
conditions than it was under spontane- 
ous conditions (Fig. 4). A small per- 
centage of visual cortical cells are not 
primarily responsive to light but either 
respond weakly to light or respond to 
other stimuli (6). Such cells would not 
be represented well by mean excitability 
under driven conditions and would bet- 
ter represent the mean when all cells 
of the area are spontaneously active. 
Under driven conditions, cells with pri- 
marily visual function are dominantly 
responsive to visual afferents not shared 
by such diffusely projecting or nonpri- 
mary afferent cells. In contrast, under 
spontaneous conditions, these two dif- 
ferent cell populations may have more 
active afferents in common. 

Regardless of conditions, almost all 
cells remained significantly correlated 
with the slow-wave amplitude. These 
experimentally produced changes are a 
matter of magnitude of congruence un- 
der the specific conditions. 

Congruence is an estimate of how 
well the mean represents a randomly 
sampled cell, and it provides an esti- 
mate of the relation of the momentary 
excitability of a given cell to that of the 
entire population. Congruence in our 
view is an index of neural homogeneity, 
and it represents how low the popu- 
lation variance around the mean ex- 
citability is. When congruence is low, 
one may assume that the variance of 
the cell population is high, and that neu- 
ral homogeneity of the population is 
low. Thus, on the reasonable as- 
sumption that the cells studied here 
constituted a random sample, the com- 
mon excitability or neural homogeneity 
can be estimated from the relation of a 
single cell to the accompanying slow 
activity from the same electrode. 

This measure of congruence repre- 
sents a new measure of neural activity 
of brain which is neither slow-wave nor 
spike, evoked potential nor integrated 
activity, but which derives instead from 
a second-order interaction of spike and 
wave. Such estimates of homogeneity 
can be accurately made on the basis of 
samples taken for as little as 1 to 2 
minutes, or even a few seconds, depend- 
ing only upon spike rate. This advan- 
tage raises the status of the relation of 
spike probability to wave amplitude 
from a static biophysical datum com- 
puted after the fact to a dynamic func- 
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tional variable which may be evaluated 
moment to moment. 

In pharmacological, behavioral, and 
other site-of-action studies, if one plots 
momentary correlation values simulta- 
neously for a number of sites, the 
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changing configuration of local struc- 
tural homogeneity may be observed and 
will provide information about the rela- 
tive internal communality of excitability 
or consistency of local neural function 
(7). 
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Since the demonstration that elec- 
trical stimulation of the brain can serve 
as a reward, a number of investigators 
have concluded that intracranial rein- 
forcement (ICR) and conventional re- 
inforcement under appetitive drives 
may have different effects on behavior 
(1). The most noteworthy of these dif- 
ferences is the repeated demonstration 
that responses maintained by ICR ex- 
tinguish faster than those maintained 
by food or water reinforcement (2). 
This abrupt cessation of responding 
when reinforcement is withheld is gen- 
erally taken as the most convincing 
evidence that ICR is essentially differ- 
ent from conventional reinforcers (3). 

Recently, however, it has been sug- 
gested that differences in response to- 
pography between ICR and conven- 
tional reinforcement may account for 
these reported differences in resistance 
to extinction (4). In the typical ICR 
situation, reinforcement is administered 
immediately when the subject presses a 
lever, while conventional reinforcement 
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is made available at a chute or drinking 
nozzle some distance from the lever. 
Gibson et al. (4) showed that when the 
form of the response made for ICR 
and conventional reinforcement was 
made similar, the usual difference in 
resistance to extinction was not ob- 
served. They conclude that ICR is not, 
therefore, essentially different from 
conventional reinforcers. 

This study is open to criticism, how- 
ever. All the subjects, including those 
scheduled for ICR, were deprived of 
food during both acquisition and ex- 
tinction. Since subjects had electrode 
implants in the lateral hypothalamus, 
where electrical stimulation can elicit 
eating (5), and since it has been shown 
that hunger increases the number of 
responses emitted during extinction of 
an ICR habit (6), the generality of the 
results of Gibson et al. must remain in 
question. 

Howarth and Deutsch (7) have pro- 
posed that extinction following ICR is 
due simply to drive decay and is, there- 
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Extinction Following Intracranial Reward: 

The Effect of Delay between Acquisition and Extinction 

Abstract. Rats trained to press a bar for intracranial reinforcement gave as 
many responses during extinction as did water-reinforced controls, when ex- 
tinction came immediately after an acquisition session. However, the experi- 
mental animals gave fewer responses in extinction than water-reinforced animals 
when extinction was delayed for 1 hour after acquisition. The activity level of 
the experimental animals was high immediately after acquisition but declined 
markedly over the delay period, which suggests that resistance to extinction after 
intracranial reinforcement is primarily a function of activity level. 
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Table 1. Mean number of responses in the 
30-minute extinction session. 

ZReinf t ero One-hour Reinforcement 
delay delay 

Water 90.9 95.6 
ICR 92.5 30.8 

fore, a function of time since reinforce- 
ment. Our aim was to compare extinc- 
tion following ICR and conventional 
reinforcement at two times: immedi- 
ately after reinforcement, when any 
drive from ICR would remain high, 
and after 1 hour, when drive decay 
might be assumed to have occurred. 

