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THE EFFECT OF RATE OF OFFSET OF QUANTAL SIGNAL ENVELOPES 
ON THE DIFFERENTIAL SENSITIVITY FOR INTENSITY 

OF ACOUSTIC INCREMENTS AND DECREMENTS

CHAPTER I 

INTRODUCTION

For well over a century the difference limen for intensity has 
been studied in various ways* As a result, numerous indexes of differ
ential sensitivity to intensity have emerged. That is, for this particu
lar aspect of sensory discrimination, there are as many difference limens 
as there are studies that have measured them. These indexes were obtained 
by measuring the relative difference limen for intensity (DLI), which is 
the relative magnitude in dB of intensity change that a person is just 
able to perceive as a change in loudness. Of the factors known to influ
ence the size of the DLI, only a few have been explored in depth. This 
investigation has studied one such factor, that of the effect of rapid 
onset and offset and the effect of rapid onset and gradual offset on the 
IX.I for increments and decrements.

Only three of all the studies reporting measurements of differ

ential sensitivity for intensity, directly report the relationship between 
the size of the DLI for increments (DLIjĵ g) and the size of the DLI for 
decrements (DLIjĝ ). In one of these studies, by Harris (7), in which
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the Loudness-Memory Method was used, it was found that the was
smaller than the In the other two studies in which the Quantal
Method was used, Anderson (l) and Churcher, King and Davies (3), It was 

also found that the size of the DLÎ nc was smaller than the DLÎ ĝ . How
ever, Anderson reports that after about ten days of practice the differ

ence between the size of the DLÎ nc the DLIjg^ tended to disappear.
A basic difference exists between the signal envelopes and the 

two methods of signal presentation used in these studies. The signal en
velopes are represented diagrammatically in Figure 1. The method of sig
nal presentation in the first study, by Harris, consisted of standard and 
variable signals with no intervening interval. The intensity of the var

iable signal was either abruptly increased or decreased relative to the 
standard signal. Upon termination of the two signals, the subject judged 
whether the variable signal was louder or softer than the standard sig
nal. This study revealed that normal hearing listeners were more sensi

tive to increases in intensity (DLIjp^-variable signal increased) than 
decreases (DLI^gg-variable signal decreased), i.e., the DLI for incre
ments was smaller than the DLI for decrements. In the study by Anderson, 
the signals consisted of either a short duration increment or decrement 
of noise superin ôsed on a steady background of noise. The signal enve
lopes of the increment or decrement consisted of an abrupt onset succeeded 
by an abrupt offset. Her study also revealed that normal hearing listen
ers were more sensitive to increment than decrement changes but vdien the 
listeners were sufficiently trained they nearly became equally sensitive 
to both. The basic difference between the two signal envelopes lies in 
the fact that, in the Loudness-Memory Method, the subject received an



Figure 1. Signal envelopes for the Loudness Memory Method used by Harris (6) and the Quintal 
Method used by Anderson (l). Envelopes A are increment conditions and envelopes B are decrement con
ditions. Solid and dotted lines in Loudness Memory signals, used by Harris, indicate that signal 
translation was accomplished in either of two ways not reported by Harris.



B.
V

LOUDNESS MEMORY METHOD 
(no interstimulus interval)

<
VA >

QUANTAL METHOD

n n4 - n_j onset ( offsetu 1 L J
B /7. n Il n _\



5
intensity change with either onset or offset information for his louder 
or softer judgement, respectively. Whereas in the Quantal Method, the 

subject received an intensity change with both onset and offset informa

tion in both the increment and the decrement. It is possible that the 

reason Anderson found a disappearance of the difference between DLI^nc 
and DLIjec is that, with training, her subjects learned to detect the 
offset intensity change of the decrement, which is actually an increase 
in intensity. The aggregate of prior DLI results and this explanation 
for Anderson's findings support the contention that the differential sen
sitivity of the normal auditory system is more sensitive to an increase 
in intensity than to a decrease in intensity. It is further hypothesized 
that, if the differential sensitivity were measured by the Quantal Method, 
a larger DLI would emerge for a decrement having an abrupt onset and a 
very gradual offset as compared to an increment or a decrement with both 
an abrupt onset and an abrupt offset.

The impetus for the present study was created by the scarcity of 
available information about the normal auditory mechanism concerning dif
ferential sensitivity for incremental and décrémentai changes in inten
sity and the author's belief that differential sensitivity for increments 
and decrements that contain a rapid increase in intensity will be greater 
than the differential sensitivity for decrements without such a rapid in

crease in intensity.
The following chapter is devoted to a review of the literature 

pertinent to factors influencing the relationship between the size of the 
DLI for increments and decrements as well as other studies which pertain 
to the requirements of designing an experiment to test the preceding hy
pothesis.



CHAPTER II 

REVIEW OF LITERATURE 

Introduction
When the intensity level of a pure-tone or a complex noise is 

varied sufficiently for an observer to detect a change the resultant ef
fect is primarily a change in loudness. It would seem, therefore, a sim
ple matter for an experimenter to measure the ability of the human ear to 
detect these changes of loudness by presenting various sized changes in 
intensity to a group of observers and then calculating their difference 
limen for intensity from their response to these changes. However, a 
study of previous investigations of differential sensitivity to intensity 
indicates that the relative DLI values obtained lack considerable agree
ment and appear to depend, to a large extent, on many experimental vari
ablê . Harris (8) points out that one of the most significant experimen
tal variables that affects the size of the DLI, and one most relevant to 
the present study, is the shape of the signal envelope used with differ
ent methods of signal presentation.

Methods of Measuring Differential 
Sensitivitv to Intensitv

In a 1963 monograph, Harris (B) recognizes three primary audi
tory abilities in loudness discrimination that are measured with differ
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ent methods of presentation, each possessing a differently shaped signal 

envelope. These methods are* Loudness-Modulation, Loudness-Memory, and 

Loudness/Masking.
Loudness-Modulation is a pattern which . . is clearly con

cerned exclusively with amplitude modulation ..." (8) (i.e., a signal 
whose amplitude is continuously changed about two or three times per sec
ond).

Loudness-Memory, on the other hand, is concerned with a loudness 
judgement of two closely separated signals. Harris states, "The critical 
features are a combination of memory plus a pure-tone stimulus" (S).

Loudness/Masking includes signals ". . . of noise-in-noise as 

well as of pure tones in a variety of noise backgrounds; . . .  an increment 
in a steady-state tone . . . being the purest example of the Loudness/ 
Masking Factor" (S).

While recognizing that numerous investigators, studying loudness 
discrimination, have sampled at least these three primary auditory abil
ities, Harris summarizes their findings in three general statements. 
First, normal hearers show (in some investigations very slightly) a de
crease in the size of the DLI as the overall stimulus level increases. 
Second, the size of the DLI varies with the frequency of the stimulus 
(only slightly affected by tasks involving Loudness-Memory). Third, the 
magnitude of the IX.I is affected by a multitude of factors, such as* ex

perimental conditions, including psychophysical method, auditory pathol
ogies, and again of utmost concern to this investigation the configura
tional details of the signal envelope.

In reviewing the various methods of presentation in use for mea-
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suring differential sensitivity to intensity, the question arises as to 

whether or not these methods can be adapted to satisfy the requirements 
for this investigation. It is with this question in mind that the fol

lowing resume of methodologies is presented.

Loudness-Modulation Method
Riesz (27) was one of the first to measure loudness discrimina

tion with the use of sinusoidal loudness-modulation. In order to over
come objections to transients in previous work by Knudsen (13), Riesz 
arranged two signals separated in frequency by three Hz. At equal inten
sities the two signals produced a clear three Hz beat. To measure the 

difference limen, the experimenter simply fixed the level of one signal 
and varied the level of the other. The smallest beat which the subject 
could detect was recorded and a ratio calculation was made of the differ

ence in intensity between the two signals (̂ I).
Using the sinusodial beat technique, Riesz and Harris (S) found 

that the difference limen decreased from approximately 3 dB at 5-dB SL 
to .4 dB at 60-dB SL. However, the DLI was quite unaffected by frequency 

changes.

With this method, the intensity of the conqposite signal changes 
sinusoidally at a rate which is dependent upon the frequency difference 
between the two signals feeding the earphone. Because of the frequency 
difference between the two signals, their phase relations constantly 
change. When they are ̂  phase with each other, an intensity increase 
results (increment). When they are out of phase with each other, an in
tensity decrease is produced (decrement). Due to this constantly chang
ing phase relationship between the two signals, separate DLI measurements



for increments and decrements*would be most difficult to obtain, since 
the times of occurrence of increments and decrements could not be con
trolled or easily specified. Therefore, a sinusoidal modulation method 
is not well suited for studying differential sensitivity for increments 

and decrements separately.
Similar difficulty would be encountered if one were to attempt 

to carefully control an increment or a decrement change, if the intensity 

change were modulated rather abruptly. Luscher and Zwislocki (l7) used 
such a technique which is commonly referred to as trapazoidal modulation. 
They established norms of detectable modulation for intensity, expressed 
in percent, for normal listeners and patients with different types of 
auditory pathology. Other studies using variations of this pattern for 
similar purposes are those of Lund-Iverson (16) and Jerger (lO).

