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The acquisition of auditory intensity discriminations in rats trained on multiple variable-
interval extinction schedules was studied as a function of some of the variables that contribute
to the speed of development of differential responding and the final level attained. The effects
of three variables were isolated and studied in detail: (1) the decibel difference between the
discriminative stimuli (intensity difference); (2) the intensity relationship between the stimuli
(relative intensity); and (3) the position of the stimuli on the intensity continuum (absolute
intensity). Each of the three variables generated orderly relationships and interacted with one
another to produce complex effects upon differential responding.

The present investigations examined the
effects of three aspects of stimulus intensity
upon the development of an auditory discrim-
ination. Comparable experimental conditions
obtained in each of the studies, excepting the
manipulation of the variable under investiga-
tion.

After Pavlov developed the "method of con-
trasts", many procedures, devices, and re-
sponse measures were invented to explore the
stimulus control of differential responding
(see Warden, Jenkins, and Warner, 1935;
Woodworth and Schlosberg, 1954). It would
appear that on occasion the technique itself
has nIot only been a tool for research but has
also defined the problems to be studied. This
early literature contains generous amounts of
information, much of which is difficult to in-
terpret or impossible to integrate, and it some-
times produced irrelevant feuds arising out of
the lack of standardized technique.
In contrast, modern free-operant research

has been characterized by a relatively uniform
situation and, until recently, almost total reli-
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ance on response rate as the single dependent
variable. However, the application of free-
operant procedures to discrimination situa-
tions did not immediately produce a satisfac-
tory and generally agreed upon methodology.
In The Behavior of Organisms (1938), Skin-
ner's original procedures involved brief SD
presentations lasting only until a single re-
sponse was emitted and reinforced. Rate was
applicable only to SA (non-reinforced) condi-
tions, where there was no restriction on the
free emission of the response, making it im-
possible to apply a uniform analysis to the
behavioral changes of the two components.
Frick's (1948) modification of Skinner's meth-
odology, by providing equal and alternating
periods of SD and S5A, was a significant im-
provement. However, the continuous rein-
forcement schedule maintained during SD pe-
riods confounded SD rate with eating time.
Therefore, the rate analysis of discrimination
formation was again limited to consideration
of the non-reinforced responding emitted in
the presence of the SA stimulus. Using the
decline in SA rate as an index of discrimina-
tion formation yields a measure subject to
distortion by the action of variables that may
differentially affect SA and SD responding.
Dinsmoor (1951), by providing intermittent
reinforcement during SD, made it possible to
extend the rate measure to an analysis of the
behavioral changes occurring during the pre-
sentation of the positive stimulus. He wrote
... the provision of a measure comparable to

that for SA might permit the calculation of a
17
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general index to the discrimination, based
upon a comparison of the rates of responding
under the two stimulus conditions." (p. 355)

Dinsmoor's technique resolved the analytic
limitations of Skinner's approach, though his
solution was not perfect. His intermittent re-
inforcement schedule was a one-minute fixed
interval, producing a regularity in the SD-SA
cycle that provided a second source of discrim-
inable stimuli. These data indicate that a
temporal discrimination did develop.
Smith and Hoy (1954) removed the strict

periodicity from their procedure in the fol-
lowing rather complex way: "Discrimination
training was given during a series of 2-min.
trials, 20 trials to an experimental session.
Either SD or SA was present continuously dur-
ing a 2-min. period. The sequence of SD and SA
was determined randomly, subject to the re-
strictions that each appeared ten times in a
session and that neither appeared more than
three times in a row. During one SD period
three reinforcements were given; in three pe-
riods two were given; and in the remaining six
periods, one was given. The order of these was
randomly determined, as was the temporal
point of reinforcement during the 2-min.
period."
Smith and Hoy assess their own technique

as follows: "It is felt that this randomizing of
all factors except the correlation between re-
inforcement and light intensity makes it pos-
sible to eliminate all possible sources of dis-
crimination except one. In addition, this
technique allows continual observation of the
rate of response in the presence of both posi-
tive and negative stimuli." (p. 260)
The rather obvious next step was taken in-

dependently by Herrick, Myers, and Korotkin
(1959) and Pierrel (1958). In both cases the
modifications involved uninterrupted free-
operant procedures using several durations of
the SD and SA periods and a variable-interval
schedule during the SD component. While the
schedules employed in the latter two studies
did not differ greatly in intermittency from
that of the Smith and Hoy experiment, they
did make more direct contact with the estab-
lished reinforcement schedule literature, pro-
viding greater possibilities for systematic in-
tegration with other operant research.

If, in fact, this series of studies represents
progress, we have not seen an extensive para-
metric study of discrimination beyond Frick's

now primitive procedures. Jenkins (1965) has
noted this paucity of discrimination acquisi-
tion data and suggested the possibility that
the methodology as it has developed does not
possess the virtues claimed by Smith and Hoy
and, indeed, is not suitable for evaluating the
development of stimulus control. This charge
was advanced because reinforcement delivery,
as well as the intended discriminative stimuli,
is available as a cue for differential respond-
ing. This procedural impurity is certainly
present at a theoretical level. However, Pierrel
and Blue's data (1967) indicate that cue func-
tions arising from the reinforcement schedule
are not of great behavioral significance in
their situation. While some reinforcement
schedules are discriminable and appear to in-
teract with other stimuli to affect discrimina-
tive performance, not all schedules have this
effect. Jenkins is correct that the range of rein-
forcement schedules available without serious
confounding is limited, though his suggested
alternative of a trial procedure with its inher-
ent loss of continuous measurement is in itself
somewhat restrictive.
While the now somewhat standard free-op-