Our experiment employed four 
groups of ten rats each. Two groups 
were adapted to a 23-hour water-dep- 
rivation schedule for 10 days prior to 
the start of the experiment, and two 
groups were fitted with permanently 
implanted, acrylic- insulated, stainless 
steel, bilateral, monopolar electrodes 
with the 0.5-mm stimulating tip aimed 
at the medial forebrain bundle (8), an 
indifferent electrode being provided by 
a wire loop placed over the skull. A 
source of 50-cycle a-c of 50 to 70 /a, 
individually adjusted for each rat, pro- 
vided the ICR which was delivered 
through one electrode and the indiffer- 
ent electrode. 

The experimental chamber was a 
Plexiglas box which was 23 cm high 
and had floor dimensions of 40 by 25 
cm. The floor incorporated a stabili- 
meter with a pendulum transducer 
(9) from which contacts, via a sensi- 
tometer circuit, could be recorded on a 
counter and cumulative recorder. To 
make response topography between 
ICR and water groups more similar, the 
stainless steel lever (2.5 by 4.5 by 1.5 
cm) incorporated a drinking cup (1 cm 
in diameter by 0.5 cm deep) on its 
upper surface. Water was supplied by 
a pump (controlled by Grason-Stadler 
programing equipment) which deliv- 
ered 0.25 ml in 0.5 second after oper- 
ation of the lever. Operation of the 
same lever could alternatively deliver 
brain stimulation for 0.5 second; but, to 
make the situations even more closely 
comparable, a timer was included 
which imposed a 0.5-second delay be- 
tween closing the lever microswitch and 
the commencement of the 0.5-second 
period of brain stimulation. 

Each animal was given 10 days of 
acquisition training in which it made a 
total of 1000 continuously reinforced 
responses. For the first 8 days, sessions 
were of 100 responses; on day 9, of 150 
responses; and on day 10, of 50 re- 
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sponses. Immediately after the acquisi- 
tion trials on the tenth day, two groups, 
one given ICR and the other water- 
reinforced, were given a 30-minute ex- 
tinction session during which reinforce- 
ment was withheld. Each animal in the 
remaining two groups, after acquisition 
trials on the tenth day, was returned to 
its individual home cage, which was 
then placed on the stabilimeter platform 
for a period of 1 hour. During this de- 
lay period, the animal's activity was re- 
corded. The animal was then placed 
back in the test chamber for a 30- 
minute extinction period. 

Response rates during acquisition did 
not differ significantly among the four 
groups. Table 1 shows the mean number 
of responses made during extinction. It 
is clear that animals in the ICR group in 
which extinction was delayed gave few- 
er responses in extinction than those in 
the other three groups. Analysis of vari- 
ance indicated that the interaction be- 
tween types of reinforcement (ICR 
versus water) and delay (zero delay 
versus 1-hour delay) was significant 
(P < .001); tests of simple effects (10) 
showed further that ICR and water- 
reinforced groups differed significantly 
(P < .001) for the 1-hour delay but not 
when there was no delay, and converse- 
ly that the effect of delay was significant 
(P < .001) for the ICR groups but not 
for the water-reinforced groups. 

Of the two delayed-extinction groups, 
the ICR animals were markedly the 
more active. Figure 1 compares the 
mean number of stabilimeter transducer 
contacts (in 5-minute blocks) for the ten 
ICR subjects and the ten water-rein- 
forced subjects during the 1-hour delay 
period. The decline in the activity of the 
ICR subjects and their significantly 
faster extinction after a rest period con- 
trast strongly with the lower stable rate 
of activity and slower rate of extinction 
of the water-reinforced animals. 

Considered in conjunction, these data 
suggest that the level of activity of ani- 
mals reinforced by ICR is an important 
determinant of resistance to extinction 
and a significant factor to consider in 
interpreting differences between be- 
havior maintained by ICR and by 
conventional reinforcement. Real quali- 
tative differences between the two 
reinforcement conditions only become 
apparent when the difference in activity 
levels is controlled. These data also sug- 
gest that the apparent similarity between 
extinction functions for ICR and sugar 
water reinforcement found by Gibson 
et al. may have resulted from height- 
ened activity of ICR subjects immedi- 

Delay period (min) 

Fig. 1. Activity scores: mean number of 
stabilimeter transducer contacts in 5- 
minute blocks during the delay period. 

ately after acquisition. Some support for 
the generality of the results of our study 
comes from a recent report by Gallistel 
(11), who showed that rats that receive 
ICR run faster in a runway after a 
decrease and slower after an increase in 
intertrial interval. This was not found in 
rats rewarded with water. 

Our results are thus consistent with a 
theory such as that proposed by Deutsch 
(3), which assumes a drive-decay con- 
cept to account for the decline in 
response rate following nonreinforce- 
ment of behavior previously maintained 
by ICR. 
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