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Abstract

In two experiments, seontal lesioned or cingulate les-
ioned rats were tested on a DRL 8 sec. or DRL 0.5 sec.
schedule of reinfercement. Results showed that timing
efficilency of septal operates was reduced below control
levels when they were required to suppress responding for
1.2 sec. or longer. When reinforcements were periodically
and randomly withheld following a correct timing response
(nonreinforcineg event), response rates for all subjects
were higher than they were when every correct timing re-
sponse was reinforced. The increase in rate was a2 function
of the »nrobability of the nonreinforcing event and was
greatest for the seotal operates when their baseline rein-
forcement rate was equal to that of the control animals.
The behavior of the septal operates 1s discussed 1in terms
of the averslive vpropertles of contingent response suppres-
sion and of omission of reinforcement for a previously
rewarded response. Animals with cingulate lesions were no
different than operated or nonoperated controls. These
results were taken as evidence against the hypothesis that
cingulate lesions enhance inhibitory control, and were dis-
cussed in relation to the performance of orzanized complex

sequences of behavior.
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THE ZFFECTS OF LESIONS IN THE SEPTAL FORE3RAIN OR THE

CINGULATE CORTEX ON THE TIMING 3EHAVIOR OF RAIS

Introduction

General introduction and statement of the problem

The effects of damazge to the septal forebrain or the
cingulate cortex have been interpreted either as affecting
(1) the subject's emotional responsivity and motivational
level (emotionality hyoothesis) or (2) the ability of the
animal to withhold or inhibit a resvonse (response inhibi-
tion hypothesis). These two hypotheses, which have been
presented as alternative explanations of the observed be-
havior, may not be mutually exclusive. 3ard (1950) and
3ard and iountcastle (1948) have suggested that the limbic
system, two prime components of which are the septal fore-
brain and cingulate cortex, may play a restraining role in
emotional responsivity. 1Ihe hypothesis put forth by 3ard
and lMountcastle includes the operation of elements involved
in both emotion and resvonse inhibition, The studies thus
far performed to test these theoretical vositions, however,

have not adequately defined either concept, In order to



achileve adequate specification of the variables involved,
it i1s necessary to develop an analysis of the normal behav-
ior resulting from given stimulus operations, and then a
detailed analysis of changes in this behavior resulting

from damage to varticular anatomical structures,

Anatomy and zeneral background

Ihe =eptal area 1s delineated as that area dorsal and
anterior to the anterior commissure, immediately ventral to
the zgenu and body of the corous callosum. It occupieg the
anteromedial wall of the hemisphere and extends to the lat-
eral ventricle. It 1s composed of a heterogeneous zgroup of
cells and fibers which receives projections from the olfac-
tory bulb, the frontal resion, the olfactory tubercle, the
amygdala, hiopocampus, thalamus, and lhiypothalamus (Crosby,
dumohrey, % Lauer, 19%2). It in turn projects to all of
these structures (exceont the olfactory bulb), and also to
the midline nucleus of the thalamus, habenula, and certain
regions of the midbrain tegmentum (Powell, 1953), It thus
constitutes a way-station in which fibers interconnecting
most limblec system structures synapse,

T'he septal forebrain was initially implicated in the
mediation of affective behavior by Brady and Nauta (1953),
wlhio - demonstrated that animals with lesions in this area dis-
played an extreme 'lhiyperemotional reactive state'" until ap-
proximately twelve days postoperatively. This hyperreactive

state did not appear in control animals with lesions in the
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cingulate cortex, or in nonoverated control animals, The
"septal syndrome'" was thus defined as increased irritability
and reactivity to such events as handling, capture, prodding
with a pencil or forceps, jangling of keys, and appeared
following extensive destruction of septal tissue. Brady

and Nauta (1953, 1955) further described the behavior of
septal rats as being wild and fierce, exhlibiting hyverreac-
tivity to all sensory stimulation, especially tactile,.

£inz (1958, 1959) replicated and extended these findings,
reporting slizht strain differences between hooded and albino
rats in postoperative duration of the syndrome, TIhese re-
sults suoported the transitory nature of the syndrome, in
that it declined and eventually disappeared anywhere from
one weelk to two months following surgery.

I'hese early findings were explained by the emotionality
hypothesis, which initially posited an increase in emotional
responsivity produced by the septal lesion. ['his hypothesis
proposed that increased reactivity to noxious stimulation
was responsible for changes in performance observed on be-
havioral tasks following destruction of the septal area, An
increase in the motivational level of the septal animal was
posited to explain those results which could not be accounted
for by the emotionality hypothesis,

Another structure which appears to be implicated in
emotional responsivity is the cingulate cortex, This cor-

tical area was first shown to exert effects on emotional
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behavior opposite to those of the septal area when Bard and
Mountcastle (1948) found that removal of the cingulate gyrus
in cats and dogs resulted in decreased emotional responsiv-
ity. The cingulate cortex is the midline structure lmmed-
iately dorsal to and bordering on the corpus callosum along
its anterior-posterior extent, It is divided into an anter-
lor region, rostral and dorsal to the genu of the corpus
callosum, a vosterior or supracallosal region, bordering

the body of the corpus callosum, and a retrosplenial region,
dorsal and posterior to the splenium of the corpus callosum,
The cingulate gyrus receives its primary connections from
the anterior nuclei of the thalamus, but also possesses ex-
tensive afferent and efferent associations with all parte of
the surrounding cortex.

The imvortance of the anterlor region of the cingulate
cortex and its apparent ooposition to the role of the septal
forebrain in the control of behavior was investigated by
Kaada in "his electrical stimulation studies (1951, 1960).
His findings led to the formulation of the second major hypo-
thesis which has been advanced to account for changes in be-
havior following destruction of either one of these two lim-
bic system areas. gKaada showed that electrical stimulation

of the subcallosal areal, immediately anterior to and directly

1The term '"subcallosal" is used interchangeably with
"septal'" to designate that area anterior and dorsal to the
anterior commlissure., These regions have been shown to be
functionally equivalent and to share the filber systems be-



below the genu of the corpus callosum, ylelds inhibitory
effects upon autonomic and somatomotor activity. These re-
sults were in contrast to the facilitatory effects obtained
upon stimulation of the area above the corpus callosum, in-
cluding the anterior cingnlate gyrus, [he "response inhibi-
tion" hypothesis maintains that the anterior cingulate cor-
tex and the septal area exercise facilitatory and inhibitory
influences, respectively, over autonomic and somatomotor
responsivity., Since stimulation of the anterior cingulate
cortex enhances somatomotor activity, it would be expected
that damage to this area would impalr performance in a situ-
ation which requires the animal to actively maxe a response
in order to avoid aversive events. However, 1t would have
no effect in a task requiring inhibition of a resoponse, such
as in passive avoidance or punishment., Conversely, lesions
in the subcallosal area would be expected to facilitate per-
formance in situations in which inhibition of a response is
not required, but impairperformance in the passive avoldance
situation, where inhibition of a response is required.
McCleary (1961) tested this hypothesis and found that
rats with billateral lesions in the subcallosal area exhib-
ited normal approach to a food dish which had previously

been shocked, while subjects with bilateral lesions in the

lieved responsible for mediating the electrophiysiological
and behavioral effects obtained when either area is stim-
ulated or destroyed.



anterior cingulate cortex were comparable to normals in
their avoidance of the dish. The converse effects were
demonstrated in a shuttle-box avoidance task: subcallosal
animals were elther equal or superior to normals in response
to the conditioned stimulus, while cingulate animals were
either deficient or never did acquire the avoldance response,
Thus, McCleary's results tended to supvort the general hiyvo-
thiesis that the function of the septal area is inhibitory,
and that its destruction impairs the animal's abllity to
suppress responding. Conversely, the function of the anter-
ior cinculate region was indicated as being facilitatory,
for when it was destrcyed that animal had difficulty in

making a required response,

Lesion literature

he major oroblem oresent in any attemot to reconcile
the two theorétical positions 1s the lack of analysis of the
stimulus situations in which vostoperative behavior has been
observed, These stimulus conditions have been categorized
as either positive or negative, devending upon whether a
noxious stimulus such as shock was employed., However, the
tyoe of reinforcer used is not an adequate criterion for
differentiating between vositive and negative reinforcing
situations., The condition in which an animal i1s reinforced

by food for the performance of some response cannot, just
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by the operation of presenting food, be termed '"positive,"
as opposed to labeling a situation in which a noxious stim-
ulus is emnloyed "negative," The response to any given rein-
forcing event will depend uvnon the contingencies unon which
that event 1s devendent, as well as upon the tyne of rein-
forcer used, A common factor in the lesion studies will be
sliown to be increased reactivity to a stimulus event, or to
the contingencies with whiclhh that event is associated in
ceptal animals, and either no chanze or decreased reactivity
in cinzulate animals,
The studies in which shock has been used as a stimulus
event have been desicned according to the conditioned emo-
tional response technique of Estes and Skinner (1941), the
punishment paradizgm in whichh the occurrence of shock 1s con-
tingent upon the emission of some response of the animal
(also termed passive avoidance; Mowrer, 1950), and the ac-
tive avoidance paradizm according to which the animal must
make a response in order to avold the occurrence of the nez-
ative reinforcer.