erant discrimination methodology is not be-
yond criticism, other procedures and measures
are also subject to their own limitations (see
Munn, 1933). In this context, such difficulties
currently limit us to definitions of discrimina-
tion, which are restricted operationally to
whatever procedure is employed. Thus, the
course we have pursued has been an extended
series of systematic studies, using coherent
methodology, in which an array of variables
is explored. This strategy seems most likely to
reveal the inter-relationships of discrimina-
tion phenomena, advance the evaluation and
development of related matters of technique,
and will, with a little luck, even help to sepa-
rate substantive from procedural matters.
Such a systematic exploration of the effect of
the three intensity variables on discrimination
performance was the goal of the present inves-
tigation. The three variables examined were:
the magnitude of the intensity difference be-
tween the stimuli in the presence of which re-
sponses were reinforced and were not rein-
forced; the intensity relationship between the
two stimuli (the effect of SD being more
or less intense than SA); and, the location
of the discriminanda along the intensity
continuum.
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In an analysis of discrimination behavior,
Frick (1948) examined the question of whether
the magnitude of the intensity difference be-
tween discriminanda affects acquisition. He
trained five groups of rats to bar press, with
the differences between the SD and SA light
intensity varied among them. The results
showed that the number of responses that oc-
curred in SA was inversely proportional to the
magnitude of the SD-SA difference. Raben
(1949) obtained similar results using a runway
apparatus. These findings were also confirmed
by Hanson (1959) over a portion of the wave-
length continuum, using pigeons as subjects.
He noted that once the SD-SA difference was
increased to a certain magnitude (10 nm), fur-
ther increases did not reduce the amount of
training time required to attain a differential
response criterion.
A study by the present investigators (Pierrel

and Sherman, 1962) using 10, 20, and 30 db
SJ)-SA auditory intensity differences yielded
data that indicated that, beginning early in
training, SA rates are inversely related to the
magnitude of the difference between discrim-
inanda. From the foregoing studies it would
appear amply demonstrated that the magni-
tude of the SD-SA difference affects the rate of
acquisition of differential responding.

In an attempt to isolate the effect of relative
intensity, we used "counterpart pairs" of
groups. A counterpart pair is one in which
the discriminative stimuli are the same for
the two groups, but the intensity relationship
between SI) and SA is reversed. That is, SD is
the more intense stimulus for one group and
SA is the more intense for the other. This ar-
rangement permits examination of the effect
of reversing the SD and SA intensity relation-
ship while the other experimental conditions
(intensity difference and absolute intensity) re-
main the same.

In an earlier study, Sadowsky (1966) em-
ployed four sets of counterpart groups to in-
vestigate relative intensity effects as a function
of absolute intensity at a single SD-SA inten-
sity (lifference value (10 db). Each group was
exposed to a 10-db discrimination in the range
between 100 and 60 db (100-90, 90-100; 90-80,
80-90; etc.). When SA was the more intense
stimulus and the discriminanda were locatedl
at the high-intensity end of the continuum,
the rate of extinction in SA was retarded when
compared to that of the counterpart. This ef-

fect was most marked for the groups with 100
or 90 db as SA, greatly reduced at 80 db, and
absent at 70 db. The 70-60 versus 60-70 com-
parison showed no difference in the rate of
acquisition of differential responding. No ef-
fect comparable to that shown in SA rates was
observed in SD responding. Further discussion
of the continuum location variable will be de-
ferred until the data on that topic are pre-
sented.

METHOD
The acquisition of the bar press was studied

using a simple two-valued multiple schedule.
The study consisted of 14 experimental groups,
plus a special group. The treatment of all ex-
perimental groups was similar except for the
stimulus intensities employed as SD and SA.
The four animals in a given group were run
simultaneously.

Subjects
Sixty (15 groups of four each) male rats of

a Specific Pathogen Free, Sprague-Dawley de-
rived strain, purchased from Carworth, Inc.,
New City, New York, were between 114 and
174 days old at the start of experimentation.
Free-feeding weights were determined over a
period of five days after the rats arrived from
the supplier. They were then provided with a
maintenance diet that kept them at the pre-
determined weight until two weeks before ex-
perimentation. During these two weeks, they
were reduced to 80%0 of free-feeding weight;
their weights were then maintained at approx-
imately 80% by the food reinforcers obtained
(luring the experimental sessions. Water was
available at all times in both the experimental
an(l living cages.

Apparatus
The four experimental enclosures were sim-

ilarly constructed. These were shock-mounted
refrigerator shells lined on all interior surfaces
with Fiberglas sheets covered with Fiberglas
cloth. The floor level was raised with Fiber-
glas blocks and a partition inserted to divide
the area into experimental and equipment
sections. The equipment section housed a pel-
let dispenser and a motor-driven retractable
bar. A slot in the partition accommodated the
tube from the feeder and the bar. The experi-
mental section measured 13.5-in. wide by 23.5-
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in. high by 15.0-in. deep (34.3 by 59.7 by 38.1
cm). The animal enclosure was constructed of
stainless steel rod 0.5 in. (1.27 cm) apart
mounted horizontally in a narrow Lucite
frame. The dimensions were 8.0-in. wide, 5.8-
in. high and 5.0-in. deep (20.3 by 14.7 by 12.7
cm). The bar was calibrated to operate a mi-
croswitch upon application of a force of 3 g
(0.027 N). A stainless steel pan containing an-

imal bedding was situated below the cage to
collect feces and urine. Centered 7.5 in. (19.1
cm) above the cage was a high-frequency
speaker. A sound-silenced ventilating unit pro-

vided a complete change of air in the boxes
every 3 min. These arrangements provided a

uniform sound field within an acoustically
transparent animal enclosure. When a 4-kHz
tone was present, point-to-point differences
within the enclosure did not exceed 2 db.
With the chamber closed and no stimulus
sound input, the background level of mid-
range frequency noise was about 30 db re

0.0002 microbar.
Ventilating, sound generating, scheduling,

and response recording equipment were situ-
ated in an adjacent room. Sound stimuli were

4-kHz tones of fixed intensity generated by an

oscillator. These were fed into a controlled
rise/decay time switching preamplifier,
through one of a set of fixed attenuators, and
finally distributed to each of four similar am-

plifiers, yielding the same speaker output in
all units. Any one of the bank of fixed attenu-
ators could be selected by a stepping switch
triggered by a punched tape interval program-
mer. The sound stimuli were presented as

pulsed tones (1.5 sec on, 2.5 sec off). All inten-
sity changes were scheduled to occur when the
tone was in its "off" phase, eliminating the
possibility of audible switching transients. Bar
insertion at the start of the session and retrac-
tion at the end of session, level of sound stim-
uli and food reinforcement were scheduled by
means of relay and timing circuits. Data were

recorded on cumulative recorders, counters,
and printout counters. A more detailed de-
scription of the equipment is available in
Pierrel and Sherman (1960).

