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Pigeons' responses were maintained under a multiple schedule of conditioned and uncondi
tioned reinforcement. Responses in the first component produced food according to a random
interval (RI) 90-sec schedule. Each food presentation was preceded by a brief stimulus. In this 
condition, the ratio of brief-stimulus to food presentations was 1:1, as the brief stimulus was 
continuously paired with food. In other conditions, responses in the first component also 
produced the brief stimulus unaccompanied by food, according to an independent RI 90-sec or 
RI 30-sec schedule. In these conditions, the brief stimulus was intermittently paired with food 
according to 2:1 and 4:1 ratios, respectively. Responses in the second component produced 
only the brief stimulus, according to a fixed-ratio schedule. Response rate in the second 
component was highest when the ratio of brief-stimulus to food presentations in the first com
ponent was 1:1, intermediate when the ratio was 2:1, and lowest when the ratio was 4:1, 
indicating a gradient of conditioned reinforcement strength. These data are consistent with 
some early experiments that used extinction procedures to test the hypothesis that intermittent 
pairing of a stimulus and a reinforcer generates a conditioned reinforcer weaker than one pro
duced by continuous pairing. 

One view of conditioned reinforcement is that a 
stimulus acquires its reinforcing properties through a 
process of classical conditioning (Hull, 1943; Pavlov, 
1927). One way to test this hypothesis would be to 
show that variables affecting performance in classical 
conditioning also affect the strength of conditioned 
reinforcement (cf. Mackintosh, 1974). For example, 
a finding in classical conditioning has been that the 
continuous pairing of a conditioned stimulus with an 
unconditioned stimulus produces faster acquisition 
and/or greater asymptotic strength of a conditioned 
response than does intermittent pairing (e.g., Fitzgerald, 
1963; Grant & Schipper, 1952). Based on these findings, 
it would be expected that intermittent pairing of a stim
ulus and reinforcer would also weaken condition rein
forcement strength. Indeed, the information hypothesis 
of conditioned reinforcement (Egger & Miller, 1962) 
also predicts greater conditioned reinforcement strength 
with continuous pairing, since a stimulus is a more 
reliable predictor of food when it is continuously paired 
with food then when it is intermittently paired. 

Based on these predictive results, several investigators 
have attempted to show that intermittent pairing of a 
stimulus with a reinforcer does produce decrements in 
conditioned reinforcement. Unfortunately, these experi
ments have produced inconsistent findings (see Nevin, 
1973). Some studies have shown that intermittent pair-
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ing does produce a conditioned reinforcer weaker than 
one produced with continuous pairing (D'Amato, 
Lachman, & Kivy, 1958, Experiment 2; Mason, 1957). 
Other studies, however, have failed to fmd that inter
mittent pairing affects conditioned reinforcement 
(Melching, 1954) or have shown that intermittent 
pairing actually increases the strength of conditioned 
reinforcement (D' Amato et al., 1958, Experiment 1; 
Fox & King, 1961; Klein, 1959; Saltzman, 1949). 

It is difficult to pinpoint the source of these discrep
ant results because of the different methods used. An 
added problem was that these studies employed tradi
tional extinction procedures, in which tests of condi
tioned reinforcement are conducted in the complete 
absence of unconditioned reinforcement. With these 
procedures, the conditioned reinforcing effects of a 
stimulus are often weak and transient, and tests of 
reinforcement sometime contain methodological prob
lems (Kelleher & Gollub, 1962). Most recent experi
ments in conditioned reinforcement use chained and 
brief-stimulus procedures in which conditioned rein
forcement is examined while the pairing of the stimulus 
and reinforcer is maintained (see Fantino, 1977; Gollub, 
1977). 

