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Following fixed-ratio baselines, the independent delivery of reinforcers was scheduled alone
or concomitant with the fixed-ratio schedule for all subjects. Systematic manipulations
of either the interreinforcement interval or the ratio size were also made during concomi-
tant schedules. Response rates during the independent delivery of reinforcers did not
decelerate until the subjects had been exposed for 50 or more sessions. Rates decelerated
after a few sessions when the interreinforcement intervals were less than half of the origi-
nal value and scheduled along with the ratio dependency. When both schedules were
available, reductions in the ratio size resulted in slight deceleration of response rate when
compared with the level of deceleration yielded by reductions in the independent rein-
forcement intervals.

Skinner (1948) reported that food delivered
independently of behavior increased the prob-
ability of some response. Four of Skinner's six
birds showed an increase in the frequency of
some particular topography, e.g., head bob-
bing, circling, neck stretching. These data sug-
gest that many elements specified by a contin-
gency need analysis in order to determine the
manner in which contingencies control rate of
response.
A first step in analyzing the role of contin-

gencies in controlling rate of response was re-
ported by Herrnstein (1966). He and Morse
performed a study in which a pigeon's key
pecks were reinforced on a fixed-interval 11-
sec schedule of reinforcement (Fl 1 1-sec). After
nine days, food was delivered independently
of key pecking every 11 sec. Herrnstein pre-
dicted that the response rate might not reflect
the change from dependent food to indepen-
dent food, at least initially. However, after
continued exposure the pecking might dis-
appear. The results show a drop in median
response rate from 1.55 responses per second
during the fixed interval to 0.6 responses per
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second during the independent schedule. Cer-
tainly the independent delivery of food did
maintain the response rate at some level, but
the rates were not as high as those produced
by the fixed-interval schedule both before and
after the independence phase. Although the
change in schedules is reflected in the re-
sponse rate, the deceleration is not as great as
that reported in Herrnstein's extinction data,
where the median response rate was 0.19 re-
sponses per second.

Edwards, West, and Jackson (1968) reported
a systematic replication of Herrnstein's pigeon
study using both FI 11-sec and FI 60-sec
with rats and pigeons. When the food was
presented independently, response rates decel-
erated to zero in the FlI 1-sec study and from
0.4 responses per second to 0.14 responses per
second in the Fl 60-sec study. When this de-
celeration is compared with that produced by
the extinction procedure, the magnitude of
change is comparable, but the extinction pro-
cedure resulted in more rapid deceleration.
The traditional test of a reinforcer has been

an extinction pi-ocedure. If the behavior de-
creases in frequency when no food is available
and increases when food is again available, the
experimenter reports that the food is a func-
tional reinforcer for his subject. Since extinc-
tion involves removal of both the dependency
and the reinforcer, it is not clear which vari-
able accounts for behavioral deceleration. If
the independence procedure produces deceler-
ation in response rate, the conclusion is that
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behavior is under the control of the sched-
ule. However, comparison of Herrnstein's and
Edwards et al. data indicates that decelera-
tion may or may not occur when the relation
is changed from dependent to independent.
The nature of deceleration needs further anal-
ysis to evaluate the conditions under which
independent presentations will in fact deceler-
ate high response rates. The present study
explored the effect of the independent delivery
of reinforcers following establishment of fixed-
ratio baselines in order to extend the informa-
tion about the conditions under which inde-
pendent presentations will decelerate response
rates.

METHOD

Subjects
Five rats were maintained at 80% of their

free-feeding weights throughout the experi-
mental manipulations. Two of the five rats
(Exp. 1) were naive at the start of the study,
while the others (Exp. II) had histories of dis-
crimination training with fixed-ratio and ex-
tinction schedules alternating under stimulus
control.

Apparatus
Lehigh Valley Model 1316 two-bar rat boxes

served as the experimental chambers. A 16%
sucrose solution in the amount of 0.08 cc was
delivered following completion of schedule re-
quirements. All experimental operations were
arranged with relay circuitry designed by Le-
high Valley and Grason-Stadler electronics
companies. A Scientific Prototype CR2D cum-
ulative recorder graphed responses across time.
Daily session length was determined by the
amount of time taken to receive 50 sucrose
presentations.

EXPERIMENT I: MANIPULATION
OF INTERREINFORCEMENT

INTERVALS OF INDEPENDENT
SUCROSE, HOLDING RATIO

SIZE CONSTANT

Procedure
Table 1 shows the experimental design used

in Exp. I. A baseline of fixed-ratio responding
was established and maintained until response
rates stabilized. Independent (NK) sucrose was
then presented singly or simultaneously with

Table I

Experimental Manipulations for Exp. I

Rat I

Phase Schedutle

I FR35
II NK 18 sec

III FR 35
IV NK 13 sec
V FR 35
VI FR 35 + NK 6.5 sec
VII FR 35 + NK 13 sec
VIII FR 35
IX Extinction

Rat 2

Phase Schedule

I FR 50
II FR 50 + NK 42 sec

III FR 50 + NK 21 sec
IV FR 50 + NK 10.5 sec
V FR 50 + NK 5 sec
VI FR 50
VII NK 28 sec
VIII FR 50
IX Extinction

dependent sucrose presentations (FR-NK). In-
dependent sucrose presentations alone were
continued until the response rate dropped to
zero responses per minute. When dependent
and independent sucrose presentations were
simultaneously available, the interreinforce-
ment intervals for independent presentations
were systematically decreased until a zero re-
sponse rate was reached.