Procedure
Each of the 15 groups was run separately

over successive 16-day periods. Except for the
special group, all groups were treated as fol-
lows: Day 1 (Bar-training). Each animal was

placed in the experimental enclosure and ex-

posed to the sound intensity that was to serve

as SD during discrimination training. An Fl
10-sec schedule was in effect until the animal
had collected 50 reinforcements (pellets) for
bar pressing. The reinforcement schedule was

then changed to VI 2-min. Each animal re-

mainecl in the enclosure until it had collected
75 to 80 pellets on the VI schedule and was

then returned to the living cage. Days 2 to 16

(Discr inmination Training). Each animal was

placed in an experimental chamber and was

not removed again until the 15 days of dis-
crimination training had been completed.
Two 8-hr sessions were run daily from 1:00
PM to 9:00 PM, and from 1:00 AM tO 9:00 AM.

This yielded a total of 240 experimental
hours. During the 4 hr between sessions, the
sound was off and the bar retracted.

For each of the 14 experimental groups, two
intensities of a 4-kHz tone were utilized as SD
and SA. These were selected in such a way that
the magnitude of the intensity difference be-
tween SD and SA was varied among groups. It
was also possible to locate similar SD-SA dif-
ferences in various positions along the inten-
sity continuum. Finally, each of the groups

with any given intensity difference and con-

tinuum location had a counterpart. Counter-
part groups are those having the same dis-
criminanda, though the tone serving as the SD
intensity for one group served as the S' for
the other, and vice versa. These arrangements
are shown in Table 1. Reference to the vari-
ous groups will be made with respect to their
SD and SA intensities. For example, the group
trained with 100 db as SD and 80 db as SA is
Group 100-80; the group trained with 60 db
as SD and 70 db as SA is Group 60-70, and so

on. Although the 40-db difference groups (60-
100, 100-60) appear twice in the table for sym-

metry, these two groups were run only once.

Table 1

Plan of
groups.

stimulus presentation for the 14 experimental

Db Sound Level in Decibels

Differ- A B C D
ence SD SA SD SA SD SA SD SA

10 60 70 70 60 100 90 90 100
20 60 80 80 60 100 80 80 100
30 60 90 90 60 100 70 70 100
40 60 100 100 60 100 60 60 100
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All intensity levels are specified in terms of a
0-db reference level of 0.0002 microbar.
The SD and SA sound intensities were alter-

nated throughout the session, with 50% of the
session time devoted to each. The duration of
any given intensity interval was 1, 2, or 3 min.
The quasi-random order of alternation of
stimulus interval lengths was taken from a
Gellerman series designed to avoid simple al-
ternation sequences. The mean inter-rein-
forcement interval during the SD period was 2
min. The program of intervals was obtained
by randomizing the terms of a geometric pro-
gression.
The conditions for the special group were

the same as for the experimerftal groups, ex-
cept that no single stimulus was ever uniquely
associated with either periods of reinforce-
ment availability or non-availability. Three
stimulus intensities were employed: 60, 80,
an(l 100 (lb. Each of the three stimuli was
equally often associated with reinforcement
periods (occurring temporally within the ses-
sion at the same time as SD intervals for the
multiple schedule groups) and periods of ex-
tinction (the SAs of the multiple schedule):
The animals were run for 208 hr on this three-
stimulus schedule and were then switched for
the last 32 hr to a mixed schedule in which
only 80 db was present. No other condition
was changed.
Data analysis. In the data analysis to follow,

a Discrimination Index (DI) is employed:
DI = SD/(SD + SA). Thus, the Discrimination
Index is the proportion of total responding
that occurs during SD. Changes in the SD rate
have relatively less effect on the DI when SA
rate is low in comparison to SD rate. The nu-
merical value of the DI representing equal re-
sponse rates in the presence of SD and SA is
0.500. The index approaches a limit of 1.000
as responding during SA extinguishes and SD
responding is maintained.

RESULTS AND DISCUSSION

The Effect of SD-SA Difference on
Discrimination Acquisition

For the purpose of considering the SD-SA
intensity difference variable in the present
study, the Discrimination Index data have
been arranged in four sets corresponding to
the arrangement of Table 1. Each set allows

comparison among the four groups having a
common SD or S5A. These findings are pre-
sented in Fig. 1.
The form of all of these DI functions is es-

sentially that of a negatively accelerated posi-
tive function. There is little or no discrimina-
tion learning evident in the first 8 hr, as most
of the curves start at or about 0.500 (50% of
responding in SD; 50% in SA). The highest
8-hr point was achieved by the 100-60 group
(0.549), which exhibited the highest DI values
throughout the course of acquisition. For
those groups with SA as the relatively more-
intense stimulus (panels A and D), the DI re-
inains at close to 0.500 for up to 32 hr before
showing a steady increase similar to the other
curves.

