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‘g Auditory Induction of Discrete Tones in Signal Detection Tasks

W

i

e R Perception of speech and of other environmental sounds can reflect the
B

influence of either bottom-up (sensory) or top-down (cognitive) factors.
Bottom-up factors such as the acoustic waveform and peripheral auditory

mechanisms determine the initial input while top-down factors related to a

listener's skills, intentions, and knowledge act upon this input to construct a

?g perceptual representation. Since auditory perception usually reflects the joint
;ﬁ or interactive influence of both bottom-up and top-down factors (e.g., Samuel,
2 1981a) a striet division of factors affecting perception into bottom-up and
;: top-down cannot always be made.

3 One important top-down factor influencing auditory perception is

attentional focusing (Swets, in press), which allows a listener to direct
limited-capacity attentional resources to important aspects of the auditory

input. For example, temporal structure can facilitate attentional focusing on

AR PN
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specific elements of a pattern (Watson & Kelly, 1981). Listeners can also use

their knowledge of structural constraints to improve their ability to detect

%)
< missing pattern elements in complex auditory patterns (Howard, 0'Toole,
fﬁ Parasuraman, & Bennett, Note 1). As a listener gains familiarity with sound

patterns, attentional focusing allows particularly salient aspects of the
pattern to be perceived with greater clarity.

Another top-down factor in perception is "auditory induction,™ which is the
general term for an auditory illusion in which sounds not actually in the

waveform are perceived as being present given a certain "context" (Warren,

. Obusek, & Ackroff, 1972). In speech research the phenomenon is referred to as
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Auditory Induction PAGE 2

v“phonemic restoration" (e.g., Warren, 1970; Samuel, 1981a, 1981b). In research
on the perception of nonspeech sounds, the effect has alternately been referred
to as the "picket fence" effect (Miller & Licklider, 1950), an auditory
"figure-ground®" effect (Thurlow, 1957), "auditory continuity®" (Thurlow & Elfner,
1959), and the "pulsation threshold™ (Houtgast, 1972).

Auditory induction has been shown to occur when sounds are alternated: one
sound is perceived as continuously present (the induced sound) while the other
sound (the inducing sound) is perceived as intermittent, or pulsing. Certain
conditions, which roughly coincide with the conditions necessary for masking
(Warren et al., 1972), must be met for the effect to occur. In general, when a
sound of long duration and low intensity (the induced sound) is interrupted with
a sound of shorter duration and higher intensity (the induecing sound) the
fainter sound is perceived as continuous. The effect is diluted or absent when
silence is inserted between the sounds. Auditory induction has been shown to
occur with two alternating tones of similar frequéncy (Dannendbring & Bregman,
1976; Elfner, 1971; Houtgast, 1972; Thurlow & Elfner, 1959; Warren et al.,
1972), with three alternating tones differing only in intensity (Warren, et al.,
1972), with noise as the induced sound and a tone as the inducing sound (Elfner
& Caskey, 1965; Elfner, 1969; Elfner & Homick, 1966; Elfner & Marsella,
1966), with a tone as the induced sound and noise as the inducing sound (Warren,
et al., 1972; Dannenbring, 1976), and with alternating noise bursts (Thurlow &
Marten, 1962; Dannenbring & Bregman, 1976).

Top-down processes are extremely useful in the perception of complex
acoustic patterns. Attentional focusing allows selected portions of these
patterns to be perceived with greater clarity (Howard et al., Note 1); auditory

induction allows portions of the acoustic waveform that are missing or masked to
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be reinstated. Samuel (1981a, 1981b) has shown that speech perception under

noisy or degraded conditions may be enhanced considerably by auditory induction.
However, while auditory induction may benefit perception of speech, it may
hinder performance of nonspeech perceptual tasks, In certain monitoring
situations (e.g. passive sonar), auditory induction may degrade performance if

sounds not present in the auditory input are induced, thus causing false target

reports.
Previous research has examined auditory induction only in the context of

rapid and continuously alternating sounds. For example, Warren et al. (1972)
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asked listeners to adjust the intensity of to-be-induced tones that were

alternated with a 1000 Hz inducing tone. The intensity required to make the

;g‘ tone sound just continiuous was used as an estimate of auditory induction.
{: These results cannot be easily generalized since rapid alternation has been
£ shown to distort the perception of stimuli. Bregman (1978), for example, has
‘; . shown that tones of sufficient frequency separation form "streams" or "channels"
2; which are perceived as simultaneous and independent, rather than as temporally
3" alternating. The present study investigated auditory induction in a more
fﬁ generalized task situation (non-alternating, or discrete sounds) that allows the
f; use of a signal detection paradigm to measure induction effects on perceptual
if performance.
i Three experiments were carried out using pure tone signals embedded in
iﬁ band-limited noise. The signals were of three types, constant, rising, or
:é falling in frequency, and were presented over a 200 ms observation period. The
f:i first experiment examined whether auditory induction of a constant frequency
 §! tone could occur with non-alternating (discrete) preseniation. It was
‘?3 ] hypothesized that induction would degrade performance for the constant signal
L.*»,
b
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but not the rising or falling signals. The second experiment examined whether
similar effects on performance could be obtained for signals of changing
frequency (the rising and falling signals). In the third experiment the
inducing and to-be-induced sounds were presented to different ears to
investigate the role of peripheral and central masking mechanisms in auditory
induction.
Experiment 1

