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What Is Echolocation?

Echolocation is not a mysterious force or paranophahomenon, nor is it a rare gift bestowed
by providence upon a chosen few. It is a very natudhkeasily understood way to perceive the
environment. The science behind echolocation iskvedivn and very basic. It has been studied
meticulously by natural scientists for centuries, analpsipgists for decades.

Echolocation is simply an aspect of hearing which b&proadly defined as the ability to hear
echoes. On the surface, such an ability may seem arkabie and of little use, because echoes
are not commonly believed to be very helpful. Ech@eganerally thought to result from specific
events like firing a gun in the mountains, or calling inutaves and tunnels. But this is like saying
that light reflects only from mirrors and highly pokshsurfaces.

In actuality, a visual system perceives its surroundsdgessing the complex patterns of light as
it reflects into the eye from surfaces all arounalllfve could see were sources of light and
darkness, our eyes would give us very little awarenedgeafature of our surroundings. By
perceiving and interpreting patterns of reflected lightrez®ely rich and detailed information can
be gathered about the layout and characteristics ofuisudiray space and objects therein.

Sound can work in much the same way. Vision and hearinglase cousins in that they both can
process reflected waves of energy. Vision processesmh@vaves of light) as they travel from
their source, bounce off surfaces throughout the envieahand enter the eyes. Similarly, the
auditory system can process phonons (waves of soundgyagavel from their source, bounce

off surfaces and enter the ears. Both systems ceeicexst great deal of information about the
environment by interpreting the complex patterns décetd energy that they receive. In the case
of sound, these waves of reflected energy are calldubésc'

Echoes and other sounds can convey spatial informidiadns comparable in many respects to
that conveyed by light. With echoes a blind travetar perceive very complex, detailed, and
specific information from distances far beyond thecheaf the longest cane or arm. Echoes make
information available about the nature and arrangeofesibjects and environmental features
such as overhangs, walls, doorways and recesses, ggdesding curbs and steps, planters
boxes, pedestrians, fire hydrants, parked or moving eshitlees and other foliage, and much
more. Echoes can give detailed information about logdivhere objects are), dimension (how
big they are and their general shape), and density (blitsis). Location is generally broken
down into distance from the observer, and directidt/riight, front/back, high/low). Dimension
refers to the object's height (tall or short) andabitk (wide or narrow). Just by understanding the
interrelationships of these qualities, much can be peat@bout the nature of an object or
multiple objects. For example, an object that isaiadl narrow may be recognized quickly as a
pole. An object that is tall and narrow near the doottvhile broad near the top would be a tree.
Something that is tall and very broad registers asllaowbhuilding. While something that is broad
and tall in the middle, while being shorter at eithst evay be identified as a parked car. Whereas
an object that is low and broad may be a planteriniegawall, or curb. And finally, something

that starts out close and very low, but recedes irtaidtance as it gets higher is a set of steps.
Density refers to the solidity of the object (solmlsse, hard/soft). Awareness of density even



adds more richness and complexity to one's availafolemation. For instance, an object that is
low and solid may be recognized as a table, while dongebow and sparse sounds like a bush;
but an object that is tall and broad, and very sparseizbly a fence.

Applying Echoes to Movement

The process of navigation and movement can be simphededs the ability to interact
purposefully with the physical environment in a compeatdjtself-directed way. This simple
definition holds for any activity, for any walk ofdif even for any species.

The use of echoes instead of reflected light is not mnaan in nature. Some nocturnal birds,
many marine mammals, and most bats conduct the nyapdtibeir movements without enough
light to see by. Many species of bats have extrelinatgd vision or no vision at all, and marine
mammals spend much of their time far beneath the scearface where light cannot penetrate.
These creatures have therefore learned to use soundhanahgtead of light to provide them
with the information they need to survive and flourisb.do this, they send out specialized
sounds called echo signals. These signals travel firtke every surface in the surrounding
environment and return. The process is much like usitgglalight. The sender can interpret the
information about surrounding surfaces that the returrmngds carry, much as a sighted
creature interpret patterns of returning light. The estamtually provide real, concrete images of
space that we call "auditory” images, that bare manlgeo§ame characteristics as visual images.
The information contained in auditory images allows-seeing creatures to hunt the tiniest prey,
and to range far and wide without loosing their way.

The best known application of echolocation pertainingumans concerns submarine navigation.
Since the 1940's, submarines have moved through the oqetas dath only a compass and
echoes to guide them. Submarines emit pulses of sounbdtinate off the ocean floor, reefs,
islands, continental formations, or moving bodies, r@tdrn to under water microphones. The
returning sounds are relayed via stereo headphones toiallgpgeained technician. It is the
technician's job to interpret these sounds, and to gsubmarine and its crew safely through
total darkness to the desired destination.

Submarine sonar technicians, practically speaking,ldirel™, just like bats and dolphins who live
and function in the dark. The use of echoes to enab&eingscreatures to range and feed, and to
allow navigation of the ocean's dark depths by man earduily extended to enhance the
movement of blind humans. By the right training and egpee, blind humans can learn to fill the
darkness with dynamic images derived, not from light, tmrbfsound.



A Brief Guide to Teaching Echolocation

A formal guide to the purposeful instruction of echolocatas been underway for the past
several years, and is nearing completion. For nove, &iexr some guidelines and exercise examples
to help integrate echolocation skills into your curriculum

Starting Out

Read this handout through once from beginning to end. Batwih and forget about it for a few
days - no longer than a week. Then, pick it up and reaghih.alot down some exercises that you
think might be helpful or interesting and try them wittuy students.

Be creative in developing exercises for your studentsieWimay be possible to optimize
learning through the careful application of formal knowledge teaching techniques, there is
probably nothing that you can do that would be disastrecepe failing to insist on enough
practice. Some approaches may be better than otlwnsidst have value, and just about any
way is better than none. As long as you try enouglgshiver sufficient time, you'll find
something what works for each student. If you addresstaligrnge your students' echolocation
practice regularly and often, it will flourish in timeder just about any condition. Ultimately, the
time invested now in enhancing perception will yield encapid learning, greater skills
development, higher performance, and a richer, morerdavgaquality of life for your students.