Following this manipulation, responding
was then reestablished in both rats; when
these rates stabilized, both the dependency
and the reinforcer were removed (Extinction).
The median interreinforcement interval

during fixed-ratio responding was used as the
interval between independent sucrose presen-
tations in order to approximate the relation-
ship between previous fixed-ratio responding
and sucrose presentations. The median was
compared with both the mean and the mode
for the interreinforcement intervals from three
sessions before each independency phase and
was found to be the most representative mea-
sure.

RESULTS
Rat 1

Figure 1 presents daily response rates during
the nine experimental phases. The first four
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Fig. 1. Daily rates are plotted across all nine experimental conditions for Rat 1.

phases show high rates of responding during
each FR 35 phase (Phases 1 and 3) and mark-
edly reduced rates of responding during the
independency phases (Phases 2 and 4). The
reintroduction of FR 35 in Phase 5 produced
a rapid acceleration in responding with day-
to-day variability exceeding that which is evi-
dent in the intial FR 35 phase (Phase 1).
When Phase 6 was first introduced, some

deceleration in responding occurred. However,
when the size of the interreinforcement inter-
val for independent sucrose was reduced by
half (Phase 7), response rates decelerated to
zero by the fourth day. Such a rapid decelera-
tion occurred only during Phase 7 of the in-
dependent presentations.
Sample cumulative records during several of

the nine phases are presented in Fig. 2. The
first panel shows high stable response rates
during FR 35. The NK 18-sec-A panel is taken
from the first 37 days of the independence pro-
cedure and shows that ratio performance con-
tinues to dominate. Only three presentations
of sucrose were made in the absence of a single

FR 35
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Fig. 2. Selected cumulative records representing fixed-
ratio responding, typical patterns of response during
independent sucrose deliveries, and extinction for
Rat 1.
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bar press during an independency interrein-
forcement interval. Panel NK 18-sec-B, selected
from the middle 17 days, shows a large reduc-
tion in the overall rate of responding. The
pattern is characterized by bursts of responses
followed by pauses. Panel NK 18-sec-C selected
from the last 12 days shows that no responses
were made. Terminal performance rates dur-
ing extinction were characterized by occasional
bursts and discrete responses when the sucrose
had been removed.

Rat 2
Figure 3 is a daily rate plot across all exper-

imental manipulations. The rate did not de-
celerate to zero during Phases 2 to 5 until the
independency interval was reduced to 5 sec,
approximately one-eighth of the median de-

pendency interreinforcement interval. During
Phases 6 and 7, response rates decelerated to
zero. Reacquisition of ratio rates was achieved
after several days (Phases 6 and 8), but with
greater variability than found in the baseline
ratio rate (Phase I). Response rates decelerated
to zero by the sixth day during extinction
(Phase 9).

Selected cumulative records are presented
in Fig. 4. The FR 50 rate is high with only
one post-reinforcement pause. The second
panel shows the distribution of independent
sucrose deliveries relative to on-going behavior.
On several occasions two sucrose presentations
would occur close together, but rarely did they
occur when the rat was not pressing. The ar-
row marks the only instance in which a sucrose
presentation occurred in the absence of a bar
press.

Fig. 3. Daily rates are plotted across all nine experimenital conditions for Rat 2.
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The third panel shows that when the inde-
pendency interval was reduced by one half,
several sucrose presentations occur in the ab-
sence of a single bar press toward the en(d of
the session. When the independency interval
is reducedl by one-eighth, as shown in the
fourth panel, a larger number of sucrose pre-
sentations occur in the absence of any bar
press, again towar(l the end of the session. The
fifth panel shows the last day of FR 50 and NK
5-sec during which there was only an occa-
sional burst of behavior with most of the
sucrose presentations occurring with no bar
presses.

1/
2 FR1 u

FR 50 FR50+NK4X' FR50+NK21" FR50NK5"
LAST DAY FIRST DAY

/ 1//1X: /!1 /1r
150+NK5" FR50 FIRSTDAYAFTER EXTINCTION
kST DAY FR504NK5"

I I

J _- S s r~~~~~~~~~~~~
10 MINUTES
Fig. 4. Selectc(l cumulative recor(ds reprcsenting

fixed-ratio rcsponding, simultaneous schedules of fixed
ratio and independence at several diffcrent values, rc-
covery of fixed-ratio responding, and extinction.

The next record represents the first day of
the reintroduction of FR 50. After several
small bursts of behavior, each followed by long
pauses, the first ratio was completed. The next
three ratios were emitted with typical ratio
performance. A break in the ratio then occurs,
followed by a long pause. More ratios are
emitted, and finally, a burst and pauses occur
near the end of the session. The final record
presents behavior during extinction. Bar
presses occur as either discrete presses or short
bursts.

