Auditory Illusions and Confiisions

These failures of perception are studied because they isolate

clarify some fundamental processes that normally lead to accur

of perception and appropriate interpretation of ambiguous sey

by Richard M. Warren and Roslyn P. Warren

or more than a century visual illu-
Fsions have been of particular inter-

est to students of perception. Al-
though they are in effect misjudgments
of the real world, they apparently reflect
the operation of fundamental perceptual
mechanisms, and they serve to isolate
and clarify visual processes that are nor-
mally inaccessible to investigation. Audi-
tory illusions, on the other hand, have
received little scientific attention. Until
recently the fleeting nature of auditory
stimuli made it difficult to create, control
and reproduce sound patterns as readily
as visual ones. The tape recorder made it
easy to manipulate sounds, and yet for
a time there was little examination of
auditory illusions, perhaps because there
was no historical tradition to build on—
no puzzles inherited from the experi-
mental psychologists of the past cen-
tury, as there were in the case of optical
illusions. Some new investigations, how-
ever, have led to the discovery of illu-
sions in hearing that help to explain the
human ability to extract information
from fleeting patterns of sound. These
investigations have also led to the iden-
tification of confusions in hearing that
help to explain some limitations of that

ability.

Consider for a moment that you are at

a convention banquet. While you
are still finishing your dinner the after-
dinner speeches begin. The clatter of
dishes masks some of the speech sounds,
as do occasional coughs from your neigh-
bors and your own munching. Nonethe-
less, you may be able to understand
what the speaker is saying by utilizing
the information that reaches you during
intervals that are relatively free of these
interfering noises. In order to understand
how speech perception functions in the
presence of transient noises, we and
Charles J. Obusek did some experiments

last year in our laboratory at the Univer-
sity of Wisconsin at Milwaukee. First we
recorded the sentence “The state gover-
nors met with their respective legisla-
tures convening in the capital city.”
Then we carefully cut out of the tape re-
cording of the sentence one phoneme, or
speech sound: the first “s” in “legisla-
tures.” We also cut out enough of the
preceding and following phonemes to
remove any transitional cues to the iden-
tity of the missing speech sound. Final-
ly, we spliced the recorded sound of a
cough of the same duration into the tape
to replace the deleted segment.

When this doctored sentence was
played to listeners, we found that we
had created an extremely compelling il-
lusion: the missing speech sound was
heard as clearly as were any of the pho-
nemes that were physically present. We
called this phenomenon “phonemic res-
toration.” Even on hearing the sentence
again, after having been told that a
sound was missing, our subjects could

. not distinguish the illusory sound from

the real one. One might expect that the
missing phoneme could be identified by
locating the position of the cough, but
this strategy was of no help. The cough
had no clear location in the sentence; it
seemed to coexist with other speech
sounds without interfering with their
intelligibility. Phonemic restoration also
occurred with other sounds, such as a
buzz or tone, when these sounds were as
loud as or louder than the loudest sound
in the sentence. Moreover, phonemic
restorations were not limited to single
speech sounds. The entire syllable “gis”
in “legislatures™ was heard clearly when
it was replaced by an extraneous sound
of the same duration.

We did find a condition in which the
missing sound was not restored. When
a silent gap replaced the “s” in “legisla-
tures,” the gap could be located within
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PHONEMIC RESTORATION is an illusion that shows the im-
portance of context in determining what sound is heard. A sentence

SEE

was recorded on tape (a). Then the first

later? With the svmbol ® representing a
loud cough that replaces a speech sound,
consider a spoken sentence beginning,
“It was found that the °eel was on the
—." The context provided by the last
word in the sentence should resolve the
ambiguity and determine the appropri-
ate phonemic restoration. Among the
words that could complete the sentence
are “axle,” “shoe,” “orange” and “table.”
Each implies a different speech sound
for the preceding word fragment, re-
spectively “wheel,” “heel.” “peel” and
“meal.” Preliminary studies by Gary

n “legislatures” was

Sherman in our laboratory have indi-
cated that the listener does experience
the appropriate phonemic restoration,
apparently by storing the incomplete in-
formation until the necessary context is
supplied so that the required phoneme
can be synthesized. We are still investi-
gating the influence of such factors as
the duration of extraneous sounds in re-
lation to the duration of the missing
phoneme and the maximum temporal
separation between the ambiguous word
fragment and the resolving context that
will still permit phonemic restoration.
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TEMPORAL CONFUSION was observed when a high tone, a buzz,

a low tone and a hiss (represented here schematically), each lasting
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FOUR VOWEL SOUNDS were used in another experiment on
temporal confusion. When the vowel sounds of “beet,” “boot,” “bit”
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This telegrapher’s technique illus-
trates a surprising relation that one en-
counters again and again in perception:
The development of an extremely com-
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and motor response. In 1925 William
Book observed the similarity between
typewriting and code transeription, re-
porting that in the case of an expert
typist “attention was pushed ahead of
the hands as far as possible (usually four
or five words).”