A modified version of a yes-no signal detection task was used in the first
experiment. Signals were of three types, rising, falling, or constant in
frequency, and were embedded in a 200 ms burst of band-limited noise. Listeners
were tested under two conditions. The no-context or non-induction condition was
similar to a standard yes-no detection task. In this condition listeners had to
detect signals in a 200 ms obs;rvation period containing either noise alone (N)
or signal plus nois; (SN). 1In the context or induction condition, the 200 ms
observation period was preceded and then followed by a "contextual"™ tone,
constant in frequency and 800 ms in duration. The durations and intensities of
the preceding and following contextual tones and the noise burst were chosen so
that auditory induction would be likely to occur (Dannenbring, 1976). Figure 1

shows the composite structure of the stimuli in the context and no-context

Lokl Ay b -

conditions.

If auditory induction occurs, the preceding tone would be perceived as
continuing through the noise burst and extending to the following tone.
Therefore, it was hypothesized that the context condition would produce a higher
false-alarm rate than the no-context condition. It was also hypothesized that

in the context condition listeners would be able to detect the rising and

falling signals but would show a degraded ability to detect the constant tone
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because of auditory induction, whereas all three signals would be equally

detectable in the no-context condition.

Insert Fig. 1 about here

Method

Participants. Nine paid listeners aged 20-26 served as listeners in the
experiment, The 1listeners were recruited from a pool and two had previous
experience in psychoacoustic experiments. None reported a history of hearing
disorder. However, one listener was dropped because of an inability to detect
signals at above-chance levels.

Stimuli. All stimuli were synthesized on a digital»computer using standard
algorithms. The 800 ms contextual tone (with 5 ms rise and fall times) that
preceded and then followed the 200 ms bursts was 1000 Hz in frequency (the same
as the constant signal) and was presented at an intensity of 77.8 dB SPL. Each
of the 200 ms bursts contained noise (band-pass filtered between 500 and 1500
Hz, -3 dB points), and were presented at an intensity of 81.2 dB SPL. In the SN
bursts 200 ms pure tones were added to the noise. The constant signal was a
pure tone with a frequency of 1000 Hz. The rising signal was a pure tone with a
starting frequency of 800 Hz that rose linearly to 1200 Hz by the end of the 200
ms period. The falling tone was a pure tone that had a starting frequency of
1200 Hz that fell 1linearly to 800 Hz. The signals were presented at a
signal-to-noise ratio (E/No) of 19. (Values of E/No were adjusted using the
equation given by Green, McKey, and Licklider, 1959).

Apparatus. All experimental events were controlled by a general purpose
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Auditory Induction PAGE 6

laboratory computer (Digital PDP-11/23). The tones were output on a 12 bit
digital-to-analog converter (Data Translation, model DT-2771) at a sampling rate
of 5 kHz, attenuated (Texscan, model SA-50), low-pass filtered (Krohn-Hite,
model 3750) at 2.5 khz, and presented binaurally over calibrated, matched
headphones (Grason-Stadler, model TDH 39-10Z). Listeners were seated in an
Industrial Acoustics soundproof booth (model 1602A) and a Zenith video terminal
(model WH19) was used to present experimental prompts and record listener
responses.

Procedure. Listeners were tested individually in two 1.5 hour sessions
held on consecutive days. One practice block and four experimental blocks were
given on each day. The practice block consisted of T2 trials; each
experimental block consisted of 144 trials. Rest breaks were provided between
blocks. The order of conditions (context condition on the first day and
no-context condition on the second day) was reversed for successive listeners.

In the practice block the initial signal-to-noise ratio (E/No=23) was
chosen 8o that signals were relatively easy to detect. Following several
practice trials at this level, the signal-to-noise ratio was reduced to E/No=21,
and finally to the level used in the experimental blocks, E/No=19., The context
and no-context conditions were presented in different experimental blocks.
Within each experimental block, N and SN trials were presented an equal number
of times. On any SN trial, the constant, rising, or falling signal could occur

with equal a priori probability, and feedback was given. A total of 1152 trials

was presented to each listener.
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&

;i Results

g The proportion of false alarms, P(FA), and of correct signal detections

;i (Hits), P(H), for each of the three signal types, were obtained for each

%? . listener in both the context and the no-context conditions. A t test was used

to compare P(FA) in the context and no-context conditions. A two (context
] condition) by three (signal type) analysis of variance was performed on the P(H)

data.

