by themselves. If one considers those family members who would be
accompanying the person with a hearing loss, then it is apparent that the total number of people
who would be potentially impacted by the availability of an ALS is even greater than 28 million.
Many people with hearing impairments have stopped attending all kinds of public events
because they can't hear what's going on or they have to work too hard to comprehend the
proceedings. By improving auditory access, facility operators can encourage increased
attendance.

The Rehabilitation Engineering Research Center on Hearing Enhancement, website
www.hearingresearch.orq, has a great deal of useful information on assistive listening
systems. Other resources include the technical assistance center at Gallaudet University,
www.tap.qgallaudet.edu, and the Access Board, www.access-board.gov. The Access Board
also provides a toll-free technical assistance number at 1-800 872-2253 (V) or I-800 993-2822
(TTY).

Bulletin #9C November 2001

US Architectural & Transportation Barriers Compliance Board (Access Board), 1331 F St NW
#1000, Washington, DC 20004
TEL: (800) 872-2253 TTY: (800) 993-2822
TEL: (202) 272-5434 TTY: (202) 272-5449
FAX: (202) 272-5447
The technical assistance provided in this Bulletin is intended solely as informal guidance; it is
not a determination of the legal rights or responsibilities of entities subject to titles Il or 1l of the
ADA.
Related Bulletins on Assistive Listening Systems:

o Bulletin 9A: For Consumers

o Bulletin 9B: For Installers