3rady and Nauta (1953, 1955) and Trafton (i1957) showed
that animals with lesions in the septal forebrain were defi-
cient in the retention of a '"conditioned emotional response
(CER) which was wnreoperatively learned to a clicker stimulus
which was terminated concomitantly with shock to the feet.

I'he CER here consisted of '"complete immobility and crouching

(freezing)" and was usually accompanied by defecation upon



presentation of the conditioned stimulus. The deficlency

in retention of the CER did not appear in control animals
with lesions of the cingulate cortex, or in nonoperated con-
trol animals.,

King (1958) first demonstrated that acquisition of a
two-way shuttle-box avoldance response was more rapid in rats
sustalning damage to the septal forebrain than it was in nor-
mals or in operated control animals. Krieckhaus, Simmons,
Thomas, and Kenyon (1964) and Kenyon and Krieckhaus (1965)
have replicated this finding and shown in addition that the
effect 1s seen in different stralns of rats, hooded as well
as albino.

The facilitation of the avoldance response was also
shiown to be independent of lesion slze or amount of spontan-
eous activity as measured by the number of crossings made in
the shuttle-box during the adaptation period prior to the
initiation of avoidance training. There was no difference
between septal and control animals on the latter measure.
McCleary (1961) presented evidence suggesting that the more
rapid acquisition of the avoldance response was aiso present
in cats with septal lesions, and Buddington, King, and
Roberts (1967) demonstrated this phenomenon in the squirrel
monkey.,

The findings obtained by McCleary (1961) with regard
to septal or cingulate destructlion have thus been upheld and

extended by subsequent studies. Results obtained by Lubar



(1964) offer further support for the opposing influences
exerted by these structures upon behavior, He found that
animals with combined lesions of the septal and cingulate
areas were less deficlent in performance on a passive avold-
ance task than were animals with leslons in the subcallosal
area alone, Peretz (1960) also found that cingulectomized
rats were slower than controls in the acquisition of a shut-
tle-box avoidance response when elther shock or oscillation
was used as the noxlous stimulus,

The results cited thus far can be used to support
either major theoretical position., Interpretations may be
limited, however, because they are derived primarily from
experiments in which a noxious stimulus was employed. There-~
fore, the results of those studies using a positive reinforcer
have provided the criteria for defining the role of the septal
forebrain and the cingulate cortex as being involved in emo-
tional or inhibitory functions, The factors operating in
these studies are considered to be those primarily involved
in response inhibition,

Several designs have been used to investigate the be-
havioral changes resulting from cingulate or septal damage
in animals performing apositively reinforced instrumental
response., Performance in various types of mazes has been
investigated (Thomas, Moore, Harvey, & Hunt, 1959; Thomas %
Slotnick, 1962, 2963; Peretz, 1960; Wolfe, Lubar. % Ison,

1967; Green & Levinthal, 1967); on several types of discrim-
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ination tasks (Peretz, 1960; Schwartzbaum, Kellicutt, Spileth,
& Thompson, 1964; Zucker, 1965; Schwartzbaum & Donovick,
1968; Green % Schwartzbaum, 1967); and on several different
schedules of reinforcement (Ellen & Powell, 1962a, 1962b;
Ellen, Wilson, & Powell, 1964; Harvey & Hunt, 1965; Burkett
% Bunnell, 1966; Schwartzbaum % Gay, 1966; Carey, 1967a,
19670v).

Thomas et al, (1959) divided theilr rats with septal les-
ions into "irritable" and "nonirritable" groups on the basis
of behavior in an open-field test. They demonstrated a rela-
tionship between this behavior characteristic and impalred
maze performance in a Lashley Type III maze. "Irritable" Ss
made twice as many errors as controls; behavior of these sub-
Jects included '"long periods of intense exploratory sniffing,
and periodic bursts of energetic running back and forth in
the same alley." These behaviors decreased as training pro-
gressed. Septal animals were slower than controls on all
time scores except latency of leaving the start box, but
showed no difference in number of trials required to reach
the acquisition criterion., Thomas and Slotnick (1962, 1963)
observed no differences in maze performance between rats with
lesions in the cingulate cortex and control animals, Green
and Levinthal (1967) used a three-unit multiple U-maze de-
signed to test the '"cholce" behavior of rats for alternative
paths to a goal, each path differing in length and position

relative to the goal compartment., Rats with lesions in the
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septal forebrain were found to consistently choose the long-
est, though most continuous, path to the goal., The control
animals, however, shifted to another path, whlich was the
shortest but required an "abrupt" motor adjustment at the
cholce point.

Schwartzbaum et al. (1964) have presented evidence
showing that septal lesions markedly increased responding
during a discrimination in the presence of the negatlive stim-
ulus and during extinction, while reinforced responding de-
creased slightly. However, cingulate lesions, while reduc-
ing the rate of reinforced responding on the variable inter-
val schedule, resulted in more rapid extinction and had no
effect on responding during the nonreinforced stimulus, A
follow-up study investigating the effects of septal lesions
on acquisition of a simultaneous brightness discrimination
showed an increase in the number of perseverative errors of
septals over controls, but no differences in trials to cri-
terion or in number of initial incorrect responses,

More recent data obtained by Zucker (1965), using a
Wisconsin General Test Apparatus, showed that cats with sep-
tal lesions were deficient on the acquisition and first re-
versal of a successive object discrimination task, but not
on acqulsition or reversal of a slmultaneous object discrim-
ination task, Thils worker also reported that the performance
deficit was correlated with impalrment on a passive avoldance

task (avoidance of an electrified food dish) which he used as
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a screening device prior to the beginning of the experiment
to separate his animals into different subgroups, Schwartz-
baum and Donovick (1968) have presented evidence indicating
that rats with the septal area destroyed were impalred only
on reversals of a spatial discrimination task, Thelr ac-
guisition scores on the original task were not affected, nor
were original learning or reversals of a brightness discrim-
ination task. Interestingly, septal lesions also blocked ac-
quisition of a spatial alternation task on which subjects
were required to alternate responding between two levers on
every trial. This task may be considered analogous to rever-
sal of a spatial discrimination task, except that the animal
has to reverse lhils response every trial. The errors on both
spatial problems were manifest in perseverative responses,
i.e., persistent responses to the previously rewarded lever,
and more rapid performance time as judged by time to com-
plete the number of trials constituting a session.

Several studies have lnvestigated the behavioral re-
sults of cingulate or septal damage in animals working in a
bar-pressing situation for positive reinforcement. Results
have indicated that rates and patterns of responding are
differentially affected by the leslons, depending upon the
schedule used., However, these studies have generally falled
to examine the properties of the reinforcement contingencies

used to generate the behavior,
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Ellen and Powell (1962a) investigated the effects of
septal lesions on a multiple fixed-interval and fixed-ratilo
schedule., Animals with lesions in the gyrus clinguli consti-
tuted one of their operated control groups. Thelr results
indicated that the septal animals exhiblted a significantly
higher rate of responding during the FI contingency but not
during the FR. Animals with cingulate leslions were not d4if-
ferent from nonoperated controls. The animals with septal
lesions showed a transitory loss in temporal discrimination
during the FI contingency but a permanent increase in termi-
nal rates prior to the delivery of reinforcement, Ellen and
Powell concluded that the hyperexcitability displayed by
septal animals depends not only on the lesion but also on
the reinforcement contingencles used.