Loudness-Memory Method
The two techniques described thus far have in common a tone 

whose amplitude is continuously changing approximately three times per 
second. But, Hirsh and his colleagues (9) state, "According to most def
initions of the DL for intensity, a listener should compare two tones 

that differ with respect to intensity and judge whether they have the 
same or different loudness." The Pure Tone Loudness-Memory Method where 
two stimuli are compared, one following the other, is the method of con
stant stimuli in its classical form.

Normal data for such judgements have been provided by Dimmick 
and Olson (5), by Garner and Miller (6), by Montgomery (22), by Denes and 
Naunton (4), by Harris (7), by Hirsh, Palva and Goodman (9), and by 
Harris (S). The size of the relative DLI of all these studies, except
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Harris (8), demonstrate much larger intensity difference limens at equal 
sensation levels than the amplitude-modulation techniques. Harris (8), 

however, found that under optimal conditions (forcing a subject to make 
a choice of 'louder'-'softer') the size of the DL for paired comparisons 

Is very closely the same as that for amplitude-modulation. "There Is no 
effect of frequency . . .  from 125-6000 Hz . . . and ... there is lit
tle effect of overall loudness except at the very weakest SL (5 dB)."

Typically with the Loudness-Memory Method a reference tone is 
presented first, followed by a brief period of silence and then a compar
ison tone. As such, this method Is also unsulted to the present study 
since both the reference and the comparison tone are turned on and off 
separately with a period of silence between them. Therefore, it would 
be difficult to study the effect of rapid onset and offset and of rapid 
onset and gradual offset on the size of the difference limen for incre
ments and decrements with the Loudness-Memory Method.

The Loudness-Memory Method with no interstimulus interval be
tween the reference and comparison tones (7) is similar to a Quantal sig
nal envelope. The Quantal Method, which was the basic method used in 
the present study, will be discussed in the following sections.

Loudness/Masking Method 
According to Harris (8) one of the purest ways of sampling the 

Loudness/Masking factor is through the use of pure-tone increments in a 
steady-state tone. In 1941, this technique was described by Stevens, 
Morgan and Volkman (28) as the Quantal Method. This method has two dis
tinct features: first, each stimulus is a brief intensity change in a
steady-state signal without an intervening interval. Second, instead of
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a single variable stimulus, a number of increments or decrements are pre
sented consecutively and the subject reports perceived loudness changes.

Suggested in the theory on which the Quantal Method is based, 
is the notion that the DLI depends tqjon the activation of discrete neural 
units. Stevens and colleagues presented evidence, derived from the shape 
of the psychometric function, to support the assimption that the basic 
neural processes mediating a discrimination are of an all or none char
acter. Their argument is presented in the following way:

"we assume that the neural structures initially involved in the 
perception of a sensory continium are divided into functionally 
distinct units. . . .  The stimulus which excites a certain num
ber of quanta will ordinarily do so with a little to spare —  it 
will excite these quanta and leave a small surplus insufficient 
to excite some additional quantum. This surplus stimulation will 
contribute, along with the increment, 6l, to bring into activity 
the added quantum needed for discrimination. . . .  If fluctua
tion (in sensitivity) is large compared to the size of the indi
vidual quantum, it is evident that over the course of time all 
values of the surplus stimulation will occur equally often.
. . .  From these considerations it follows that, if the increment 
is added instantaneously to the stimulus, it will be perceived a 
certain fraction of the time, and this fraction is directly pro
portional to the size of the increment itself."

Although this theory and method was developed almost thirty 
years ago, it has received little application until the last fifteen 
years. In experiments conducted by Jerger (ll) and Harris (8) both in
vestigators employed the Loudness/Masking, or Quantal Method to determine 
the intensity difference limen. Their stimulus pattern incorporated in
tensity increments, which occurred periodically in a sustained reference 
tone. A predetermined number of increments of the same size are pre
sented in a single run. By varying the increment size in successive runs 
and recording the percentage of correct responses in each run, a psycho
metric function for intensity differential sensitivity was computed.
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While exploring the effects of frequency, overall loudness and 

many other acoustic parameters, Harris (8) found that the size of the 

DLI with the Loudness/Masking Method agrees well with the other two Meth

ods. He found a very slight effect for low frequencies and the fact that 
the DLI is "strongly affected by overall loudness." The other acoustic 
parameters that were studied by Harris will be discussed in sections to 
follow.

In the review of the three primary auditory abilities of loud
ness discrimination (Loudness-Modulation, Loudness-Memory and Loudness/ 
Masking) the author has attempted to point out how each of these methods 
is highly dependent on different signal envelopes. Furthermore, it has 
been shown that the first two methods (Loudness-Modulation and Loudness- 
Memory) are not easily adaptable for use in the present study and that 
the Loudness/Masking Method (Quantal) is best suited for studying the ef
fects of both onset and offset on the differential sensitivity for inten

sity, such as is required for use in the present study.
In the section to follow separate consideration is given to DLI 

studies using: (l) the Loudness-Memory Method (two-tone signal pattern)
and (2) the Quantal Method. The former Method employs a signal envelope 
which produces only increase changes in intensity (increment) or only de
crease changes in intensity (decrement). The latter Method's signal en
velope consists of both an increase change in intensity succeeded shortly 
by a decrease change (increment) and a decrease change succeeded shortly 
by an increase change (decrement). See Figure 1.
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Studies on the Relation of Magnitude of the 

DLIinc and the DLIjec* Using a 
Loudness-Memory Method

As cited earlier, many studies of differential sensitivity have 

been conducted using a two-tone comparison or the Loudness-Memory Method. 

Most of these studies have measured the and the DLI^^^ but have

averaged the results of the two and reported a single value-DLI^nc-dec'

The few remaining studies have measured and reported separately the sen
sitivity of the normal auditory mechanism for intensity increases (DLÎ ĝ) 
and decreases (DLIŷ g). Only Harris (7), however, has directly reported 

the size, in dB, of the DLI for increments and decrements. Others have 
referred to the differences in sensitivity by the amount of judgemental 
bias of the second of two successive stimuli. This judgemental bias is 
referred to as the 'tirae-order-error' or the 'time-error.'

The 'time-error' has a long history in psychophysical research 

and is considered by Harris to be "the most pervasive of the constant 
errors involved in intensive discrimination ..." When the second of 
two successive stimuli exactly equal in energy is underestimated, the 
time-error is said to be positive. When the second stimulus is overes
timated the error is said to be negative.

The many studies on the time-error in intensity discrimination 
for pure tones have been reviewed by Needham (24). He states that the 
error varies with speed of stimulus presentation, inter-stimulus interval, 
interpolated material, practice and other conditions. Over the years 
there has been the suggestion that the problem of time-error has some 
bearing upon memory phenomena. Kohler (15) is one who takes exception 
to the memory theories. His explanation for the time-error is an effect



14
caused by a persistence of a physiological electrochemical "trace** at the 

cortical level left by the standard stimulus. In turn the standard stim
ulus influences the subject's judgement of the magnitude of the variable 

stimulus. Kohler went on to hypothesize that if a second stimulus is 
judged against a new higher level (produced by the 'trace' of the first 
stimulus) that the subject would underestimate the second stimulus (pos
itive time-error) by a contrast effect to his steady cortical level. If 

Kohler's hypothesis were true a positive time-error should be most prom
inent with very short or zero intra-stimulus intervals. This relation
ship is not borne out clearly by data reported in more recent literature.

Even though the time-error has been studied with inter-stimulus 
intervals (ISI) varying from 0 to 12 sec, only the very short and zero 
intervals are of concern to this study since the intensity changes in 
this study are immediate (without interval) and discrete.

In a DL experiment conducted by Postman (26), the effect of in

ter-stimulus intervals (0 to 6 sec) on the size of the DL was studied, 
using a two-tone comparison technique. He measured the DL for pitch and 
loudness (500-Hz tone and broad band noise) at three sensation levels 
(35, 55, and 75 dB) and reported the percent of time-error for each of 

these conditions. Postman reported, "There is no significant time-error 

for pitch and there is an appreciable, statistically significant time- 
error in the judgements of loudness." Postman's data shows that the 
smallest amount of time-error (positive) was present at the zero ISI 
(mean of 1%) for the 500-Hz tone and noise at all three sensation levels. 
The time-error rose to a positive 5 percent at a 2-sec ISI and dropped 
to a negative 5 to 10 percent for ISI's of 4 to 6 sec, respectively.
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As mentioned earlier, Postman does not report a separate DLI 

measurement for increments and decrements but an average DLI can be com
puted for the zero ISI. For a 500-Hz tone at 55-dB sensation level a 

DLI of .75 dB, was obtained.
As stated earlier, a time-error is present when the loudness of 

the second of two successive stimuli is overestimated or underestimated. 
Therefore, the time-error will produce a difference between the size of 

the DLI increment and the DLI decrement. A positive time-error produces 
a DLI increment larger than a DLI decrement. A negative time-error pro
duces a DLI increment smaller than a DLI decrement. The latter relation
ship seems to be supported by the results of the following studies.

In an experiment conducted by Harris (?), the course of the 
time-error in DLI measurements at 55-dB SL was studied, by varying the 
ISI from 0 to 1 sec. He used pairs of noise bursts of 1-sec duration and 
a method of constant stimulus differences (Loudness-Memory) with only a 
'louder* or 'softer' judgement permitted. Harris concluded there was a 
". . . strong tendency for the zero interval to produce a negative time- 
error. At longer intervals, this bias was practically absent." The neg
ative time-error for the zero interval resulted in a DLI increment (.183 
dB) smaller than a DLI decrement (-.806 dB). That is, the average sub
ject required a .183 dB increase in the variable signal (compared to the 

standard signal) to correctly identify a 'louder* change 75 percent of 
the time and a .806 dB decrease in the variable signal to correctly iden
tify a * softer * change 75 percent of the time.

