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Speakers frequently report using strategies to circumvent the disruptive effects of delayed speech
feedback. Often the strategies adopted are inconsistent with the traditional account, which main
tains that the disruption occurs because speakers try to use the delayed speech for feedback con
trol, even though it is now delayed and therefore is inappropriate for this control purpose. One
strategy that subjects report using is to wait for the delayed sound to stop before proceeding with
more speech. A prediction that follows is that disruption at a particular delay will depend upon
the length of the delayed sound. We tested and confirmed this prediction by truncating the delayed
speech and assessing the disruption this caused. The same effect occurred when a nonspeech sound
was substituted for the delayed speech. The implications of adopting this strategy for coping with
the effects of delayed auditory feedback, and the equivalent results obtained with speech and
nonspeech, are discussed with respect to alternative accounts about why such disruption might
occur.

Speech control suffers if auditory feedback of the voice
is delayed. The effects of delayed feedback include a
reduction in speech rate and an increase in all types of
speech errors. The time to read a set passage increases
up to a delay ofabout 200 rnsec and then decreases some
what. Thus, the disturbance function across delays is in
the shape of an inverted V. This U-shaped disturbance
function also occurs with speech errors: error rate in
creases to a maximum at a delay of 200 rnsec and then
drops off. The pitch and level of the voice are affected,
too, but behave somewhat differently: these measures in
crease up to a delay of 200 rnsec, but then the function
levels off rather than decreases.

Such disturbances would occur if speakers normally
listen to their speech to check that it is being produced
correctly and continue to control speech in this manner
even when the speech is delayed experimentally. In the
latter case, the speech would not provide appropriate feed
back to the speaker about hislher present articulatory ac
tions, resulting in the observed disruption of speech
control.

Black (1951) adopted this account to explain the dis
turbance noted with reading time and error rate: if a se
quence of instructions corresponding to syllables is sent
to the peripheral articulators, maximum disruption will
occur when the delay is equal to the length of the sylla
ble. At this delay, the speaker would be issuing instruc-
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tions for one syllable but would hear what was produced
on the preceding one. Syllables are about 200 rnsec long;
thus, Black's account explains why maximum disruption
occurs at a 200-msec delay, and supports the view that
syllables are the basic segment issued during speech
control.

There are a number of problems with this and similar
interpretations of the effects ofdelayed auditory feedback
(DAP). First, there is evidence that subjects use strategies
that are inconsistent with an auditory-feedback account.
Susceptibility to the effects of OAF is one example.
Generally speaking, fluent speakers show less disruption
than do less fluent speakers. Thus, males (Bachrach,
1964), young children (Siegel, Fehst, Garber, & Pick,
1980), and speakers employing a language acquired late
in life (MacKay, 1970) are more affected by DAF, and
less fluent, than are female speakers, older children, and
speakers employing their native language. The obvious
conclusion to be drawn from these data, if it is assumed
that DAF provides evidence for an auditory-feedback
monitoring account of speech control, is that less fluent
speakers rely more on auditory feedback than do their
fluent counterparts, and thus are more disrupted when
auditory feedback is interfered with experimentally.

However, Howell and Archer (1984) reassessed this
conclusion. They reported that an individual's suscepti
bility to the effects of OAF could be affected by volun
tary alterations to voice level; when voice level was in
creased, more disturbance occurred. Fluency is unlikely
to vary markedly with voice level, and therefore is un
likely to underlie differential susceptibility to OAF. More-
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over, in Bachrach's (1964) study and when the children
spoke at a normal rate in Siegel et al.'s (1980) study,
fluency was confounded with voice level. In both of these
studies, the least fluent speakers, who were found to be
most susceptible to DAF, spoke louder, again suggest
ing that voice level is the factor that causes different
degrees of susceptibility.

The data reported by Howell and Archer (1~84) also
suggest that these variations in the disruption caused by
DAF are strategic, rather thaninherently tied up with how
different speakers use feedback. As an example, subjects
often report that when they hear DAF, they raise their
voice levels to increase the amount of feedback that is not
delayed; this feedback arrives by bone conduction, leak
age from the headphones, and so forth. This strategy is,
of course, counterproductive, because the delayed sound,
as well as the feedback received directly, is louder. How
ever, the fact that the speakers alter their voice levels in
an attempt to "beat" the experimental intervention indi
cates that these findings have no implications about how
people use feedback in a normal speaking situation.