Schiwartzbaum and Gay (1966) have replicated this find-
ing in rats responding on a l-min. FI schedule for reinforce-
ment consisting of an 8 per cent sucrose solution. These in-
vestigators found that immedlately postoperatively, septal
rats more than doubled preoperative baseline rates. The tem-
poral distribution of responses for these rats illustrated
an increase in terminal rates prior to the delivery of rein-
forcement, and a resumption of responding earlier than con-
trols following delivery of reinforcement,

In another study employing a schedule in which an ani-
mal is reinforced only for a response separated from the

previous response by a predetermined delay interval (DRL),
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Ellen et al. (1964) found that animals with septal lesions
were impalred in acquisition of the required temporal dis-
crimination. Animals with cortical, hippocampal, or callosal
lesions were comparable to normals in thelr acquisition of
the discrimination., Septal animals showed a high and equal
likelihood of responding after pauses of up to ten seconds,
after which time no impailrment in temporal control of re-
sponding was evidenced. These findings led the authors to
revise their earlier position regarding motivational factors
and to emphasize the fact that septal lesions caused a dec-
rement in the animai's ability to withhold a response.

The finding that septal rats are unable to suppress re-
sponding during periods when reinforcement 1s not avallable
on a DRL contingency has also been reported by Burkett and
Bunnell (1966) and by Carey (1967a). Carey, using water
reinforcement on a DRL 15 sec, schedule, further illustrated
that increasing deprivation in a control group of rats did
not account for the disruption of DRL performance in septal
animals, This latter finding 1is 1n'contrast with results ob-
tained by Harvey and Hunt (1965), who showed that response
rates of septals and controls on a continuous reinforcement
schedule or an FI 15 sec. schedule could be equalized by
differential prewatering prior to the beginning of the daily

session, or by differential deprivation.

Rationale for present analysis of septal function

On the basis of findings discussed thus far, it appears
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that a nonreinforcing event affects the ablillity of a septal
animal to withhold a response., Helightened activation or ex-
citability results when the subject is not reinforced for a
response which was previously rewarded, or when the animal
must learn a response which prevents immediate access to the
goal object. This increased reactivity was manifest in both
the maze and discrimination studlies as persistent responses
to the incorrect stimulus (perseverative errors), or as a
preference for the most continuous path to a goal (Green and
Levinthal, 1967). The increased activation following non-
reinforcement was seen in accelerated response rates, or dis-
turbances in the temporal distribution of responses by septal
animals who were responding on intermittent schedules of
reinforcement. Several studies have indlcated that the in-
crease in "vigor" of ongoing behavlior may be the uncondi-
tioned response to the omission of reinforcement, or to a
decrease in the density of reinforcement (Amsel, 1958, 1962;
JThompson. 1962; Wagner, 1963; Tacker & Way, 1968; Staddon &
Innes, 1966; Ferster, 1958; Pliskoff, 1961, 1963), Notterman
and Mintz (1965) have suggested that "the increase in vigor
following nonreinforcement,..is a bilological trait resulting
from the process of genetlc selection,”

Considerable experimental evidence 1s available that
the studies using a positive reinforcer may have contained
aversive properties, Several studies have shown that be-

havior similar to that obtailned when shock 1s used as the
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reinforcine acent also results when time-out from, or omis-
sion of, vositive reinforcement is superimposed wupon a posi-
tively reinforced instrumental response. Iwo of these stud-
ies demonstrated that subjects would escave from stimuli
oreviously associated with food reinforcement which was no
longer available (Adelman % Maatsch, 1956; Wagner, 1943).
Several other studies have found that matching-to-sample
accuracy can be increased by making time-out contingent upon
an incorrect resvonse (Zimmerman % Ferster, 1943). Further
evidence of the aversiveness of omission of reward can be
derived from Azrin, Hutchinson, and Hake (1946), who re-
ported that when veriods of responding for food on a contin-
uous reinforcement schedule were alternated with periods of
extinction, piseons actively attacked another bird, and some
~even a stuffed model present in the experimental chamber,
A study by Nigro (194A) has shown that time-out from posi-
tive reinforcement in a concurrent two-lever situation can
serve as an effective punisher during the extinction of shock-
avoidance responses, McMillan (19A7) reported that respond-
ing was suppressed in the presence of a stimulus which sig-
A;élled response-contingent time-out from positive reinforce-
ment,

The present analysis of behavior resulting from des-
truction of the septal area is thus based upon two assump-
tions which have received empirical support: (1) that re-

sponse acceleration 1s the unconditioned response to omis-
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sion of positive reinforcement, and (2) that omission of
reward constitutes an aversive event.2 The analysis then
postulates that destruction of the septal forebrain results
in greater sensitivity, or a lowered threshold for reaction
to stimulus changes, and to aversive events, The specific
behavior which reflects this hypersensitivity will depend
upon what the unconditloned response to the stimulus event
is in the absence of any contingency, and upon the specific
contingencies which control the behavior in a given situa-

tion.

Evidence supporting the present analysis

The hypothesis that destruction of the septal forebraln
results in greater sensitivity to stimulus changes has re-
ceived direct support from an experiment conducted by Lints
(1965), in which he demonstrated lower "flinch-jump" thresh-
olds to electric shock in septal lesloned rats than in con-
trols. Wetzel, Conner, and Levine (1967) recently demon-
strated that septal lesioned rats exhibited a higher probab-
ility of fighting (rearing with physical contact by slapping
or biting) in response to periodic trains of shock (cf. Ulrich
& Azrin, 1962) than operated controls. The fighting response
induced by shock persisted beyond the period of heightened

emotionality, as rated on the emotionality scale developed

2Both of these findings are further documented in
Appendix A,
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by King (1958).

Electrophysiological evidence supporting the notion of
enhanced reactivity to light stimulation has recently been
obtained by Lorens and Brown (1967). These workers showed
that stimulation of the septal area attenuated photically
evoked cortical potentials, thus suggesting that destruction
of this area would potentiate these reactions. Enhanced re-
activity to photic stimulation was shown to be a definite
factor controlling the behavior of subjects with the septal
forebrain destroyed in several experiments reported by
Schwartzbaum, Green, Beatty, and Thompson (1967)., Their
stimulus conditions consisted of light-on CS or light-off CS
in the compartment in which S was stationed, 1In addition to
showing that the avoldance performance of septal rats was
superior to that of controls regardless of illumination con-
ditions, these workers also demonstrated a high probabllity
of responses which reflected increased light aversion. They
offer the presence of this enhanced aversive reaction to
light as an explanation of the severe impalrment obtained by
Rich and Thompson (1965) in retention and relearning of an
avoldance response which required the rats to jump up and
cling to the walls of the apparatus in response to a bright
light-on CS located on the celling., This meant approach or
full exposure to the aversive light-on CS, which character-
istic may have interfered with successful avoidance of the

shock. That the impairment was not due to a decrease in the
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"conditioned emotional response" te the light was evldenced
by the observations of "frequent squeaking, abrupt changes
in respiration,” and orlentations toward the top of the box
in response to onset of the light.

A schema for the behavioral analysis of averslve events
is presented in Appendix B, 1In terms of this analysis, the
effect of septal lesions may be to enhance the reinforcing
value of a stimulus (or class of stimuli). Where several
types of stimull are simultaneously controlling behavior,
the final emitted response will depend upon the relative re-
inforcing value of these stimuli. Thus, studies whicih showed
impaired acquisition of an active avoldance response (Kenyon
& Krieckhaus, 1965; Rich & Thompson, 1965; Vanderwolf, 1964;
McNew & Thompson, 1966) as opposed to the superior perfor-
mance of septal animals usually obtained may be due to in-
creased sensitivity to the stimull present in the situation,
Where performance of septal animals has been shecwn to be
superior to that of controls, the increased aversiveness of
CS onset and the enhanced positive properties of CS termina-
tion are compatible with the resvonse required to escape the‘
noxious CS. Where performance of septal animals is inferior
to that of controls, results may be due to the incompatibil-
ity of the shock-avoidance response with approach to the
noxious CS, For instance, in the Kenyon and Krieckhaus one-
way avoildance experiment (1965), two 100-watt bulbs were used

to light the apparatus at the junction of the compartments
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of theilr shuttle-box apparatus and the rats would have to
approach these in order to cross the barrier, similar to
the contingency requirement in the Rich and Thompson study.
That the one-way vs, two-way variable is not as important
except insofar as aversive characteristics of handling are
concerned was shown by Zucker (1955) when he demonstrated
superior performance of septal lesioned cats in a one-way
task when a buzzer C3S was used and handling between trials
was eliminated.