Insert Fig. 2 about here

The mean values of P(FA) were 0.20 in the context condition and 0.09 in the

g (3
3 Y, €
D RS )\'3’;- /T

no-context condition. A t test for repeated measures indicated that the

false-alarm rate was significantly higher for the context than for the

EE no-context condition, t(7)=4.04, p<.01.

‘j? For P(H), the main effects of signal type, F(2,14)=48.37, p<.001, and
" context, F(1,7)=13.50, p<.01, and the interaction between signal type and
53 context, F(2,14)=13.91, p<.001, were significant. Simple effects were computed
4

to examine the nature of the interaction further. The simple effects of context

a
Py

on the hit rate were significant for the constant signal.‘§(1.7)=u7.01. p<.001,

Ry

but neither for the rising, F(1,7) < 1.0, nor the falling, F(1,7) < 1.0, signal.

o

}: As Figure 2 indicates, the hit rate for the constant signal was lower in the
:" contextual than in the no-context condition; however, context had no effect on
3: the hit rate for the rising or falling signals.

o

41 Discussion

&5 ——

i Auditory induction has been demonstrated in previous studies only with
N
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Auditory Induction _ PAGE 8

continuous alternation of sounds (e.g., Miller & Licklider, 1950; Thurlow,
1957: Warren et al., 1972; Dannenbring, 1976) although Plomp (1981) briefly
:} discussed the possibility of induction for discrete sounds. The results of the
first experiment indicated that auditory induction effects can be obtained under
discrete presentation conditions. With appropriate contextual tones a constant
frequency signal can be induced, and is perceived as continuing through an
N intervening noise burst. The results of the first experiment also indicate that

induction degrades perceptual performance. As a consequence, Since listeners

apparently "hear" (induce) the signal tone even when not present, there is a

marked increase in the false-alarm rate. Induction affects performance only for

NN

signals that are presented "in-context" (a constant-frequency signal in a

i}

.

constant-frequency tone context) but not for signals that are "out-of-context"

Cele]

(rising or falling frequency signals). However, the increase in false-alarm
rate across conditions, which suggests that induction leads to a more relaxed
detection criterion, was not accompanied by a similar increase in hit rate,
A which decreased significantly for "in-context" signals. This suggests that the
L context condition also produced a decrease in sensitivity. However, this could
N not be tested since a pure measure of sensitivity (e.g., d' or P(A)) could not
be computed separately for each context-signal combination.

An explanation of the decrease in hit rate in terms of masking is also
oy possible, i.e., the contextual tones were a more efficient masker for the
; constant signal than for the rising or falling signals. To explore this
,: possibility Experiment 2 attempted to minimize the effects of masking and change
the predictions based on induction by including different contextual tone pairs.

“ A small modification in the procedure was made. False alarms could not be

partitioned by signal type in Experiment 1 since signal type was varied within
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blocks. Thus the increase in false-alarm rate in the context condition could
not be attributed to any one context-signal combination. To examine whether
induction produces an increase in false alarms only for the associated
context-signal combination, signal type was varied across blocks in Experiment
2. This procedure also allowed measures of sensitivity to be obtained
separately for each context-signal combination.
Experiment 2
The same signal parameters used in Experiment 1 were used in Experiment 2.
However, two contextual conditions were compared: falling, or high-to-low (H-L)
and rising, or low=to-high (L-H) frequency contexts. Figure 3 shows the
composite structure of each contextual condition. If auditory induction were to
occur the frequency transition (glide) would be perceived as continuing through
the noise burst when the contextual tones were consistent with the signal. It
was predicted therefore, that an interaction between contextual condition and
signal would be obtained. A higher false-alarm rate and lower sensitivity would
be obtained when the rising or falling signals were presented "in-context"®
(rising signal with L-H context; falling signal with H-L context) than when
these signals are presented M"out-of-context". Performance on the constant

signal is predicted to be unaffected by context.

Insert Fig. 3 about here

Method

Participants. Ten paid listeners aged 19-27 served as listeners in the

experiment. All were recruited from a pool and none reported a history of
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hearing disorder. None of the 1listeners had previous experience in
psychoacoustic experiments, One 1listener was dropped due to an inability to
detect signals with an E/No value of 19 at above-chance levels, and one listener

was dropped midway through the first block due to equipment malfunction.

Stimuli. New 200 ms noise (N) and signal plus noise (SN) stimuli were \
constructed using the same parameters as in the previous experiment. The N and ‘

SN stimuli were preceded and then followed by 800 ms contextual tones. Two

pairs of contextual tones were used: high-to-low (H-L) and low-to-high (L-H).
The leading part of the H-L context pair began as a 750 ms pure tone of 1300 Hz
and ended as a frequency glide which fell linearly from 1300 Hz to 1200 Hz in 50
ms. The trailing part of the H-L pair began as a 50 ms frequency glide which
started at 800 Hz and fell linearly to 700 Hz and ended with a 750 ms pure tone
of 700 Hz. The L-H context pair was constructed in a similar fashion (see
Figure 3). All stimuli had 5 ms rise/fall times.