In each of the four sets of groups, the 10-db
animals (solid line) clearly developed less dif-
ferential responding, or at least did so at a
slower rate, than did their adjacent 20-db
groups (dashed line). Among these compari-
sons, the slope is least steep and the final level
is lowest for Groups 60-70, 70-60, and 100-90.
The DIs from Group 90-100 describe a shal-
lower curve, but reach a final level of discrim-
inative performance comparable to that at-
tained by the 80-100 group. The 20-db groups
(dashed line) are inferior to their adjacent
30-db groups (dot-dash) in all but the 100-80
condition (panel C). The various 30- and 40-db
comparisons exhibit overlapping final per-
formance levels and only slight differences in
slope, suggesting that a limit is being reached
on the effectiveness of further increasing the
size of the SD-SA difference. This is in line
with Hanson's observation that after a given
wavelength separation between SD and SA was
achieved, further increases in the difference
did not increase the speed of discrimination
acquisition. However, our data indicate that
the limit of the effectiveness of this variable
cannot be stated in terms of any given SD-SA
separation. Rather, a comparison of the four
panels of Fig. 1 suggests different effective
ranges and different limits of the SD-SA inten-
sity difference variable depending upon the
value of the other two intensity variables
simultaneously controlling discrimination
performance. It is particularly clear in panel
C that, while a 20-db intensity difference pro-
duces more rapid acquisition than does a
10-db difference, for this highest intensity SD
comparison only, increasing the SD5SA differ-
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Fig. 1. Percentage of responding in SD (Discrimination Index) as a function of hours of training. Each point on

each function represents the mean DI for four animals taken over eight consecutive hours.

ence beyond 20 db does not produce corre-

sponding improvement in discrimination per-
formance. A comparable limit is not seen at the
lower extreme of our intensity difference di-
mension. Differential responding developed

for all animals in the 10-db groups, indicating
that within the range employed, 10 db does
not approach the magnitude of the difference
limen at 4 kHz. Confirmation of this, as well
as some indication of the reliability of the
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group differences seen in Fig. 1, can be gained
by inspecting the individual data plotted in
Fig. 2. The individual animals that make up

any given group have been plotted using the
same texture. While the course of the individ-
ual curves is sometimes indistinguishable
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Fig. 3. Left panel: Mean SD responses per minute for the animals in each group. Each point on each curve rep-

resents the mean of four animals taken across eight consecutive hours. Right panel: Mean SA response rates per
minute for the animals in each group. Each point on each curve represents the mean of four animals taken across

eight consecutive hours.
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within a single group, the inter-group rela-
tionships are clear.
Changes in the DI may be a function of

changes in the SD rate, changes in the SA rate,
or both. For example, an increase in DI may
reflect an increase in SD rate, a decrease in SA,
or both. Therefore, it is of interest to note any
systematic changes that occur in response
rates. The SD and SA rates as a function of
hours are presented for each of the groups in
Fig. 3. The groups are in the same sets for
comparison as in Fig. 1. The SD rates in the
left panel show no systematic relationships
and, in general, responding during SD was
relatively steady across trainiiig except for
Group 100-60. SA rate (right panel) declines
fairly sharply for the first 40 to 96 hr. For the
most part, the rate of decline and the fairly
steady low rate level achieved in an inverse
function of the SD-SA difference. Again, ex-
cepting the 100-60 group, the differences in
the DI functions essentially reflect differences
in SA rates.

The Effect of Intensity Relationship
Between SD and SA on
Discrimination Acquisition
Table 2 shows the comparisons that will be

made in this section. These combinations of
the data allow us to examine the effect of rela-
tive intensity, while at the same time examin-
ing its interactions with SD-SA intensity differ-
ence and with absolute intensity.

Table 2
Group comparisons used to examine the effect of the S"
and SA intensity relationship on discrimination acqui-
sition.

Continuum Decibel Difference
Position 10 db 20 db 30 db 40 db

High-Intensity 100-90 100-80 100-70
End 90-100 80-100 70-100

100-60
60-100

Low-Intensity 70-60 80-60 90-60
End 60-70 60-80 60-90

The groups in the top row of Table 2 are

labelled as "High-Intensity End" because 100
db is either SD or SA. The distinction between
high- and low-intensity ends becomes less
meaningful as the SD-SA differences become
larger. Similarly, "Low-Intensity End" groups
are those with 60 db as either SD or SA. Given

these distinctions, the 40-db groups logically
complete both the high- and low-intensity se-
quences. We noted earlier that the differences
between groups result largely from differences
in SA responding. Thus, the high-intensity
groups provide a more direct comparison be-
cause the SA intensity for those groups with
the more intense SA is held constant at 100 db.

Figure 4 presents curves for Groups 100-90
versus 90-100 and 100-80 versus 80-100. The
DI functions are the upper curves in each set
with the index values indicated on the left-
most ordinate. Response rate is plotted below
and scaled on the inside ordinate. The slope
of the 100-90 DI curve is clearly steeper than
that for 90-100. However, both groups
achieved a similar level of final performance,
the group differences disappearing after about
120 hr of training. The response rate data in-
dicate that the difference is produced by the
slower rate of extinction to the more intense
S" (100 db) because the SD response rates are
similar to one another. Stimulus intensity
might be expected to influence SD responding
in such a way that Group 100-90 would emit a
higher rate in SD as well as a lower rate in SA,
as compared with its counterpart. It is possi-
ble that the variable-interval schedule may ex-
ercise such control as to determine SD rate
totally, precluding any intensity effects. We
noted earlier that there was no systematic dif-
ference in SD rate as a function of SD-SA sepa-
ration. Perhaps this consistency in SD rate
across groups (excepting 100-60) could also be
attributed to the prepotency of VI schedule
control.
The general effect initially reported by

Sadowsky (1966) is confirmed here, but in his
study the final performance level of the 90-100
group was lower than that of its counterpart;
here, the difference gradually disappears.
There is no contradiction between the two
sets of data, however, since Sadowsky ran his
groups for only 84 hr, and at least 120 hr of
training were necessary to eliminate the group
difference in the present study. The relative
intensity effect, then, is marked early in acqui-
sition but is gradually eliminated with pro-
longed training.
The 20-db high-intensity end comparison

(100-80 versus 80-100) comprising the right
portion of Fig. 4 displays results similar t'f
those for the 10-db groups. Again the differ-
ence is produced by the slower rate of extin -

25



ROSEMARY PIERREL et al.

100- 90

90 _00.----.