There is no prescribed way to teach echolocationlee science behind echo phenomena may
be well understood and set in stone, the methods of agphat science certainly are not. Think
of echolocation as an art, and its development astdoren. Many things are possible, depending
on the needs of your students, the environment thaag@working in, the items and materials
that you have available, and so on.

Though exercises are provided in this guide, you are encaltagkesign your own exercises
using materials and environments that you have at higywl should have need for transparent
materials for specific exercises, buy cheap plasticlpgrfieom a hardware store or home-
improvement center, or buy scrap from a plastics shiper@ise, use cardboard targets, or
wood, or even construction or braille paper if it isot windy. Use notebooks, clipboards, file
folders, stuffed animals, boxes and box lids, whatevavailable. And by all means, don't forget
the wonders of playground equipment in schools and local,pabjexts in parking lots, cluttered
sidewalks, deserted churches or other buildings (officdibgs, college campuses, etc.), and
self-made obstacle courses.

The table of information carried by echoes can be asea guide to designing and implementing
useful exercises in a reasonable progression. Just @s®igpises that seem to focus on the
components in the table. Again be creative, it isl hargo wrong.

Start with basic exercises such as orientation sils large, simple, nearby objects such as
buildings or parked cars. Basic exercises such as theppercef an object location and size
usually involves little independent movement, and theespawhich they take place can be
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simple. Movement exercises with smaller, more distéjects are more complex. Perceiving
composition (density, texture) is generally the mosicdit.

When teaching new echolocation skills, it is reconueenthat these skills be isolated at first from
other skills such as cane use, unless these otherhskitlsbeen thoroughly mastered. For
instance, if you are teaching echo shorelining, turatngprners, or long range echo orientation, it
may be best to focus on the echo skills before cangpor integrating it with cane use. Good
echo skills are no less important than good cane dhiltsthe combination may be difficult to
master for some students. For example, one studentaud ttirn reliably at a T-intersecting
hallway without his cane went crashing straight it wall when asked to use his cane during
the exercise. Although both sets of skills should be addewithout excluding the other.

While using the cane, students should always keep aledhtm cues around them, because it is
this dynamic awareness which guides and gives purpose tenmav - just as vision does. And,
while teaching new echo skills, the students should gineaary their canes - even if they aren't
actually using them at the moment. One might even guéta thitially so that they can
concentrate on the echo cues without interferenegnaety, though | would not make a regular
practice of this.

It is very difficult for a beginner to attend to aletBubtle nuances of echo perception while
concentrating on appropriate cane technique and otheatacrtd kinesthetic cues. Without
practice, you are probably unable to tap your foot tobmad while snapping your fingers to a
different beat. Most can do each task separately, baites practice to combine them. Of course,
integration is ultimately necessary where mobilitfislare concerned, but the process of fully
integrating these skills must be gradual, and learned witthractice and travel experience.

When echolocation skills do begin to integrate witreotkills, the skill levels may drop for a
time until integration is improved. Be patient, and aveatand maintain encouragement and
enthusiasm.

When incorporating exercises, remember three prinagaects of effective travel:

1. Negotiating objects easily without bodily contact

2. Not departing accidentally from pathways

3. Crossing streets or other open spaces quickly and mffjcie

Effective echolocation greatly facilitates theselskil ways that no other nonvisual skills can.

A Flexible Hierar chy of Echolocation Development

One can relate the development of echo skills cldsellge development of visual skills. Many of
the major perceptual issues that affect vision alscaécholocation in a similar way. In brief, a



target that is large, close, or stationary is likelypé easier to perceive than one that is small, far
away, or moving. Also, a target that is solid is edsigperceive than one that is sparse. A single
target is easier to interact with than multiple targatsl, of course, targets in open, simple
spaces are easier to deal with than those in congasas.

STATIC VS. DYNAMIC. Static tasks (tasks requiring little movement) are gdligezasier than
dynamic tasks (tasks where movement is involved).cStagks simply require less mental
processing, and therefore less effort. For instah@eeasier to respond to targets that are
stationary than those that are moving relative &litener. Tracking or following the course of a
moving target is generally more difficult than staticediional tasks such as orienting toward or
away from a wall. The reason is that tracking a tairgetotion involves the organization of three
primary faculties - knowing where the target is going evhilmoves (mentally following the
target), judging how much and in what fashion one must nmweeder to maintain a certain
relationship to the target, and actually executing theoggjate movements. | draw a distinction
between judging the movement, and actually executing tement. The former is strictly
mental, the latter involves translating a mental @eigal structure into physical action - thus
becoming perceptual/motor. | believe that the judgment takstplace before doing anything,
even if the judgment is unconscious or instinctive.iriply orienting to a stationary target, one
need only make a judgment of fixed direction and distarmeinStance, it is easier to hit a ball
that is stationary than when the ball is moving dose the former requires less perceptual/motor
processing. Many more judgments must be made to hit anghbail or shoot a moving target
than a target that is stationary.

SIZE. Larger objects are generally easier to perceiveshatler ones. Larger objects usually
reflect more sound back to the listener, creating a Ipueader echo. When starting out with
skills such as static orientation, try using larger t&rgest, then smaller ones. When you progress
to more complex skills like tracking or avoiding targetsiotion, you can resume the use of
larger targets again before going back to smaller ones.

DISTANCE. Closer targets are generally easier to perceivettngats far away for similar
reasons as listed above.

COMPLEXITY. Generally, the perception of single targets is e&siprocess than multiple
targets or an arrays of targets. Determining the imcatf one target is easier than determining
the relative location of several targets. The exoep this rule involves the comparison of
target features such as absorption (soft vs. hard)r@ngion. It is much easier to compare two
different echo qualities when presented together thdiffatent times. When teaching short vs.
tall, for instance, or solid vs. sparse, present bartets at the same time in the beginning.
Presenting a student with a target made of wood, andnitieia target made of foam, and then
asking the student to distinguish which one was foampre mifficult than if both targets are
presented simultaneously. If both targets are presengethir, you can ask the student to
differentiate between the two targets directly whieytare both within the perceptual field. You
know that it is easier to match colors when you tiaeecolors in front of you, rather than
looking at them separately. If you are trying to deteemmhich shirt goes with what slacks, or
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what carpet goes with which drapes, you want to seedlbes next to each other before
deciding. It is similar with echoes.

