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AIms:

better understanding of how visually handicapped
people use echoes to find and avoid obstacles

show the perceptual and acoustic mechanisms and
processes that are basic for echolocation

provide results that could be of use for the cars$ion
of aids, rehabilitation and good acoustic milieus



Other species use echoes

Bats
Lazarro Spallanzani, Italy, 1729-1799
Charles Jurine, Switzerland, 19th century
Don Griffin, USA, 1915 - 2003

Toothed whales (Odontoceti)
dolphins
and others

Oil bird (primitive echolocation)

Other species?



Some early studies on human echolocation

Previously: "facial vision”

Diderot (1749): Lettre sur les aveugles

K.M. Dallenbach; M. Supa and M. Cotzin and othar€ornell
University, 1940-1950, showed that acoustic infdramato the

hearing system was the determining cause of withbban called
"facial vision”.



Problem issues

How does pitch contribute to echolocation?
How does loudness contribute to echolocation?

How do loudness and pitch together contribute tmkxation?

The relation between echolocation and hearingtg®ili

How does distance affect echolocation



Example of earlier research
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Research method

Recording of sounds by an artificial head
Presentation of sounds through computer and eargsho

Advantages: Simpler for observer and experimeptadér,
more data, less risk for unwanted external causes

Disadvantages: Validity, to know that you are ne#disting
echolocation



Recording in anechoic chamber Recording in ordinary room




Earlier results: blind and sighted observers, Ipaith and loudness
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Test methodology

Sounds digitally stored. From conference room. @Gsounds.
Two sound sequences presented sequentially, ohaefiécting
object, one without.

Presentation by ear phones and computer
2 alternative forced choice (2AFC)
Guessing gives ca 50% correct.

Duration of experiment: ca 1.5 hours including @aus

14 sighted observers, but blind folded .
12 blind observers

Audiometric tests.



Sound stimuli

1. Sounds with both pitch and loudness (originadigarded)
2. Sounds with only pitch information

3. Sounds with only loudness information

Presented for the participants in a sound laboyator



Results: Correct answers for the three kinds of
signals at the three distances for sighted observer

Means
Vertical bars denote 0,95 confidence intervals
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Relation detection to hearing ability and spatediing

Pure Tone Average Threshold Absolute hearing threshold
at 4 frequencies difference
Present exeriment:
Sighted
correlation = 0.20 correlation = 0.21
Visually handicapped
correlation = -0.18 correlation = -0.10

Previous exeriment, echolocation in rooms :
Sighted

correlation = 0.097 _ correlation =0.11
Visually handicapped

correlation = -0.39 correlation = -0.69



Issues to be clarified

Relation to specific hearing thresholds
Physical analysis

Relation to musical ability?



Present and planned studies

Comparison of signals for distance and object size

Future possible studies
digital manipulation of sounds, change of soundatiar
different materials
movement
other response measures
recording and tests with observer’s own sounds
observations in real environments
iIndividual characteristics



Applications

Training program for newly blind people
Acoustic environments in buildings where blind pleamove

Games for blind or sighted people



Possible explanantions

Repetition pitch
f = 1, where f is perceived pitch
t is time delay

Autocorrelation of the hearing
system
Autocorrelation for left and right ear in

the anechoic chamber with reflecting
object at 2 m with a 50 ms signal.
Acoustic image

Loudness and RMS

Cognitive comparisons
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Summary and conclusions

At 1 m, as expected, pitch with loudness highesad®n.

At 3 m, no difference between conditions.

At 2 m, superiority for only pitch for sighted, bolind people are
able to use both loudness and pitch. For blind leesyperiority
using both pitch and loudness.

Loudness only sufficient at the short distance of.1

Maybe different directions for relation to hearmglity between
blind and sighted participants.