A DLI increment of .183 dB and a DLI decrement of -.806 dB is a 
difference (disregarding sign) in sensitivity of the normal auditory
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mechanism of .623 dB. Table 1 illustrates the effect of inter-stimulus 

interval on the DLI for increments and decrements.

TABLE 1
THE EFFECT OF INTER-STIMULUS INTERVAL ON THE 

DLI FOR INCREMENTS AND DECREMENTS 
(Data taken from Harris (?))

Mean
DLI

Inter-Stimulus Interval

0 .1 .2 .35 .5 1.0 Sec

Increments +.183 +.671 +.518 +.508 +.476 +.466 dB

Decrements -.806 -.508 -.645 -.692 -.613 -.582 dB
Difference .623 .063 .127 .184 .137 .116 dB

Note the symmetry or lack of a difference between the DLI for 
increments and decrements for ISI's of .1 to 1.0 seconds. This finding 
indicates that there is very little effect, If any, on the loudness judge
ment of the second of two successive signals when the two signals are 
separated by .1 sec or more. Also, when two signals are separated by 
less than .1 sec there is a very strong tendency for the listener to over 

estimate the second stimulus (negative-time-error).
In keeping with Kohler's 'trace' theory, Zwislocki (31) has more 

recently hypothesized that a certain time interval is necessary for the 
con^lete cessation of neural activity after a stimulus has terminated.

He states that this time interval is on the order of .2 sec which is in 
the same time domain as considered for tenq)oral summation at threshold 
(21) and for full loudness at supra-threshold levels (2, 23).
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If, in fact, some neural activity persists after the termination 

of a stimulus, it appears from the literature just cited that it rather 
acts to summate with a closely following stimulus. A summation effect 

seems to produce an over-estimation of loudness of the second stimulus 
and/or a diminution in the size of the DLI increment and an enlargement 
of the DLI decrement. This summation idea is quite opposite to the line 
of reasoning by Kohler (underestimation by a contrast effect) who pre

dicted a positive time-error for short or zero ISI. As mentioned, the 
data published by Harris (?) does not support Kohler's contention.

Further support to the idea of residual neural activity present 
after the termination of a signal is borne out in-a study conducted by 
Pollack (25). He used a method of limits and obtained a DLI for decre
ments at 85-dB SPL. The DLI's were obtained by varying the intensity of 
repeated bursts of noise as a function of the duration of the interval 
between the successive bursts. The listeners heard 5 seconds of steady 

noise followed by 5 seconds of interrupted noise whereupon they were to 
detect a just noticeable difference in the two portions of noise. Pollack 
found that the just detectable decrement is "constant and independent" of 
intervals of successive noise bursts greater than 55 msec and proportion
ally increased as the interval decreases below 55 msec. That is, as the 
separation between the individual noise bursts was increased from 3 msec 
to approximately 55 msec the DLI decrement became smaller (1.7 dB to .5 
dB) and further increases in the separation of noise bursts had no appar
ent effect on the size of the DLI decrement. Pollack stated that:

"... if the persistence of auditory sensation to a previous 
burst has not cooq>letely subsided, then the direct effects of 
stimulation will be confused with the persistence of auditory 
experience from previous stimulation. Under these circumstances
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a larger differential in intensity will be necessary to insure 
detection of a decrement in intensity. The magnitude of dif
ferential, in turn is directly proportional to the level of per
sistence. However, if the persistence of auditory experience 
has completely subsided, we assume . . . there will be little 
effect on bursts of the same level ..."

Miller (18) employed several independent direct methods and with 
Taylor (20) several independent indirect methods, to measure the duration 
of the persistence of auditory sensation for white noise. The various 
methods all point to an estimate of 50 to 65 msec for the duration of 
auditory persistence. Pollack concludes, therefore, his method is but 
another indirect method for measuring the same phenomenon.

The time-error in auditory sensation has been shown to affect 

the loudness judgement of the second of two successive stimuli. Its ef
fect is most prominent when two successive stimuli are very close togeth
er (O to .1 sec). The phenomenon of auditory persistence is but one ex
planation for the apparent negative time-error for two closely separated 
stimuli. It also appears that since the time-error is negative (over- 
estimation) the auditory persistence of a prior stimulus acts to summate 
with a second stimulus. Consequently, detection by a listener of in
creases in intensity are necessarily smaller. By contrast, for detection 

of decreases in intensity, the decreases must necessarily be made larger.

Studies on the Relation of Magnitude of the 
DLIjnc and the DLIdec Using 

a Quantal Method
The same situation is true of studies measuring the DLI with the 

use of the Quantal Method as was true of those studies using the Loudness- 
Memory Method. That is, many investigators have obtained DLI measurements 
with the Quantal Method (l, 3, 8, 10, 28), but only two have reported sep
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arate measurements for increments and decrements. Following is a review 
of these two studies and their application to the present study.

In a study reported by Churcher, King and Davies (3), DLI mea
surements were made with two methods* first, a method of "discrete 
changes" (Loudness/Masking or Quantal Method) and second, a method with 
"cyclic changes" (Loudness-Modulatlon). Only the results obtained from 

the first method are of Interest to the present study since difference 

Ilmen measurements were taken for both Incremental and décrémentai 
changes. The second method merely obtained measurements for what was 
termed "the total change of Intensity which Is just perceptible."

Churcher and colleagues accomplished a smooth transition, from 

one Intensity level to another In 0.25 to 3 sec (i.e., the onset time for 
an Increment or a decrement varied from 250 msec to 3000 msec). The sub
ject had no Indication of vAxen to expect a change and was simply required 
to signal when an Increment or decrement occurred. The intensity was 
changed back to Its steady state over a period of 10 sec so that within 
an Increment series, the subject was sensible only to loudness Increases. 
Similarly, he was sensible to only loudness decreases within a decrement 

series.
In determining their DLI ("the just perceptible change"), the 

experimenter presented "roughly" 30 changes at one Intensity level. Then 
In random order, the subject was usually presented five increment or dec

rement sizes with the ultimate aim of finding approximately the 80 per
cent response point. That Is, four out of five correct responses "was 
sufficient as a minimum to record the change as recognized." With this 
measurement procedure they found that at equal sensation levels, "decre-
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ments were about half again more difficult to detect than increments." 
(See Table 2.) Note there is a rather large effect of over-all loudness 
on the size of the DLI.

TABLE 2
DLI 80% (IN dB) FOR INCREMENTS AND DECREMENTS OF AN 800-Hz TONE 

(Data taken from Churcher, King and Davies (3))

Sensation
Level

Increments Decrements
Mean Mean Deviation Mean Mean Deviation

10 2.10 .62 2.47 .89
20 1.53 .34 2.12 .82
30 1.26 .25 1.87 .54
50 1.08 .18 1.30 .12
70 .60 .12 .82 .12
90 .38 .10 .75 .17

Anderson (l) studied the differential sensitivity for intensity 
in a rather unique way. Her signals were either increments or decrements 
of noise of 200-msec duration at approximately 70-dB SPL (”.0032 V RMS"), 
in a continuous white-noise background. The listener's task was a two- 

alternative forced-choice task common in signal detection work. An in
crement or a decrement was presented in either of two judgemental inter
vals and the subject was to indicate in which of the two intervals an in
tensity change occurred. If the response was correct a green light 
flashed. The 75 percent response level was considered the DLI.

Anderson obtained the difference limen for intensity, monaurally.
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on 5 subjects over a period of 10 days. There was a marked difference 
in the size of the and the DLI^g at the beginning of the ten days
of testing. On the first day, the was approximately .3 dB and the
DLIjgg .8 dB. Over the ten days of testing there was a slight improve
ment in the sensitivity of increments but a much greater improvement in 
sensitivity for decrements. After the sixth day the difference in sensi
tivity between increments and decrements was reduced to about .15 dB, 

where the DLI^nc .2 dB and the DLIjgg was .35 dB.
Since the sensitivity for decrements improved to a greater ex

tent than the increments, Anderson suspected that her subjects were 
"missing out on the first part of the hole" (onset of decrement). She 
proceeded to test her hypothesis by presenting a simultaneous contralat
eral cue, with the idea that if the subjects knew when to listen they 
would be more attentive to the onset of the decrement.̂  Anderson found 
that her subjects when provided with a contralateral cue initially at
tained greater sensitivity for decrements than did the monaural listeners 
(without contralateral cue). In other words, the degree of learning for 
decrements was largely eliminated by the presence of a contralateral cue. 
Although, with the contralateral cue the differential sensitivity for 
both increments and decrements improved slightly over ten days of test
ing, a slight increment superiority still remained.

Since Anderson was able to nearly eliminate the increment supe
riority after extensive training and by cueing her subjects, it became of 
interest to this writer to study the differential sensitivity of incre
ments and decrements with both rapid onset and offset and increments and 
decrements with only a rapid onset and a gradual offset. It was felt
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that under these conditions, subjects could be trained to be equally 
sensitive to increments and decrements with both rapid onset and offset 
as well as to increments with rapid onset only. Decrements with just a 

rapid onset, and a gradual offset would display decreased differential 
sensitivity. This hypotheses, formulated for the present study, was de
rived from the idea that subjects listening to decrements with both rapid 
onset and rapid offset would learn to detect the rapid offset (an in
crease in intensity). Thus, the differential sensitivity would be equal 
for increment and decrement conditions that presented the subjects with 
a rapid increase in intensity. Differential sensitivity would deterio
rate for a decrement condition which did not possess a rapid increase in 
intensity.