Every student responds differently to the developmentladlecation skills. No hierarchy of

skills is set in stone. What is difficult for one stuteray be easier for another, and visa-versa.
For instance, you can go two ways with the trainingtafic or dynamic skills with large and

small targets. You can either start with static taskslving large targets, and then go to dynamic
tasks involving large targets before you progress tacdigks involving smaller targets. Or, you
can start with static tasks with large targets, andgidtic tasks with smaller targets before
going to dynamic tasks with large targets. In shorticskatge to static small to dynamic large vs.
static large to dynamic large to static small.

We cannot yet say that either way is better. Itmse® depend on the individual student, but you
will know which way works best for each student. The &kgve all, is to maintain a student's
interest in the tasks, and motivation to learn. Sonest we would do 15 or 20 minutes of
exercises inside with panels of various sizes and geraents, then go outside for some natural
exposure. Of course, not every aspect of mobility itrginan be a joy, but if the experience is
"spiced" with things that are of interest and relevande student, then the student will come to
enjoy and appreciate the whole process. "A spoon fsligér helps the medicine go down."
Some students may seem altogether averse to travaling,is vital that this aversion be
replaced by a desire to explore and discover. For chjlthhencan only be done by associating
traveling with rewards or satisfaction. Sighted kids galfyeobtain this with ease, and many blind
kids need to learn that they can have this too. The @y practice and are affirmed and
supported by others in the development of positive attitaddssompetence, the easier it gets.

Helping the student maintain interest and motivatiomagth far more than the most carefully
designed hierarchy of tasks. | have found that studentrpefe is related more to their
motivation than to my knowledge of perceptual learning.if&tance, I've often found myself
interspersing dynamic exercises between static egsrdigcause | found that it keeps students
interested - especially young students. In my experi@m the student's interest is lost it
doesn't much matter what you do. Anyways, what childtsvensit or stand still for half an hour
and "stare" at boring things. Would you? Sometimes witheskids, it's necessary to drop what
you planned and just go for a walk, go exploring, or come tipam alternate activity. As long
as the activity is constructive and informative, idetie harm? Mobility skills can still be
developed under such circumstances, often better thamets/@arefully thought out plans. You
can make an echo exercise out of just about any gctiany kids love to play around with a
tetherball. | would have them find tetherball poledwtiite incentive that one of the poles had a
tetherball. They loved it. Sometimes we would playd'ihe tree,” and, when they did, they might
get to climb it (depending on where we were). | encoutageclimbing, though it can be
awkward in a school setting. Other times it was "taketorthe things you like to play on."” These
might be monkey bars, swings, the slide, a merry-go-roeted Don't think that all your students
can already find these things on their own. Blind kidsrotlevelop extremely clever ways of
milking help out of others. While it is often surprisingat blind kids can do and learn, you may
also be surprised by what your students don't know, like'thm you get to the jungle-gym from
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the slide.” Blind kids who just follow the sighted kidstb& time may not know. With one kid, |
would pick him up and spin him around in a toy airplane tdhgetotally disoriented. He had a
blast. Then we would practice finding the slide from wehHeset him down. He loved it!
Sometimes it seems that being a good O&M specialishsnieaving a good knack for intrigue
and entertainment as much as a professional backgroandvrsual perception and kinesthesis.

Special Exercise Tips

Try not to be surprised or disillusioned if students haffiewlty locating narrow objects like
poles, even when they know the object is present.tdibisis deceptively difficult. Random
search patterns are common, especially for young chiltineghe beginning, always have the
student turn to face the object first, then move gititetioward it. Sometimes you will have to
remind them to keep facing the object while they search

If a student is traveling in a circle around an objest the student not to "loose" the object. The
perception of increasing distance can be subtle for heggrand needs to be reinforced. If the
student appears to be lost, ask him to turn and facebjbet othen to return to the object and try
again. They can often do this from impressive distances

Although some may be gifted with superior echo skills,tratgdents can learn to use echoes to
enhance their movement. The key is experience. Stamg skills are learned slowly and with
much effort and practice. Therefore, the developmegbotl echolocation depends on
continuous, regular practice and reinforcement. Evesssohs not specifically dedicated to echo
skills, spend at least five minutes at the beginningrefyelesson to practice an assortment of
echo and listening skills. During such lessons, draw ttespecifically to echo cues in the
environment such as when passing distinct objects aloogte.

What is Detectable?

These measures vary widely among students. They aré tsasecombination of psycho-physical
research and theoretical knowledge, observation of dazestudents over many years, and over
30 years of personal experience.

A pole of about an inch diameter can be perceived aitdtm feet. A fire hydrant may be
perceived from several feet away, but not up close utilesstudent is very short. Likewise, a 4
inch curb is also easier to detect from distanceb@iita3 to 10 feet, but not too close. A
chainlink fence may be detectable at 6 to 10 feet. A packe may be perceived at 10 or 15 feet;
add another 5 feet for a van or truck. A tree may bectidile from 15 or 20 feet. A large
building is detectable for hundreds of feet with a strarfpesignal.

While features in terrains such as mounds, large rocksudgs, or mud puddles may be
detectable, drop-offs are almost impossible to detect.

Low objects such as curbs seem taller than theyame $everal feet away. These may be difficult
to perceive up close.



Although echoes are quiet and subtle, echoes from laage, iearby objects are extremely
pronounced once you know what to listen for. It becomdésulous for blind people to run into a
wall as it is for sighted people. Excuses for running @asily detectable things should not be
made for the blind anymore than the sighted. We admesighhked children for their clumsiness or
inattention: "You should watch where you're going." $ame attitude should be held for the
blind.

Using Appropriate Echo Signals

What kinds of echo signals are best to use? Are casestdficient? Does it help to click one's
tongue, clap, listen for footsteps, or snap one's fifglrs there echo signals that should be
discouraged? What about the social appropriateness obigtais? The answer to these
guestions are very simple, and easy to implement. Tre@aelsholocation is not rocket science. It
actually becomes quite intuitive with just a few thingkeéep in mind.