100 - 80

80 - 100

A0 ,A

A ~ ~ 9 /~
0

1%J# A . I % S*'V1IO,I.% j7F-/ W0 t %

"N..~~~~~~~~~~~~~~~~~~~~~eoo,,

52 96 160 224 32 96 160 224

HOURS IN BLOCKS OF 8
Fig. 4. Upper sets of curves: Percentage of responding in SD as a function of hours of training. Lower sets of

curves: Response rates in SD and S. Each point on each curve represents the mean of four animals taken across

eight consecutive hours.

tion to the more intense SA, though here pro-

longed training eliminated the difference. SI'
rates are essentially the same for the counter-
part groups.
The two sets of curves in the right-hand

portion of Fig. 5 display the DI functions for
the 30-db high-intensity end comparison and
the 40-db groups. The differences, early in
training, between 100-70 and 70-100, and be-
tween 100-60 versus 60-100 are again a func-
tion of higher rates in SA in the presence of
the 100-db stimulus. There is no precise rela-
tionship between the magnitude and durabil-
ity of the difference between counterpart pairs
and the size of the SD-SA separation. The
difference between counterpart pairs for the
10- and 20-db comparisons is large and is
maintained throughout most of the course of
training, disappearing after about 120 to more
than 200 hr. Smaller differences appear in the
30- and 40-db groups and are maintained for
only 40 to 80 hr of training.

Completing the comparisons of Table 2, the
curves for the low-intensity end groups appear

as the three sets of curves in the left-hand por-

tion of Fig. 5. The 70-60 versus 60-70 compari-
son (lowest set of curves) reveals no systematic
differences during acquisition, confirming
Sadowsky's (1966) observations with the same

stimuli. However, looking at the other low-
end groups, we find a slower rate of extinction
to the more intense SA, so that groups having
60 db as SD (excluding 60-70) lag behind their
counterparts in differential responding. At the
low end of the continuum, as the SD-_SA inten-
sity difference increases, the value of the more-

intense SA increases from 70 to 100 db. It is
possible that the absolute intensity of SA affects
the rate of extinction. If both changes in the
SD-SA difference and the intensity of SA affect
the rate of extinction, then the two parametric
manipulations are confounded under the con-

ditions of stimulus placement that existed for
the "Low-Intensity End" groups in Table 2.
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Fig. 5. Percentage of responding in SD (Discrimination Index) as a function of hours of training. Each point on
each function represents the mean DI for four animals taken across eight hours. These sets of curves have been
offset on both axes to facilitate comparison.

In view of this possible unassessed interaction,
a more direct examination of the effect of in-
tensity was made. This examination involved
the running of a special group. The condi-
tions for this group were the same as for the
14 experimental groups in this study, except
that no single stimulus was ever uniquely as-
sociated with either periods of reinforcement
availability or non-availability (a type of
mixed schedule; cf. Pierrel and Blue, 1967).
Three stimulus intensities were employed: 60,
80, and 100 db. Each of the three stimuli was
equally often associated with reinforcement
periods (occurring temporally within the ses-
sion at the same time as SD intervals for the
multiple schedule groups) and periods of ex-
tinction (the SAs of the multiple schedule).
The animals were run for 208 hr on this
three-stimulus schedule, and were then
switched for the last 32 hr to a mixed schedule
in which only 80 db was present. No other
condition was changed.
The results for this special group are shown

in Fig. 6. The left side of the figure dlisplays
the DI curves by 8-hr blocks. The individual

functions are shown above and the mean
curve below. The values plotted in these
curves were calculated by summing respond-
ing across all periods of reinforcement avail-
ability regardless of intensity, and then divid-
ing by the total response output. The break
in the curves indicates the change from three
intensities to one. There is no evidence of con-
sistent change in response rate between the
alternating periods of high and zero reinforce-
ment probability. That is, variations in rein-
forcement density alone were not sufficient to
control differential behavior under these con-
ditions.
The right half of Fig. 6 partitions response

rate as a function of stimulus intensity, re-
gardless of whether or not that intensity was
present during a high or zero reinforcement
probability period. The upper curves show
the performance of a representative animal,
those below are the means in 8-hr blocks. Dur-
ing the 208 hr of three-stimulus training, all
four animals showed consistently higher rates
in the presence of 100 than for 80 or 60 db,
whether 100 db was present during "SD" or
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Fig. 6. Special Group Data. Left-hand segment: Percentage of responding in "SD" as a function of training.
The upper curves represent individual animals, each point on each curve represents the DI value for eight con-

secutive hours. The lower curve is for the mean DI of the four animals. Right-hand segment: The upper curves

show rate of responding as a function of training for Rat B. The lower set of curves represent tile inean rates

of responding for the four animals as a function of hours of training. Each point on each function represents
the mean response rate in the presence of a given sound intensity as emitted across eight consecutive hours. The
break in the curves indicates the change from three intensities to one (80 db).

"SA". This difference appeared during the first
8 hr of training and was maintained through-
out. The mean curve shows a slightly higher
rate for 80 than for 60 db, though there is
considerable variability in the individual
data. That the higher rate under 100 db was

not an artifactual property of the stimulus
sequence is demonstrated by the behavior of
all the animals during the last 32 hr of train-
ing when only 80 db was present. Response
rates were still partitioned as if the three stim-
uli were being alternated, but with only a

single stimulus, the rates became similar
across the session. These data provide a clear
indication that the rate of an operant can be
a direct function of stimulus intensity alone.

The Effect of Continuum Location of SD and
SA on Discrimination Acquisition

Speculating on the manner in which abso-
lute intensity affects discrimination acquisi-
tion, without information from the earlier
sections of this study, one might assume that
Group 100-90, for example, would exhibit
more rapid acquisition than Group 70-60 be-
cause of a higher rate in the presence of the
highest absolute intensity (100 db). Or, given
that one knew that SD rates do not appear to
vary systematically as a function of either in-
tensity difference or relative intensity, a pre-

diction might reflect an appreciation of the
role of SA responding in the present type of
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design. If higher SA intensities result in slower
extinction, higher rates in 90 versus 60 db
would produce slower discrimination acquisi-
tion for the 100-90 group. This would indicate
that the function of the absolute intensity
variable was quite similar to that of the rela-
tive intensity variable. However, for the dif-
ferent multiple schedule groups, responding
across the continuum does not vary in this
faslhion.