nabilitv to locate the position of ex-
traneous sounds in sentences repre-
sents a failure in the detection of tem-
poral order. It might be thought that
this temporal confusion results from a
conflict between verbul and nonverbal
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VERBAL TRANSFORMATION EFFECT is noted when subjects

listen to a distinet recording of a single word repeated on a loop of

modes of perception. Recent observa-
tions in our laboratory have indicated,
however, that inability to detect se-
quence is not restricted to verbal-non-
verbal interactions. In 1968, during an
experiment on loudness, we noted to our
surprise that listeners could not tell the
order of three successive sounds repeat-
ed over and over without pauses. The
sounds—a hiss, a tone and a buzz—each
lasted a fifth of a second (200 millisec-
onds) and were recorded on a tape that
was then spliced to form a loop. The
duration of each sound was quite long
compared with the 70- to 80-millisecond
average for a phoneme in speech and
was well within the temporal range used
in music for the successive notes of melo-
dies; the hiss, tone and buzz could each
be heard clearly. Yet it was impossible to
tell the order of the sounds. The pattern
swirled by, the temporal structure tan-
talizingly just beyond one’s grasp.

It might be thought that a little ad-
vance planning would make the task
easy. It should be possible, for example,
to concentrate on one of the sounds (say
the hiss) and then decide whether the
sound that follows it is a tone or a buzz;
this single decision would fix the third
sound in the remaining slot and solve
the problem. In practice, however, the
single decision cannot be made with
accuracy. Out of 50 listeners we found
that only 22 named the order correctly—
slightly fewer than the 50 percent cor-
rect answers that would be expected by
chance alone.

This seemed at first to contradict the
findings of earlier studies. Results re-
ported by Ira Hirsh of the St. Louis Cen-
tral Institute for the Deaf and by others
had indicated that temporal resolution of
such sounds as tones, hisses and buzzes
should be possible down to a separation
of about 20 milliseconds—even less time
than is required for accurate temporal
ordering of the sounds forming speech or
music. These values, however, had been
based on pairs of sounds. The subjects
listened to a single pair (such as a tone

and a hiss) and reported their order. It
was possible, we reasoned, that subjects
could say which sound came first and
which last not by actually perceiving the
temporal order as such but by detecting
which of the sounds occurred at either
the onset or the termination of the stim-
ulus pair. In 1959 Broadbent and Lade-
foged had suggested that the ability of
their subjects to order pairs of sounds
might be based on the “quality” of the
pair as a whole. Could that “quality” be
determined by which sound was present
at the onset and/or the termination of
the brief pair?

With threshold judgments of this kind,
when subjects are working at the limit
of their ability, introspection as to how
they make their decisions is particularly
difficult; they simply cannot say. To de-
termine what criteria are actually being
used one must rely on experiments, We
returned to our recveled 200-millisecond
stimuli (hiss, tone, buzz) that could not
be ordered, but this time we inserted a
three-second interval of silence between
successive presentations of the three-
sound sequence. Most listeners could
now identify the first and last items in
the series correctly, somewhat more ac-
curately in the case of the last sound.
This supported our suspicion that “se-
quence perception” with pairs of sounds
represents a special case and is really
perception of onset and termination.

In order to examine further the percep-

tion of temporal order in the absence
of onset and termination cues, we em-
ployed a variety of repeated four-item
sequences. The chance of guessing the
order correctly, starting with whichever
sound one chooses, is one in six. With a
sequence consisting of a high tone (a
frequency of 1,000 hertz, or 1,000 cy-
cles per second), a buzz (40-hertz square
wave), a low tone (796 hertz) and a
hiss (2,000-hertz octave band of noise),
each lasting 200 milliseconds, correct re-
sponses were only at the level of chance.
It was necessary to increase the duration
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of extracting intelligible signals from the
ubiquitous background of noise.

\[usicul and verbal passages have an
~  organization based on the temporal
order of their sounds: this organization
furnishes a context for the individual
sounds. Verbal context, as we pointed
out above, can determine completely the
svnthesis of illusory speech sounds: pho-
nemic restorations are heard when the
context is clear but part of the stimulus
is absent. Another illusion arises when
the stimulus is clear but the context is
absent. If one listens to a clear recording
of a word or phrase repeated over and
over, having only itself as context, il-
lusory changes occur in what the voice
seems to be saying. Any word or phrase
is subject to these illusory changes, usu-
ally with considerable phonetic distor-
tion and frequently with semantic link-
ages. These illusory words are heard
quite clearly, and listeners find it diffi-
cult to believe they are hearing a single
auditory pattern repeated on a loop of
tape. As an example of the kind of
changes heard, a subject listening to
“tress” repeated without pause heard
distinctly, within the course of a few
minutes, such illusory forms as “dress,”
“stress,” “Joyce,” “Horis,” “forist” and
“purse.” This illusion, which we call the
verbal transformation effect, has provid-
ed unexpected glimpses of hitherto un-
explored perceptual mechanisms for or-
ganizing speech sounds into words and
sentences.