A sound that produces an echo (called an "echo signékg ia light, really. You can activate a
light, shine it about your environment, and capture fegdbg how the light reflects from

surfaces in the environment. If the quality of thetlighbad - too bright, too dim, too diffuse,
wrong color, obscured, glaring, pointing in the wrong dicggtetc., then the quality of the visual
image goes downhill. People take great pains to optimeeuahlity of lighting, especially when
they're trying to take good pictures with a camera. |h sases, one can really see the difference
lighting can make. Most have had the experience of englingith lousy pictures because the
lighting was bad.

Just like a visual image is dependent on the quality ofrighéin echo is dependent on the quality
of the auditory signal producing the echo. If the echoasigrpoor, the echo is noticeably poorer.
An echo signal can be too loud, too soft, too diffusedto understand, obscured, or confused
by other sounds.

There are certain simple principles that explain wingesecho signals are better than others. To
illustrate, let's consider for a moment one of tHeo@axating marvels of nature - the bat. Bats
periodically emit a high-pitched chirp from their mouthkis chirp has been optimized through
millions of years of evolution to elicit the beshedmaging for the bat. With this magnificent
chirp, bats can fly anywhere they want to, hunt itedt of insects, avoid capture, mate, and
always find their way back home no matter how mangaithey've traveled. Using this chirp, a
bat can pick out an insect the size of a pin head fhenmiidst of a tree or bush, and it can even
distinguish an insect the size of a pin head from amhpin head. Research has shown that if the
bat is gagged so that it can't emit its chirp, it wewén attempt to fly, not even for a brief
distance. It's grounded. It won't even try to use thgstuf other bats to help it fly.

Why won't the bat fly if it can still hear wherésigoing, even if there are other bats around? The
answer has to do, at least in part, with the way stnavétls. When something happens to make a
sound, say the chirp of a bat, that sound tends to trasehight lines away from whatever made
it - the way the spokes of a wagon wheel extend frawieel's center. The sound continues to



travel until it either fades out, or runs into somaghihen it runs into something, it simply
bounces off whatever it ran into, and comes right Ibaekvay it first came - right back to the
source of the signal. When the bat makes a chirpgctiigt travels out in all directions, bounces
off all the stuff that's around, and comes straight bat¢ke source of the sound, which is the
bat's head. That's how bats get such wonderfully clesgas of their surroundings, by using the
information that comes right back at them from theseoundings. So what happens when one
bat can't chirp, but there are other chirping bats ard@nNell, all the chirps that are happening
around the poor bat are all returning back to their aigiources - the other bats. The gagged
bat is hearing some reflections from all the otlmmping, but the reflections are blurred and
unclear - out of focus. It would be like a hiker with tashlight trying to see a treacherous
mountain path at midnight by the light of other, scatidrnikers' flashlights. You might see
something and what you see might even be recognizapéutdout you wouldn't be able to walk
safely along the path. The blurred, distorted echoesaracceptable to the bats, and no power
on earth can make them fly.

The principles of sound and echo apply to humans exaetlyaiime as for bats. As with bats, the
most effective echo signals humans can use are tlsetloaebring the most information back to
their ears. All sounds create reflections, and thesections can be used. But not all sounds
create the best reflections, or elicit the cleaeesib images.

What about cane taps or the sounds of one's own fpetsiénese are not bad, because the
sounds come directly back to the sender. But rememberhapaens when you kick a ball; it
generally returns to your feet. Likewise, most of thensl just comes back to your feet or cane,
and much of that is absorbed or scattered by the grouits way back. The listener gets
something useable, but not as much as if the sound seasceloser to the ears.

Hand claps and finger snaps are fairly common among geowbittdvelers, because the sound
returns to a point nearer the ears, so the imagedeaner and more useable. However, one
needs an extra hand or two to make these signals.

Another signal very common among good blind travelesge@ally children, is the tongue click.
This technique comes straight out of nature, with thdbimg the best example. The tongue click
elicits the clearest reflections, because the soulatteright back to the user's head. Clicks are
also short, so the reflection comes back quickly. Clggss be varied easily in volume or direction
to match the requirements of the environment. Tongdergy does not require empty hands.
Soft clicks are sufficient indoors, while much loudecldi may be necessary while traveling in
crowds or through traffic. Also, louder clicks may bedexkfor detecting objects further away,
just as stronger light would be needed to see objectsdrgreat distance.

Different people will produce different tongue clicks. Wheaching a beginner to produce a
tongue click, an instructor can ask the student to imabgatea blob of peanut butter is stuck on
the roof of the mouth, and they are using the centérgpéine tongue to pull the peanut butter
away. The center of the tongue should be pressed todhefrthe mouth to create pressure,
then pulled away quickly and forcefully, producing a distinickclif this method doesn't work for
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an individual, any method that produces a distinct clickghees the listener the necessary
information is legitimate. The tongue click that people tesplay "giddy-up horsey" with
children, made with one side of the tongue against thekcar molars, is functional. Also, the
tongue click people use when shaking their heads and saghkgtsk, bad girl or boy," with the
tip of the tongue touching the palette right behind theftopi teeth, is also functional. The only
kind of tongue click that is not recommended is a clickrelte tip of the tongue touches the
roof of the mouth and then the underside of the tongpe tlown to strike the bottom part of
the mouth. This click tends to be loud and sloppy, andfisudifto control.

Some have raised concerns that clicking may be coesidacially inappropriate. One mobility
specialist asserted that she thought it made studentSriestakded.” If this argument had always
been applied, spectacle lenses, critical to the vismatibning of so many people in today's
world, might never have been used for fear of lookingngfe. One could logically apply the same
argument to using a cane, or a wheelchair, or angarédaptive device or technique that stands
out as unusual, but also changes the lives of those vehihes for the better. | can say from
personal experience as a longtime, avid echo user ackkttlthat the occasions on which | have
been harassed for tongue clicking have been few anétfaebn. My perspective is that form
should follow function, not the other way around. Whgmore awkward: a blind person who
can't find her way efficiently, gracefully and safeiyrh one point to another, or one who gains
the information needed to do so by clicking? To depriltnd child of information that can be
gained by clicking is tantamount to forcing a sighted dbildo through life with eyes half-closed.