Another strategy that speakers report using in order to
get around the disturbing effects of DAF is to produce
the desired sound and then wait for the delayed sound to
finish before they produce the next sound. This strategy
would account for the observed time disturbance: The
amount of time the speaker waits (and therefore the
amount of additional time required to read a set piece)
would be proportional to the extent to which the delayed
sound "sticks out" beyond the produced segments. If
"sticking out" occurs beyond the end of the syllable, then
the amount of time to read the list would increase up to
a delay equal to the length of a syllable.

If subjects use this strategy, it follows that for sounds
with the same delay at onset, the increase in time required
should be determined by the length of the delayed sound.
If the sound starts at the same point in the time but is short
ened, the speaker would have to wait a shorter length of
time before starting the next syllable. Thus, if listeners
employ this strategy, the amount of disruption should vary
directly with the length of the delayed sound. Ifspeakers
employ this strategy, the form of the disturbance func
tion would be a product of how the listener tries to cir
cumvent the disruptive effects, not of how the speaker
attempts to use the sound to control the voice.

Strategies that speakers employ are, then, one line of
evidence that undermines an auditory-feedback monitor
ing account of speech control. A second line of evidence
that argues against DAP's offering support for auditory
feedback control is that the delayed signal need not be
speech in order to produce the sort of disruption noted
(Howell & Archer, 1984; Howell, Powell, & Khan,
1983). Thus, Howell and Archer (1984) reported that
when a nonspeech sound was substituted for the delayed
speech sound in a DAF task, time to read a set list of
vowels (performance time, or PT) peaked at a delay of
about 200 msec, as is usually found with speech. No
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difference was found in the PT function across delays be
tween speech sounds and nonspeech sounds when the level
at the headphones was the same. The nonspeech sounds
could not be used for speech control, and so the distur
bance must have occurred for some other reason.

Howell et al. (1983) proposed that the fact that disrup
tion caused by speech and nonspeech is equivalent and
peaks at a delay ofabout 200 msec is due to the relation
ship between intensity changes at a segmental level and
syllables (Fant, 1959). Under DAF, the modulation in in
tensity of the delayed signal is out of synchrony with the
current speech. The speaker is producing one rhythm and
hearing a different one, and this may cause disruption in
performance. If this asynchrony between the rhythm pro
duced and the rhythm heard is the cause of poor speech
control, then, providing that the disrupting sound has the
same rhythm as the delayed speech (as it does in the ex
periments of Howell & Archer, 1984, and Howell et al.,
1983), no difference would be expected between perfor
mance with speech and that with nonspeech.

According to Howell et al. (1983), maximum disrup
tion occurs at a delay of 200 msec because syllables are
about 200 msec in duration. Thus, at this delay, the
delayed sound will begin at the point at which the current
syllable is finishing. Howell et al. cited evidence to sup
port the view that two rhythms that stand in this relation
ship are particularly difficult to perform. For example,
hand-bell ringers have difficulty when they have to
produce rings sequenced so that at the offset of a ring by
one player, the ring of another player occurs.

Thus, the nonspeech substitution studies show that per
formance under DAF of speech is determined by the
speech's producing a disruptive rhythm, and it is where
the disruptive rhythm starts, not whether it is possible to
use this sound for feedback control, that determines the
disturbance of performance. The strategies employed to
circumvent the effects of DAF (speaking louder or wait
ing for the bit that sticks out beyond the end of a syllable
to finish) could be adopted by speakers whether the dis
turbing sound is speech or nonspeech,

In sum, subjects in DAF experiments employ
strategies-such as choosing what voice level to use and
waiting for the delayed sound to finish before starting the
next-that are incompatible with feedback-monitoring ex
planations. Also, it appears that it is where the delayed
signal occurs, relative to the end of each syllable, that
determines the disruption of performance.

In the experiment reported here, the strategy of wait
ing for a sound to finish before starting the next was ex
amined when the delayed sound was speech and when it
was nonspeech; the time to read a standard list under
different delays was measured for both speech and non
speech when the duration of the delayed sound was ad
justed so that it lasted for different lengths of time.