The facilitatory effect of increased sensitivity to
stimulation is shown also in the studles showling increased
resistance to extinction of the avoldance response (LaVaque,
1966) even when it was punished (Zucker % McCleary, 1964;
McNew & Thompson, 196A). That 1is, CS onset in these studles
waé more aversive than the shock used to punish the response,
Other investigators have shown that a punishing shock will
suppress responding if it is intense enough (Harvey, Lints,
Jacobsen, & Hunt, 1965; Schwartzbaum et al., 1967; Zucker,
1965)., The study by Harvey et al. (1965) found that per-
formance of the conditioned emotional response was impaired
in septals only when low intenslty shock was assoclated with
the CS, and suppression would have competed with responding
for water reward. They interpreted thelr results in terms
of an increased thirst drive produced by the lesion and pro-
ceeded to show that increasing water deprivation of controls

also resulted in lack of suppression to the CS. This inter-
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pretation encounters difficultlies, however, in explaining
impaired CER performance where the animal is not also per-
forming a response to obtailn positive reinforcement (Brady

& Nauta, 1953; Trafton, 1967). The difficulty here is be-
lieved due to inability to specify exactly what the "domi-
nant response'" in the situation is. Schwartzbaum and Gay
(1966) have stated that the high emotlionality ratings ob-
tained by their septal subjects "reflect primarily somatic
reactivity in the form of startle responses followed by exag-
gerated movement or freezing responses.'" Brady and Nauta's
(1953) suggestion that the observed impalrment in their sep-
tal animals may be due to the elicitation of an "unconditioned
movement reaction" by the clicker CS, which was '"specific to
thelr hypersensitive physiologlical state," 1s consonant with
the uncertainty in specifyling the "most likely" response

which will appear in this situation.

Hypothesis and plan of present experiments

The hypothesis for the present experiments regarding
behavior of subjects following destruction of the septal
forebrain is thus based on three conclusions derived from
previous studies: (1) that nonreinforcement is followed by
acceleration of ongoing behavior; (2) that nonreinforcement
1s an aversive event; and (3) that septal animals are hyper-
reactive to aversive events. The prediction was then made
that septal animals would respond most rapidly when rein-

forcement for a previously rewarded response was withheld,
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In order to observe the expected increase in rate
clearly, the DRL schedule of reinforcement is used as a
baseline schedule, The contingencies of this schedule re-
quire that the subject suppress responding for a predeter-
mined delay interval in order to be reinforced. The DRL
schedule normally generates a steady low rate of responding
which maximizes predictability of the animal's responding at
a given point in time. Prior to this time, probablility of
responding is near zero, so that rapid response bursts which
‘may occur are readily discernible. Several studies have
demonstrated that these bursts are most frequent following
nonreinforced bar presses, and that the closer in time the
"missed" reinforcement is to the DRL criterion, the greater
is the effect (Sidman, 1956; Stamm, 1964; Farmer & Schoen-
feld, 1964)., Therefore, according to the experimental pro-
cedure, after response rates stabilize, a reinforcement
(food pellet) will be periodically omitted when it is "due,"
i.e., when the animal responds after the appropriate delay
interval, It is predicted that response bursts following
this event will be most rapid and fregquent for septal animals,

It 1s further postulated that response rates for cin-
gulate lesioned animals will not change or willl decrease
following the nonreinforcing event, if 1t is true that the
anterior cingulate gyrus and the septal region exert opposing
influences upon behavior. This prediction is based upon

findings by Schwartzbaum et al., (1964), who showed that rats
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with anterior cingulate lesions extingulshed a food-reinforced
response more rapidly than controls. Stamm (1964) has also
shown decreased excitability in cingulate lesioned animals,

as evidenced in fewer interresponse-times-less-than-two-sec-
onds than controls when the DRL schedule on which the subjects

(monkeys) were working was lengthened by sixfy seconds,



Experiment 1

Introduction

Animals in the first experiment were tested on a DRL
8 sec. schedule of reinforcement, Pllot work had shown that
animals with lesions in the septal forebrain could acquire
and maintain normal timing behavior if the delay interval
was of a low value. It was thus believed that the relative
frequency of reinforcements obtalned by septal animals would
be equal to that of normals, so that any change in baseline
rates which occurred as a result of the nonreinforcement
procedure would be comparable between the groups. The pllot
studies had further indicated that the relative frequency of
reinforcement obtained on the baseline schedule was an impor-
tant variable determining the degree of disruption in timing

behavior when the nonreinforcement procedure was introduced.

Method

Subjects

Fifteen male albino rats of the Sprague-Dawley strain,
approximately 180 days old at the beginning of the experi-
ment, were housed in individual cages and were allowed ad
1ib food and water for three weeks, during which time daily

welghts were recorded. At the end of this time, mean body

24
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welghts were calculated and the Ss were placed on a restricted
diet consisting of two Purina Lab Chow vpellets, totaling ap-
proximately 7 &m., given daily until the Ss were reduced to

85 per cent of thelr free-feedinz weights, Ihis welght was
maintained throughout the course of the experiment by supple-
menting dally food intake received in the experimental chiamber
with Purina pellets following each session. 'ater was con-

tinuously availlable in the home cage,

Apparatus

The experiment was conducted in a Sclentiflic Prototyvpe
single-lever overant conditionine apparatus (Model A-101) with
a food cup located 1% in, to the left and slightly below the
lever, and an oopening thrcusgh which a calibrated water tube
could be inserted located about 2 in. to the richt of the lever.
A force of 27 gm. was required to close the microswitch in the
lever. A single 1light bulb behind a diffusing milk glass was
locéted 4 in, directly above the lever, ihe brightness of the
glass, measured with an Ilford photometer, was 2.0 log ft. lam~
berts, [I'he apparatus was located in a Scientific Prototype
sound-proof chamber (Model SPC-300).

Programing of reinforcement contingencles and recording
of experimental data were accomplished using BRS solid state
modules. Thirty-two counters were used to record time be-
tween successive responses, and a running time meter was used
to record total session time required for each rat to obtain
a predetermined number of reinforcements (.045 gm, Noyes

pellets). Other counters recorded total responses made and
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total reinforcements obtained during the session.

Procedure

Prior to surgéry, all subjects were magazine-trained
and shaped to press the lever for food reinforcement, Fol-
lowing acquisition of the bar-press, on two successive days,
all Ss were placed into the experlimental chamber and allowed
to obtain 100 reinforcements on a continuous reinforcement
schedule,

Subjects were then randomly assigned to tiiree groups
of five rats each for surgery. Operated Ss underwent surgery
under pentobarbltal sodium anestheslila supplemented with
chloral hydrate. Ss in the septal group were given billateral
lesions in the septal forebrain. These were produced elec-
trolytically by 2.0 ma., anodal current applied for 30 sec.
thirough a stereotactically guided stainless steel electrode,
insulated except for 0.5 mm. at the tip. The ear bar of the
stereotaxic intrument was used as the indifferent electrode,
The lesions for this group were placed according to Groot
(1959) coordinates 1.9 mm. in front of bregma, 0.5 mm, lateral
to the sagittal suture, and 5.0 mm, below the surface of the
skull at this point.

Subjects in the cingulate group recelved a series of
closely spaced electrolytic leslons along the midline cortex
extending from 3.5 mm. in front of bregma to 1,3 mm., poster-

ior to bregma., A strip of skull was removed on either side
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of the sagittal suture and the electrode was inserted at one
location; a lesion was then made at two or three successive
depths, depending on the vertical extent of the cortex at
that A-P location. This procedure was repeated at 1,5 mm,
intervals along the anterior-posterior extent of the lesion
site until a continuous ablation of the midline cortex on
both sides of the sagittal suture was complete., Two ma. was
applied through the electrode for 20 sec. at each lesion
site (technique after Slotnick, personal communication).

The third group was deslignated as the control group and
consisted of two rats receiving sham operations and three un-
operated controls, The sham operations included drilling of
the skull and insertion of the electrode into the brain for
the septal animal according to the appropriate coordinates
without passage of current, and removal of the strips of
skull for the cingulate operated control.

