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The effect of duration on the relative
detectability of brief tonal bursts
and gaps in the tone
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It is known that a burst of tone in noise is easier to detect than an equal duration gap in the
same tone. A theory of temporal summation (Irwin & Kemp, 1976) predicts that the difference
in detectability should decrease if the duration of the events is increased. A forced-choice experi-
ment was performed with two durations (25 and 200 msec) and E/no held constant at 15 for bursts
and 30 for gaps. As predicted, results showed shorter duration events to differ more in detect-

ability than longer ones.

It has been shown that a brief gap in a continuous tone
is less readily detected than a brief tone burst (Gilliom
& Mills, 1976; Irwin & Kemp, 1976; Schulman, 1971).
If the durations of burst and gap are equated and the fre-
quency of the tone and level of masking noise are kept
constant, then the level of the tone surrounding the gap
must be about 3-4 dB greater than that of the tone burst
in order to obtain equal detectability.

The phenomenon by which the detectability or loud-
ness of a brief tone burst increases with its duration is
known as temporal summation and is generally believed
to arise from the occurrence of an active summation pro-
cess in the auditory system (e.g., Garner & Miller, 1947,
Zwislocki, 1969). It is attractive and parsimonious to hy-
pothesize that the difference in detectability between bursts
and gaps also arises from a summation process, and in
fact Irwin and Kemp (1976) have proposed a model of
temporal summation that predicts reasonably well exist-
ing data on the detection of bursts and gaps. This paper
examines and evaluates an experimental prediction that
can be derived from their model.

The model, which is illustrated in Figure 1, assumes
a running average, expressed by the integral

y® = |7 x(mw—nydr, o))

to be performed at some point in the auditory system.
The weighting function is given by w(t—7) = ¢ ¢~ 7,
where « is a time constant, equal to 5 s™'. The input to
the running average is assumed to take the form
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x(t) = A+Be™" when the tone is turned on;
x(t) = 0 when the tone is off. ()]

This form of x(t) mimics the response of the auditory
nerve to a constant tone. The transient response, Be™?,
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Figure 1. Illustration of Irwin and Kemp’s (1976) model of why
bursts of a tone are more readily detected than gaps in it. The top
line shows the tone levels pertaining to the two kinds of event as
a function of time. The second line shows the resultant x(t) for the
events (see Equation 2), and the third line shows the (common)
weighting function. The final line shows the resulting y(t) function
after convolution. Note that Ay(D) for the burst is bigger than Ay(D)
for the gap (Equations 3 and 4); hence the burst should be more
readily detected.
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is assumed to occur only to tone bursts and not as the tone
is switched on again after a brief gap. When the output
of the running average, y(t), is evaluated at the end of
a tone burst of duration, D, the maximum change in y(t),
Ay(D), is given by

B
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Ay(D) = %(1-5‘*") +
3)

When the running average is evaluated at the end of a
tone gap of duration, D, the maximum change in y(t),
Ay(D), is given by

ay®) = 2 -7y, @

The detectability of a burst or gap is assumed to be
monotonically functionally related to Ay(D). Differing de-
tectability of bursts and gaps then arises because of the
difference betwen Equations 3 and 4 and because, for any
positive constants, B, A\, and «,
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is greater than or equal to zero. Essentially, the model’s
prediction of a difference in detectability between bursts
and gaps arises because of the transient response to the
onset of the burst. The difference between Equations 3
and 4 arises mathematically from the Be™" term in the
burst input function, x(t) = A+Be™. Clearly with in-
creasing time, this transient response becomes less im-
portant because the relative contribution made by Be™
to x(t) decreases with t. Consider two bursts of unequal
duration. If the burst is short, the contribution of the tran-
sient response will be relatively large; if the burst is long,
the contribution will be relatively small. The effect is en-
hanced when the weighting function is considered be-
cause, for the longer burst, the recent input, when the con-
tribution of the transient is relatively least, is maximally
weighted, and the x(t) response at sound onset is weighted
least. The implication of this reasoning is that one should
expect the difference in detectability between gaps and
bursts to decrease if the duration common to both types
of event is increased.