The remainder of this review of the literature will be concerned 
with other factors that influence the magnitude of the DLI and their in
fluence on the experimental design of this study.

Other Factors Influencing the Magnitude of the DLI 
with a Quantal Signal Pattern and their Affect 

on the Experimental Design of this Studv
We have seen now that three separate auditory abilities exist 

in loudness discrimination; Loudness-Modulation, Loudness-Memory and 
Loudness/Masking. These three abilities are measured differently with 
respect to their method of presentation and signal envelope. We have 
also seen that with certain configurational patterns of the signal enve
lope, a difference exists in the sensitivity of the normal auditory mech
anism for acoustic increments and decrements. However, we have not con
sidered specifically some of the acoustic parameters of the Quantal-Type 
signal envelope that affect the magnitude of the DLI. Therefore, the
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remainder of this chapter will be devoted to the magnitude of the rela
tive DLI with respect to two acoustic parameters of the signal envelope; 

namely, duration and rise-fall time.
The most comprehensive study of the effects of duration and 

rise-fall time was conducted by Harris (8). He employed a 1000-Hz tone 
and a Quantal envelope (i.e., increments superimposed on a background of 
self-tone), but he had each of his listeners adjust the size of the in
crement to obtain his difference limen.

In studying the effects of duration on the over-all loudness, 
Harris used a constant 10-msec rise-fall time and showed a progressive 
improvement in the size of the DLI as the duration of the increment was 
increased from 20 to 300 msec. For increments longer than 300 msec (ip 
to 2000 msec) the DLI remained constant. By performing these DL measure
ments at a variety of sensation levels (5 to 80 dB), Harris found that 
the duration effect, while observable, is less pronounced for 40-dB sen

sation level and above.
Garner and Miller (6) found the DLI for two subjects to be still 

improving slightly for durations between 300 and 400 msec 'or 1000-Hz 
tone at 40-dB SL. A higher sensation level for a 1000-Hz tone was not 

tested. For a 500-Hz tone at 70-dB SL, an asymptote was reached between 
200 and 300 msec.

The information, available from Harris' data (i.e., asymptote 
in DLÎ q̂q, for 60-dB SL, at 150-msec duration and remaining constant to 
2000 msec) and data on duration of tenporal Integration at threshold (21) 
and for full loudness (2, 23), lead the author to obtain the DLI measure
ments in the present study at 60-dB SPL using a minimum signal envelope



24
duration of 200 msec.

In addition to the duration of the signal envelope, another 
parameter dimension arises, namely, the rise-fall time. Harris (8) ex
plored the effect of rise-fall times of 5, 10, 20 and 50 msec on the DLI 
at sensation levels from 5 to 60 dB at 1000 Hz. He found that rise-fall 

times from 5 to 20 msec are essentially equivalent in their effect on 
the size of the DLI, irrespective of sensation level (except at 5-dB SL). 
Beyond 20 msec there is a noticeable deterioration in differential sen
sitivity clearly evident at 50 msec (approximately .2 dB). In consider

ation of the foregoing findings, a 10-msec rise-fall time seemed to be a 
reasonable choice for the rapid onset transition of the signal envelopes 
used in this study. Although a systematic study of the effects of rise- 
fall times has not been extended beyond 50 msec, Churcher and colleagues 
report a slightly smaller DLI (.2 dB) for rapid onsets (.25 sec) than 
slower onsets (3 sec). It was reasoned that if the DLI deteriorated ap
proximately .2 dB from 20 to 50-msec rise-fall time and .2 dB more from 
.25 to 3 sec, a 1200-msec offset time would be inpercetible at or near 
the difference limen. Therefore, a 1200-msec offset time was used for 

the gradual offset transitions in the present study.

Conclusion
The preceding discussion reviews the methods of measuring dif

ferential sensitivity to intensity and the nature of loudness discrimina
tion for increments and decrements using the Loudness-Memory Method and 
the Quantal Method. The purpose of this review was to select conditions 
for an experiment designed to measure the differential sensitivity to 
intensity for increments and decrements with the Quantal-Type signal en-
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velope. The general procedure developed as a result of these considera

tions is outlined in the next chapter.



CHAPTER III 

SUBJECTS, APPARATUS, AND PROCEDURE

Summary of Experimental Design
The purpose of the present study was to investigate the effect 

of the rate of signal offset on the differential sensitivity for acoustic 
increments and decrements. This goal was achieved by measuring monaural 

differential sensitivity for intensity to increments and decrements of a 
1000-Hz tone presented at 60-dB SPL, and by subsequently plotting psycho
metric functions. Four signal envelopes were used in the DL measurements 
in each of two experiments. Two of the signal conditions (an incremen
tal and a décrémentai) consisted of signal envelopes with a rapid onset 
and a rapid offset. The other two conditions (also an increment and a 
decrement) consisted of signal envelopes with a rapid onset and a gradual 

offset.
The subjects, apparatus and specific details pertaining to mea

surement procedures are discussed in the remainder of this chapter.

Subjects
Eight young adults (ages 22 to 32), with normal hearing sensi

tivity, served as subjects in the first experiment while four of the 
original eight were subjects in the second experiment. The subjects were 
considered to be sophisticated listeners since each was a graduate stu-

26
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dent in Communications Disorders and each had previously served as a sub
ject in experiments requiring fine auditory discrimination. Every sub
ject was required to pass a pure-tone screening test at 500, 1000, 2000 

and 3000 Hz presented at 5-dB hearing level (ISO 1964). All subjects 

were free of recent ear disease.

Apparatus
A single equipment assembly was constructed in order to adminis

ter all four signal conditions used in the two experiments. This assem
bly consisted of two separate circuits* (l) a circuit for producing and 
transducing the signals for the difference limen measurements and (2) a 
triggering circuit appropriately timed for the desired tenporal charac
teristics of the signal envelopes. Figures 2 and 3 present block diagrams 
of these two circuits, respectively. This apparatus allowed the experi
menter to present various sizes of intensity increments or decrements 
once every six seconds. The signal envelopes were superimposed on a sus
tained tone of the same frequency with either symmetrical rise and decay 
times or with the rise time differing from the decay time.

Equipment for Measuring Differential 
Intensity Sensitivity

The two experiments enployed four different signal envelopes 
(two incremental and two décrémentai) which had the common feature of a 
periodic intensity change superinposed on a background tone of the same 
frequency (self-tone). The manner in which the increments and the decre
ments were turned on and off was not identical in all four conditions. 
Their distinguishing features are represented diagramatically in Figure
4.



Figure 2. Block diagram of apparatus for producing and transducing the increments and decre
ments. N>00
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Figure 3. Block diagram of apparatus for triggering and switching the signal envelopes.
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A block diagram of the equipment used to produce these four sig

nals is illustrated in Figure 2. The sustained self-tone was provided by 
dividing (D) the signal output from an audio-oscillator (Hewlett Packard 

Model 200 AB) labeled OSC. The signal was fed into Channel A of an elec
tronic switch (Grason Stadler, Type 829C) labeled ES 3. A fixed 12-dB 
'T* pad was inserted at the output of channel A. The signal was then fed 
into a mixer (M) which mixed the sustained tone with the increment or 

decrement of the upper channel. This electronic switch served to match 
impedance with the divider and mixing networks and acted as a unity gain 

amplifier.
The upper channel of this circuit controlled the shape and size 

of both the increments and decrements. This half of the divider network 
(D) fed the first of two electronic switches (Grason Stadler Type 829E) 
wired in series (i.e., the output of ES 1 fed into the input of ES 2) and 
thus provided independent control of rise and decay times.

The first electronic switch (ES l) turned the increment or dec

rement on and thus controlled the abrupt onset (10 msec) of all four sig
nal conditions. It also controlled the abrupt offset (lO msec) of two 
conditions. The second electronic switch (ES 2) fed by ES 1, provided 
gradual rise-decay times for the gradual offset of the remaining two con

ditions.
The type 829E electronic switch makes available on the rear- 

chassis barrier strip, capacitor connections for external variation of 
rise-decay times. Two 10-MFD capacitors were connected in parallel to 
the external connections of ES 2 to permit gradual offset times (1200 
msec). ES 1 and ES 2 were always set to trigger externally so that the



35
'on' and 'off periods of these switches were controlled by a separate 

triggering circuit, described in the next section.
The output of the second electronic switch (ES 2) passed through 

a variable 'I' pad attenuator (Clarostat, Type CIT-500) labeled INC-DEC 
ATTEN. This attenuator was capable of 20 dB of attenuation in continu

ously variable steps. At the output of the variable attenuator a fixed 
12-dB 'T' pad was inserted and then the signal was mixed (M) with the 
sustained tone of the lower channel. The composite signal then passed 
through the main attenuator (Hewlett Packard, Model 350 AR) labeled MAIN 
ATTEN. The output of the main attenuator was loaded with an isolation 
pad labeled PAD (Clarostat, Type CIT-500) through which the composite 
signal passed to a matching transformer (UTC, LS-33). The 10-ohm output 
of the matching transformer was connected to the experimental earphone 

(TDH-39) mounted in an ear cushion (MX-41/AR).