In or(ler to investigate the effect of absolute
intensity while systematically assessing the in-
fluence of the other two variables, the groups
were arrange(l for study as shown in Table 3.
The 40-db groups are omitte(d from these com-
parisons because their positions (1o not vary.

Table 3

Grouip comparisons used to examiiine the effect of con-
tinuum position on discrimination acquisition.

Intensity Decibel Difference
Relationship 10 db 20 db 30 db

More Intense 100-90 100-80 100-70
St 70-60 80-60 90-60

More Intense 90-100 80-100 70-100
S'i 60-70 60-80 60-90

100 - 90

.900

70 - 60

29

The major question implicit in these com-
parisons is: holding relative intensity con-
stant, do equal decibel differences produce
equal degrees of differential responding?
The data from the groups with SI' as the

relatively more-intense stimulus are examined
first. The DI curves and response rate data
for Groups 100-90 and 70-60 appear in the
left panel of Fig. 7. The 100-90 group was ear-
lier seen to exhibit more differential respond-
ing than the 90-100 group (Fig. 4). But there
are two critical differences between these two
types of comparison. First, the 100-90 versus
70-60 group difference is maintained through-
out the course of discrimination training and
shows little evidence of diminishing. The sec-
ond difference is seen in the response-rate
curves. As with the earlier comparisons, there
is little differential effect of intensity on SD'
rate (essentially none after about 80 hr of
training), so that, as before, DI (lifferences are
a function of different SA rates. But in the
present case, SA responding is maintained at a
higher level in the presence of the less-intense
SA (60 versus 90 db). If there is any effect of
intensity per se, it is not apparent un(Ier these
conditions. This group difference is highly re-
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Fig. 7. Upper sets oj curves: Percentage of responding in SD as a function of hours of training. Lower sets 01
curves: Response rates in SD and S6A. Each point on each curve represents the mean of four animals taken across
eight consecutive hours.
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liable, as can be seen from the individual DI
curves plotted in panel A of Fig. 2. There is
virtually no overlap between these two
groups. The curve for the animal in Group
70-60 with the highest level of differential re-
sponding lies almost completely below the
lowest animal in Group 100-90.

Figure 8 and the middle panel of Fig. 7
show the effect of increased SD.SA (lifference.
For 20-db separations (100-80 versus 80-60) a
similar but smaller group difference appears,
and for the 30-db groups (100-70 versuis 90-60;
uppermost curves in Fig. 8) the difference is
almost completely gone.

If we look now at the groups with S'1 as the
relatively more intense stimulus, we can see
the interaction between the effect of relative
intensity and absolute intensity. The right-
hand panel of Fig. 7 displays the data for

100- 70-_
90 - 60--- f! "

A,wIf
*/t ~~~~~~~~70- 100
// ~~~~~60-90____-

z a
0
P

z

a

Groups 90-100 and 60-70. There is no differ-
ence between their DI curves over approxi-
mately the first half of training, but after this
point (about 120 hr), a separation similar to
that seen throughout in the other two panels
begins to appear, with the higher-intensity
group exhibiting the higher DIs. It will be re-
membered that in comparing Groups 100-90
and 90-100, the effect of the intensity relation-
ship disappeared after about 120 hr, and that
there was no difference at any time between
Groups 70-60 and 60-70. Up to the 120-hr
point, there appear to be interacting effects
of relative intensity (slowing extinction for
Group 90-100, but not affecting Group 60-70)
and continuum location (facilitating 90-100
but not 60-70). These effects cancel one an-
other. Sadowsky (1966) proposed a similar in-
teraction to account for his findings. The ef-

80 -100
60 - 80

HOURS IN BLOCKS OF 8
Fig. 8. Percentage of responding in SD (Discrimination Index) as a function of hours of training. Each point on

each function represents the mean DI for four animals taken across eight hours. These sets of curves have been
offset on both axes to facilitate comparison.
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fect of intensity relationship is temporary, but
the influence of continuum location is not.
Therefore, the action of this latter variable
appears only after considerable training.
The other two sets of curves in Fig. 8 com-

plete the analysis. A small difference favoring
Group 80-100 versus 60-80 begins to appear
late in training. As seen in Fig. 4, the effect of
intensity relationship for the 20-db high-in-
tensity groups is maintained almost through-
out the course of training. Here again, when
relative intensity effects disappear, the effect
of absolute intensity becomes apparent. The
30-db group comparison (70-100 versus 60-90)
yields virtually no difference. Apparently the
stimuli involved in the 30-db comparisons,
overlapping almost completely as they do, are
too similar in location to reveal the effect of
continuum position in a reliable fashion.

GENERAL DISCUSSION

On the Effect of SD-SA Difference
In comparison with a number of recent dis-

crimination studies involving complex, multi-
dimensional stimuli, the present investigation
examined a number of parameters of a rela-
tively simple physical continuum, that of au-
ditory intensity. Despite the unidimensional-
ity and simplicity of the stimuli employed, an
unexpected complexity and richness of effects
upon differential responding was observed.
Each of the three variables investigated gen-
erates orderly functional relationships. It was
previously well established that increases in
discriminanda difference affect the rate of ac-
quisition of differential responding. However,
the systematic manipulation of this variable
in the present study permits a more accurate
estimation of the importance of SD-SA differ-
ence under the several conditions of intensity
relationship between the discriminanda and
position on the continuum. Besides its intrin-
sic interest and importance as a step towards
an increasingly precise empirical statement of
the acquisition process, this information
should be of benefit to an experimenter who
is interested in rapidly establishing- a baseline
of discriminative responding and who chooses
to employ some variation of a multiple sched-
ule procedure as his experimental technique.
Based on the present results and on an earlier
study, the following conditions should be ob-
served in order to develop differential re-

sponding relatively quickly: the magnitude
of the separation between SD and SA should be
relatively large; SD should be the more intense
stimulus and should be located at the high-
intensity end of the continuum; exposure to
SA should be about three times that to SD
(Sherman, Hegge, and Pierrel, 1964); and a
high rate of responding should be controlled
in SD by a schedule of reinforcement such as
variable interval. These conditions minimize
the influence of other variables that have been
shown to limit or delay discrimination acqui-
sition.