One tool that can be effective and instructionalhsuad-held clicker. A person who is still
learning to produce an effective tongue click in all siturest may be greatly helped by using such
a clicker. They can be purchased in toy stores and spemalty shops - usually in the shapes of
small insects or animals. Clickers can be effedtivaletecting large objects from some distance
out of doors. There are just three rules regarding handehekers that need to be observed:

1. The clicker cannot be used indoors. Too many reflegttome back from too many things.

2. The clicker can't be pressed too close to the elickef3 are often so loud that they hurt the
ears of young children if used too close.

3. Clickers shouldn't be sounded more frequently than orezg Bvo seconds. A little time is
needed to process information between clicks.

Some students develop the tendency to click very oftémagmndly. Partly, this can be a form of
self stimulation, but it may also result from a crgviar the information that clicking provides.

It's something like squinting the eyes. However, rapakiclg is usually more harmful than good,
especially for beginners. Besides being obtrusive, ieigdly elicits too much information too
quickly to process efficiently. Information from ong&kltends to blur uselessly into the next.
Have students wait between clicks, and process infaym&tm each individual click rather than

a volley of clicks. Clicks should rarely be sounded mbamtone per two seconds and never more
than once per second. One exception to this invohee@ment at high speeds such as running,
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skating, skiing, or biking. Even so, twice per second sheetidhe upper limit, and this takes lots
of practice.

Loud signals are unnecessary in quiet environments swsth@splaces. Since echo signals carry
well in quiet places, loud signals can be obtrusive tersttand can yield a lot of unnecessary and
confusing information. Kids who use echoes are oftewargathat they are doing so. Moreover,
they can be unconscious of trying to elicit echoesump behaviors as tongue clicking, hand
clapping, finger snapping, foot scraping, cane banging, timg/élVhat they are really trying to

do should be called to their attention. If their endesvawe obtrusive, they should be redirected
to more discrete and more useful behaviors.

Factors That Affect Echolocation
The distance and detail that echoes can carry depenty lapga the following five factors:

1. QUALITY OF ECHO SIGNAL. In general, strong signals carry furthest, and verytsho

high pitched signals bring the most detail. A strong sigraai carry hundreds of yards under
good conditions; a weak signal perhaps a few yards. Sigraadsiced deliberately by the listener
are usually better than random sounds from the envinainmais is because the listener can rely
best on a signal that is under their control, and #neyaccustomed to the style of information
these familiar signals yield. Suppose you wore glasséeshhbaged their focus randomly. You'd
hate it. You would prefer the constancy of one presonpdt a time. The same is true with echo
signals. Those signals produced near the ears typiaallyglearer echoes, because echoes return
most of their energy to the origin of their signalu$hechoes from discrete tongue clicks are
easier to interpret than those from cane taps ordips. Since echoes are relatively quiet, as
much echo energy as possible must be directed to the-Hmavsver, moderately low intensities
(the volume of a finger snap) are suitable for moghsibns. Strong intensities may be necessary
for perceiving objects far away, or through noisy emvinents. Signals repeated too fast can be
very confusing.

2. SURFACE CHARACTERISTICS. Large, hard, solid surfaces with concavities or ioteri
angles are usually the easiest to detect at greatema#istaAlso, objects near the head are
typically easier than those below the waist. Largeaib can camouflage or over shadow small
ones that are near them. Small or sparse objectsagaye stronger echo signals to detect, but
very loud signals can hamper perception when many otijecte are present. Wet grass and
cobblestones can cast false or confusing images wiénegrsed. Strategic echo signaling will
dispel false images, but this requires practice. Some pse@ie less affected by false images than
others. Highly reverberate environments such ashadieor stair-wells will often require quiet
signals to prevent unnecessary and highly disruptive echoes

3. AMBIENT NOISE CHARACTERISTICS. Background or ambient noise may elicit useful
echoes, but it generally serves to mask or absorkescbhecause echoes are relatively quiet. The
more ambient noise, the more difficult it generalljoigerceive echoes. Strong signals such as
hand claps or intense tongue clicking will be necessapghetrate loud noise such as very heavy
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traffic or loud music. Such noise may cut detection dtalown to a couple of yards, and
detailed information may not be available. Conversadyy quiet environments generally
necessitate the use of soft signals for the "cléairgstmation.

4. QUALITY OF HEARING. Broadly speaking, better hearing enables the highestimdter
using echoes. However, while high frequencies are reqgiaretie perception of small objects
and detail on surfaces, most useful echo skills rely meaily on mid frequencies. Even if
hearing sensitivity is reduced across large portionse$pectrum, effective echo navigation is
often possible.

5. DEGREE OF VIGILANCE. This is perhaps the most important factor. Because tre

many cues that must be analyzed and integrated for stutdsissl navigation, concentration is
often divided among many elements. Since echo infoomairelatively subtle, it requires at least
a moderate degree of continued concentration for eféease.

What Helps or Hinders Echolocation?

Too much guided travel will impede the development of edabion over the long term.
Students, even young students, should be encouraged toatthieeit guidance except under
rare circumstances.

Rain does not necessarily interfere with echolooatioit it can be very distracting.

The perception of echoes may be slightly improved id waather or after rain. Sound waves
tend to travel better in cold air, and wet objectsl tenreflect more sound energy.

Strong winds or noise will hamper echolocation. Amsyrecho signal is necessary for good
perception under these conditions.

Anything that covers or shadows the ears such as dashriebods, and hats can strongly
interfere with echolocation. A strong signal will feglp under these conditions, but lots of
practice may improve performance.

Years ago, an authority suggested that blind children meest laard sole shoes to enhance the
development of echolocation. This may enhance eawes some circumstances, but the shoes
tend to be uncomfortable, and may interfere with theeld@ment of tactual sensitivity and
proprioception. It is difficult to maintain proper footiagd good support without a strong sense
of the ground. Blind children need not wear shoes amgrdiitly from sighted children.

Age Factors

With blind kids under six or seven, perception of compmsiéind object identification are
especially difficult. These skills often require relalyvgood attention, analytical skills, and
contextual knowledge - all of which tend to increasé aije and experience.
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Concepts of near and far tend to be hard for young kidghewytl usually respond if asked:
"Which one is the easiest to touch?" Centering orggbetween are also ideas not understood by
young kids. Introduce these concepts gradually.

