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on response summation 
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Two groups of rats were extinguished for responding when neither light nor tone was on. Dur­
ing the first part of the experiment, the subjects in Group 1 were reinforced for responding dur­
ing a compound light-tone stimulus, and the subjects in Group 2 were reinforced for responding 
when either light or tone was on. During the second part of the experiment, the subjects were 
reinforced in the presence of a light-tone compound, light alone, or tone alone. They responded 
at higher rates during the light-tone compound than during either of the other stimuli. This con­
stituted response summation, and because there was no difference between the groups, it was 
concluded that response summation did not depend on a history of reinforced responding to the 
component stimuli. 

Several recent reviews (e.g., Kehoe & Gormezano, 
1980; Weiss, 1978) have described the variables af­
fecting the phenomenon of response summation. In 
summation studies, a subject is presented with two 
different discriminative stimuli on different trials. 
Each of these stimuli is followed by the same uncon­
ditioned stimulus (UCS) in classical conditioning 
(Konorski, 1948; Pavlov, 1927) or allows the subject 
to respond for the same reinforcement in instrumen­
tal conditioning. For example, one trial may consist 
of a light conditioned stimulus (CS) followed by a 
food UCS; another trial may consist of a tone CS fol­
lowed by the same food UCS. Response summation 
is shown when the simultaneous presentation of the 
two CSs results in a stronger response than the pre­
sentation of either CS by itself. Summation has been 
shown with operant conditioning procedures regard­
less of whether the stimuli were all presented during 
extinction (e.g., Weiss, 1964) or whether the test for 
summation was conducted during conditioning (e.g., 
Meltzer & Freeman, 1971). 

The studies in which summation of operant re­
sponses has been shown are consistent with the hy­
pothesis proposed by Weiss (1978). He explained 
summation as the result of an additive process based 
on the response tendencies and incentive properties 
associated with the different discriminative stimuli. 
However, no data exist that indicate that prior condi­
tioning to respond to the two stimuli is always essen­
tial for the development of response summation. 
Consider a group of subjects that was reinforced for 
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responding only when a light-tone compound (L + T) 
was present and was never reinforced when both light 
and tone were off ([ + T). Compare them with a 
second group of subjects in which responses were 
reinforced either when the light was present and the 
tone was off (L + T) or when the tone was present 
and the light was off ([ + T), but never when both 
light and tone were off (L + T). 

Summation has usually been demonstrated by first 
reinforcing the animals for responding to L + T and 
L + T, as in the latter group. Only after that stage of 
the experiment has the L + T compound been intro­
duced and response rates during L+T, L+T, and 
L + T been compared. Again, Weiss (1978) suggested 
that summation is the result of an additive process 
affecting the preexisting response tendencies and in­
centive properties of the L + T and L + T stimuli. 
However, summation may not depend on a prior 
history of reinforcement during the components of 
the stimulus producing response summation. It might 
not matter which stimulus, or stimuli, the subjects 
were conditioned to respond to in the first stage of 
the experiment. Response summation may not be the 
result of conditioning history but, rather, an out­
come of current discriminations. 

METHOD 

Subjects 
Sixteen 120-day-old rats served as subjects. They were on a 23-h 

water-deprivation schedule and were given free access to water for 
IS min following each experimental session. Experimental sessions 
were scheduled S day/week. 

Apparatus 
The experimental chamber was manufactured by Lehigh Valley 

Efectronics, Inc., (Model 1316) and was equipped with one bar, 
located approximately 2.8 ern above the floor and 3.8 ern from the 
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left wall. There was a small pilot light approximately 2.5 cm above 
the bar. A .03-cc dipper was mounted at the base of the front wall, 
midway between the two bars. The chamber was completely dark 
when the pilot lights were off. When both lights were on, the il­
lumination was 9.04 mL when measured with a light meter facing 
the front wall at a distance of 5.0 cm behind either bar. The am­
bient noise level produced by the blower was 63 dB, and the audi­
tory stimulus used in the experiment was a 714-Hz tone that in­
creased the noise level by 4 dB. 

Procedure 
All subjects were shaped to press the bar and drink the water re­

inforcement during the first 2 days of the experiment. The subjects 
were then divided into two groups, with eight rats in each. 

The subjects in Group 1 learned a dl!cr!!!lination in which an ex­
tinction schedule was in effect during L + T and a variable-interval 
reinforcement schedule was in effect during L + T. A session al­
ways began with an extinction component, which lasted for a mean 
of 30 sec. That was followed by the L + T discriminative stimulus, 
which lasted for a mean of 20 sec. When reinforcement became 
available, there was no stimulus change until the rat pressed the bar. 
At that time, the dipper operated, both the light and the tone went 
off, and the extinction schedule was reinstituted. The alternation 
of extinction and discriminative stimuli continued until the subject 
had earned 30 reinforcements. 