The following predictions were made concerning the
disturbance function that relates delay to the amount of
time to read a standard list: If speakers adopt the strategy
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of waiting until the delayed speech has ceased after each
syllable spoken, then disturbance should vary with the
length of the sound protruding beyond the end of each
syllable. For a particular stimulus duration, the distur
bance function should show maximal disruption when the
delayed sound starts to increase in intensity at the point
at which the current sound is dropping to its minimum.
Thus, for all stimulus durations, a peak should occur at
a delay of about 200 msec, because, as discussed earlier,
the intensity of sounds is related to the structure of sylla
bles. For a given stimulus duration, the height of the peak
at a delay of around 200 msec should decrease as dura
tion of the delayed signal decreases. Finally, and again
as detailed above, equivalent disturbance should be ob
served whether the delayed sound is speech or nonspeech.
A traditional feedback account would predict that when
the delayed sound is altered (i.e., when it is shortened,
or when nonspeech is substituted for speech), it cannot
be used for feedback control, so that the usual findings
observed with DAF of speech-in particular, the distur
bance function with a peak at a delay ofabout 200 rnsec
should not occur.

METHOD

Subjects
The 16 subjects ranged in age from 18 to 25. For 8 subjects,

speech sounds were presented after a delay; the other 8 subjects
heard nonspeech after the specified delay. In each group, 6 sub
jects were male and 2 female.

Materials
Lists of the vowels IiI and luI were employed. Each list consisted

of a total of 50 vowels; IiI and luI occurred 25 times each. The
sequences were also controlled so that all possible 3-tuples occurred
equally frequently over a list of 50 vowels. This ensured that no
aspects of the lists made some easier than others. A total of 30 lists
were prepared.

Apparatus
The experimental manipulations were the delay of a sound, the

truncation of the delayed sound, and the substitution ofa nonspeech
sound for the normal-length or truncated speech sound.

The speech to be delayed was transduced by a Beyerdynarnic
microphone held 20 em from the speaker's mouth. This speech was
amplified, low-pass filtered at 3.5 kHz (48 dB per octave), and led
to a PDP 11/10 computer, which was programmed to operate as
a variable delay line. The computer delayed the speech by digitiz-
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ing it at a lO-kHz rate and outputting the samples through one of
the AID outputs (also at 10 kHz) after the specified delay. The output
was filtered (again at 3.5 kHz and with a filter roll-off of 48 dB
per octave), amplified, and led to the speaker's ears, where it was
heard over AKG K120R headphones. The delays employed were
0, 100, 150, 200, 250, and 300 msec.

The speech was truncated by creating a gating waveform from
the delayed speech. The first step in creating the gating waveform
was to obtain the syllable envelope. As already observed, intensity
fluctuations in speech are associated with syllables: intensity starts
to rise at the onset of the syllable, reaches a maximum at the sylla
ble nucleus, and falls off at the end of the syllable. The envelopes
of the syllables were obtained by passing the speech through a
Fonema speech signal rectifier and low-pass filtering at 50 Hz (a
roll-off of 48 dB per octave was used). For the envelope to be used
as a gating function, the gate has to open at the point where the
experimenter wishes to switch on the sound. In the present experi
ment, because the opening of the gate occurred at the delay speci-
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fied by the delayed speech output from the computer, the delayed
speech was led to the envelope-detectingroutine. The delayed speech
was available from a parallel output in case a delayed portion of
the speech was to be gated on and off (see below).

To produce the offset gating function, it is necessary to control
when the offset occurs. Therefore, the envelope was obtained, as
for the onset-gating function, and was then inverted with a purpose
built unity-gain inverting amplifier. Thus, when the original gate
opens (as specified by the intensity envelope of the syllable) the
inverted gate closes, and vice versa. Now, if the inverted envelope
is delayed relative to the intensity envelope to be used as the on
gate, and the two gates are multiplied together, a gating function
is obtained that is open for the duration specified by the time inter
val between the two envelopes. The offset gating function has to
be delayed by the delay required before speech starts plus the du
ration that is required for the sound's onset. This was done by the
computer, using the same logic as for a simple delay; the speech
with the delay required for the offset gate was put out of a different
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Figure 2. Mean SPL over subjects as a function of delay (in milliseconds)
for the subjects who beard speech in the experiment. Delay is along the ab
scissa and SPL along the ordinate. Connected points come from conditions
in which the delayed speech SOllDd had the same duration (the duration can
be identified from the symhollabeled in the inset).
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A/D converter. The delays on this channel were chosen so that
sounds 200, ISO, 100, 50, and 25 msec in length occurred at all
the delays. The steps employed in producing the gating waveform
are summarized in Figure I, along with diagrams indicating what
each step achieves in producing the gating waveform.