Apparatus. The apparatus was the same as that used in Experiment 1.

Procedure. Listeners were tested individually in two 1.5 hour sessions
held on consecutive days. One practice block of 72 trials and six experimental
blocks were given on each day. The practice block differed from that of
Experiment 1 in that it contained two context conditions (H-L, L-H) instead of
one, and a larger ratio of SN to N trials (.75 vs .50). The six experimental
blocks given on each day were comprised of a factorial combination of the two
(H-L, L-H) context conditions and the three signals, constant, rising, and

falling. Each experimental block contained 96 trials, and therefore each

context-signal combination was presented 192 times for an experiment-wide total
of 1152 trials per listener. Short breaks were given between blocks and a long

break was given after the third experimental block of each day.

PR Y .
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Results .

The false-alarm rate, P(FA), and the hit rate, P(H), were computed as in
Experiment 1, except that separate P(FA) values were obtained for each signal
type. The hit and false-alarm probabilities were also used to compute a
nonparametric estimate of sensitivity, P(A) (Pollack and Norman, 1964).
Separate two (context condition) by three (signal type) analyses of variance

were performed on the P(H), P(FA), and P(A) data.

Insert Fig. 4 about here

For P(FA) the effects of context, F(1,7)=10.27, p<.025, signal type,
F(2,14)=4.57, p<.05, and the context by signal type interaction, F(2,14)=12.35,
p<.001, were significant. A analysis of the simple effects indicated that the
false-alarm rate for the falling signal was significantly higher in the H-L than
in the L-H context condition , F(1,14)=31.67, p<.001, whereas the false-alarm
rates for the rising, F(1,14) < 1.0, and constant, F(1,14) < 1.0, signals were
not significantly different for context conditions. The P(FA) levels for

context conditions are shown in Figure U4,

Insert Fig. 5 about here

For P(A) the context by signal-type interaction was significant,
F(2,14)=17.07, p<.01, while the main effects of signal type, g(z.1u) < 1.0, and
context, 5(1,1u) < 1.0, were not significant. The simple effects of context on

sensitivity were not significant for either the constant signal, F(1,14) < 1.0,
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>

.‘

or the rising signal, F(1,14)=3.97, p<.10, but highly significant for the
falling signal, g;1.1n)=31.11. p<.001, As Figure 5 indicates, sensitivity for
the falling signal was lower in the H-L than in the L-H context condition,

whereas sensitivity for the rising signal was slightly lower in the L-H than in

ETROr: - AN

the H-L condition; sensitivity for the constant signal was unaffected by

context.

Insert Fig. 6 about here

For P(H) the main effect of signal type, F(2,14)=4.27, p<.05, and the
context by signal-type interaction, F(2,14)=14.20, p<.001, were significant.
The simple effects of the context on the hit rate were significant for the

rising, F(1,14)=16.13, p<.005, and falling, F(1,14)=11.20, p<.005, signals but

.2 s » -4

not for the constant signal, F(1,7) < 1.0. As Figure 6 indicates, the hit rate

Py

for the rising signal was lower in the L-H than in the H-L contextual condition
whereas the hit rate for the falling signal was lower in the H-L than in the L-H
contextﬁal condition.
P, Discussion

The results of Experiment 2 show that induction 1leads to a increase in
false alarms that is specific to the associated context-signal combination. 1In
addition, the results confirmed that sensitivity of the constant-frequency
signal was unaffected by context, whereas sensitivity for the rising and falling

signals were lowered when presented "in-context" (rising and falling contexts,

j respectively). Overall, the results of Experiment 2 complement those of
j Experiment 1 by showing that induction effects can be obtained for
! changing-frequency signals as well as for a constant-frequency signal.

’
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Although the role of peripheral masking is minimized (relative to
Experiment 1) it is still possible to argue that the induction effects observed
in Experiment 2 could be attributed to peripheral masking factors. The argument
is similar to that discussed in Experiment 1, but more complicated. Performance
on the in-context conditions might be lower due to differential masking by the
contextual tones because, for example, with the L-H contextual pair any signal
would be initially forward-masked by the low frequencies of the first contextual
tone and subsequently backward-masked by the high frequencies of the second
contextual tone. However, this masking would be more efficient for the rising
signal than for the falling or constant signal. A similar argument could be put
forward for the H-L contextual pair. To investigate whether differential
peripheral masking could account for the induction effects obtained in
Experiments 1 and 2, a third experiment was conducted in which the contextual
tones and noise bursts were presented to different ears. It was predicted that
when a signal and its context were consistent that an increase in false alarms
and a lowering of sensitivity would be obtained.