After 12 sessions, the procedure was changed. L + T was still the 
stimulus during the extinction intervals. However, L + T was pres­
ent during 10 of the 30 reinforcement intervals in each session. 
L + T was present during another 10 intervals, and L + T was pres­
ent during the remaining 10 intervals. This procedure continued 
for 8 sessions. 

The subjects in Group 2 were exposed to the same alternation of 
extinction and reinforcement intervals, which still had mean dura­
tions of 30 and 20 sec, respectively. However, the discriminative 
stimulus used during the first 12 sessions was different. Fifteen of 
the 30 presentations of a discriminative stimulus consisted of 
L+T, whereas the discriminative stimulus during the other IS in­
tervals was L + T. L + T was the extinction condition. 

The procedure was changed during the next 8 sessions so that 
three different discriminative stimuli were used. L + T was on dur­
ing 10 reinforcement intervals, L + T during another 10 reinforce­
ment intervals, and L + T during the remaining 10 intervals. 
Thus, the discriminative stimuli experienced by the subjects in the 
two groups were different during the first 12 sessions but were 
identical during the last 8. 

RESULTS 

The data from the first 12 sessions were analyzed 
to see if there was any difference between the rates at 
which the two groups responded during reinforce­
ment and extinction intervals. Because the subjects in 
Group 2 had two different discriminative stimuli 
(Le., either L + l' or I + T), whereas the subjects in 
Group 1 had only one (L + T), the analysis compared 
mean response rates during reinforcement intervals 
with mean response rates during extinction intervals. 
Rates during the presence of the different discrimi­
native stimuli used in Group 2 were not separated. 
Response rates during these sessions are shown in 
Figure 1. 

There were no significant differences between the 
two groups or over days. However, the subjects re­
sponded at significantly higher rates during the dis­
criminative stimuli than during the extinction stim­
ulus [F(1,14) = 111.56, p < .01]. In addition, the dif-
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Figure 1. Mean response rates of the subjects In each group are 
shown above. Rates during every stimulus condition In both parts 
of the experiment are Included. 

ference between rates was greater for the subjects in 
Group 1 than for the subjects in Group 2 [F(1,14) = 
8.25, p < .05]. A test of simple main effects showed 
that there was no significant difference between the 
rates at which the two groups responded during dis­
criminative stimuli but that the difference between 
their rates during the extinction stimulus was signifi­
cant. 

Another set of analyses was performed to see if the 
subjects in Group 1 responded at a higher rate duriQg 
L + T than did the subjects in Group 2 during L + T. 
There was no significant difference. A similar anal­
ysis compared the response rates of Group 1 subjects 
during L + T with the response rates of Group 2 sub­
jects during L + T. Once again, there was no signifi­
cant difference. 

The stimuli were changed in Session 13 so that the 
subjects in each group now had the same three dis­
criminative stimuli, L+T, L+T, and L+T. To de­
termine whether the introduction of new stimuli at 
this time affected response rates to the stimuli that 
had been used in the first part of the experiment, two 
analyses were performed. The response rates of the 
Group 1 subjects during L + T and L + l' in Ses­
sion 12 were compared with their rates during the 
same stimuli in Session 13. As expected, they re­
sponded at significantly higher rates during L + T 
than during L+T [F(I,7) =81.27, p< .01], but the 
increase in response rates during Session 13, which 
can be seen in Figure 1, was also significant [F(1, 7) = 
9.72, p < .05]. The interaction of session and stimu­
lus was not significant. A similar analysis examined 



the response rates of the Group 2 subjects during Ses­
sions 12 and 13. The rate difference during the three 
stimuli were significant [F(2,14) = 44.40, P < .01], and 
a Tukey HSD test showed the differences between 
L + T and L + T rates, and the differences between 
L+T, and L+T rates, to be significant at the .01 
level. The difference between L + T and L + T rates 
was not significant. 

The major question was whether the subjects in 
both groups would show response summation during 
the second part of the study. Therefore, the data 
from the last eight sessions were analyzed by compar­
ing each subject's response rate during L + T with its 
higher rate during either L + T or L + T. Summation 
was defined as a higher rate during L + T than during 
either of the other two stimuli. The analysis showed 
that the subjects in both groups responded at a higher 
rate during L + T. Mean rates during L + T were 
higher during every day of testing for subjects in both 
groups. The difference between L + T response rate 
and the next highest rate in either discriminative stim­
ulus was significant [F(1,14) = 17.71, p < .01], but 
there were no other significant main effects or inter­
actions. 

