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Excitatory and inhibitory effects
of free reinforcers
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Rats' responding was maintained on a random-interval I-min food schedule. In addition, non
contingent pellets were delivered, independently of the animals' behavior, at either fixed intervals
(Experiment 1) or at random intervals (Experiment 2). As the rate of delivery of the periodic and
aperiodic free reinforcers increased, the rate of responding decreased. But these free reinforcers,
in addition to having this inhibitory effect, had also a local excitatory effect upon responding: lever
pressing increased to a level above its mean rate following the delivery of a free food pellet. The time
course of this behavioral aftereffect of free reinforcers, for both fixed and random intervals, was
dependent upon the proportion of the interval between successive free food deliveries. The relation
of these results to those obtained with response-contingent reinforcement, free punishment, and in
schedule-induced phenomena is discussed.

If the rate of reinforcement for a pigeon's keypecking
remains constant, then increases in the rate of other
sources of reinforcement result in descreases in respond
ing (Catania, 1963; Rachlin & Baum, 1972). Such inter
actions have typically been examined in a choice
situation wherein responding on two keys is maintained
on concurrent schedules of reinforcement (cf. Catania,
1963, 1966). But such interactions may also be studied
where there is only a single key or lever. Rachlin and
Baum (1972) reinforced keypecks according to a
variable-interval schedule. In one phase of their experi
ment, additional food was delivered, independently of
responding, according to various variable-time (cf. Zeiler,
1968) schedules. The rate of keypecking decreased with
increases in the rate of these response-independent
reinforcers (see also Nevin, 1974).

The purpose of the present study was to examine the
time course of the behavioral aftereffect of free
reinforcers. In both experiments, responding was
maintained on a random-interval (RI) schedule. In
addition, extra pellets were delivered, independently
of the animal's responding, at either periodic intervals
(Experiment 1) or at aperiodic intervals (Experiment 2).

EXPERIMENT 1

Method .
Subjects. Four male, naive albino Norway rats of the Charles

River CD strain served as subjects. Each rat was given a daily
ration of 14 g of ground Purina Chow mixed with 25 cc of
water. Water was always available in each rat's cage.

Apparatus. Four chambers each had inside dimensions of
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23.2 x 20.3 x 21.9 em. The floors consisted of 16 stainless
steel bars, adjacent bars being 1.5 cm apart. The front and
back were made of aluminum; the two sides and the top were
made of transparent acrylic. A stainless steel lever (5.1 cm
wide, 1.3 ern thick, and 5.1 cm above the floor) was located in
the center of the front wall. Each chamber was enclosed within
an ice chest containing a blower, an acrylic window on the side,
a pellet dispenser, and a 7.5-W lamp. The reinforcers were 45-mg
Noyes food pellets. Leverpresses of at least .25 N were recorded.
A time-shared PDP-12 computer controlled each phase of the
experiment and collected the data.

Procedure. Following magazine training and the shaping of
the leverpress response, responses were reinforced according
to an RI l-min food schedule for 20 sessions. The probability
of food being primed was 1/600 in each .l-sec interval. Once a
response-dependent reinforcer was primed, it remained available
until collected. Afterwards, responding continued to be rein
forced on the RI I-min schedule, but additional pellets were
delivered, regardless of the rat's behavior, according to various
FT x-sec schedules. A single pellet was delivered every x sec
throughout the l-h session. The delivery of a free pellet was
accompanied by a .5 sec burst of white noise of approxi
mately 70 dB (re .0002 dynes/em'). For all animals, the
sequence of the FT schedules and the number of sessions at
each condition were the same: FT 30 sec (20 sessions),
FT 60 sec (10 sessions), FT 120 sec (20 sessions), FT 45 sec
(10 sessions), and finally FT 75 sec (10 sessions), i.e., 120, 60,
30,80, and 48 free pellets per hour, respectively.