Experiment 3

Experiment 3 was similar to Experiment 2 except that the to-be-induced and
inducing sounds were presented to different ears. Only two signals were used,
the rising and falling-frequency tones. As in Experiment 2 it was hypothesized
that a signal which was consistent with its contextual tones would yield a
higher false-alarm rate as well as lower sensitivity than for the same signal
presented in an inconsistent context. If the induction effects obtained in
Experiments 1 and 2 were due to peripheral masking then no context effects

should be observed,
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i Method
b Participants. Eleven paid listeners aged 19-31 served as listeners in the
:3 experiment. All were recruited from a pool and none reported a history of
:4 hearing disorder. 3Six listeners had previous experience in psychoacoustic

experiments. Three 1listeners were dropped after one session because they were
unable to detect tones with a signal-to-noise ratio of E/Noé17 at above-chance
levels.

Stimuli. New 200 ms N and SN stimuli were constructed using the same
; parameters as in the previous experiments except that the SN bursts had a lower
signal-to-noise ratio (E/No of 17), and the constant signal was not included in

; the experiment. The contextual tones were exactly the same as Experiment 2.

:_ Apparatus. Another channel using similar instrumentation was employed to
X
;j enable sound presentation to different ears. The contextual tones were played
.

) over the second output channel of the d-a converter, attenuated (Texscan, model
}i SA-50), low-pass filtered at 2.5 khz (Krohn-Hite, model 3550), and presented
SR

over matched, calibrated Telephonins headphones (model TDH-50P). All other

)
Y .
a3 instrumentation was exactly the same as in the previous experiments.
b Procedure, Listeners were tested individually in two 1-hour sessions held
Pead
'3. on consecutive days. One practice block of 5S4 trials and four experimental
3
;3 blocks of 96 trials were given on each day. The practice block differed from
&5 that of the previous experiments in several ways. First, the ratio of SN to N

“
LN
" trials was different (.66 vs .50 and 75). Second, both the first and second
f experiments had practice stimuli with and without contextual tones. Experiment
?’ 3 only had stimuli with contextual tones. Finally, the signal-to-noise ratio of

” the stimuli was lower than in the previous experiments: the initial level
)

. (E/No=z21) was reduced to E/No= 19, and %o E/No=17, the level used in the
!
:-.J
i
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w
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experimental blocks.

The four experimental blocks were comprised of a factorial combination of
the two (H-L, L-H) context conditions and the two signal types (rising and
falling). Experimental blocks were presented in a randomized order and with
only one signal type and one context in a block. In a given trial an N or SN
stimuli could occur with equal probability. Each experimental block contained
96 trials, and therefore each context-signal block contained 192 trials for an
overall total of 768 experimental ¢trials per 1listener. Listeners were
instructed to reverse the headphones after a practice or experimental block;
short breaks were given after each block except the second experimental block
where listeners were instructed to take a longer break.

Results

The false-alarm rate, P(FA), the sensitivity index, P(A) and the hit rate,
P(H), were computed as in Experiment 2. Table 1 shows the mean values of each
of these measures averaged over the eight listeners. A two (context condition)
by two (signal type) analysis of variance was performed on the P(FA), P(A), and

P(H), data.

Insert Table 1 about here

For P(FA) the context by signal interaction was significant, F(1,7)= 9.93,
p<.025. An analysis of the simple effects indicated that the false-alarm rate
for the rising tone was significantly higher in the L-H context condition than

the H-L context condition, F(1,7)= 9.55, p<.025. Although the change in the

false-alarm rate for the falling signal across context conditions was in the




Table 1

3 Mean Values of the False-Alarm Rate, P(FA),
A Sensitivity, P(A), and Hit Rate, P(H), for the Two

Signal Types, Rising and Falling, for the Low-High
e (L-H) and High-Low (H-L) Context Conditions in

Experiment 3.

o

Observation conditions

1 _t_e‘..":';. t"..'l-.. 4

Rising Falling

Measures: L-H H-L L-H H-L

Y A

P(FA) .30 7 22 .28

5

P(A) .76 .86 .87 .79
P(H) .67 .86 .83 <17
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predicted direction (higher in the L-H than in the H-L condition), the change

j‘ was not significant.
22 The mean values of sensitivity are shown in Table 1. For P(A) the signal
Aﬁ by context interaction was significant, F(1,7)=8.30, p<.025. An analysis of the

simple effects of context on sensitivity was not significant for either the

S

rising signal, F(1,7)= u4.42, p<.10, or the falling signal, F(1,7)=2.83, p<.20.

For P(H) the context by signal type interaction, F(1,7)=7.78, p<.05, was

SN

significant. The simple effects of the context on the hit rate were significant
for the rising signal, F(1,7)=9.35, p<.025, but not for the falling signal,

F(1,7)<1.0. As Table 1 indicates the hit rate for the rising tone was lower in

- W N WA

the L-H contextual condition. The mean hit-rate for the falling tone was lower
in the H-L contextual condition, but not significantly so.