On Data Related to Behavioral Contrast
The left-hand panel of Fig. 3 showed that

the rate in SD was relatively constant during
training for all groups except 100-60. The SD
curve for this group is seen most clearly in the
functions plotted just below the top set. Ini-
tially, as is true of the other groups, the rate
was approximately 20 responses per minute.
However, this group's rate rose steadily over
the first 88 hr of training to nearly 40 re-
sponses per minute. This increase in SD re-
sponding with concurrent decreases in SA
rate during discrimination training suggests
what Reynolds (1961) and others have termed
"behavioral contrast". Reynolds has proposed
that differential reinforcement density is the
variable controlling contrast effects. Alterna-
tively, Terrace has asserted: ". . . the suppres-
sion of the rate of responding ... in the pres-
ence of (one of) two alternating stimuli, seems
to be a sufficient condition to produce con-
trast" (1966, p. 322). We clearly have SA re-
sponse rate reduction ("suppression") for all
14 experimental groups (see right panel of
Fig. 3), but only for Group 100-60 was there a
reciprocal rise in SD rate. An opportunity to
replicate Group 100-60 occurred during the
completion of this study, and again the rate
increase in SD from about 20 to 40 responses
was observed. Terrace's formulation might be
extended to take into account the speed of
discrimination acquisition. Group 100-60
showed the most rapid acquisition, initially,
as a function of the most rapid rate of SA ex-
tinction (the high rate of about 20 responses
per hour during the first hour decreased to a
mean of 14.3 for the total 8 hr). Perhaps con-
trast occurs, not merely because responding is
reduced in the presence of one stimulus, but
rather when that reduction proceeds at or
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beyond some critical rate. The rather gradual
response reduction seen in most of our groups
may not "activate the mechanism" whose op-
eration is described as contrast.

On the Effect of Intensity Relationship
By employing the counterpart pair design,

which manipulates the intensity relationship
between the discriminanda, we demonstrated
that, under some conditions, the intensity of
the SA affects the rate of extinction. Concern-
ing the general question of how responding is
affected by intensity, per se, an early recogni-
tion of the influence of the amount of extero-
ceptive stimulus energy on some response
system was the formulation of the relationship
between intensity and reaction time. Response
latency was found to be an inverse function of
stimulus intensity over a considerable range
(Woodworth and Schlosberg, 1954). Hull
(1952) dealt with this relationship in his re-
vised set of postulates, calling it "stimulus in-
tensity dynamism". He asserted that response
"strength", as measured by latency, ampli-
tude, or frequency of occurrence, is a direct
function of stimulus intensity. This effect has
been particularly well demonstrated in re-
spondent conditioning experiments. In these,
the amplitude of either the conditional or un-
conditional galvanic skin response, for exam-
ple, has been shown to be correlated with
stimulus magnitude (Hovland, 1937; Hovland
and Riesen, 1940). Gray (1965) reviewed the
literature dealing with the question of stimu-
lus intensity dynamism. He concluded that
dynamism occurs only when a stimulus is es-
tablished either as an SD or as a CS. It is also
his contention that dynamism effects are most
predictable if the stimulus is defined not in
terms of absolute physical intensity, but rather
in terms of the "degree of contrast" between
various levels of stimulation.
We addressed this issue of how responding

is affected by stimulus intensity in an earlier
study (Hegge, Pierrel, Sherman, and Sadow-
sky, 1965). In that experiment, rats were
trained to bar press on a VI 1-min schedule in
the presence of a 4-kHz tone. The intensity of
this tone changed every 1 to 3 min. Nine in-
tensities, ranging between 60 and 100 db in
5-db intervals, were used. When response totals
were partitioned as a function of the intensity
level present, no systematic differences were
observed. For this type of design then, there

was no relationship between stimulus inten-
sity and response strength, as measured by
rate of emission. There are, however, two clear
differences between the design of this earlier
experiment and that of the present investiga-
tion. In the previous study, the animals were
exposed to many relatively small stimulus
changes, since the nine stimuli used were
spaced at 5-db intervals. Probably more im-
portant, though, no long periods of extinction
alternated with a VI schedule. The special
group in this study was run in an effort to as-
sess the effects of these design differences on
the development of the rate-intensity relation-
ship. Three stimuli were employed and rein-
forcement availability was equivalent under
every intensity. The results indicated that rate
of responding in the presence of the highest
intensity (100 db) was consistently higher than
in the presence of 60 or 80 db. It should be
noted that these data also bear on the problem
of defining "stimulus control". Stimulus con-
trol is usually measured in terms of differen-
tial responding, and if we examine only the
DI curves for this group (left panel, Fig. 6), no
stimulus control is evident. It is clear, how-
ever, that differential responding does occur
as a function of stimulus intensity, even
though the intensities employed were not re-
lated to the differential reinforcement contin-
gencies. The animals reacted with an increase
in responding each time 100 db was presented.
As indicated above, Hegge et al. (1965) found
no intensity effect. There appear to be two
major differences between these studies. First,
the smallest stimulus change involved here
was 20 db, whereas a preponderance of 5, 10,
and 15 db changes were employed in the
Hegge experiment. Secondly, extinction was
not alternated with their VI schedule. Despite
the fact that the behavior of our special group
of animals was uncorrelated with the rein-
forcement schedules, the existence of the alter-
nating periods of reinforcement availability
and extinction might somehow be responsible
for the development of the intensity effect.