Following recovery from surgery and during the course
of training, a pneumonia eplidemic caused the death of three
subjects, two of the cingulate operated animals and one of
the normal controls. The final n's for each of the groups
was thus as follows: septal, n = 5; cingulate, n = 3; control,

n==4,

Behavioral testing procedure

DRL acguisition.--One week after completion of surgery,

all animals were placed on a DRL 8 sec, schedule of rein-

forcement., This meant that a minimum interval of 8 sec. had
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to elapse between successive bar-presses in order for rein-
forcement toc be obtained. If an animal pressed the bar be-
fore completion of the interval, the clock was reset and tim-
ing of the interval was re-started. Duvring this phase of DRL
acqulsition, the number of reinforcements obtained during
each daily session was kept constant for all animals, and was
gradually increased over sessions until a maximum of 160 rein-
forcements per session was being obtained. Thls procedure in-
sured that each animal received a constant number of rein-
forcements throughout the course of the experiment, Session
length was thus determined by the time 1t took for the S to
obtain the number of reinforcements avallable for a glven
session,

There were six dally sessions per week for forty days.,
A calibrated water bottle was present in the experimental
cage at all times during the session. Animals were run under
conditions of no illumination in the experimental chamber,
the only possible source being stray light entering through
the vent for the blower located in the sound-proofed chamber
in which the operant conditioning apparatus was housed, This
condition of minimizing illumination was designed to maximize
visibility of the light located over the bar when it was 1l-
luminated. During the acquisition phase, this light was
automatically turned on at random times for 1 sec., during
specified sessions apcording to a 0.2 probability in order to

allow adaptation to occur,
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Nonreinforcement procedure.--On the forty-first ses-

sion, a new procedure was introduced whereby 20 per cent of
the programed reinforcements were withheld following a cor-
rect timing response. Omission of reinforcement was accom-
plished by a random probability generator which inactivated
the feeder 20 per cent of the time that the animal allowed

the DRL interval to elapse. Thils nonreinforced correct re-
sponse was accompanied by two additional stimulus events:

(1) the click from a second feeder mechanism, and (2) a light
over the bar to which the subjgcts had previously been adapted.

Recording apparatus was arranged so that time between
successive responses was recorded independently for those
responses following a correct timing response which was rein-
forced and for those responses following a correct timing re-
sponse which was not reinforced. Thus, separate and indepen-
dent interresponse time distributions were obtained following
normal reinforcement conditions, and followling programed
omission of reinforcement., The slze of the Interresponse
time class interval was 1 sec., except for the first eight
sessions of acquisition, when it was 0.8 sec.

The "nonreinforcement procedure'" was instituted on al-
ternate days for a perlod of eight days. On alternate days,
20 per cent of the animal's correct timing responses were
not reinforced, and interresponse times following this event
were recorded in one bank of sixteen counters until the ani-

mal allowed another DRL interval to elapse. At this time,
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if this response was reinforced, another set of counters was
activated, and remained so until another reinforcement was
withheld., The alternate day procedure was used to allow
assessment of baseline changes in DRL timing behavior, and
assure that any disruption in behavior which might occur fol-
lowing the nonreinforcement procedure was specific to this
experimental operation and was not a general disturbance of
DRL timing behavior.

Stability of performance: nonreinforcement procedure--

successive days.--The regular DRL 8 sec. schedule was rein-

stated following the nonreinforcement sessions for a total
of twenty-one sessions. Following re-stabilization on this
schedule, the nonreinforcement contingency was agaln intro-
duced, this time on successive days, for a total of fourteen
seséions. The purpose of this procedure was to assess pos-
sible habituation effects to the nonreinforcement contin-
gency.

Nonreinforcement procedure--alternate days.--The pro-

cedure for the final phase of this experiment involved sys-
tematic variation of the probability of withheld reinforce-
ment on alternate days for a period of eight days each., The
probability of nonreinforcement was 0.5 on alternate days
during the first eight-day period, 0.8 during the second,

and 1.0 during the third., The parametric variation in the
probability of withheld reinforcement was introduced in order

to determine if there would be systematic changes in behavior
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following this event for the different groups,

In order to determine if the light which had been
paired with the "nonreinforced-but-correct response" had
acquired any stimulus control over behavior, it was omitted
following a response during the two days of extinction, and
differences in responding during "light" and "no light" days
were examined., A summary of the procedures followed 1s pre-
sented in Table 1,

Following completion of behé&ioral testing, all animals
were sacrificed by perfusion with saline and 10 per cent for-
malin solution. The brains were removed and placed in forma-
1in for approximately one week, after which time they were
cut by the frozen section technique in 48 p, sections in the
frontal plane, Every fifth section was stained with cresyl
violet., These were examined with a projection microscope
and reconstructions were drawn showing exact limits of the

lesions,
Results

Anatomical results

Histologlical analysis of the brains of rats with'septal
lesions showed two patterns of septal damage, distinguishable
on the basis of the posterior extent of the lesions, Recon-
struction of the maximum and minimum lesions i1s shown in
Figure 1. All of the septal lesioned brains showed extensive

destruction of the subcallosal area, including the medial



Table 1

Summary of Procedures Followed in Experiment 1

Procedure

1, DRL Acquisi-
tion

Nonrein-
forcement
procedure

3. Stable DRL
8 sec. per-
formance;
Nonreinforce-~
ment proced-
ure

Nonreinforce-~
ment proced-
ure

Nonreinforce~
ment proced-
ure

Nonrelnforce-
ment proced-
ure

Contingency

All IRTs> 8 sec.
reinforced

20% IRTs >8 sec.
not reinforced
on alternate
days

All IRTs>8 sec.
reinforced

20% IRTs> 8 sec.
not reinforced,
successive days

50% IRTs> 8 sec.
not reinforced,
alternate days

80% IRTs> 8 sec.
not reinforced,
alternate days

100Z IRTs> 8 sec.
not reinforced,
alternate days
(extinction)

32

Stimulus No.
Conditions Sessions
No illumina- Lo

tion
Magazine click, 8
light over bar
with nonrein-
forced IRT
> 8 sec,
No 1llumina- 21
tion
Magazine click, 14
light over bar
with nonrein-
forced IRT
> 8 sec.
Same as above 8
Same as above 8
Same as above, 8

Sessions 4 and 8;
no light, Ses-
sions 2 and 6
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Figure 1.--Reconstruction of septal leslons in the DRL 8 sec.
group. Area of maximal damage 1s stippled and minimum is
indicated by solid black.
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septal nuclei, most if not all of the lateral septal nuclel,

a small portion of the anterlor hippocampus, the medial ol-
factory tract, the olfactory hypothalamic tract, the nucleus
and tract of the diagonal band of Broca, and the septohypo-
thalamic tract. All brains also sustained some damage to the
anterior part of the superior fornix, the corpus callosum,

and the cingulate cortex in the immediate vicinity of the
electrode site. The lesion for MAC 33 was the only one which
deviated from this general pattern. Damage here was restricted
to the midline, destroying most of the medial septal nucleil
and medial portions of the lateral septal nucleil. The lesions
for MAC 35 and 37 extended far enough posteriorly to include
damage bilaterally to the fornix and fornix columns, the sep-
tal nucleus triangularis, the precommissural stria terminalils,
and the septohabenular and corticohabenular tracts,

The anterior-posterior extent of the cingulate leslons
was fairly constant for all animals, The main difference was
in the lateral and vertical extent of the lesions. Recon-
struction of these lesions is shown in Figure 2, Cingulate
damage included bilateral destruction of the posterlor por-
tion of cortical area 24, area 23, and the dorsal region of
pregenual area 32, as described for the rat by Krieg (1946),.
Areas 10, 6, and 4 in the immediate vicinity of cingulate
areas 23 and 24 sustained at least minimal damage, being nost
extensive for MAC 45, Slight gliosis ﬁas noted in the antero-

ventral and anteromedial thalamic nucleil., Differences in be-
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Figure 2,--Reconstruction of cingulate lesions in the
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havior as a result of lesion variability are noted in Appen-

dix C.

Behavioral data

The cumulative records in Figure 3 show the changes in
response rate which occurred during acquisition and the non-
reinforcement phases of the experiment., When response rates
had stabilized at the end of acquisition, the septal animals
were responding slightly more rapidly than either the cin-
gulate or control animals, These differences in rates in-
creased as reinforcements were perlodically withheld accord-
ing to the specified probability following a correct timing
response.,

Figure 4 shows that at the beginning of acquisition,
all of the groups demonstrated poor timing behavior, as
gauged by the relative number of responses which were rein-
forced., This ratio, or per cent efficlency, is a measure of
the animal's accuracy in spacing hls responses to meet the
DRL requirement, It 1s defined as the

frequency of interresponse times> 8 sec. x 100.
total number of interresponse times

During acquisition, all responses greater than 8 sec. were
reinforced.