Young children are more inclined to touch everything, lzange difficulty maintaining necessary
vigilance and concentration. While touching is not @ teng, remind kids that they're doing
"listening” games right now.

Children under six or seven rarely understand that skese of surrounding comes from hearing.
Asking them to listen for silent objects just seemsdnfuse and may even agitate them. It is best
not to refer to echoes as auditory with young kidsnibke reference to a "listening” game, | do
so matter-of-factly, and the children rarely challenge Eventually, they get the idea. Older kids,
however, generally understand and can make use of theddgavhat their perceptions come
from auditory echoes.

With regard to echolocation, most of the things tipgtyato children should also apply to older
people. The thing to keep in mind is that high frequencyifigeaegins to roll off with age. While
high frequencies are preferred for the most clear peareptiechoes, they are not required for
most useful echolocation skills. When impaired hearimgvisived, however, learning will usually
take longer, and greater attention will be necessath@part of the student.

Residual Vision

Most functionally or educationally blind people possesmall amount of residual vision - too
little for a visual acuity rating. Typically, this wisi seems to have little use, and these people
generally seem to function mostly as if totally bliktbwever, a student's perception of light can
make it difficult for an instructor to assess echoloeatlt is often hard to know for sure whether
the student knows of the parked truck or tree from echog®edlockage of sunlight. While the
refinement of visual skills is crucial even for studemith poor vision, echo skills should never be
neglected. Indeed, echo information will often surpassatiinformation for those with very poor
vision - especially concerning long range perceptionréfbee, a blindfold should be used for one
guarter to one half of the lessons with anyone posgegsual form or contrast perception. This
will help turn the attention of the student to echo caed facilitate its application to navigation.
Be sure the blindfold does not cover the ears. If yaaidiramatic decrements in performance
under the blindfold, more work in echolocation is neasss

Students with light perception or visual memories oftamfese echo images with visual images.
They seem to "see" what they hear. They may sasarilstill see the wall,” even under a

blindfold. The brain can interpret echo sensationvisaal reference - causing confusion between
the sensory channels. With the exception of very gainildren, you must explain to students the
difference between what they see, and what they Mbarstrategic use of blindfolds and isolating
headphones or earplugs can be helpful here. Some withvig@or will strain their eyes. But

when their use of echoes is brought to their atterstm@hrefined, they may find it less necessary
to strain. This is especially beneficial to thosehliiagile eye conditions.
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Things to Keep in Mind

Though echolocation is an auditory phenomenon, the experiof it may not seem strictly
auditory. To some, particularly very young children, ityreaem tactual. People with light
perception or visual memories often see images wheyuatering echoes. This is natural.

Children are often unaware of improvements or decresnmenheir own mobility as a result of
proper or ill use of techniques. It is proper to listewt@t they say, but confirm their verbal
accounts by carefully observing specific behaviors.

Please keep in mind that, just because a student doesenots be able to do something does
not mean that he really can't. Sometimes, you jus t@mask in the right way. This is especially
true with young kids. For example, asking young students fbal/eesponses is generally much
less effective than requiring a specific action froenth Asking them to tell you where the target
is will probably get you nowhere, but they can ofteriggthe target, or reach for it. Younger
students may not be able to turn their body and factatbet as it moves around in a tracking
exercise, but you may notice them tracking it instustyi with their head even so. A child under
six may not know what you are talking about when you akkedo show you the nearest of two
targets at different distances, but when you ask hehvame can be touched the easiest, she may
be able to show you immediately and reliably. Ofteny snust keep talking in order to help some
children maintain their attention. Blind kids often attention spans far greater than sighted
peers, but they can be completely distracted by evesligitest noise, or even the thought of a
noise. Talking to them can help keep them stay focusséuedihere and now." For example,
"What are we looking for? Remember to turn at the @ordon't forget the corner.”

Continued vigilance is perhaps the most important ovekéllthat a blind person can develop.
Degrees of vigilance will directly affect mobility c@@tence, especially where echo skills are
concerned.

Don't be discouraged if great strides that seemed to te ima@ane day or a week, seems to have
gotten lost by the next few sessions. Though | beldfetive blind mobility can be learned by
most, it is extremely difficult, and is therefore réyadifected by the mental state of the traveler -
especially in children. It takes a good deal of practicedline and traveling experience to
reduce the negative effects that mental distractiorhaaa on the performance of nonvisual
mobility. It is easy for a sighted person to traveilevtistracted, because visual navigation is
relatively simple. Sighted people almost always havg aasess to far more information than
they need. The processes involved in navigation ardytsghplified for them. The blind, on the
other hand, encounter much greater complexity. Firay, mhust work very hard to acquire their
information, and despite the extra work, the informratiwailable is usually lacking in many
crucial respects. Second, the blind must make up for iasuifiinformation by applying highly
intensive cognitive skills to fill in the gaps. If soome presented you with a faded, blurred,
photograph, you'd have to think about it for a while efayu could decide what you were
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seeing. The blind must engage in this extra processieneay step and every nuance of
movement. The load upon the mind can be immense. Dinere¢he slightest draw upon the mind
will affect the blind person's ability to effectivalyanage this load. Consider the race car driver.
He cannot be thinking much about his personal problenis mdygotiating hair-pin turns at
hundreds of miles an hour with a swarm of other drigéngying for position. Likewise, the blind
traveler cannot find proper footing and maintain goodra&lanegotiate random arrays of all
sorts of objects, and maintain his sense of direetr@hoverall spatial awareness at a reasonable
gait while otherwise engrossed. Blind mobility requiasmore sustained and disciplined
attention than sighted people often recognize or eveeriexce themselves. The closest analogy
that a sighted person may understand might be learningvieo At first, the mental effort

required is intensive and anxiety provoking. But in timestnpeople become acclimated to the
increased load, and driving gets easier. However, it tal@y hours for most people to become
comfortable and competent behind the wheel. My poire Isethat blind people must learn early
to focus themselves in their travel, and reckon withdonsequences of failing to do so. This can
only be done through intensive training and extensivetipea | don't play around with the
importance of mobility. So when | say not to worop tmuch about the specific way in applying
echo training, you can take me at my word. There aoentain keys here that are very serious,
and must, pervade all facets of mobility instruction:

1. Develop mental discipline in blind travelers so thattare more likely to keep a large
percentage of their minds focussed on navigation

2. Develop the skill of navigation to such a high degreedtsight decline in performance will
not prove hazardous

Both of these keys require extensive practice and exgeren the part of the blind traveler, and
sustained yet patient attention on the part of theuogir. This is not a light matter.