Triggering Equipment 
The triggering circuit was used to provide external cycling of

the two electronic switches (ES 1 and ES 2), which controlled the desired
temporal characteristics of the signal envelopes. A block diagram of 

this circuit is represented in Figure 3. The power for the entire trig
gering circuit was furnished by a single power supply (Tektronix, Type
160A). A waveform generator (Tektronix, Type 162) produced a positive,
negative going sawtooth waveform (6000-msec duration) wAich served to ac
tivate three pulse generators (Tektronix, Type 161). A counter-timer 
(Transister Specialities Incorporated, Model 361) was used to monitor the 
proper time intervals of the pulse generators (see Table 3).

The three pulse generators, when timed appropriately, and the
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two manual switches, MS 1 and MS 2, controlled the 'on' and 'off periods 

of the two electronic switches, ES 1 and ES 2. Manual switch MS 1, was 
inserted between pulse generators A and B and electronic switch ES 1. 
Manual switch, MS 2, was inserted between pulse generator C and electronic 
switch ES 1.

TABLE 3

THE TIMING SEQUENCE (IN msec) AMONG 
THE FOUR PULSE GENERATORS

PG to PG
Time Interval Between Two Pulse Generators

Experiment 1 Experiment 2

A B 2200 msec 2200 msec
B A 3800 msec 3800 msec
A C 210 msec 310 msec
C A 5790 msec 5690 msec

With MS 1 in position INC, PG A was connected to the 'A on' ter
minal of ES 1. With MS 2 in position INC, PG C was connected to the 'B 
on' terminal of ES 1. Since PG C was set to trigger 210 msec (Experiment 
l) or 310 msec (Experiment 2) after PG A, a short-duration (200 or 300 
msec) increment was produced with fast onset and offset times (Condition 
1). Switching MS 1 to position KC, merely reversed PG A and B to 'B on' 
and 'A on' terminals, respectively, of ES 1. By also switching MS 2 to 
position DEC, which connected PG C to 'A on' of ES 1 (PG C set to trigger 
210 msec or 310 msec after PG A) a short-duration (200 or 300 msec in Ex
periment 1 and Experiment 2, respectively) decrement was produced also
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with fast onset and offset times (Condition 3).
In order to produce increments and decrements with fast onset 

and gradual offset times, pulse generator C was deactivated by switching 

MS 2 to the WF position. This left all switching functions of ES 1 and 
ES 2 to pulse generators A and B. While MS 1 still served to route PG A 
and PG B to ES 1, PG A also was directly connected to the 'A on' terminal 
and PG B directly connected to the 'B on' terminal of ES 2, Since PG B 

was set to trigger 2200 msec after PG A, it was a simple matter to produce 
the signal patterns for Conditions 2 and 4 by either switching MS 1 to 
position INC (increment with fast onset and gradual offset times) or to 
position KC (decrement with fast onset and gradual offset times), respec
tively. The duration at maximum anplitude change for Conditions 2 and 4 
in Experiment 1 and 2 was 1000 msec with the remaining time (1200 msec) 
used for the gradual offset* For Conditions 1 and 3, the duration was 
lengthened from 200 msec in Experiment 1 to 300 msec in Experiment 2 (see 

Table 4).

General Location of Equipment
The subject's earphone was housed in a custom-built acoustical

ly-treated room. This is a double-walled room with an ambient noise 
level of 14-dB SPL as measured with an octave-band noise analyser (General 
Radio, Type 1558-AP) with a center frequency band of 1000 Hz and wired in 
series with a sound level meter (General Radio, Type 1551-C). The re
mainder of the experimental equipment was located in a larger acoustical
ly-treated room of single-wall construction. The experimenter could com
municate with the subject by means of an intercommunication system.



TABLE 4
SUMMARY OF SWITCH POSITIONS AND SIGNAL ENVELOPES (ONSET AND OFFSET TIMES 

AND ON AND OFF PERIODS AT MAXIMUM AMPLITUDE CHANGE) FOR EACH 
TEST CONDITION IN EXPERIMENT 1 AND 2

Condition Position Position Onset Offset On Period Off Period
of MS-1 of MS-2 Time Time Experiment

1
Experiment

2
Experiment

1
Experiment

2

1 INC INC 10 msec 10 msec 200 msec 300 msec 5780 msec 5680 msec
2 INC OFF 10 msec 1200 msec 1000 msec 1000 msec 3800 msec 3800 msec
3 DEC DEC 10 msec 10 msec 200 msec 300 msec 5780 msec 5680 msec
4 DEC OFF 10 msec 1200 msec 1000 msec 1000 msec 3800 msec 3800 msec
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Performance of the Apparatus

Measurements were made to determine and monitor the performance 
characteristics of the equipment. These measures included (l) determina

tion of acoustic output, (2) measurement of linearity of the attenuators,
(3) determination of increment sizes for different attenuator settings,
(4) calibration of the rise-decay pattern, and (5) monitoring voltage 
across the earphones, monitoring subject response interval and the timing 

among the three pulse generators.
Acoustic output. The sound pressure level re. 0.0002 dynes/cm^ 

was measured with an artificial ear that consisted of a Western Electro
acoustic Condenser Microphone Complement (Type lOOD/E), and a Western 
Electric 640 AA microphone housed in an American Standards Association 
Type I, 6cc. coupler. The output of the condenser microphone complement 

was fed to a vacuun tube voltmeter (Ballantine Model 643). Weekly mea
surements were made of the output levels of the experimental earphone.

Measurement of linearitv of attenuators. All of the measures 
on the linearity of the main attenuator were made with a vacuum tube 
voltmeter. The test signal was passed through the attenuators. The dec
ibel value at the output of the attenuator was read directly from the dB 
scale of the voltmeter. Then a step of attenuation was introduced and 
the decibel value read again. This procedure was repeated throughout the 
range of attenuation of the main attenuator. The results of these mea
surements indicated that the main attenuator was essentially linear. The 
greatest cumulative error in any 10 dB or 1 dB steps of attenuation was 
.5 dB.

Determination of increment and decrement sizes for different at-
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tenuator settings. The determination of the size, in dB (ûl), of the in
crements and decrements, relative to the background tone, required use of 
the following equation:

iil = 20 loĝ o Ê2 
1̂

Where Ei and E2 are the voltages generated in the artificial ear assembly 
described above. The first voltage, Ê , is that of the background signal 

alone while E2 is the combined voltage of increment plus background.
It was necessary to calculate Al (with the above equation) for 

a sufficient combination of voltage settings (E2) of the attenuator 
(INC-KC ATTEN). This allowed the experimenter to choose any ample array 
of values of Al in .1-dB steps by adjusting the attenuator to the desired 

output voltage.
Calibration of the rise and decav pattern. The rise and decay 

times were determined by visual inspection of the waveform by means of a 
cathode ray storage oscilloscope (Tektronix, Type 564). This signal en
velope was positioned on the oscilloscope screen so that the maximum am
plitude of an increment or decrement covered forty millimeters. The 10 
and 90 percent up points on the slope were respectively at 4 and 36 milli
meters. So that with the fine (rise-decay) control, the length of the 
rise or decay time was adjusted to intersect the 10 and 90 percent anq>li- 
tude points in the prescribed amount of time (i.e., 10 msec for the fast 
onset and offset times and 1200 msec for the gradual offset times).

Monitoring of voltage across the earphones, monitoring the sub
ject response interval and the timing calibration among the three pulse 
generators. Throughout the experiment, the voltage across the terminals
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of the earphone was monitored and always adjusted to the same voltage 
reading in order to obtain the proper acoustic output. This procedure 
minimized variations in signal intensity and allowed the experimenter to 

calculate Al from a constant base voltage (Ej).
The timing sequence of the waveform generator and the three 

pulse generators was calibrated before each test session. A counter 
timer was employed to count the number of increments or decrements pre
sented to a given subject.

The subject was given one second to respond after the onset of 
the signal. A cathode ray oscilloscope (Tektronix, Type 321) was trig
gered on externally, by pulse generator A for increment conditions and 
pulse generator B for decrement conditions, and set for a sweep time of 
1 sec (i.e., time base set at .1 sec/cm across a 10 centimeter screen). 
The oscilloscope screen was placed in front of an observation window in 
such a position that the experimenter could observe both the sweep of the 
oscilloscope and the subject response simultaneously. A correct response 
was recorded if the subject responded during the prescribed sweep time of 

1 sec.

Procedure for Measuring Differential 
Intensity Sensitivity

It will be recalled that four signal envelopes in each of two 
experiments were utilized to measure intensity difference limens by means 
of the Quantal Method. Two signal envelopes were increments and two were 
decrements with the only distinguishing feature within an envelope pat
tern being the amount of time taken to turn the signal off. In all four 
conditions the signal onset time was 10 msec. For one incremental and
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one décrémentai condition the offset time was 10 msec. For the remaining 
two conditions (an incremental and a décrémentai) the offset time was 
1200 msec. Twenty increments or decrements of the same intensity change 
were presented at 60-dB SPL in a single series.

The listening task during the difference limen measurements was 
a simple one. Each subject was instructed to raise his finger every time 
he either heard an intensity increase or an intensity decrease. He was 

encouraged to respond to the slightest change in intensity but on the 
other hand to refrain from guessing.