A Kruskal-Wallis analysis of variance between groups
indicated no significant differences in efficlency ratios
during the first six sessions (H = .321, p>.10). Perfor-

mance improved for all three groups as training proceeded



Figure 3.--Cumulative records for one S from each operated
group for the first and last sesslons during_acquisition on
DRL 8 sec., and for the first day of each p(SHR) contingency.
Reinforcements are indicated by vertical deflection of re-
sponse pen and reinforcement omissions are indicated by ver-
tical deflection of event pen. Duratlon of nonreinforcement
indicated by time event pen 1s deflected.
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Figure 4,--Per cent efficiency, water consumed, and rates
during acquisition on DRL 8 sec. for each operated group,
Each data point is the mean of two successive dally sessions,
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until, by Session 40, the animals demonstrated a fairly sta-
ble rate of reinforcement, The efflciency ratios for the
three groups were found to be significantly different during
the last six sessions of acquisition (H = 13.2, p&£.01).

Figure 4 also shows that the amount of water consumed
during a session was approximately equal for all tlhiree groups
at the beginning of acquisition (H = .729, E).lO), and in-
creased differentlally as efficiency improved. During the
last six sessions, this difference was significant (H = 8.96,
24:.01) with the cingulates drinking the most, and septals
the least, The finding that timing efficliency seems to be
directly related to amount of water consumed 1s supported by
several studies which have demonstrated that if a water bot-
tle is present, animals on a temporal schedule for food will
begin to drink between bar presses, therefore supposedly
"mediating" the time interval between reinforced responses
(Segal & Holloway, 1963; Falk, 1966). Further, if the medi-
ating behavior is prevented after responding has stabllized,
timing behavior 1s completely disrupted (Latles, Weilss,
Clark, & Reynolds, 1965).

Differences in response rates during acquisition are
more clearly shown in Figure 5, which 1llustrates how the
subjects distributed their responses in time. Each data
point represents the relative frequency of responses which
were separated by a glven interval of time, or, how often

the animal waited a certailn amount of time before responding



Figure 5.-=-IRT distributions for each group durlng acquisi-
tion on DRL 8 sec. Class interval size for Sessions 1 and 2
equals 0.8 sec., and for Session 9 and all following equals
1.0 sec, The lower bound of these class intervals 1s plotted
on the abscissa,
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again. These are commonly designated as interresponse time
(IRT) distributions,

The improvement in timing behavior which occurred for
all groups is shown in Figure 5 as the development of a modal
IRT at or around the minimum interval required for reinforce-
ment, There was also a covarlation in the frequency of very
short IRTs, For the cingulate and control animals, as more
responses were made at the appropriate time interval (8 sec.),
the frequency of very short IRTs decreased., The frequency
of rapld responses increased for the septal animals as timing
behavior improved., The major difference in the response pat-
terns between the groups by the end of acquisition was 1in the
frequency of rapid responses, the cingulates and controls
being about equal and low, and the séptals exhibiting a high
frequency of responses separated by no more than 1 sec.

Figure 6 shows that continued training on DRL 8 sec.
beyond the first fifty days resulted in only slight improve-
ment in timing behavior for any of the groups. The differ-
ence in efficiency among the groups seen at the end of ac-
qulisition remained approximately the same, When the nonrein-
forcement contingency was introduced on successive days (Fig-
ure 6), there was an initial decrease in efficiency of timing
behavior for all groups. The timing behavior of control sub-
jects gradually improved with exposure to this procedure un-
til their previous efficlency level was recovered., The cin-

gulates also showed a gradual recovery, but not to their



Figure 6.--Per cent efficiency for each operated group on
DRL 8 sec., during continued DRL 8 sec, training and the
successive dally sessions when the probability of nonrein-
forcement = 0,2, Each data point is the mean of two suc-
cessive dailly sessions.
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previous level., The septals demonstrated the least adapta-
tion to this procedure although some return toward baseline
performance is indicated,

The IRT distributions during the period of continued
DRL 8 sec. training were found to be essentially the same
as those obtained for the last two sessions of acquisition,
i.e., demonstrating a very high frequency of rapld responses
(IRTs less than 1 sec.,) for the septal animals with a low fre-
quency of short IRTs for both of the other two groups. It
has been noted in the literature that these rapid response
bursts often follow a long IRT which falls short of the inter-
val required for reinforcement (Sidman, 1956; Stamm, 1964;
Ferraro, Schoenfeld, & Snapver, 1965). Correlation diagrams
were therefore constructed to determine if the frequency of
short IRTs could be related to the frequency of IRTs which
were nearly but not quite long enough to be reinforced.
Three scatter diagrams are shown in Figure 7 which 1llustrate
the relation between frequency of responses less than 1 sec,
(y~axis) and responses emitted between 7 and 8 sec. ("just-
missed" responses, x-axis) for each operated group during the
period of continued training on DRL 8 sec. Each data point
1s the frequency of responses in these two time intervals
averaged over every two (cingulate) or every three (septal
and control) sessions for individual animals., A line of best
fit was then calculated and plotted by the method of least
squares for each of the scattergrams according to the equa-

s
tion, X' = r§§ (Y-My) + My (Guilford, 1956), using the rank



Figure 7.--Correlation diagrams showing the relation between
the frequency of responses less than 1 sec, and responses
emitted between 7 and 8 sec. for each operated group during
the period of continued training on DRL 8 sec. Each data
point is the average of every two (cingulate) or every three
(septal and control) sessions for individual animals., Indi-
vidual rank-difference correlations for all sessions during
this period are listed in the right-hand margin for each 8.
The symbol in the center column corresponds to the symbol
used for that S8 in the dlagrams.
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difference correlation coefficient, (I'he use of this non-
parametric statistic was dictated by the nature of the data.)
These coefficients are presented in Table 2, together with
the Pearson r's for comparison purposes,

The correlation coefficlients for the three zrouons were

as follows: septals, rg = .6H; controls, rs = ,UU; cingulates,

H

rs = .65. All of these values were significant (p<.05).
From the regression lines plotted in Figure 7, and from inspec-
tion of the scatter of points for individual subjects, it can
be seen that thie correspondence between these response class
frequencies varies depending upon what group the animal is

in., For septal animals, sessions with a high frequency of
ravid response bursts were accompanied by a high frequency of
responses emitted just prior to the criterion delay. Althouzh
sequential data were not obtained in the present study, per-
iodic observation of daily response vatterns sugzested that
responses emitted just vprior to the criterion delay wonld be
followed by a series of rapid resoonses, and that the latter

event would be followed by an IRT greater than 7 sec. A study

by Ferraro et al. (1945) supports these observations.> One of

3l'hese workers have shown the existence of very definite
sequential dependencies between IRTs generated by the DAL
schedule, '1They demonstrated that the further the mode of the
I3T distribution was below the criterion delay, the higher
the frequency of very short IRTs. Ihelr results showed a
high similarity between successive IRTs; that is, that sub-
jects tend to repeat the behavior Jjust emitted, unless the
responses are separated by very short time intervals,



Table 2

Values of Chi-Square and Correlation Coefficlents
Showing the Relation and Degree of Assoclation
between the Frequency of Responses Less Than
1 Sec. and the Frequency of Responses
between 7 and 8 Sec.

Group 3&11;;_;3 Is fp N
Septals 168, 50% L HbHH L7 Un 25
Controls L, 34sx Jlhaws Ly 24
Cingulates 31, A4 HEHH , Blxx 24

¥p«g .001
*Ep g .01
***p< .05
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their results indicated that responses which are separated

by very short time intervals are most likely preceded by a
nonreinforced IRT which is close to the criterion delay for
reinforcement, and is most likely followed by a criterion IRT.
In the case of the septal animals in the present study, the
lhigh frequency of IRTs whicihh just miss being reinforced and
the hieh frequency of very short IRTs indicates that the most
probable event following a short IRT 1s a near-criterion re-
sponse rather than one which does meet the DRL requirement,.
ihe lower frequency of these resvonse classes for the control
and cingulate animals, however, indicates that the long IRT
which succeeds a series of rapid responses 1s more likely to
be a criterion IRT.

The rank difference correlations for individual animals
between just-missed and very short IRTs for elghteen days
during continued DRL training are listed in the right-hand
column of Figure 7. All but one of these correlations are
hhieh and significantly different from zero (Table L in Guil-
ford, 195A). Therefore, the accuracy of prediction of either
one of the response frequencies on the basis of the other 1is
fairly good for any given animal. The degree of variablility
of individual animals about the regression line reflects
differential predictability of these IRT classes on the basis
of what zroup the animal is in, Control animals show great-
est variability about the regression 1line, so that accuracy

of prediction for either one of the varlables is reduced.