A Vital Note

| must stress the need for extensive practice in ityoMost instructors can only see their
students for an hour or so a week, and rarely during eacttne. This is understandable, but if
most of the student's independent movement is limitékisdime, the student's success vail
deplorably short of potential. Certainly, this amouinfoomal training is far better than nothing
and should be honored, but it is woefully inadequate oftta of helping students to reach their
greatest potential. One can not learn blind mobifitgn hour or so a week than one could learn
the piano, or a foreign language, or math. It is esdehgt the blind learn to travel and function
independently with security, assurance, and grace.

Independent travel outside of mobility lessons, at hanteschool, cannot be encouraged
enough. Homework should be given in mobility like any othéject. In-services should be held
for teachers and peers to facilitate proper treatmidsiinol kids (E.G., not guiding them
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everywhere or doing everything for them, or allowingnthto sit and do nothing). Also, parents
should be directly involved in the course of mobilitgitmg. Parents should be encouraged on a
regular basis to observe what their children are doingglamobility lessons, and learn why they
are doing it. The "why" is crucial, because parents maiypossess a professional background in
issues relating to blindness. They may have neitleeexperience nor training that you have, so
they may labor under gross misconceptions whichumilermine everythinghat you try to teach.
Simply speaking, parents may need your input - not onlyazamg the specifics of behavior and
involvement, but also concerning the development otigesmotivating, and enhancing attitudes
toward their blind children. Parents commonly knowrtbhildren better than anyone else, and it's
a sure bet that we professionals have a lot to Eawant our students from their parents. In
general, a good dialogue between family and professioelpis keep everyone on the same page,
working toward the same goals.

Regular interaction must take place between parents sindators of the blind, even at the
expense of time with students. | believe that every spent with the family can be worth 10
hours spent with a student. The degree and quality of stledening is almost wholly dependent
on the attitudes toward and reinforcement of theserissat home. Though learning can occur
even under the most deprived conditions, any debilitatiitg@des in the home absolutely mimst
addressed before optimal learning will happen for blind stisdélso, we need to keep ourselves
open to what we can learn from parents and familiesy have experiences, and perspectives
about blindness that we can only guess at. Having pgveggsent during lessons can be very
helpful. Showing the parents how to use the cane enlistr echoes, and demonstrating how to
teach and reinforce these things with their child@mrevolutionize the student's learning.
Sending reports and videos home regularly on the childggses can help maintain interest and
belief. An O&M instructor that | know sends videotapéser lessons from time to time to show
parents. These things can be very enlightening, andting-Mhere it is needed. Even if parents
can only grasp and apply 10% of what you say, that 10%amiy directly into your students'
performance. It is enough to make a big difference farystudents. A 10% improvement in
vigilance, for instance, can be enough to keep some s$sulem getting lost on their way to
school; it can mean the difference between beingadadreet crossings or not. A 10% increase in
motivation can make the difference between becommgductive member of society or not.

This all may seem idealistic, and it is. Strong, id#ialiattitudes are necessary here, because if a
blind traveler's skills are not "ideal", then he Inag¢gyreat risk both physically and psychologically.
Again, the key to good travel is experience. Those veve it will do well. Those who don't,
simply won't, no matter how much you struggle to teach.

Strateqgies for Developing Echolocation in Students

1. Noticing Strong Echo Signals. When the student is moving around the house or other
environments, help her to notice the presence ofgtechoes. For example, many children
who are blind love to play sound games in highly revetieeenvironments such as rest rooms,
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breeze ways, or stair wells. Encourage the childrg, sepeat words after you, or clap in the
bathroom or garage or other large, uncarpeted placesuvihot of furniture or other objects
that absorb sound. If the child makes noise in placeésstriong echoes, she can notice that her
voice sounds different in these places than in otheeplay¥ou can also make a noise in the
bathroom and then move quickly out into the hallway wlbere is less echo, and make the
same noise there so that the child can compare. Sama room also usually emit stronger
echoes than other areas of the room.

. Observation. It is important to know what echolocation skills gtadent is already using.
Stand behind the student at a close enough distance enpngury, and observe his existing
echolocation skills. For example, instead of requirimg ta trail along a hallway, allow him to
walk down the hallway in his own way. See if he idb control his movements between the
two walls. See if he seems to be able to perceienvahwall or door is in front of him.
Observe if the student stops independently or hesitafesesbcontacting objects in the
environment. How directed are his movements? If théent is able to do these things, he
may be demonstrating some basic echolocation skillsieShildren demonstrate good skills at
an early age with no instruction, but good instructiovagts helps improve skills.

. Locating a Building. Being able to locate a building without tactual guidelinesvery
functional skill, since tactual guidelines are oftenpr@sent. A building is a simple object to
echolocate because it is large, solid, and free-standing.

You will ask the student to move toward a building from agipnately 10 feet away while
clicking (or clapping) at a regular, moderate interval. Stuelent may stop to listen to her
clicks or claps and the echo. As the student gets diogbe building, ask her to notice what
is happening to the echo. There will be a source diiokn(the student) and a reflected click
(from the building). When the student is farther awhg,gource click and reflected click will
be spaced farther apart. As the student approaches tthedyuihe two clicks will get closer
together, until they are indistinguishable from one la@igtsounding like one click. Also, the
click will sound louder as the student approaches the builthogease the distance from
student to building up to 100 feet as the student's speed and@ccoprove.