Discussion

PCPLA LI

The results of Experiment 3 are similar to those of Experiment 2, The
false-alarm rate was higher and the sensitivity and detection rate were lower
for the rising signal when presented in the L-H context than when presented in
the H-L context. The opposite was true for the falling signal, although the
simple effects of context, while in the predicted direction, were not

significant.

P g

In general, the results of Experiment 3 indicate that auditory induction
cannot be attributed solely to peripheral-masking factors. Since the
to-be-induced and inducing sounds were presented to different ears, effects of

3 either forward or backward peripheral-masking of the signals by the contextual
tones were eliminated. Nevertheless, the same pattern of selective

context-signal sensitivity impairment observed in Experiments 1 and 2 was

I obtained.
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%
'?E General discussion
f€ The results indicate that auditory induction is a general phenomenon that
:: can influence the perception of nonspeech sounds which are either constant or
}E changing in frequency. By varying the type of signal and the contextual tone,
N it was shown that performance is lowered only for signals that are "in context."
ff: That is, the false-alarm rate in detecting a pure-tone signal embedded in a
noise burst is increased and sensitivity lowered if the signal is preceded and
followed by a tone which provides a "context" consistent with the signal. For
f:; example, detection of a constant-frequency signal is impaired in the context
»z: created by constant-frequency tones, but not in contexts created by rising or
_:’ falling-frequency tones. Detection of a rising-frequency signal, on the other
g hand, is significantly poorer in a rising-tone context compared to a constant or
Z% falling-tone context. The contextual tone appears to continue through the noise
- burst and the consequence of auditory induction is an impairment in the
: detection of the signal.
E: The generalizability bf previous research on auditory induction is limited
Ti since rapid alternation has been shown to distort the perception of stimuli
N (Bregman, 1978). In these studies listeners were presented with alternating
ig sounds and were asked to adjust the duration or intensity of one of these
;; alternating sounds until induction occurred. Houtgast (1972, p. 1891) states
. that "the existence of such a pulsation threshold is a very general feature of
:; alternating stimuli." The present study demonstrates that auditory induction is

N a general feature of non-alternating or discrete stimuli as well.

y The use of discrete rather than non-alternating stimuli also allows a
ji . signal-detection paradigm to be employed in the study of auditory induction. As
‘5: . Samuel (198ta, 1981b) has demonstrated in a study of phonemic restoration, this

?
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method allows the effects of auditory induction on perceptual performance to be
evaluated. Samuel (1981a) showed that auMitory induction can be beneficial to
the perception of speech. The present study indicates, however, that auditory
induction may not always be beneficial. In the perception of nonspeech sounds,
auditory induction may also degrade performance by "restoring" sounds not
present in that part of the auditory input being monitored, thus leading to an
increase in false-signal reports. Thus although induction may be beneficial to
perception, it can also degrade perceptual performance. In the present study
factors other than auditory induction may have degraded performance. In
particular it may be argued that the effects attributed to auditory induction
result from both peripheral and central masking.

Role of peripheral masking in auditory induction

It is possible that peripheral factors, notably masking, could have
affected the results obtained in this study. In Experiment 1 detection of the
constant-frequency tone was significantly impaired by the presence of a
constant-frequency context (compared to detection with no context) while
detection for the other signals remained relatively unchanged. An
interpretation based on auditory induction would maintain that the tone was
perceived as continuing through the noise and that this illusion impaired
detection performance. However, the overall detectability of the
constant-frequency signal was lower than that of the rising or falling signals.
This suggests that the in-context impairment in the detectability of the
constant signal could be due both to induction and to peripheral masking: since
the constant signal and the contextual tones were the same frequency, backward

and forward masking due to the contextual tone would be more efficient for the

constant signal than for the other signals.

------
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Overall detection performance was also lower for the constant signal than
for the rising or falling signal in Experiment 2. However, unlike Experiment 1,
sensitivity for the constant tone did not differ between the rising and falling
constant-frequency contexts while sensitivity for the rising and falling signals
did vary with context. Thus, induction differentially impaired signal-detection
performance, but the results do not rule out the possibility that peripheral
masking also had an effect. In fact, Evans (1973) has argued that induction is
only some combination of backward and forward masking.

This argument could be applied to the results of the second experiment as
well. As an example consider the H-L contextual-tone pair. It was shown that a
higher hit-rate and a lower false-alarm rate were obtained for the rising signal
than for the other signals. It could be argued that the first context tone
provided a more efficient forward-masker for the initial portion of the falling
and constant signals than for the rising signal. Similarly, the 1lower
frequencies of the second contextual-tone would be a more efficient
backward-masker for the falling and constant signals than for the rising signal.