On the Parametric Limits of the
Effect of Intensity Relationship

Considerable controversy has surrounded
the issue of whether or not operant discrimi-
nated responding is affected by the magnitude
of the intensity of the discriminanda em-
ployed. The data from our special group
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make it clear that intensity, per se, can affect
response rate, and the conditions of discrimi-
nation training under which this effect can be
measured have been more thoroughly specified
in this study than previously. That is, this in-
tensity effect is seen most clearly as slower ex-
tinction in SA responding, relative to the ap-
propriate counterpart group, where SA is more
intense than SD and is positioned at the high-
intensity end of the stimulus continuum.
Since the effect is eliminated once a group has
obtained a fairly stable level of differential
responding, the relative retardation of extinc-
tion is most prolonged in those groups having
a small SI)-SA difference (20 db or less). It is
now obvious why no such intensity effect was
reported in certain earlier work from our lab-
oratory (Pierrel, 1958; Pierrel and Sherman,
1960). In these studies we used a large SD)-SA
difference or a non-optimal continuum place-
ment of the discriminanda. In addition, in
these studies there was three times as much ex-
posure to the sA stimulus as to the SD stimu-
lus, promoting a more rapid approach to
asymptote. Any relative intensity effect that
may have occurred must have been minimal
and transitory.

On the Natur-e of "Dynamism"
As noted earlier, intensity effects have been

observed in other experimental situations,
and an attempt has been made by Gray (1965)
to integrate the results of these studies and to
suggest a mechanism to account for these ef-
fects. Following Hull, he refers to "stimulus
intensity dynamism" and concluded that this
effect is best explained in terms of a "contrast
hypothesis". Gray was impressed by a number
of studies that indicated that response
strength was relatedl to the magnitude of the
stimulus change, irrespective of the direction
of that change, rather than to the actual phys-
ical intensity of the various stimuli used. Gray
related this type of finding to the Perkins-
Logan interpretation of dynamism in terms
of the "generalization of inhibition" and sug-
gested that stimulus intensity dynamism is
merely a "special case of generalization or dis-
crimination behavior, rather than a phenome-
non sui generis" (1965, p. 193), that is, an ef-
fect of intensity per se.

Gray, however, included in his review some
negative evidence: "A study which the con-
trast hypothesis has difficulty in handling is

one by Spence (reported in Hull, 1947), who
found that rats made fewer errors in choice of
runway when a white one was the positive
stimulus and a black one was the negative
stimulus than when the signal values of the
black and white runways were reversed. In
this situation the contrast between positive
and negative stimuli is obviously the same
whether black or white is reinforced." (p. 185)
In other words, Spence made use of the coun-
terpart pair design and found an intensity ef-
fect. Gray failed to appreciate the importance
of Spence's observation, since at that time it
had not been confirmed. However, given the
several replications of this counterpart pair ef-
fect in both Sadowsky's findings and those of
the present study, little doubt remains as to
the existence of a "sui generis" intensity effect.
We would not deny the importance of the "de-
gree of contrast" between discriminative stim-
uli, since, in many instances, its effects are
closely related, if not identical to those of
S-SA difference. However, this variable alone
cannot account for all of the rate-modulating
properties of stimulus intensity.

On the Effect of Continuum Location
Decibel differences at the high-intensity end

of the continuum (around 90 to 100 db, see
Fig. 7) generate and maintain higher levels of
differential responding than do equal decibel
differences at the low-intensity end (around 60
to 70 db). The persistence of this continuum
location effect over the prolonged training
period of 240 hr suggests that, as opposed
to the intensity relationship effect, which
"adapts" after a longer or shorter time, we are
dealing with some psychophysical property of
the discriminative stimuli which places a limit
on the level of differential control that can be
exerted by a given discriminative stimulus
pair. In other words, we may be measuring be-
havior directly related to the "psychological
space" between stimuli or the scalar properties
of "loudness", the psychological counterpart
of physical auditory intensity.
There is no experimentally determined psy-

chological loudness scale for rats. From hu-
man psychophysical work, there are two ma-
jor approaches from which we may borrow
some concepts. 4Historically, precedence is
given to Fechner's proposition that psycholog-
ical sensation is linearly related to the loga-
rithm of stimulus intensity. Since decibel
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scales are logarithmic, Fechner's Law predicts
that equal decibel differences should promote
equal rates of discrimination acquisition. This
is clearly not true in every case for our experi-
mental design. A more recent formulation by
S. S. Stevens provides an alternative predic-
tion. Stevens proposes that sensation is related
to stimulus intensity raised to some power,
which would mean that a logarithmic measure
of sensation is linearly related to the loga-
rithm of stimulus intensity. For the auditory
intensity dimension, Stevens and Davis (as re-
ported by Licklider, 1951) constructed a psy-
chological scale for loudness which conforms
to the power law assumptions and is called the
"sone" scale.
A sone is the loudness of a l-kHz tone at 40

db and is the arbitrary unit of this scale. If we
select from Stevens and Davis' data the sone
value for 100 and 90 db versus 70 and 60 db,
we find that a 4-kHz tone at 100 db has a loud-
ness value of about 109 sones and at 90 db
about 82 sones, or a difference of 27 loudness
units. The comparable figures for 70 and 60
db are 59 and 53 sones, respectively, or a dif-
ference of only six loudness units. Clearly
these data provide a basis for the prediction
of the group differences observed in the pres-
ent study, and suggest that the loudness scale
for rats may be based on the power law formu-
lation of Stevens rather than the logarithmic
law of Fechner.

Regardless of one's theoretical position, the
data show that when equal SD-SA decibel dif-
ferences are selected from the high and low
extremes of the intensity continuum, quite
different levels of differential responding oc-
cur. This result indicates that the traditional
reliance upon the logarithmic spacing of au(di-
tory stimuli, while of great convenience, is at
best a partial solution to scaling psychophysi-
cal distances. This finding also strengthens the
argument that precision in predicting behav-
ior requires the construction of psychological
scales of measurement corresponding to the
physical continua employed in any given ex-
periment. Shepard (1965) has pointed out that
this is of particular importance when choices
between competing theoretical deductions
must be made.
We have devoted considerable space to dis-

cussing the manner in which the three inten-
sity variables studied interact. Investigators of
the "loudness" of tones for rats (and presum-

ably other organisms) would be well advised
to employ experimental techniques that allow
for an assessment of other effects of stimulus
intensity not related to its scalar properties.
In particular, any changes in responding that
might be attributable to "stimulus intensity
dynamism" must be controlled for, either by
appropriate selection of stimuli, or prolonged
training sufficient to eliminate what would be,
in the context of psychophysical scaling, arti-
factual intensity effects.
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