. Locating Parked Cars, Trees, and Poles. Using echolocation to detect and recognize such
objects allows students to find them at will, avoidither use them as landmarks. This
exercise takes place in a parking lot or other open spéality instructors often avoid
teaching in parking lots, but the fact is that themisvay for blind people to avoid them. Any
mobile blind person will probably encounter parking latd ather open spaces frequently, and
must be able to navigate them. Teach in a parking dtigroutdoors, on a single level, and
not heavily trafficked. Many blind children are inteezbsin cars and enjoy echolocating parked
cars. For a young child, the exercise can double aargting exercise; the child can count
them as she echolocates them. Cars are large addasalitherefore relatively simple to
echolocate. Trees and poles may take longer to learn.

Start by positioning the student close to and facing #hed is parked some distance away
from other cars. Ask the student to click and to findddwe As the student's skill develops,
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lead the student around to disorient him somewhat. (Y ohiidyen who do not disorient
easily may be carried, or wheeled around on a chairiogcle.) Position the student so that
his body is not directly facing the car, but is at agl@to the car. This way, the student will
have to make a definite decision about which way to tigody. Young children may know
where the object is, but will not necessarily turairthhodies to move in the correct direction.
They may need reminders to turn their bodies so teabbiect is in front of them. Eventually,
turning so that they are facing an object becomesumbAs the student's skill improves
further, increase the distance to the car. A studeptienan to detect a small car up to 15 feet
away, and a truck or van up to 20 feet away. As skills inggroeduce the size of the objects
being located to trees, basketball hoops, and polessietizall hoop may be detected as far as
12 feet away, while a tetherball pole may be detected 8 feet. Large trees may be detected
up to 15 or 20 feet away because of their height and smeever, the shorter a tree is, the
harder it is to echolocate the trunk because of ovgihgiranches.

. Locating a Corner in a Room. Locating a corner in a room is functional for threasons.

First, no matter how large a room is, it almost gkvaas corners, so corners are good
landmarks. Second, doors are usually located near a ceoneeing able to find the corner
makes it easier to find the door. Third, echolocaticgraer takes much less time, and is much
more convenient, than locating it tactually.

Lead the student around a room to disorient him. Theniggoshe student near a corner
(about five feet away) with his body at an angle tég#k the student to find the corner by
clicking, clapping, or making some other noise. (One yenng student wanted to pretend to
be a car, and made engine noises to locate the gdm@ease the distance from the corner as
skill improves. Corners may be detectable up to 30 feay.aw

. Locating the Nearest Wall When Standing Between Two Walls. This helps the student
develop the skill to center herself between two objedtile traveling. This will help develop
her ability to maintain a straight line of travelngsiecholocation.

Position the student so that she is standing betweemblis about six feet apart, and so she
is closer to one wall than the other. Ask her tokdo identify which wall is closest, and then

to reach out and touch the closest wall or travel téau can also have the student practice

centering herself between the two walls. Increasaltstance between the walls as her skills

develop. Eventually, the student may be able to ceetselfin large rooms, or between two

distant buildings.

. Locating an Opening in a Wall (hallway, open doors, or recesses). Being able to
echolocate openings can be more time-effective tlyargtto do it tactually.

Walk with the student parallel to a wall about four ety while the student clicks. Keep
walking until you have passed an opening. Tell the studenhgwe passed a hallway or open
door and tell them which side it is on. Then ask thdestt to take you back into the hallway.
Let him lead you while clicking. Increase the distanze walk from the wall as the student's
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skill develops, until you are walking up to about five to fesst from the wall, depending on
the size of the opening. Wider openings are easiesti¢éotde

Self Exercisesfor Stimulating the Per ception of Echoes

(Although these exercises are meant for professiomamulate your own sense of echoes, you
can do any of these with your students as beginningisesrc

1. Procure a large and small wide mouth container. Glessije good; seashells are excellent.
Speak into the open air, then into each containere Now the containers sound different
from the open air, and from each other. Close youws,ey®&d have someone hold the containers
in front of you as you speak. Try to hear when theainet is in front of you, and which one
is the smallest or largest. Have someone else spedkyith eyes closed, guess which
container is which.

2. Hold the mouths of the containers to your ear. Whatodohear from them? Do you recall the
"ocean in the seashell" phenomenon? It is only soeftetting inside the container. Can you
hear the difference between small and large cont&ftrseach container at each ear
simultaneously. Can you hear how each one sounds diffevéith your eyes closed, have
someone present the containers randomly to eacaaryou tell when the container is
present or absent? Can you tell which container ish¥h

3. Position yourself about a foot from a blank wall. Takdeep breath, and, with eyes closed,
pivot your body while slowly exhaling in a "shshsh" souwhat happens to the "shshsh"
sound as you turn your face away from the wall? How atmwird the wall? While pivoting,
try to hear when you are facing directly toward thd.wal

4. Position yourself about 4 feet from the wall. Take gpdareath, and, with eyes closed,
approach the wall while slowly exhaling a "shshsh" soiNow, step away from the wall while
exhaling. See if you can bring yourself to within 6 eglof the wall without touching it. How
about 3 inches from the wall?

5. Stand in the middle of a sparsely furnished room witir gyes closed, and turn slowly while
exhaling the "shshsh" sound. See if you can locata ttwener. Begin walking, and see if you
can find the corner.

6. In your car (or someone else's), find a resideritie¢swith several vehicles parked along it.
(A parking lot will not do for this exercise.) Open yaundow, and as you drive, listen
carefully to the sound of your car every time you pgsarked vehicle. The sound fluctuates.
If you can get someone else to drive, try this witseglosed, and listen from the passenger
window. The effect is more pronounced here. You may beeaible to tell by listening
whether the street is heavily lined with parked cansadr
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7. In an area familiar to you, try walking with a blintdf@nd long-cane. Try perceiving things
around you by echoes. Do not try to ascertain exaatitins of things, just strive for a sense
of things flowing about you as you walk. Try clicking yoangue. Do you hear the shifting
directions and distances of things as you move amongd?’tAemobility instructor may find
that doing this at least once or twice a week wilbliteem in echo training with students, and
to comprehend their own cognitive process struggling egnate nonvisual information for
efficient travel. Your students do this all the time.

8. Try accompanying your better students under a blindfcda imrea familiar to you. Practice
echo navigation with them. Let them help you. TheYyloase it, and you will both learn
something.

World Access for the Blind
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Long Beach, CA 90805
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