The following instructions were read to each subject prior to
an experimental test session:

You are going to hear a steady tone that will be on for about 
three minutes. Occasionally superimposed on this steady tone, 
you will hear a small rapid increase (or decrease) in the loud
ness of the steady tone. I would like you to raise your finger 
only when you are sure you hear either change in loudness, no 
matter how loud or faint it appears.

Before a test series was started, every subject was thoroughly 
trained in listening to successive minute changes in intensity. During 
the training period, the experimenter adjusted the level of intensity 
change of a given experimental condition to determine the range over 
which the subject responded between 0 and 100 percent of the presenta
tions. After an estimate of this range had been made, several half series 
runs were conducted at levels where the subject responded to approximately 
505̂  of the presentations. When no further improvement in performance was 
observed (i.e., two or more runs within + 1 correct response), the sub
ject was considered to be trained for that condition.

At such time, the first test series was begun as determined by 
a counter-balancing procedure described below. The test signals were
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initiated six seconds after a subject reported being ready to begin. For 
this seriesf the experimenter chose an increment or a decrement size which 
he estimated would yield a score near the top of the subject's psycho
metric function (i.e., approximately 70 or 80 percent response). In the 
next series, an increment or a decrement was chosen that would locate a 
point near the bottom of the function (i.e., approximately 20 or 30 per

cent response). The choice of the size of intensity change for each suc
ceeding run was based on the percent of response in preceding series and 
by a bracketing procedure which sought scores deviating above and below 
50 percent by smaller and smaller amounts. When it was judged that a suf
ficient number of values (usually three or four values between 10 and 90 
percent) had been obtained to allow a psychometric function to be com
puted, the testing for that particular condition was terminated. A sec
ond test condition was begun with identical criteria for obtaining values 
for computation of a psychometric function.

A single test session consisted of two training periods and two 
series of runs necessary to complete two test conditions. Two test ses
sions, of two hours each, were needed to complete an experimental series 

(four test conditions per experiment) for every subject.
Although the intensity increments or decrements were presented 

in series of 20 at regular 6-second intervals, the experimenter was able 
to modify the periodicity of this sequence to guard against false-positive 
responses. That is, if the listener responded to the first two signals, 
the third increment was presented 12 seconds after the second one. Sim
ilarly, if the listener detected the third, fourth and fifth signals, the 
sixth was not presented for 12 seconds and likewise in the case of the
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ninth, twelfth, fifteenth and eighteenth if the previous three signals 
were detected* Therefore, the normal 6-second interval between presen
tation of the signals was modified as many as six times in a single run 
of 20 signals, depending on the subject's performance. If a subject was 
found responding in a time-locked manner (i.e., by responding to the 
'catch* items), the experimenter stopped the run and reinstructed the 
subject.

Counterbalancing Arrangement of Conditions to 
Reduce Effect of Systematic Biases

Prior to beginning the experiment, a counterbalancing plan was 
formulated to determine the sequence in which the conditions would be ad
ministered. Even though each subject was trained to the above criteria, 
so that probably no order effects would result, a counterbalance proced
ure was arranged to reduce the effect of systematic biases. Either two 
increment conditions (C% and C2) or two decrement conditions (C3 and C4) 
were administered during a single session in order to simplify the lis
teners task. The counterbalance pattern, illustrated in Table 5, shows 
the eight possible sequences in which the four conditions in Experiment 
1 may be arranged if increments or decrements are tested in one session.
A similar pattern is illustrated in Table 6 for Experiment 2.

The experimental ear was the right ear for every subject. Then, 
one of the sequences was assigned to a subject according to a table of 
random numbers without replacement.

In order to compute the psychometric function, a method of least 
squares was employed. The increment or decrement values were obtained by 
substituting the desired percentage response point for y* in the least
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TABLE 5
SCHEDULE FOR COUNTERBALANCING INCREMENTS AND 

DECREMENTS IN EXPERIMENT 1

Session I Session II

Condition Condition Condition Condition

1 1 2 3 4

2 2 1 3 4
3 1 2 4 3
4 2 1 4 3
5 3 4 1 2
6 3 4 2 1
7 4 3 1 2
8 4 3 2 1

TABLE 6
SCHEDULE FOR COUNTERBALANCING INCREMENTS AND 

DECREMENTS IN EXPERIMENT 2

Sequence
Session I Session II

Condition Condition Condition Condition

1 1 2 3 4

2 2 1 4 3
3 3 4 1 2
4 4 3 2 1
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squares equation where* 

y* = a + bx
y* is the percentage of increments or decrements heard
X is the intensity of the increments or decrements
a is the y intercept
b is the slope of the function
The 50 percent data points derived from the psychometric func

tion, were statistically analysed by a single factor design having re

peated measures on the same subjects (31).



CHAPTER IV 

RESULTS 

Introduction
The present study was undertaken to investigate the effect of 

rate of offset of Quantal signal patterns on the differential sensitivity 
for intensity of acoustic increments and decrements. Monaural differen
tial sensitivity to intensity (relative DLI) was measured for a 1000-Hz 
tone presented at 60-dB SPL. Four signal conditions were presented in 
each of two successive experiments. These conditions involved the pre
sentation of Quantal signal envelopes as follows: (Ĉ ) an increment with
rapid onset followed by a rapid offset, (Cg) an increment with a rapid 
onset followed by a gradual offset, (Cg) a decrement with a rapid onset 
followed by a rapid offset and (Ĉ ) a decrement with a rapid onset fol
lowed by a gradual offset.

The two experiments differed in the number of subjects tested 
and in the duration of the signal envelope of the increment and decrement 
condition with a rapid onset and offset (Ĉ  and C3). In Experiment 1 
(N = 8), Conditions 1 and 3 provided for signals of 200-msec duration, 
while in Experiment 2 (N = 4) the signals were 300-msec duration. Condi
tions 2 and 4 were identical in duration (lOOO msec) in the two experi
ments.
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The preceding chapter has described the apparatus and procedure 

by which these measurements were made. This chapter reports separately 
the results of Experiment 1 and Experiment 2 followed by a discussion of 

the findings, the ways in which they relate to earlier DLI studies and 
the theoretical implications of these results.

Results 

Experiment 1
The mean 0, 50 and 100 percent points and the slope for the four 

conditions tested in the first experiment are reported in Table 7. Data 

obtained from individual subjects, including means and standard devia
tions, are reported in Appendix A. The mean psychometric functions for 
the four conditions of Experiment 1 are graphically represented in Figure
5.

TABLE 7
MEAN INCREMENT AND DECREMENT SIZES AND SLOPES OF PSYCHOMETRIC 

FUNCTIONS FOR DIFFERENTIAL SENSITIVITY FOR 1000-Hz 
TONE AT 60-dB SPL FOR EXPERIMENT 1

Measure® Condition 1 Condition 2 Condition 3 Condition 4
0% point .28 .28 .46 .44

50% point .51 .50 .72*) .69*)
100% point .74 .72 1.03 .94

Slope 22.31 23.63 20.13 20.75

50% and 100% correct response points on the psychometric 
function expressed in dB. Slope expressed in percent per 0.1 dB.

^Significantly different than Ĉ  and C2 at .01 level by DNMRT.



Figure 5. Mean least squares rectilinear psychometric functions for differential sensitivity 
to increments and decrements of a 1000-Hz tone at 60-dB SPL.
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The mean DLI (50$( point) for the four conditions was as follows* 

.51 dB) Cg, .50 dB) Cg, .72 dB and .69 dB. An analysis of vari
ance (summary Table 8) on the DLI for the four conditions and eight sub
jects (computed as a randomized complete blocks design with subjects as 

blocks) reveals a significant difference (.01 probability level) for the 
DLI across the four conditions (treatments). The Duncans New Multiple 
Range Test (DNMRT) (30), indicated that the DLI for Conditions 3 and 4 

are different (.01 probability level) from the DLI for Conditions 1 and 
2, but not different from each other (i.e., C% = C2 / C3 = C4). In other 
words, the two increment conditions (Ĉ  and Cg) produced significantly 
smaller DLI's than the two decrement conditions (C3 and C4). By a simi
lar analysis no significant differences were found for the slopes of the 
psychometric functions across the four conditions (Table S).

It was originally hypothesized that Conditions 1, 2 and 3 would 
yield smaller DLI's than Condition 4. This hypothesis was based on the 
idea that since Conditions 1, 2 and 3 each possessed a rapidly increasing 
change in intensity, this common feature would cause the DLI's to be es
sentially equal. However, the DLI for Condition 3 (decrement with rapid 
onset and rapid offset, 200 msec in duration) was of equal size to the 
DLI for Condition 4 (decrement with a rapid onset and a gradual offset). 
That is. Condition 3 did not yield a DLI as small as the two increment 
conditions (Ĉ  and Cg) even though it, too, possessed a rapid increase 

in intensity.
In seeking a reason for this unexpected result, it was suspected 

that the short duration decrement condition (C3) was not sufficiently 
long to permit detection of the rapid offset (an increase in intensity).
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TABLE 8
SUMMARY OF THE ANALYSIS OF VARIANCE FOR THE MEAN 50SK 

POINT AND SLOPE OF EXPERIMENT 1 
N = 8

Source

50% Point

Degrees of 
Freedom

Sum of 
Squares

Mean
Square F

Between Subjects 7 .437
Within Subjects 24 .386

Treatments 3 .325 .108 38.64*
Treatments x Subjects 21 .061 .003

Total 31 .823

Slope

Source Degrees of Sum of Mean FFreedom Squares Square

Between Subjects 7 284.37
Within Subjects 24 341.06

Treatments 3 59.70 19.90 1.49
Treatments x Subjects 21 281.36 13.40

Total 31 625.43

Significant at .01 level.
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More specifically» it was thought that auditory persistence may have oc

cupied some of the decrement duration. Therefore, Experiment 2 was con
ducted in which the duration of Conditions 1 and 3 were legthened to 300 
msec and Conditions 2 and 4 were left at 1000 msec, as they were in Ex
periment 1. Four subjects were tested in Experiment 2. They were se
lected, with the use of a table of random numbers, from the original

eight subjects.