In light of these inconsistent fmdings, I examined the 
effects of scheduling stimulus and reinforcer presenta
tions using multiple schedules of conditioned and uncon
ditioned reinforcement (Cohen, Calisto, & Lentz, 
1979; Cohen & Lentz, 1976; Thomas, 1969). With 
these schedules, responses in one component of a 
multiple schedule produce food, and responses in the 
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other component never produce food but, instead, 
produce a conditioned reinforcer. In the present study, 
the ratio of brief-stimulus to food presentations was 
varied in the first component of a multiple schedule, and 
the strength of conditioned reinforcement was deter
mined by response rate in the second component. 
Specifically, responses in the rust component always 
produced food according to a random-interval (RI) 90-sec 
schedule of reinforcement, and each food presentation 
was preceded by a brief stimulus. Under this condition, 
the ratio of brief-stimulus to food presentations was 
1: 1, as the brief stimulus was continuously paired 
with food. In a second condition, responses in the first 
component also produced the brief stimulus unac
companied by food according to an independent RI 90-sec 
schedule. In this case, the brief stimulus was intermit
tently paired with food according to a 2: 1 ratio. In a 
third condition, the "extra" brief stimuli were presented 
according to an independent RI 30-sec schedule so that 
the ratio of brief-stimulus to food presentations was 
4: 1. In each condition, responses in the second com
ponent produced the brief stimulus according to a 
fixed-ratio (FR) schedule. It was expected that the 
highest response rate in the second component would be 
observed when the brief stimulus was continuously 
paired with food (1 : 1 ratio) and lowest when the brief 
stimulus was intermittently paired (4: 1 ratio). 

METHOD 

SUbjects 
Six experimentally naive male White Carneaux pigeons were 

maintained at 80% of their free-feeding weights throughout the 
experiment. 

Apparatus 
The left key of a two-key pigeon chamber was used (Cohen 

et aI., 1979; Cohen & Lentz, 1976). A minimum force of .06 N 
operated the response key, which was transilluminated with 
red, white, or green light by an lEE one-plane readout. A 28-V 
white houselight was located above and slightly to the right of 
the key. Grain was presented by a Lehigh Valley Electronics 
pigeon feeder that was illuminated white during the food cycle. 
Solid state circuitry (Coulbourn Instruments) controlled the 
sessions. 

Procedure 
Pigeons were trained to peck the red key for mixed grain. 

For 14 training sessions, an RI6-sec schedule was gradually 
increased to an RI 60-sec schedule: The fIrst peck on the red key 
after an average of 60 sec turned off the keylight and presented 
4 sec access to grain. In the fIrst condition, the RI 60-sec schedule 
was increased to RI 90-sec and food-paired brief-stimulus pre
sentations were introduced. The fust response after an average 
of 90 sec turned the red key white and turned on the house
light for 1.5 sec. At the end of 1.5 sec, food was automatically 
delivered, and the brief stimulus remained on during the entire 
food cycle (i.e., preceding overlapping pairing; cf. Stubbs & 
Cohen, 1972). In addition to the brief stimulus that accompanied 
food, some pigeons also received 1.5-sec brief-stimulus pre
sentations for pecks on the red key according to an independent, 
simultaneously operating RI 90~ec or RI 30~ec schedule. 
Thus, for pigeons that did not receive the "extra" brief stimuli 

(pigeons 60 and 70), the ratio of brief-stimulus to food pre
sentations was I: 1. When the brief stimulus also occurred 
according to independent RI 90~ec (Pigeons 55 and 57) and 
RI 30~ec (pigeons 53 and 61) schedules, the ratios were 2: 1 
and 4: 1, respectively. If both food and brief-stimulus schedule 
requirements were satisfIed, a response produced both events. 
Responses during brief-stimulus presentations had no scheduled 
effects, except that a response during a 1.5-sec brief stimulus 
produced food if the RI 90-sec schedule requirement for food 
was satisfIed. Sessions terminated after 45 food presentations 
and were conducted Monday through Friday. 

In the second condition, a multiple schedule of conditioned 
and unconditioned reinforcement was put into effect. The con
tingencies in the first component were identical to those in 
Condition 1: That is, pecks on the red key produced food and 
brief-stimulus presentations. This component was in effect for 
180 sec and was followed by the red key turning green for 
90 sec. Pecks in the green component never produced food but 
produced the brief stimulus according to an FR 10 schedule: 
The 10th response on the green key turned the key white and 
turned on the houselight for 4 sec. After 90 sec, the second 
component was terminated, and a 20~ec time-out was in effect 
before the fust component was reinstated. During the timeout, 
all lights in the chamber were turned off and responses had no 
effects. Sessions ended after 17 red-green cycles. If the 90-sec 
green component timed out during a brief stimulus, the brief 
stimulus continued to time before the time-out was initiated. FRs 
partially completed in the green component counted toward 
completion of the FR 10 in the next green component. The 
RI schedules in the red component did not operate during the 
green component or the time-out period. 