Results
Figure 1 shows the normalized response rate as a

function of the rate of free food delivery. For each
animal, the mean response rate of the last five sessions
of each condition was calculated. The median
normalized response rate at each condition was then
determined using the formula B/A, where B is the
response rate from the particular condition and A is the
response rate of the last five sessions of the baseline
condition. Responding clearly decreased as the rate of
free food delivery increased. A repeated measures
analysis of variance revealed a significant effect of free
reinforcers, F(4,12) = 3.5, P< .05.
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Figure 2 shows the rate of responding as a function
of the time since the delivery of a free pellet during the
FT schedules. At every condition, for each animal, the
mean rate of the last five sessionsfor each of the 15 time
bins was calculated. The group median response rate for
each of the bins at each condition was then determined.
The order of the response gradients was dependent upon
the rate of free reinforcer delivery. For the most
frequent free-food rate condition (FT 30 sec), the
gradient was at the bottom; for the least frequent free
food rate condition (FT 120 sec), the gradient was at
the top. For all of the FT conditions, responding
reached a maximum soon after the delivery of a free
pellet, and then decreased for a period of time there
after before stabilizing. These results were typical of the
individual subjects as well, as shown in Figure 3 for one
animal.

Figure 4 shows the group median momentary
response rate relative to the mean response rate for a
condition as a function of the proportion of the fixed
interval between successive free pellets. Values along the
ordinate that are greater than 1.0 indicate that
responding exceeded the mean response rate for that
condition; values less than 1.0 indicate that responding
was less than the mean response rate. It was assumed
that the temporal distributions of Figure 2 emerged
following about 4 sec between the delivery of a free
pellet, its ingestion by the rat, and the resumption of
responding. The proportion of the fixed interval in
Figure 4 was, therefore, calculated beginning at 4 sec
following the delivery of a free pellet. When the response
gradients were plotted in proportional units of the fixed
interval, they fell close together. Following the delivery
of a free pellet, responding exceeded the mean response
rate for the particular condition, and then decreased
thereafter. Again these results were also typical of the
individual subjects, as shown in Figure 5 for one animal.

Method
Subjects and apparatus. Four male, naive albino Norway

rats of the Charles River CD strain served as subjects. The daily
ration and the apparatus were the same as in Experiment 1.

Ptocedure. Following magazine training and the shaping
of the leverpress response, leverpresseswere reinforced according
to an RI L-min food schedule for 20 sessions. Thereafter,
responding continued to be reinforced on the RI I-min schedule.
But additional pellets were delivered, independently of the rat's
behavior, according to a random-time (RT) 30-sec schedule (20
sessions) and then an RT 6Q-sec schedule (10 sessions),Le., 120
and 60 pellets per hour, respectively. A session was 1 h long.
During the RT 30-sec schedule, the probability of a free peDet
being primed in each .1 sec was 1/300; during the RT 6Q-sec
schedule, the probability of a free pellet being primed in each
.1 sec was 1/600. The time between two successive free pellets
was an exponential waiting time distribution. The delivery of a
free pellet was accompanied by a .s-sec burst of white noise of
approximately 70 dB (re .0002 dynes/em'). During the final
stage of the experiment, to determine if the behavioral
aftereffect of free reinforcers was dependent upon the presence
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Figure 4. Momentary response rate relative to the mean
response rate as a function of the proportion of the periodic
interval between successivefree pellets.

GENERAL DISCUSSION

of the white noise, the RT 60-sec schedule condition was
repeated for 14 sessions,with the noise not being delivered.

Results
For each animal, the mean response rate of the last

five sessions of each condition was calculated. The
median normalized response rate was .84 for the
RT 30-sec condition and 1.01 for the RT 60-sec
condition. A repeated measures analysis of variance
revealed a significant free reinforcer effect, F(l ,3) =
16.7, P < .05.

Data were collected only for 60 sec following free
pellet delivery during the RT 30-sec condition and for
120 sec following free pellet delivery during the
60-sec condition, although a free pellet could be
presented at a time that was greater than twice the mean
interval. Figure 6 shows the rate of responding as a
function of the time since the delivery of a free pellet
during the RT schedules. For each animal, at every
condition, the mean rate of the last five sessions for each
of the 30 time bins was calculated. The group median
response rate for each of the bins at each condition
was then determined. Responding reached a maximum
soon after the delivery of a free pellet, and then
decreased until the delivery of the next free pellet. The
response gradients for one animal, as shown in Figure 7,
indicate that this was also the case for individual
subjects. This pattern of responding occurred, as well,
even when the delivery of a free pellet was not
accompanied by the burst of white noise.