Experiment 2
The mean 0, 50 and 100 percent points and slope for the four

conditions tested in the second experiment are reported in Table 9. The

individual subject data, including means and standard deviations, are re
ported in i^pendix B. The mean psychometric functions for the second ex

periment are graphically represented in Figure 6.

TABLE 9
MEAN INCREMENT AND DECREMENT SIZES AND SLOPES OF PSYCHOMETRIC 

FUNCTIONS FOR DIFFERENTIAL SENSITIVITY FOR lOOO-Hz 
TONE AT 60-dB SPL FOR EXPERIMENT 2

Measure® Condition 1 Condition 2 Condition 3 Condition 4

0% point .18 .24 .22 .44
5095 point .44 .44 .45 .67̂

10095 point .69 .65 .67 .91
Slope 20.00 26.25 22.13 21.63

0̂{K, 5(% and lOO^ correct response points on the psychometric 
function expressed in dB. Slope expressed in percent per 0.1 dB.

^Significantly different than C., Cg, and Co at .01 level by
DNMRT.



Figure 6. Mean least squares rectilinear psychometric functions for differential sensitivity 
to increments and decrements of a 1000-Hz tone at 60-dB SPL.
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The mean DLI (50% point) for the four conditions was as follows* 

.44; C2» .44; C3, .45 and C4, .67. An analysis of variance (summary 

Table 10) on the DLI for the four conditions and four subjects in Exper
iment 2 also reveals a significant difference at the .01 probability lev
el. The Duncan's New Multiple Range Test (30) indicated that Condition 
4 differed from the other three conditions (i.e., = C3 / C4). In
other words, the original hypothesis was supported, since the DLI was 
equal in Conditions 1, 2 and 3, whereas, in Condition 4, the only condi
tion without a rapid increase in intensity, the DLI was significantly 
larger (less sensitive). By a similar analysis, no significant differ
ences were found for the slopes of the psychometric functions across the 

four conditions (Table 10).
Of additional note are the treatment-by-subjects mean squares 

in Table 8 and Table 10 for Experiments 1 and 2, respectively. These 

values are representative of how alike or unlike the subjects acted across 
the experimental conditions in the two experiments. The fact that the 
mean square values are extremely small, relative to the treatment mean 
values, and are identical (.003) for the two experiments indicates that 
subjects performed alike (e.g., DLI less for increments than decrements) 
across the four conditions and alike in the two experiments.

This study measured the differential sensitivity to intensity 
using four different Quantal signal envelopes in each of two successive 
experiments. Only the duration of one incranental and one décrémentai 
condition in the two experiments differed. In Experiment 1 their dura
tion was 200 msec and in Experiment 2 it was 300 msec. It has been dem
onstrated by this study that the differential sensitivity for normal
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TABLE 10
SUMMARY OF TTiE ANALYSIS OF VARIANCE FOR THE MEAN 5(9$ 

POINT AND SLOPE OF EXPERIMENT 2 
N = 4

Source

50% Point
Degrees of 
Freedom

Sum of 
Squares

Mean
Square F

Between Subjects 3 .047
Within Subjects 12 .186

Treatments 3 .161 .054 19.89*
Treatments x Subjects 9 .025 .003

Total 15 .233

Slope

Source Degrees of Sum of Mean FFreedom Squares Square

Between Subjects 3 40.37
Within Subjects 12 291.12

Treatments 3 84.87 28.29 1.23
Treatments x Subjects 9 206.25 22.92

Total 15 331.49

Significant at .01 level for two-tailed test.
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hearing listeners for a decrement with a rapid onset and a gradual offset 

(lOOO-msec duration) is less than all increment conditions tested and 
less than a decrement with a rapid onset and a rapid offset (300-msec 

duration). Secondly, the differential sensitivity of a decrement of 300- 
msec duration is equal to increments of 300 and 1000-msec duration. Fin
ally, a decrement of 300-msec duration appears to yield (although not 
statistically tested) greater differential sensitivity than a decrement 

of 200-msec duration.

Discussion
It has been pointed out earlier that no two DLI studies are 

alike and, therefore, no two studies will likely result in the same size 
DLI. However, there is general agreement between the results of this 
study and other studies using a similar method and signal envelope. The 
DLIjĵ ç of .5 dB found in the present study falls in the range from .3 dB 

to 1.2 dB found by several other investigators (l, 3, 8, 11, 28). A more 
reasonable way of comparing these results with other studies is to com
pare differences in the size of the DL's for increments and decrements.

ChurCher, King and Davies made DLI measurements for an 800-Hz 

tone at a variety of sensation levels (see Table 2). The method of sig
nal presentation and the shape of the signal envelopes used in that study 
are similar to the shape of the rapid onset-gradual offset signal enve
lopes (Cg and Ĉ ) used in the present study. However, their onset and 
offset times are much slower (onset .25 to 3 sec, offset 10 sec) than 
those of the present study (onset 10 msec, offset 1200 msec). At 50-dB 
sensation level, they found a DLI of 1.08 dB for increments and 1.30 dB 
for decrements. This difference in dB of .22 dB in Churcher's study
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agrees very well with the difference between increments and decrements 
of Conditions 2 and 4 of *19 dB and .23 dB in Experiment 1 and Experi

ment 2, respectively.
Churcher and his colleagues used an 80 percent criterion for 

their DLI in contrast with 50 percent in the present study. Furthermore, 
their onset times were considerably longer than those of the present 
study. These two factors alone are sufficient to cause the DL's found 

by these workers to be larger than those found in this study.
These investigators report mean deviations of their data as a 

measure of dispersion. This measure should be of the same order of mag

nitude as a standard deviation reported for the data in the present study. 

The mean deviations obtained by Churcher and his colleagues of .18 dB and 
.12 dB, for increments and decrements, respectively, agree well with the 
standard deviations obtained in the first experiment of this study of .13 
dB for both increments and decrements (C2 and C4).

Anderson (l), likewise, compared the size of the DLI for incre
ments and decrements but also used a different method (signal detection), 
a slightly higher measurement level (70-dB SPL) and a different signal 
(«diite noise). However, the shape of the signal envelopes and signal 
durations (200 msec) were very similar to those used in Conditions 1 and 
3 of Experiment 1. After several days of training her subjects, Anderson 
obtained relatively stable DLI values of about .2 dB for increments and 
about .35 dB for decrements. This difference oî .15 dB is also in very 
good agreement with the difference found between Ĉ  and C2 of .21 dB in 
Experiment 1.

The reason that the results of Experiment 2 supported the orig-
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Inal hypothesis while those of Experiment 1 did not, rests on the fact 
that lengthening the duration of Conditions 1 and 3, from 200 msec (El) 
to 300 msec (E2), improved the intensity discrimination for Condition 3 

(a rapid onset-offset decrement). The increase in discriminatory ability 
was sufficient to produce DLI values equal in magnitude to the increment 
conditions (Ĉ  and C2).

If we accept the theory of Zwislocki (32) and the findings of 
Pollack (25), Miller (18) and Miller and Taylor (20), that a certain time 
interval is necessary for the complete cessation of neural activity after 
a stimulus has terminated (auditory persistence) an explanation seems to 
be straightforward. The auditory persistence measured by these investi

gators (25, 18, 20) is 50 to 65 msec in duration and begins at the onset 
of the decrement (a rapid decrease in intensity). The auditory persist
ence, therefore, takes away 50 to 65 msec of 'off time or steady off 
time level, from the décrémentai duration. Apparently, auditory persist

ence causes the deterioration of differential sensitivity for the increase 
in intensity that comprises the offset of a 200-msec decrement. So that, 
50 to 65 msec of the duration of a 200-msec decrement is occupied by au
ditory persistence, leaving only 135 to 150 msec of unhampered 'off time. 
This remaining time is seemingly not long enough for temporal integration 
and therefore, for normal differential sensitivity to an increase in in
tensity (offset of decrement).

On the other hand, a decrement of 300-msec duration is apparently 
off long enough despite the auditory persistence. Consequently, normal 
differential sensitivity prevails for the offset of such a decrement. As 
has been mentioned earlier, the normal auditory system apparently po-
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sesses an integration time of approximately 200 msec at threshold (21) 
and at suprathreshold (2, 23) levels. This study points up still another 
acoustic parameter, the affect of duration on intensity discrimination of 

a decrement, which relates to the time domain of 200 msec. The contami
nating factor of auditory persistence is such that the duration of the 
persistence effect is additive to the tenqaoral integration time necessary 
for detection of the offset of a decrement.



CHAPTER V 

SUMMARY 

Introduction
Loudness discrimination of the normal auditory mechanism has re

ceived considerable attention for more than half a century. However, rel
atively little attention has been given to the difference in differential 
sensitivity to intensity for acoustic increments and decrements.