EXPERIMENT II: MANIPULATION OF
RATIO SIZE HOLDING CONSTANT

INTERREINFORCEMENT
INTERVALS OF

INDEPENDENT SUCROSE

Procedure
Fixed-ratio responding was stabilized for

the three rats; the simultaneous presentation

of independlent sucrose was then added. The
in(lepen(lent reinforcers were (lelivered at the
me(lian interreinforcement interval of the
fixed-ratio baseline to maintain the relation-
ship between the previous fixed-ratio behavior
an(l the suicrose presentations.

Fixed-ratio sizes were then systematically
increase(l and (lecreased, while the interrein-
forcement intervals of indepen(lent sucrose
were held constant. At least 10 (lays were given
at each fixed-ratio size.

RESULTS

Table 2 presents the median response rates
of each ratio manipulation for all three rats.
With each decrease in the ratio size, the median

Tablc 2

Schedules and Median Rcsponse Rates for Exp. II

Rat 3 Rat 4 Rat 5

Sched- Median Sched- Median Sclied- Median
ule Rate isle Rate isle Rate

FR 50 120 FR 50 160 FR 40 90
FR 50+ FR 50+ FR 40+
NK 23 sec 130 NK 18 sec 150 NK 28 sec 65
FR 25+ FR 25+ FR 20+
NK 23 sec 115 NK 18 sec 120 NK 28 sec 60
FR 12+ FR 12+ FR 80+
NK 23 sec 95 NK 18 sec 95 NK 28 sec 65
FR 6+ FR 6+ FR 100+
NK 23 sec 70 NK 18 sec 65 NK 28 sec 75

response rate also decreased to some (legree.
Increases in the ratio value yielded higher
median response rates than the previous me-
dian response rate.

Figure 5 shows the response rates of the
three rats (lecelerating as a function of redulc-
tions in ratio size. A comparison of rate (le-
creases as a function of interreinforcement
interval re(luctions (Exp. I) is also shown. In-
terval reductions yield lower rates than the
same number of ratio reductions.

DISCUSSION
When sclhedules are clhanged from depen-

dent to independent, response rates decelerate
slowly across continued exposures to a zero
level, a marked reduction in comparison to
dependent rates of responding. These findings
support Herrnstein's (1966) prediction that
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Fig. 5. Comparison of the behavioral effects when independence intervals or ratio sizes are systematically
manipulated. See the procedure section for the exact value of the ratio requirement and the independence
interval for any individual rat.

independent food presentations might pro-
duce behavioral deceleration under continued
exposure.
The rate of deceleration is more rapid when

in(lependency schedules follow fixed-interval
baselines than when they follow fixed-ratio
baselines, but the terminal reduction in rate
is comparable (Edwards et al., 1968). This
comparison suggests that the role of an inde-
pendency schedule as a behavioral decelerator
is determined by the baseline level of respond-
ing determined by the particular dependency
used to build those baseline rates.
Reid (1958) reported an immediate increase

in responding when a reinforcer was delivered
following a period of no responding. The pres-
ent data show samples of just such instances,
and these may be responsible for the fact that
final reductions happen only after continued
exposure.
When reinforcers are independently super-

imposed on fixed-ratio beha,vior, there is initial
variability with little reduction in overall re-
sponse rate. When either the fixed-ratio size
or the interreinforcement interval of inde-
pendent reinforcement is reduced, the re-
sponse rate is likewise reduced; the magnitude
of deceleration depends upon the magnitude
of change in either the fixed-ratio value or the
interreinforcement interval value.
Comparing the reduction in the interrein-

forcement interval of independent reinforce-

ment with the reduction in the fixed-ratio size
indicates that the interreinforcement interval
manipulations produced a greater degree of
deceleration. In both cases, the rate of rein-
forcement is increasing, but the changes in
response rates indicate that the organism is dif-
ferentially responding to changes in the inter-
reinforcement intervals and ratio sizes. If it
were merely rate of reinforcement, then one
might expect the magnitude of response de-
celeration to be somewhat equivalent.

Studies that have assessed the role of rate
of reinforcement in controlling rate of re-
sponse report that as rate of reinforcement
increases so does response rate (Clark, 1958;
Wilson, 1954; Herrnstein, 1955, 1961). These
studies always manipulated rate of dependent
reinforcement. Since rate of reinforcement in-
creased in the present study, but rate of re-
sponse decreased, one might conclude that the
independent delivery of sucrose was the con-
trolling variable.
Both independence and extinction proce-

dures produced a deceleration in rate of re-
sponding to zero. The data show that extinc-
tion produces a more rapid deceleration than
independent reinforcers delivered at intervals
equivalent to previous dependent deliveries.
When independence interreinforcement inter-
vals are reduced, both extinction and indepen-
dence procedures produce a rapid deceleration
of response rate.
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It is suggested that a reinforcer delivered
independently of behavior: (1) decelerates
baseline response rates, (2) produces variability
in return to dependent performance, (3) de-
celerates rates more rapidly if the indepen-
dence interreinforcement interval is reduced,
and (4) initially, has stimulating properties.
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