Irwin and Kemp’s data show some slight indication of
this effect in that, at a duration of 200 msec, gaps with
a signal-power to noise-power-per-cycle ratio (P/No) of
300 sec ~! were more readily detected on average than
bursts with P/N, equal to 150 sec ~, but this result was
reversed for briefer durations (Irwin & Kemp, 1976, Fig-
ure 2). Most of the data, however, do not test this expec-
tation: Irwin and Kemp generally kept P/N, constant and
varied duration. Under these circumstances, the detect-
ability of both bursts and gaps increases with duration,
and differences in their relative detectabilities are ob-

scured. The present experiment sought to make differ-
ences in detectability more noticeable by holding the sig-
nal energy to noise-power-per-cycle ratio (E/N,) of the
bursts constant, because, in this case, the detectability of
the tone bursts should remain approximately constant
(Garner & Miller, 1947; Green, Birdsall, & Tanner,
1957). E/N, for the gaps, defined here as the tonal energy
missing in the gap as a ratio of the noise power per cycle,
was also held constant, and gap duration was varied. The
level of the tone surrounding the gaps was set 3 dB above
the level in the comparable bursts to obtain roughly com-
parable detectabilities of the two types of event.

METHOD

Subjects
Six subjects with normal hearing served in the experiment.

Apparatus

The event to be detected was either a tone burst or a gap in a tone.
A 1-kHz tone was generated and switched on and off with a rise-decay
time of 1.7 msec. After attenuation, the tone signal was electronically
mixed with a continuous white noise whose 3 dB bandpass (Krohn-Hite,
model 3550R) was set between 100 and 5000 Hz (giving an equivalent
rectangular bandwidth of 5028 Hz) and whose level was set to 56 dB SPL.

The sound was presented monaurally by means of a TDH-39 earphone.
Subjects sat in a sound attenuating chamber and responded by pressing
buttons. The timing of the experiment was controlled by a micro-
processor.

Procedure

Subjects were required to detect events using the two-alternative forced-
choice procedure. In each trial, the event to be detected occurred with
equal probability in one of two intervals, marked for the subject by lights.
Trials were given in blocks of 100 with four blocks, each of a different
experimental condition, being given in each session; within each block
the stimulus parameters were unchanged. Subjects listened to two types
of events, bursts and gaps that lasted 25 or 200 msec. E/N, was main-
tained at 15 for the burst and 30 for the gap conditions. There were
four experimental and one or two practice sessions for each subject;
this yielded 400 trials per experimental condition per subject.

RESULTS AND DISCUSSION

In Table 1, the percentage of correct responses is given
for each subject and experimental condition. Analysis of
variance on the results showed a significant main effect
of duration [F(1,5) = 51.6, p < 0.05], but not of event
type [F(1,5) = 1.30, n.s.]. These main effects are not
of particular consequence here in view of the different
E/N, for burst and gap events.

Table 1
Percentage of Correct Responses for Each Subject and
Experimental Condition Averaged over 400 Trials

25 msec 200 msec
Subjects Burst Gap Burst Gap
1 91.5 85.8 75.0 89.0
2 89.0 88.0 78.0 78.8
3 92.8 88.5 85.3 81.0
4 91.3 85.8 82.5 84.8
5 81.0 55.8 64.5 53.0
[ 81.3 74.3 71.5 75.8
Average 87.8 76.1 79.7 77.0




The important result is a significant interaction between
event type and duration [F(1,5) = 8.81, p < 0.05]. For
the shorter duration, bursts were much more readily de-
tected than gaps; when the duration was 200 msec, how-
ever, the difference in detectability was greatly reduced.

The result of the experiment clearly confirms the predic-
tion derived in the introduction. Increasing the duration
of both burst and gap events reduces the difference in de-
tectability between them, as was predicted by Irwin and
Kemp’s (1976) model. Thus the result can be seen as sup-
porting the existence of processes of temporal summa-
tion in the auditory system.
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