Each subject was exposed to six conditions of alternating RI 
and mUltiple RI FR schedules. The major independent variable 

Table 1 
Sequence of Conditions in Order of Occurrence and 

the Number of Sessions Under Each Condition 

Condition Sessions Condition Sessions 

Pigeon 70 Pigeon 60 
RI 1: 1 21 RI 1: 1 21 
mult RI FR 1:1 28 mult RI FR 1: 1 26 
RI 4:1 7 RI 2: 1 7 
mult RI FR 4:1 10 mult RI FR 2:1 14 
RI 2:1 7 RI 4:1 7 
mult RI FR 2:1 10 mult RI FR 4:1 10 

Pigeon 57 Pigeon 55 
RI 2:1 21 RI 2:1 21 
mult RI FR 2:1 23 mult RI FR 2:1 28 
RI 1: 1 7 RI 4:1 7 
mult RI FR 1: 1 12 mult RI FR 4:1 16 
RI 4:1 7 RI 1: 1 7 
mult RI FR 4:1 10 mult RI FR 1: 1 10 

Pigeon 61 Pigeon 53 
RI 4:1 21 RI 4:1 21 
mult RI FR 4: 1 25 mult RI FR 4 :1 29 
RI 2:1 7 RI 1 :1 7 
mult RI FR 2:1 13 mult RI FR 1: 1 17 
RI 1:1 7 RI 2:1 7 
mult RI FR 1:1 10 mult RI FR 2:1 10 

Note-The ratios next to each condition represent the ratio of 
brie/stimulus to food presentations for responses on the red 
key. A ratio of 1: 1 indicates that responding produced only 
food according to an RI90-sec schedule. Ratios of 2: 1 and 4: 1 
indicate that responses also produced brief stimuli according to 
RI 90-sec and RI 30-sec schedules, respectively. 
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was the ratio of brief-stimulus to food presentations for responses 
on the red key. Each pigeon was exposed to a different sequence 
of the three ratios used in the experiment (1: 1, 2: 1, and 4: 1). 
Table 1 presents the sequence of conditions for each pigeon. 
Under the three simple RI schedules,· sessions were arbitrarily 
conducted for·21, 7, and 7 days, respectively. Sessions under 
the multiple schedule were conducted until no consistent 
increases or decreases in response rate in the red and green 
components were observed for at least five consecutive sessions. 

RESULTS 

The index of conditioned reinforcement strength is 
response rate in the green component of the multiple 
schedule. Responses during brief stimuli were not 
included in response rate calculations. Figure 1 presents 
response rate in the green component during the three 
main conditions of the experiment. The first observation 
is that the brief stimulus reinforced responding for all 
subjects. Cumulative records (not presented) indicate 
that response patterns in the green component were 
characteristic of patterns observed under FR schedules 
of food presentation, that is, a pause after a brief stim
ulus followed by a high constant response rate (see 
Cohen et al., 1979; Cohen & Lentz, 1976). The main 
point of Figure 1, however, is that, with the exception 
of Pigeon 57, response rate was highest when the ratio of 
brief-stimulus to food presentations in the red com
ponent was 1: 1, intermediate when the ratio was 2: 1, 
and lowest when the ratio was 4: 1. This finding was 
observed regardless of the sequence of conditions each 
pigeon experienced. Although response rate under a 
1: 1 ratio was clearly the highest, several pigeons (e.g., 
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Pigeon 60) showed only small differences in response 
rate between 2 : 1 and 4: 1 ratios. 