53

For cingulate animals, there is a high probability that if
there are resvonses which just miss being reinforced, there
will be a low frequency of rapid responses. Septal animals
will exhibit a high frequency of both response classes,

Fizure 8 shows the changes in accuracy of timing behav-
ior which occurred when the nonreinforcement procedure was
introduced according to the different probabilities, and Fig-
ure 9 shows the concomitant changes in response rates. Iihe
solid line functions in each figure show the performance when
the probability of nonreinforcement was zero, i.e., on the
days when thie regular DRL contingency was in effect and all
of the animal's responses after IRTs of 8 sec, or more were
reinforced, The dashed line functions indicate the changes
in efficiency or rate when IRTs greater than 8 sec. were not
reinforced 20, 50, 80, or 100 per cent of the time on alter-
nate days.

It can be seen here that reducineg the probability of
reinforcement for a correct timing response did not have any
great effect on normal DRL responding. All of the groups'
performance demonstrated fairly constant efficlilency and rates
on days when regular DRL reinforcement conditions were in ef-
fect. It can also be noted that the overall timing effi-
ciency for the septal animals is still about 20 per cent
below that of the other groups, with their respdnse rates

being corresvondingly higher.
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Figure 9.,--Rate on reinforcement (solid line) and alternate
nonreinforcement (dashed line) days for each operated group
durlng each probabllity contingency. Each data point 1s the
mean performance of subjects in each group.
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Several poilnts can be noted in Figure 8 regarding the
differences in efficiency on reinforcement days and nonrein-
forcement days. The differences in per cent of the IRTs
greater than 8 sec. does not appear to differ between groups
at any given orobability, but these differences become greater
for all grouns as the probahility of nonreinforcement for a
correct timing resvponse 1s increased except during extinction
(p(ﬁg) = 1,0). Ihese observations were confirmed by a 3xi4
analysis of varliance with repeated measures on one factor
(WYiner, 1G42) which was verformed using the differences in
efficiency ratios between the first nonreinforcement day at
eachh probabllity and the day immediately pnreceding when the
resular contingency was in effect as the dependent variable,.
A difference measure was ‘lsed because of the baseline differ-
ences in efficliency between zrouns under the regular DJL
reinforcement conditions. A summary table of thls analysis
is oresented in lable 3 of Apvendix D, together with the re-
sults of the same analysis applied to the differences in
efficiency ratios between the last reinforcement and nonrein-
forcement days,

The differences in efficiency between nonreinforcement
and regular DRL conditions did not differ among the =<roups
(F = 1,35; d.f. = 2, 9;§3>.05). 'he effects of increasing
the probability of nonreinforcement are gqulite significant
(F = 62.87; d.f, = 3, 27; B<f.001). as is clearly shown by

Figure 8, 1In addition, there is a significant interaction
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between ovperation and probability (F = 3,77; d.f. = 5, 27;
p<.01)., This result indicates a differential effect of a
particular lesion on DRL responding, ifhe size of the reduc-
tion in efficiency with changing probabllity depends to some
extent unon the kind of lesion a subject received or whether
lhe recelved one at all. Individual comparisons between op-
erated grouns revealed no further differences. [he analysis
of variance for differences between the last reinforcement
and nonreinforcement days for each probability showed only a
siznificant probability effect (F = 31.23; d.f. = 3, 27;
2’<.001). I'he effect of increasing the probabllity of non-
reinforcement still produced a significant reduction in ef-
ficlency of timing Eehavior for all subjects,

Performance during the nonreinforcement condition in
which probability of nonreinforcement equaled 1.0, or extinc-
tion, demonstrated some interesting differences among the
grouns. Fizure 9 shows a marked decrease in rate which oc-
curred for all grouvs from the first day of extinction to the
last. Rate for the septal animals decreased to such an ex-
tent that the frequency of IRTs zreater than 8 sec. was higher
on extinction days than on regular DRL reinforcement days,.

The lieht over the bar, which had been paired with the
correct nonreinforced timing response, was introduced during
the fourth and eighth sesslions of extinction. As shown in
Figures 8 and 9, its presence (Sessions 4 and 8) or absence

(Sessions 2 and 6) did not seem to affect resvonding for any
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-

of the groups, therefore indicating that it had not acquired
any stimulus control over the behavior in the present situa-
tion,

Several properties of the IRI distributions during this
phase of the study are shown in Figures 10 and 11. Ihe col-
umns are the operated groups, and the rows are the probabil-
ities of nonreinforcement. T[The solid line functlions are the
total distributions of IRTs on days that regular DRL contin-
genclies were in effect. The other two distributions were ob-
tained on the first (Figure 10) or last (Figure 11) days that
reinforcement was withheld at each orobability continzency.
I'he dashed 1line function illustrates the distribution of IRTs
followineg every correct timing response which was reinforced,
and the dotted line function describes the pattern of IARTs
following every correct timing response which was not rein-
forced. 2oth distributions include all IRTs until the next
8 sec, IRT, when it was azain determined to which class the
subsequent behavior belonged. I{wo general features of these
distributions are evident when compared to those obtained on
regular DRL days: (1) an increase in the frequency of IRTs
less than 8 sec. following a withheld reinforcement, and (2)
an increase in long IRTs following a resvonse which was rein-
forced, Ihe major difference between gzroups under all rein-
forcement conditions is in the frequency of these very short
and very long interresponse times,

On regular DRL days, the distributions for the septal

t



SEPTAL

CONTROL

CINGULATE

TT T 1T TV O 7T ¢ T T iy

re T T v ey rr vy

REGULAR

DAL
- emma IRTs FOLLOWING ¢
(RTe FOCLOWING CORRECT NONREINFORCEDA RESPONSES

I

TTTTTYTvYo vy v vy oy

RECY REINFORCED RESPONSES

P(5F)

RELATIVE FREQUENCY

1 il B

ot .

el P W W OO0 T S W
00

n beedenbed b dd,

lll.lll

-l

24

01234356708 0HRM

crz3esesrerOUROM

w F - |
0123435670890 1R

INTER-RESPONSE-TIME CLASSES (sec)

Figure 10,.-~IRT distributions on the first nonreinforcement
day for each probability contingency (rows) for each operated

group (columns).

Solid 1line functions represent IART distribu-

tions obtained on a day when regular DRL conditions were in

effect,

response which was reinforced and one which was not rein-

forced on the day lmmediately following.

60

Dashed and dotted line functions represent respec-
tively the IRT distributions obtained following a correct
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operates are sharply peaked at the 8 sec. interval, and there
are few IRTs exceeding 15 sec. A distinctlive feature of this
group's behavior was a very hiegh frequency of rapid responses.
T'he distributions for botih the cingulate and control zgroups
are flatter with modes occurring at intervals greater than

8 sec, There is also a fairly large number of particularly
long IRTs. The tendency for long periods of no-resvnonse is
most evident for the cingulate animals.

On the first day that the nonreinforcement oprocedure
was introduced at each probability (Figure 10), the response
patterns became nmore variable and there was a marked Iincrease
in the number of short IRTs. These effects were most pro-
nounced for the septal operates., Conparison of the nonrein-
forcement distributions in Figures 10 and 11 shows that there
was no great chanege in response patterns of the cingulate and
septal operates from the first to the last days of each prob-
ability contingency. Ihe control animals' data show that the
increased frequency of rapid responses occurred mainly on the
first day when each new probability contingency was intro-
duced, 2y the last day of the nonreinforcement procedure at
each probability, the animals spaced thelir responses by longer
time intervals so that the distributions were shifted back
towards the DRL criterion,

The greatest change in the nonreinforcement IRT dis-
tributions occurred for all groups during extinction. It

was previously noted that accuracy of timing behavior did not
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increase markedly during extinction, although all groups
showed a decrease in rate, The IRT distributions for this
period show that initial exposure to the extinction procedure
produced a tendency toward longer and longer periods of non-
response, which 1s most conspicuous for the clngulate and
control animals. [hese long IRTs, combined with a persistent
tendency for resovonse bursts, generated flat distributions

in the midrange of IRTs. The septal animals 4i4d not show a
mariked increase in the freguency of long IRTs until the last
day of extinction (Filzure 11).