Because the rates of the two groups during extinc­
tion intervals were different during the first phase of 
the experiment, a second analysis that examined re­
sponse rates during each of the four stimulus condi­
tions over the eight test sessions was performed. There 
was no significant difference between groups, and no 
significant interaction of groups with any other vari­
able. There was neither a significant effect of sessions 
nor a significant interaction of sessions with any other 
variable. The subjects did respond at significantly dif­
ferent rates during the different stimuli [F(3,43) = 86.97, 
P < .01], as shown in Figure 1. An HSD procedure 
was used to compare mean response rates during the 
stimuli, and it showed that rates were significantly 
higher (p < .01) during each of the stimulus condi­
tions associated with reinforcement than during 
L + T. In addition, rates during the L + T condition 
were significantly higher than rates during either 
I + T or L + T (p < .01), which provided another 
demonstration of response summation. The subjects 
also responded at significantly higher rates during 
L + T than during L + T, (p < .01). 

None of the interactions between stimulus condi­
tions and any of the remaining variables reached 
significance. 

DISCUSSION 

The schedule of reinforcement was the same for subjects in both 
groups during the discriminative stimulus intervals. However, the 
discriminative stimuli themselves were different for the two groups 
during the first part of the experiment (i.e., L + T in Group I and 
either L + Tor r + T in Group 2). We expected that if any response 
rate differences existed between the groups, such differences 
would be found during the discriminative stimulus intervals, but 
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there were no such differences. Instead, the subjects in the two 
groups responded at different rates during extinction intervals 
when the stimulus in both groups was L + T. A result analagous to 
response summation would have been demonstrated if the 
Group I subjects had responded at a higher rate during L + T than 
the Group 2 subjects had during either L + Torr + T. However, 
the lower extinction rates of the Group I subjects, and the greater 
difference among their rates in reinforcement and extinction com­
ponents of the schedule, may also be related to response summa­
tion. 

There are two possible explanations for these results . The first is 
that the Group I discriminative stimulus was a simultaneous 
change in both light and tone, whereas the Group 2 stimulus was a 
change in only one of these stimuli. Such an explanation is es­
sentially similar to Weiss's (1978) model of response summation 
within an individual subject. The second possibility is that the 
better discrimination of the Group I subjects was caused by the use 
of one discriminative stimulus, L + T, as opposed to the use of two 
discriminative stimuli, L + T and r + T, in Group 2. There have 
been a number of studies that have shown that rats discriminated 
less accurately in mazes when more than one discriminative stim­
ulus was used (Gardner & Coate, 1965; Mandler, 1973; Mullins & 
Winefield,1979). 

The abrupt increase in the rate at which the Group I subjects 
responded during r + T when the additional discriminative stimuli 
were introduced may also have been related to the processes un­
derlying response summation. These subjects had never been rein­
forced for responding when either light or tone were off during the 
first part of the experiment. Introduction of L + T and r + T as 
discriminative stimuli allowed the subjects to earn some rein­
forcements when either light or tone was off. Thus, the correlation 
between the presence or absence of light and tone, and the proba­
bility of reinforcement, were reduced. Under those conditions, a 
model of response summation based on discriminative processes 
could predict either an increase in r + T rates, or a decrease in 
L + T rates. The former effect was observed. 

The second part of the experiment showed that subjects in both 
groups responded at higher mean rates during L + T than during 
either of the other discriminative stimuli. That result is, by defini­
tion, an example of response summation. However, it is difficult 
to see how response summation could have been based on the re­
sponse strength of the individual component stimuli for the sub­
jects in Group I . They had never responded in the presence of the 
component stimuli until the testing procedure began. 

The absence of any interaction between groups and stimuli or 
any higher order interaction among stimuli, groups, and days pre­
cludes the possibility that response summation developed for the 
subjects in Group I only after they had been exposed to the in­
dividual stimuli for some time. Response summation appeared 
immediately among the subjects of both groups and was equally 
strong in each. These data clearly indicate that summation need 
not be the result of previous conditioning to the components of the 
compound stimulus. 

It also implies that the L + T compound to which the Group I 
subjects responded during the first 12 sessions, had no properties 
that were unique to the stimulus compound. Apparently, the sub­
jects responded to L + T as if it were nothing more than the com­
bination of the light and tone components. 
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