Figure 1 also shows response rate averaged for all 
six pigeons and indicates that the averaged data are 
representative of individual performances. A one-factor 
repeated-measures analysis of variance on mean response 
rate in the green component for the last five sessions of 
each condition revealed a significant difference among 
the three conditions [F(2,1O) = 8.08, p < .01]. A priori 
contrasts showed that response rate under the 1 : 1 ratio 
(mean = 11.2 responses/min) was significantly greater 
than response rate under the 2: 1 (mean = 6.6) condition 
[t(1O) = 2.52, P < .05] and under the 4: 1 (mean = 3.9) 
condition [t(10) = 4.00, p < .01]. However, response 
rate under the 2: 1 condition was not significantly differ
ent from rates under the 4: 1 condition [t(1 0) = 1.48] . 

A 2 by 3 repeated-measures analysis of variance was 
performed on mean response rate in the red component 
for the last five sessions of each condition. The two 
factors were (1) conditions when the RI 90-sec schedule 
was in isolation and when it was in the multiple schedule 
and (2) the three brief-stimulus-to-food ratios. Although 
response rate was slightly higher on the RI 90-sec 
schedule when it was in one component of a mUltiple 
schedule, this effect was not statistically significant 
[F( 1,5) = 1.96] . The response rate during the RI schedule 
did not significantly differ as a function of the ratio of 
brief-stimulus-to-food presentations [F(2,1O) = 4.06] , 
nor was there a significant interaction between the two 
factors [F(2,10) = .26]. These results indicate that 
changes in response rate in the green component were 
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Figure 1. Response rate in the green component of the multiple schedule as a function of the 
ratio of brief-stimulus to food presentations. Responses produced brief stimuli according to an 
FR 10 schedule but never produced food. Data for individual subjects are means and standard 
errors for the last five sessions of each condition. The data at the right are means and standard 
errors averaged for all six pigeons. 
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independent of concomitant changes in response rate in
the red component.

DISCUSSION

The present study showed that intermittent pairing of a
neutral stimulus with an unconditioned reinforcer produces
decrements in the strength of conditioned reinforcement. The
main finding of this experiment is that response rate in the
second component of the multiple schedule was highest when
the brief stimulus was continuously paired with food in the
first component and lowest when it was intermittently paired.
A type of gradient of conditioned reinforcement was apparent,
with the highest response rate observed when the ratio of brief
stimulus to food presentations was 1: 1, intermediate when the
ratio was 2: 1, and lowest when the ratio was 4: 1, although the
differences in response rate between 2: 1 and 4: 1 ratios were not
statistically significant.

These data are in agreement with those of D' Amato et at.
(1958) and Mason (1957), who used extinction procedure~ to
test the same hypothesis. In their experiments, rats were given
differential reinforcement training in which one stimulus was
paired with food on every trial and a second stimulus ~as
partially paired. In a choice test, rats preferred to run to. the side
of a maze that contained the stimulus that was continuously
paired with food. In the present study, pigeons ~ere exposed t?
a single stimulus that was continuously palled In some cond~
tions and partially paired in others, and the strength of condi
tioned reinforcement was measured by response rate rather than
by preference.

In the present study, responding was maintained in the green
component of the multiple schedule (although at different
rates) with both continuous and intermittent pairing. These
fmdings support data reported by Cohen et al. (1979), who
examined responding under a similar reinforcement schedule: In
their study, responding in the first component of the mu1t1~le
schedule was maintained by a second-order schedule of rein
forcement. Under the second-order schedule, pigeons completed
a series of fixed-interval schedules, half of which irregularly
ended in a brief stimulus plus food and half of which ended in
the brief stimulus. Responding in the second component pro
duced the brief stimulus according to an FR schedule. Respond
ing was maintained at a low rate in the second comp~nent.' even
though the ratio of brief-stimulus to food presentations In the
first component was 2: 1. In a subsequent condition, the brief
stimulus was omitted from the second-order schedule, except
for the stimulus that accompanied food. In this condition,
response rate in the second component increased for three of
four birds. In the Cohen et at. (1979) study, it was impossible
to determine if the increase in response rate was caused by the
change from intermittent to continuous pairing of the brief
stimulus and food or by an interaction of the inhibitory and
excitatory properties of the brief stimulus. The present data
suggest that the change to continuous pairing was responsible
for the increased strength in conditioned reinforcement.
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