Once the gating function is available, the speech can be switched
on for the required length of time by multiplying the gate with the
speech. The speech and gate at onset always had the same delay
in the present experiment. Thus, if speech was to be delayed by
200 msec and to last for 100 msec, the onset envelope was delayed
by 200 msec and the offset envelope was delayed by 300 msec to
produce the gate. The speech was then delayed by 200 msec,
switched on after the 200-msec delay, and switched off 100 msec
later by the gating envelope.

To substitute a nonspeech sound for the delayed speech and to
give it a specified duration, the gate was created in exactly the same
way as for the speech. The difference was that this gating envelope
was used to switch on a nonspeech sound. The nonspeech sound

was a triangular wave from a signal generator and the generator
was running at a constant 100 Hz throughout. The speech and non
speech sounds were calibrated by sustaining a vowel at 70 dB SPL
into the equipment and adjusting the gain.

Procedure
The subjects were assigned at random to either the group that

heard speech or the group that heard nonspeech. Apart from the
nature of the sounds, the procedure for the two groups was exactly
parallel. Order of delays was randomized across subjects. Once the
order of delays was established, the subject would perform in all
conditions with that delay, but the sounds involved would vary in
duration. The duration orders were randomized both within and
across subjects.

Once a delay-and-duration condition was established, the sub
ject was given one of the 50-vowel lists. He/she was requested to
read the list as fast as possible without making errors. The task
is simple enough so that this requirement is not demanding, and

78

77

76

75

-oJ 73no
(/)

~72

71

NON SPEECH

p

,
" ,f:j',,

:t:s ~

" /', ,, , '

i.c..»:
" : II '

",: /'
I '

/ .:'1
, ,
'd :'

~:9t~I~UIUS
__ 200ms

c>--o 150ms

66 100ms

_ .. SOms

__ 25ms

200
Delay(ms)

300
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SPEECH

Figure 4. Mean performance time (in seconds) over subjects as
a function of delay (in milliseconds)for the subjects who heard speecb
in the experiment. Delay is along the abscissa and performance time
along the ordinate. Connected points come from conditions in which
the delayed speech sound had the same duration (the duration can
be identified from the symbol labeled in the inset).

that the peaked form of the-disturbance function that is
usually reported occurred.

It was predicted that if speakers employed the strategy
of waiting for the delayed sound to finish before com
mencing on the next stretch of speech, disturbance should
vary with the duration of the delayed portion. This hap
pened, as inspection of the figures shows. In the analysis
of covariance, there was a significant effect of duration
of the stimulus [F(4,55) = 57.6, p < .0001]. Perfor
mance time increased systematically with duration of the
delayed sound. There appeared to be little (if any) altera
tion in the location of the peak. This supports the view
that there is something especially disruptive about a sound
that starts at the point where the speech of the speaker
drops in intensity (i.e., sounds that start just after a speaker
has completed a syllable are the most disruptive to per
formance). Although delays of around 200 msec are the
most disruptive for all delayed sound durations, there are
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RESULTS

it has the advantage of avoiding the complications of trading ac
curacy for speed. The subject read the list into the microphone,
which, as stated previously, was held at a distance of 20 ern. The
experimenter monitored the speech and if an error was made, the
subject was given a different list and asked to try again at the same
delay and with a sound of the same duration. This was necessary
less than 5 % of the time, and on no occasion did a speaker have
to read under any delay and duration condition more than twice
before performing successfully.

The other measure taken was sound pressure level (SPL, obtained
from a Briiel & Kjaer Sound Pressure Level Type 2203 meter with
a B weighting). The microphone of the meter was positioned at a
distance of 20 cm from the speaker and the experimenter read the
peak value reached within each list. This was necessary because
differences in voice level within and across speakers affect perfor
mance time (see the introduction).