The implications of the verbal trans-
formation illusion were not appreciated
fully in 1958, when one of us (Richard
Warren) and Richard L. Cregory first
reported the discovery of “an auditory
analogue of the visual reversible figure.”
We had been looking for an auditory
illusion resembling the one observed in
such ambiguous figures as the Necker
cube, whose faces seem to pop into dif-
ferent perspective orientations as one
looks at it. We reasoned that ambiguous
auditory patterns would undergo similar
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tening to “tress” repeated 360 times in three minutes heard 16
changes involving eight different words, some illustrated here (b).

illusory shifts; for example, the word
“rest” repeated clearly over and over
without pause should shift to “tress.”
then back to “rest” and so on. We did
find such closed-loop shifts but we also
found some other illusory changes—to
“dress” and “Esther,” for instance. At the
time, although we noted that perceptual
distortion of the stimulus had occurred.
we considered it only a curious side
effect.

Further study by the present authors
has drawn attention to basic differences
between the visual and auditory illu-
sions, however. The auditory effect is not
limited to ambiguous patterns; any word
or phrase will do. Changes are impos-
sible to predict, vary greatly from indi-
vidual to individual and often involve
considerable distortion of the stimulus
pattern. A subject listening to the word
“see” repeated over and over may hear a
phrase as far removed from the stimulus
as “lunchtime,” particularly if the time is
about noon! Changes oceur frequently:
when a single word is repeated twice a
second for three minutes, the average
young adult hears about 30 changes in-
volving about six different forms.

There are some remarkable effects of

age on the frequency of verbal trans-
formations and the types of illusory
changes. These age differences seem to
reflect basic changes in the way in which
a4 person processes verbal input over a
life-span. Children at the age of five ex-
perience either very few or no verbal
transformations. At six half the children
tested heard illusory changes, and those
who did experienced them at the rapid
rate characteristic of older children. By
the age of eight all the children tested
heard verbal transformations. The rate
of illusory changes apparently remains
approximately constant into the twenties
and then declines slowly during the mid-
dle years; for listeners over 65 the rate
was found to be only a fifth the rate for
voung adults and was approximately
equal to the rate for five-year-olds. This
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decrease after middle age is not due di-
rectly to any decrease in auditory acuity
with aging. Actually the aged are gener-
ally more accurate in this task than the
voung, reporting common English stimu-
lus words correctly and continuing to re-
spond to the stimulus as it actually is—
the same word repeated over and over
without change. Moreover, if young
adults hear a word played indistinctly
against a background of noise (which
should simulate a decrease in acuity),
they still hear many more illusory
changes than the aged.

Besides counting the number of
changes, we have examined the group-
ings of speech sounds to determine the
units of perceptual organization at dif-
terent ages. Children respond in terms
of the sounds of English but may group
them in wavs not found in the language.
For example, with the word “tress” re-
peated over and over, a child might
report “sreb” even though the initial
“sr” sequence is not found in English
words.  Young adults group speech
sounds only in ways that are permitted
in English, but they do report nonsense
svllables: given the stimulus “tress,” they
might report “tresh” as one of the sounds
they hear. Older people, on the other
hand, report only meaningful words.
Presented with “tress,” they tend to hear
“tress” continuously, and when infre-
quent changes do occur, they usually are
to such closely related forms as “dress.”
If an older person is presented with a
repeated nonsense syllable, there is an

=N

interesting result. If “flime” is the stimu-
lus, for example, the older listener gen-
erally distorts the word into a phonetical-
ly close English word such as “slime”
and tends to stay with the sense-making
(but illusory) word throughout.

Our observations with verbal transfor-
mations have suggested that as people
grow older they employ different per-
ceptual mechanisms appropriate to their
familiarit_v with language and their func-
tional capacities, both of which change
with age. We believe specific mecha-
nisms associated with the skilled use of
verbal context underlie the age differ-
ences in the frequency and nature of ver-
bal transformations. Repeated words do
not flow past us as normal components
in the stream of language do; like a vor-
tex, they move without pragressing. In
the absence of the semantic and gram-
matical confirmation ordinarily provided
by verbal context, perception of repeated
words becomes unstable for all but the
very young and the old. And since each
successive perceptual organization is sub-
ject to the same lack of stabilizing con-
text, it suffers the fate of its predecessor.

The absence of illusory changes at age
five suggests that young children have
not yet reached the stage in language
development where storage with skilled
reorganization comes into play. The loss
of susceptibility in alert and healthy
elderly listeners suggests that they no
longer have the functional capacity for
this mechanism. It is rather well estab-
lished that short-term memory is less ef-

fective in the aged when interye,.
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