Consideration of the critical band for pure-tone maskers does not support
this conclusion. Estimates of the critical-band width suggest that although the
contextual tones were closer in frequency range to the in-context signal than
out-of-context signals, they may not have been sufficiently close to account for
the pattern of results obtained. Consider the rising signal in the L-H context
in Experiment 2. The L-H context consisted of a 700 Hz and 1300 Hz pair (see
Figure 3). The rising signal rosé in frequency from 700 Hz to 1300 Hz. The
constant signal had a frequency of 1000 Hz and the falling signal had a

frequency that fell from 1300 Hz to 700 Hz. Thus, although the starting and

ending portions of the rising signal would be more effectively forward and
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backward-masked by the contextual tones than either the constant or falling
signals, a substantial portion of the energy in the middle portion of the rising
signal (from 900 Hz to 1100 Hz) would lie outside the effective masking region
of the contextual tones. If one assumes, conservatively, an average masking
band of about 100 Hz, the energy of the rising signal would 1lie outside the
masked-frequency region for about half the duration of the signal. It seems
improbable that the cohsistent pattern of results obtained in the first two
experiments could be solely attributed to peripheral masking.

Role of central masking.lg auditory induction

There are two sources of masking which could be responsible for induction
effects: central and peripheral, and thus the results could still be attributed
to central masking. Experiment 3 attempted to rule out peripheral masking as an
explanation of auditory induction by presenting the contextual tones (inducing
sounds) to one ear and the N and SN bursts (containing to-be-induced sounds) to
the other ear. A pilot study indicated that the signal-to-noise ratio used in
the previous studies resulted in almost perfect performance and therefore the
ratio was lowered. The same pattern of results that are predicted by induction
and demonstrated in the previous studies was obtained when the contextual tones
and noise bursts were presented to separate ears.

The results of Experiment 3 indicate that an explanation of auditory
induction solely on the basis of masking is improbable. The most parsimonious
explanation of the results of Experiments 2 and 3, therefore, is as follows.
The contextual tones that precede and follow the signal to be detected do
produce masking which degrades performance, but this degradation is general in
nature, and has the effect of lowering overall detection-performance for all

signal types (as evidenced by the necessity of 1lowering the S/N ratio in

---------
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Experiment 3). The contextual tones also produce auditory induction, but the
effects of induction are not general but specific to signal type--detection is
impaired only for "“in-context™ signals. The possibility of a central masking

mechanism still exists, but it seems unlikely central masking alone could

A kY 3 XN

produce the differential results obtained. This would indicate that auditory
induction is a "true effect," independent of masking, and one that is mediated
centrally.
Summary

In conclusion, these ﬁ%sults indicateﬁthat auditory induction is a general

factor influencing auditory perception and can be demonstrated either for

discrete as well as continuous presentation of sounds. While induction of
Sz\""nissing";'—'scounds can be beneficial, especially in speech perception, auditory
induction can also impair perceptual performance, particularly in monitoring
nonspeech sounds for faint signals. Finally, auditory-induction effects can be
distinguished from peripheral-masking effects, and although a relation between
auditory induction and central masking cannot be ruled out, induction and
masking appear to be separate, independent factors, one largely central, the

other largely peripheral in nature. f:
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Programs

Code 270

Office of Naval Research

800 North Quincy Street

Arlington, VA 22217

. Special Assisistant for Marine Corps
Matters

Code 100M

Office of Naval Research
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Communications Sciences
Division

Code 7500

Naval Research Laboratory

Washington, D.C. 20375

Dr. J.S. Lawson

Naval Electronic Systems
Command

NELEX-06T

Washington, D.C. 20360

Dr. Robert G, Smith

Office of the Chief of
Naval Operations, OP98TH

Personnel Logistics Plans

Washington, D.C. 20350
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Department of the Navy

Combat Control Systems Department

Code 35
Naval Underwater Systems Center
Newport, RI 02840

Human Factors Department

Code N-T1

Naval Training Equipment Center
Orlando, FL 32813

Dr. Alfred F. Smode
Training Analysis and
Evaluation Group

Orlando, FL 32813

CDR Norman E. Lane

Code N-7A

Naval Training Equipment Center
Orlando, FL 32813

Dean of Research Administration
Naval Postgraduate School
Monterey, CA 93940

Mr. H. Talkington

Ocean Engineering Department
Naval Ocean Systems Center
San Diego, CA Q92152

Dr. Mark Montroll
Code 1965
NSRDC~Carterock
Bethesda, MD 20084

Mr. Paul Heckman
Naval Ocean Systems Center
San Diego, CA 92152

Dr. Ross Pepper
Naval Ocean Systems Center

. Hawaii Laboratory

P.0. Box 997
Kailua, HI 96734

Department of the Navy

Dr. A.L. Slafkosky

Scientific Advisor

Commandant of the
Marine Corps

Code RD-1

Washington, D.C. 20380

Dr. L. Chmura

Naval Research Laboratory
Code 7592

Computer Sciences & Systems
Washington, D.C. 20375

Human Factors Technology
Administrator

Of fice of Naval Technology

Code MAT 0722

800 North Quincy Street

Arlington, VA 22217

Commander

Naval Air Systems Command
Human Factors Programs
NAVAIR 334A

Washington, D.C. 20361

Commander

Naval Air Systems Command
Crew Station Design
NAVAIR 5313

Washington, D.C. 20361

Mr. Phillip Andrews

Naval Sea Systems Command
NAVSEA 03416

Washington, D.C. 20362

Commander

Naval Electronics Systems
Command

Human Factors Engineering
Branch

Code 81323

Washington, D.C. 20360
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Department of the Navy