The mean SPLs across delays are shown in Figures 2
and 3 for the speech and nonspeech conditions, respec
tively. The connected points represent conditions in which
the sounds were of the same duration; the delays are given
on the abscissas. For each type of material (and for all
stimulus durations), SPL increased with increasing de
lay. In addition, and again this appears to apply to condi
tions employing both types of material, SPL increased as
the duration of the delayed sound increased. These find
ings differ somewhat from other reported data (usually,
as stated in the introduction, an asymptotic function is
found). The reason for this discrepancy is probably that
the maximum delay employed here was only 300 msec.

As noted, differences in voice level across conditions
can affect the amount of time needed to read a list (Howell
& Archer, 1984; Howell et al., 1983). The PT data were
analyzed by analysis of covariance so that the effects of
level (the covariate) were removed. The factors in the
analysis were materials (speech or nonspeech, a between
groups factor), delay (0, 100, 150, 200, 250, and
300 msec), and duration of the delayed segment (200,
150, 100, 50, and 25 msec). The mean PTs across de
lays, after removal of the effects of level for different du
rations of the delayed portion, are shown in Figures 4 and
5 for speech and nonspeech, respectively.

These data show that the disturbance function of the
group of subjects that heard nonspeech after a delay was
similar in form to that of the subjects who heard speech.
This was supported by the analysis of covariance, as no
statistically significant differences between the groups oc
curred. The functions over delay were peaked, and the
peak occurred at a delay of around 200 msec for all du
rations of the delayed sound. The peaked form of the func
tion was assessed by analysis of the delay effect. The de
lay effect was significant [F(5,69) = 16.28,p < .0001],
and the parabolic form of the function was indicated by
the highly significant effect of the quadratic term when
an orthogonal breakdown was performed [F(1, 13) =
55.69, P < .0001]. These analyses show that subjects
responded similarly to delayed speech and nonspeech, and
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Figure 5. Mean perfOI"lJUUlCe time (in seconds) over subjects as
a function of delay (in milliseconds) for the subjects who beard non
speech in the experiment. Delay is along the abscissa and perfor
mance time along the ordinate. Connected points come from condi
tions in which the delayed nonspeecb sound bad the same duration
(the duration can be identified from the symbol labeled in the inset).

In brief, our interpretation of the present findings is that
the peaked disturbance function on time occurs whether
the delayed sound is speech or a nonspeech triangular
waveform. When the delayed sound is truncated, the func
tion still peaks at the same delay, although the peak is
reduced as duration decreases.

differences in the disturbance function for different du
rations of the delayed sound. In particular, the disturbance
functions are less peaked when the delayed section is
short. This was shown in the analysis of covariance by
a significant interaction between delay and level
[F(20,279) = 17.78, p < .0001], which, on orthogonal
breakdown, showed a strong effect of the quadratic com
ponent of delay with the linear component of duration
[F(I,13) = 92.75, p < .0001].

DISCUSSION

(Manuscript received April 10, 1986;
revision accepted for publication January 30, 1987.)

Taking the speech-nonspeech equivalence first, this
undermines a feedback-control explanation of the effects
of DAF: The nonspeech sound cannot be used for feed
back control of speech, yet it produces the same effects
as DAF of speech. Thus, the disturbance under DAF must
occur for some other reason. Indirectly, the experiment
offers support for Howell et al. 's (1983) account of the
effects of DAF; thus, the important factor that determines
what disruption will occur is where a sound occurs, rela
tive to its intrinsic rhythm, rather than whether the sound
is speech or not.

The variation in the amount of disturbance with the du
ration of the delayed component is consistent with the
speaker's adopting a strategy of waiting for the delayed
component to finish before proceeding with another
sound. On this account, the longer the sound, the longer
the speaker would have to wait. One factor introduced
into the interpretation of this strategy is that waiting oc
curs relative to the syllable. This is justified by the fact
that syllables specify the intensity variation in speech, and
speakers would naturally adopt a strategy relative to some
feature in speech that signifies the start and end of varia
tions in intensity of speech. This does not, of course, im
ply that the syllable has some preeminence as an articula
tory control unit, only that intensity varies with this unit.

Taken together, the strategic factors and speech
nonspeech equivalence indicate that studies of the effects
of DAF have little significance for accounts of speech con
trol that hold that the auditory feedback route is used to
check that speech is progressing correctly. In tum, where
these explanations have been applied to practical uses of
DAF (such as in the treatment of stuttering), reappraisal
is required.
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