Figure 8 shows the group median momentary
response rate relative to the mean response rate for a
condition as a function of the proportion of the random
interval between successive free pellets. As was the case
for Figure 4, the proportion of the random interval in
Figure 8 was calculated beginning at 4 sec following the
delivery of a free pellet. Again, as was the case for the
periodic interval, when the response gradients were
plotted in proportional units of the aperiodic interval,
they fell close together. Responding exceeded the mean
response rate for a particular condition after the
delivery of a free pellet, and then decreased to below
the mean rate. Again these results were also typical
of the individual subjects, as shown in Figure 9 for one
animal.

Catania (1973) presented evidence indicating that
while response-dependent reinforcers have primarily
an excitatory or strengthening effect upon responding,
as we expect, there is also a "self-inhibiting" or suppres
sive effect of such reinforcers upon keypecking. Because,
however, of the far greater excitatory effect of the
response-contingent reinforcers, this inhibitory effect
is typically masked or overshadowed. The present study
has shown a mirror relation with respect to response
independent reinforcers. The primary effect of such non-
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Figure 3. Rate of responding as a function of the time since
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Figure 8. Momentary response late relative to the mean
response late as a function of the proportion of the aperiodic
interval between successive free pellets.



study may be related to various schedule-induced
phenomena (e.g., Falk, 1971; Segal, 1972). For example,
schedule-induced polydipsia and aggression, among
others, are responses that are most probable following
food presentation. Similarly, the excitatory effect of
the free reinforcers in the present study was greatest just
after free food delivery. It may be, then, that if the
opportunity to drink or to attack had been available in
the present study, such "emotionally induced behaviors"
(Segal, 1972, p. 13) would have been observed instead
of the burst of lever responding following free food
delivery. That the time course of the behavioral after
effect of free reinforcers follows a proportionality rule
(Figures 4 and 8) suggests that, perhaps, the time course
of schedule-induced phenomena may be dependent upon
the proportion of the interval between successive impor
tant events.
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Figure 9. Momentary response rate relative to the mean

response rate as a function of the aperiodic interval between
successive free pellets for Rat 7.

440 DELUTY

1.8 I I I I I

Rat#7
0······00 RT 30"

Q) -RT60".-
m
c:: 1.4 I- -
ci..
(f)

~~
Q)

c::
1.0 ..!J 0':00 ~ -Q) . .' ?<J..'C

.?.-
m
Q)

.6,... -c::

contingent reinforcers was to inhibit leverpressing:
increases in the rate of response-independent reinforcers,
either according to the FT or the RT schedules,
decreased responding. But there was also a local excita
tory effect of such reinforcers upon leverpressing. Lever
pressing increased to a level above its mean rate
following the presentation of a free pellet (see Figures 2
and 6). Because, however, of the far greater inhibitory
effect of the response-independent reinforcers, this
excitatory effect was masked in Figure 1. Thus, both
contingent reinforcers and noncontingent reinforcers
have excitatory and inhibitory effects upon responding.
In the case of contingent reinforcers, the inhibitory
effect is overshadowed by the predominant excitatory
effect; in the case of noncontingent reinforcers, the
excitatory effect is overshadowed by the predominant
inhibitory effect.

It is interesting to note the similarity in the
behavioral effects of free punishers and free reinforcers.
Just as the amount of suppression increases as the rate
of free punishers increases (Rachlin & Herrnstein, 1969;
Schuster & Rachlin, 1968), so, too, does the amount
of suppression increase as the rate of free reinforcers
increases, as shown in the present study and those of
Nevin (1974) and Rachlin and Baum (1972). Likewise,
just as the behavioral aftereffect of free reinforcers is
an increase in responding to well above the mean
response rate, so, too, is there a burst of responding fol
lowing the delivery of a free punisher (Church, Wooten,
& Matthews, 1970).

The temporal pattern of responding following the
delivery of free reinforcers that was observed in this
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