Larry Olmstead

Naval Surface Weapons Center
NSWC/DL

Code N-=-32

Dahlgren, VA 22448

CDR Robert Biersner

Naval Medical R&D Command
Code 44

Naval Medical Center
Bethesda, MD 20014

Dr. Arthur Bachrach

Behavioral Sciences Department
Naval Medical Research Institute
Bethesda, MD 20014

Dr. George Moeller

Human Factors Engineering Branch
Submarine Medical Research Lab
Naval Submarine Base

Groton, CT 06340

Head

Aerospace Psychology Department
Code L5

Naval Aerospace Medical Research
Pensacola, FL 32508

Commander, Naval Air Force,
U.S. Pacific Fleet

ATIN: Dr. James MeGrath

Naval Air Station, North Island

San Diego, CA 92135

Department of the Army

Mr. J. Barber
HQS, Department of the Army
DAPE-MBR

Washington, D.C. 20310
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Department of the Navy

Navy Personnel Research and
Development Center

Planning and Appraisal
Division

San Diego, CA 92152

Dr. Robert Blanchard

Navy Personnel Research and
Development Center

Command and Support Systems

San Diego, CA 92182

Mr. Stephen Merriman

Human Factors Engineering
Division

Naval Air Development Center

Warminster, PA 18974

Mr. Jeffrey Grossman
Human Factors Branch
Code 3152

Naval Weapons Center
China Lake, CA 93555

Dean of the Academic
Departments

U. S. Naval Academy

Annapolis, MD 21402

Dr. S. Schiflett

Human Factors Section

Systems Engineering Test
Directorate

U.S. Naval Air Test Center

Patuxent River, MD 20670

Department of the Army

Dr. Edgar M. Johnson
Technical Director

U.S. Army Research Institute
5001 Eisenhower Avenue
Alexandria, VA 22333
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Department of the Army

Director, Organizations and

Systems Research Laboratory
U.S. Army Research Institute
5001 Eisenhower Avenue

Alexandria, VA 22333

Department of the Air Force

U.S. Air Force Office of
Scientific Research

Life Sciences Directorate, NL

Bolling Air Force Base

Washington, D.C. 20332

AFHRL/LRS TDC

Attn: Susan Ewing
Wright-Patterson AFB, OH 45433

Foreign Addressees

Dr. Kenneth Gardner

Applied Psychology Unit

Admirality Marine Technology
Establishment

Teddington, Middlesex
ENGLAND

TW11 OLN

Director, Human Factors Wing
Defense & Civil Institute of
Environmental Medicine

Post Office Box 2000
Downsview, Ontario M3M 3B9
CANADA

Other Government Agencies

Defense Technical Inférmation Center
Cameron Station, Bldg. 5
Alexandria, VA 22314

Dr. M. Montemerlo
Human Factors & Simulation
Technology, RTE-6

NASA HQS
Washington, D.C.

20546

Department of the Army

Technical Director

U.S. Army Human Enginering Labs

Aberdeen Proving Ground, MD
21005

Department of the Air Force

Chief, Systems Engineering
Branch

Human Engineering Division

USAF AMRL/HES

Wright-Patterson AFB, OH 45433

Dr. Earl Alluisi
Chief Scientist
AFHRL/CCN

Brooks AFB, TX 78235

Foreign Addressees

Dr. A. D. Baddeley

Director, Applied Psychology
Unit

Medical Research Council

15 Chaucer Road

Cambridge, CB2 2EF
ENGLAND

Other Government Agencies

Dr. Clinton Kelly, Director

Systems Sciences Office

Defense Advanced Research
Projects Agency

1400 Wilson Blvd.

Arliington, VA 22209
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3 Other Organizations Other Organizations

o

‘ Dr. Jesse Orlansky Dr. Richard Pew

Aol Institute for Defense Analyses Bolt Beranek & Newman, Inc.

" 1801 Beauregard Street 50 Moulton Street

}. Alexandria, VA 22311 Cambridge, MA 02238

'’ Dr. Robert T. Hennessy Dr. David J. Getty
NAS-National Research Council (COHF) Bolt Beranek & Newman, Inc.

X, 2101 Constitution Ave., N.W. 50 Moulton Street

e Washington, D.C. 20418 Cambridge, MA 02238

A

N Dr. Christopher Wickens

Department of Psychology
University of Illinois
Urbana, IL 61801
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