The limited information available in the literature which bears 

on this difference is somewhat contradictory. Harris (?) and Churcher, 
King and Davies (3) found a difference in increment and decrement sensi

tivity (increment sensitivity greater than decrement) of approximately 
.6 dB and .2 dB, respectively. Anderson (l) also found a difference in 
sensitivity (.15 dB) in the same direction, but reports that this differ
ence tends to disappear over a 10-day period of testing. The method of 
presentation and the signal envelopes used in these three investigations 
were also very different.

As a consequence of the limited information available on incre
ment and decrement sensitivity and the differences in the results and 
methodologies of previous studies, the present study was undertaken to 
measure the differential sensitivity to intensity for increments and dec
rements using the Quantal Method with two different types of signal enve-
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lopes. One envelope consisted of a rapid onset and offset and the second 

envelope consisted of a rapid onset and gradual offset. Specifically, 
this study was designed to test the hypothesis that normal differential 

sensitivity (relative DLI) for increments and decrements that contain a 
rapid increase in intensity will be greater than the differential sensi
tivity for decrements without such a rapid increase in intensity.

Procedure
A group of eight normal hearing young adults served as subjects 

in the first experiment and four of the original eight served as subjects 
in the second experiment. The basic procedure was to establish monaural 
psychometric functions for differential sensitivity for a 1000-Hz tone at 
60-dB SPL using the Quantal Method. Four different experimental condi
tions were tested, two incremental and two décrémentai, in each of two 
experiments. The signal envelope for one incremental (Ĉ ) and one décré
mentai (C3) condition was of short duration with a rapid onset (lO msec) 
and a rapid offset (lO msec). The two remaining conditions (one incre
mental -Cg and one decremental-C^) consisted of a signal envelope with a 
long duration (lOOO msec) having a rapid onset (10 msec) and a gradual 
offset (1200 msec). Only Conditions 1 and 3 differed in Experiment 1 and 
Experiment 2. In Experiment 1, Conditions 1 and 3 were 200-msec duration 
and in Experiment 2 they were 300-msec duration.

A single equipment assembly was constructed in order to admin
ister all four conditions used in this investigation. The output from a 
pure tone oscillator was split into two channels. The v p̂er channel con
trolled the shape and size of the increments and decrements. An external 
triggering circuit controlled the desired temporal characteristics of the
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signal envelopes of the upper channel. The lower channel provided the 
sustained background tone. The signals from the upper and lower channels 
were then mixed and sent through an attenuator network and matching trans

former to the experimental earphone.
The signals used in the differential sensitivity measurements 

were a series of increments or decrements superimposed upon a background 
of the same pure-tone. Each test series incorporated either twenty in

crements or decrements of fixed value which occurred at regular 6-second 
intervals. The size of the increment or decrement was varied from series 
to series by a bracketing procedure. Three to four sizes of test signals 
were used to obtain a measurement ojLthe percentage of signals heard, be
tween 10 to 90 percent. These three or four measurements allowed the 
psychometric functions to be confuted. Before the actual difference 
limen testing, a training session using 10 test signals was conducted 
with various sizes of increments and decrements. Throughout each train

ing series and test series, the subject simply raised his finger whenever 
he noted either a rapid increase or decrease in intensity. Either two 
increment conditions (Cĵ and C2) or two decrement conditions (C3 and Ĉ ) 
were presented in a counterbalanced order in one of two 2-hour test ses
sions.

Results
The psychometric functions for the four test conditions in the 

two experiments were derived by fitting least squares rectilinear func
tions to the empirically obtained percentages of response. The relative 
difference limens (50 percent points) and the slope of the functions were 
statistically analyzed by an analysis of variance (computed as a random
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ized complete bloclTs design) to determine the levels of statistical sig

nificance. To separate the differences, the Duncan's New Multiple Range 
Test was employed. The major results, derived from these analyses are 

summarized below.

Experiment 1
(1) The size of the relative difference limen was found to be 

smaller for the two increment conditions (Cj = .51 dB and C2 = .50 dB) 
than the two decrement conditions (C3 = .72 dB and C4 = .69 dB). The 
difference of approximately .2 dB between increments and decrements, was 
found to be statistically significant at the .01 level (DNMRT).

(2) The slopes of the psychometric functions for the four test 
conditions were found not to be significantly different.

Since the DLI results of Experiment 1 did not support the orig
inal hypothesis. Experiment 2 was conducted in an attempt to investigate 
this failure. In Experiment 2 the short duration conditions (Ĉ  and C3) 
were lengthened from 200-msec duration in Experiment 1 to 300-msec dura
tion in Experiment 2. It was suspected that by lengthening the duration 

of this decrement the subject may be able to detect the offset (an actual 
increase in intensity) of the same magnitude as the increment onsets (Ĉ  ̂
and Cg). Following is a summary of the findings of Experiment 2.

Experiment 2
(1) The size of the relative difference limens for the first three 

conditions are essentially equivalent; that is, the DLI for Conditions 1,
2 and 3 were approximately .44 dB. The lengthened duration of Conditions 
1 and 3 to 300 msec essentially improved the loudness discrimination for
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Condition 3 (a decrement with rapid onset and offset) to equal that of 

the two increment conditions (Cj and C2)' Only Condition 4 (DLI of .67 
dB) was found to be significantly different at the .01 probability level 
(DNMRT).

(2) Again, the differences in the slopes of the psychometric 
functions for the four test conditions were found not to be statistically 
significant.

It was demonstrated by this study that the differential sensi
tivity for a decrement with a rapid onset and a gradual offset, 1000-msec 
duration, was equal to a decrement of 200-msec duration, less than incre
ments of 200, 300 and 1000-msec duration and less than a decrement, 300- 
msec duration. The differential sensitivity for a decrement of 300-msec 
duration, was equal to increments of 300 and 1000-msec duration.

It appears from the findings of Experiment 1 compared to the 
findings of Experiment 2 that the difference in differential sensitivity 
between short duration increments and decrements, with rapid onset and 
rapid offset, is highly dependent on the duration of the décréments^
Such that %dien the duration of increments and decrements is 200 msec, the 

differential sensitivity is greater for increments. However, when the 
duration of the increments and decrements is 300 msec, the differential 
sensitivity of the two signals is essentially equal. Differential sen
sitivity for increments does not appear to inprove by lengthening dura

tion, whereas decrement sensitivity does.
Since these findings indicate that normal hearing listeners pos

sess essentially equal loudness discrimination ability for increnents and 
decrements vdien the duration of these signals is 300 msec, it is suggest
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ed to this writer that a trained subject is able to detect the offset of 
the decrement with normal incremental differential sensitivity. A decre
ment of 200-msec duration, is apparently too short for normal detection 
of this offset. It is also suggested that the phenomenon of auditory 
persistence, beginning at the onset of a decrement and lasting from 50 

to 65 msec, cuts that much time off the duration of the decrement. A de
crement of 300-msec duration is left with 200 msec plus, which seemingly 
is long enough for temporal integration to be complete. A decrement of 
200-msec duration, is left with only 100 msec plus, seemingly not long 
enough for tenporal integration to be cotiplete. It appears, therefore, 
that the persistence effect is additive to the duration of a decrement 
and that the duration must be long enough to equal or exceed the minimum 
integration time of 200 msec plus the duration of auditory persistence.
A minimum duration of 200 msec for complete temporal integration time 
falls into the same time domain of other auditory abilities requiring a 
minimum of 200 msec.
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TABLE 11

SUMMARY OF INDIVIDUAL SUBJECT DATA FOR IHE 50p6 POINTS AND SLOPES
FOR lOOO-Hz TONE AT 60-dB SPL IN EXPERIMENT 1

Subject
Condition 1 Condition 2 Condition 3 Condition 4

509É Point Slope 5(# Point Slope 50% Point Slope 50% Point Slope

1 .50 32.5 .44 27.5 .62 27.5 .62 18.5

2 .34 23.0 • .30 30.0 .45 19.5 .46 22.5

3 .72 17.0 .69 20.0 .86 16.5 .90 15.0

4 .53 18.5 .61 19.5 .75 16.0 .74 16.5

5 .51 22.5 .52 19.5 .67 21.5 .66 18.5

6 .60 22.5 .59 25.0 .94 20.0 .74 27.5

7 .46 17.5 .43 20.0 .78 22.5 .80 27.5

8 .41 25.0 .42 27.5 .68 17.5 .63 20.0

Mean .51 22.3 .50 23.6 .72 20.1 .69 20.7

SD .12 5.0 .13 4.4 .15 3.8 .13 4.7



APPENDIX B

SUMMARY OF INDIVIDUAL SUBJECT DATA IN EXPERIMENT 2
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TABLE 12

SUMMARY OF INDIVIDUAL' SUBJECT DATA FOR THE 50% POINTS AND SLOPES
FOR lOOO-Hz TONE AT 60-dB SPL IN EXPERIMENT 2

Subject
Condition 1 Condition 2 Condition 3 Condition 4

50% Point Slope 50% Point Slope 50% Point Slope 50% Point Slope

2 .41 19.0 .38 20.0 .37 22.5 .53 22.0

4 .48 17.5 .54 38.0 .52 22.5 .74 21.5

7 .41 20.0 .41 27.5 .45 22.0 .79 22.5

8 .44 23.5 .43 19.5 .44 21.5 .63 20.5

Mean .44 20.0 .44 26.2 .45 22.1 .67 21.6
SD .03 2.5 .07 8.6 .06 0.5 .12 0.8