Figures 10 and 11 show that the effect of random omis-
sion of reinforcement was also to increase the time between
successive resvonses followinz a correct resoonse which was
reinforced., The IRI distributions under this conditlon for
the cingulate animals are exceedingly flat with an unusually
high frequency of IRI's greater than 15 sec. [he septal dis-
tributions do not show this maximum until the probability of
nonreinforcement is equal to 0.5, and there is still a high
frequency of very short IRls.

Ifhe tendency toward long IRI's thus occurs under two
conditions: (1) after an R-sec. or areater IR which is
never reinforced (extinctioﬁs.-and (deafter an 3-sec, or
greater IRT which is reinforced intermittently. ithe cingul-
ate animals show the greatest increase in time between suc-
cessive responses, The septal animals show the least effect

and demonstrate an invariant trend toward rapid responding
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under both conditions,

‘iIhe most important results to be noted in the present
experiment are as follows: (1) Under regular DRL conditions,
the timing behavior of all groups was similar except for the
very high frequency of ranid resoonses exhibited by septal
animals which reduced thelr effliciency significantly below
that of the other two sgrouvs. The high frequency of short
IRTe emitted by the septal operates was accompanied by a
high frequency of near-criterion resvonses., 1ihe frequency
of responses in both of these response classes was lowest
for the control group. Cilngulate animals demonstrated that
a high frequency of near-criterion responses was related to
a low incidence of very short IRTs, (2) Under the nonrein-
forcement conditions, timing efficiency decreased for all
groups as a function of probability of nonreinforcement,
Jowever, the differences in efficlency between nonreinforce-
ment and regular DRL conditions did not differ amonzg the
groups. [he reduced efficlilency on nonreinforcement days was
shown to be due to a marked increase in the number of very
shhort IRTs which occurred following a correct timine response
which was not reinforced. This effect was most pronounced
for the septal oprerates., A corollary effect of random omis-
sion of reinforcement was an increase in the frequency of
long IRTs following a correct response which was reinforced,

This effect was most pronounced for the cingulate animals,



Experiment 2

Introduction

The results of Experiment 1 indicated that there was
no differential disruption in accuracy of timing behavior
among groups when the nonreinforcement procedure was intro-
duced. This conclusion is, however, confounded by the fact
that baseline timing efficiency was not the same for all the
groups. The difference in relative frequency of responses
which were reinforced when conventional DRL conditions were
in effect makes comparison among groups difficult, There-
fore, the delay interval in the second experiment was further
reduced so that all subjects were almost always reinforced
under regular DRL conditions. Thus, the relative frequency
of responses meeting the DRL criterlon would be equal for all
groups, and differences among groups in disruption of timing
behavior could be attributed solely to the type of operation

which the subject received.

Method

Twelve male albino rats of the Charles River CD strain,
approximately 220 days old at the start of the experiment,
were used. The surgical and behavioral testing procedures
used were essentially the same as in Experiment 1, with the

modifications noted below. The rats were placed on ad 1lib
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food and water for three weeks, during which time dally
welghts were recorded. They were then divided into groups
of four rats each, and operated upon before being reduced to
85 per cent of theilr ad 1ib body weights. The surgical pro-
cedures remained the same as before for each respective group.
Four rats were given bilateral lesions in the septal fore-
brain, four in the cingulate cortex, two recelved sham oper-
ations, and two remained as unoperated controls. Following
surgery, they were again allowed ad 1lib food and water for
one week, after which time their diet was restricted until
they were reduced to 85 per cent of their ad 1lib body weights.

All subjects were then placed into the experimental
chamber for 20 min. and thelr operant levels of bar-pressing
were recorded., On the following day, the rats were shaped
and allowed 200 reinforcements on a continuous reinforcement
schedule, and énother 100 reinforcements on this schedule on
the third day. On the fourth day following introduction into
the experimental chamber, all rats were placed on a DRL 1.2
sec, schedule of reinforcement, From thls time on, session
length was determined by the time it took for each rat to ob-
tain 250 reinforcements. Interresponse time class interval
size was 0.6 sec.

Following twenty-two sessions on DRL 1.2 sec., the DRL
interval was changed to 0.6 sec. The minimum interval re-
quired for reinforcement was reduced because of the high

frequency of very short IRTs beilng emitted by some of the
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animals, which decreased their efficiency on this schedule,
The interval was reduced in an attempt to equate the rela-
tive number of responses which were reinforced in each ses-
sion for all animals., 1IRT class interval slze was maintalned
at 0.6 sec.

Each animal was run for eight sessions on DRL 0.5 sec,
until there was little variation in dally rate output elther
within or between subjects. During these sessions, the water
bottle which had been present in the experimental chamber
during the first twenty-two sessions was removed. The cum-
nlative records of these animals sliowed gross irregularities
in responding, with long breaks during which the animals were
observed to be drinking, The water bottle was removed in an
attempt to stabllize rates,

On the thirty-first sesslon and on alternate days for
a period of eight days followlng, the nonreinforcement pro-
cedure was introduced according to a 0.2 probability. Rein-
forcement contingencies and records of dally responding by
each animal were programed as described previously. Ihe
probability of nonreinforcement contingency was then intro-
duced on alternate days. There were four successlive eight-~
day periods during which the probabllity of the withheld
reinforcement contingency was 0.2 on alternate days during
the first eight-day period, 0.5 during the second, 0.8 during
the third, and 1.0 during the fourth. A summary of the pro-

cedures followed is presented in Table 4,



Table 4

Summary of Procedures Followed in Experiment 2

Procedure

Operant level

Continuous
reinforce-~
ment

DRL acquisi-
tion

DRL acquisi-
tion

Nonrein-
forcement
procedure

Nonrein-
forcement
procedure

Nonrein-
forcement
procedure

Nonrein-
forcement
procedure

Contingencyv

None

All responses
reinforced

All IRTs> 1.2
sec., rein-
forced

All IRTs>0.6
sec, rein-
forced

20% IRTs >0.5
sec.

nate days

508 IRTs>0.6
sec.
forced,
nate days

80%Z IRTs>0.6
sec,
forced,
nate days

100% IRTs> 0.6
sec,
forced,
nate days
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not rein-
forced, alter-

not rein-
alter-

not rein-
alter-

not rein-
alter-

Stimulus
Conditions

No 11lumination;
water bottle

Same &as above

Same as above

Water bottle
removed

Magazine click,
light over bar
with nonrein-
forced IRT
> 0.6 sec,

Same as above

Same as above

Same as above,
Sessions 4 and
no light, Ses-
sions 2 and 6

No,

of

Sessions

1

22
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Following completion of behavioral testing, all ani-
mals were perfused with saline and formalin, and their brains
sectioned in the frontal plane by the frozen sectlon tech-
nique at 48 p. intervals. Every third sectlion was stained
with cresyl violet and examined by use of a projection micro-
scope to determine exact 1limits of the lesions and any gli-

osis which might have resulted.
Results

Anatomical results

The general pattern of septal lesions for MAC 3, 5, and
6 was similar to that described previously for septal les-
ioned animals in Experiment 1. The damaged area included,
bilaterally, portions of the fornix and fornix columns and
the septal nucleus triangularis. Septal damage to HMAC 4 was
found to be primarily unilateral, restricted to the left side,
including slight injury to the caudate nucleus and putamen
dorsomedially in the immediate vicinity of the lateral ven-
tricle. Reconstruction of these leslons in shown in Figure 12,

The pattern of damage for the cingulate lesioned ani-
mals was also similar to that described previously for the
animals in Experiment 1, except for MAC 14 who only sustained
minimal damage to tlhie midline dorsal cortex. Cingulate dam-
age for the other animals in this group lncluded extensive

bilateral destruction of the posterior region of cortical
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Figure 12.--Reconstruction of septal lesions in the DRL 0.6
sec. group. Area of maximal damage 1s stippled and minimum

is indicated by solid black,
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area 24, area 23, and the dorsal region of pregenual area

32, as described for the rat by Krieg (1946). Cortical areas
10, 6, and 4 adjacent to cingulate areas 23 and 24 also sus-
tained minimal damage. Reconstruction of the minimum and
maximum extent of these lesilons is presented in Figure 13,
Differences in behavior as a result of lesion variability

are noted in Appendix C.

Behavioral data

Activity level, as measured by the operant level of
bar-pressing, did not differ for septal and control animals,
and was greatly depressed for the cingulate operates. The
septal operates emitted a total of 116 responses, the con-
trols 120, and the cingulates 36 during the 20-min. operant
level period. Response rates increased during one session
on a continuous reinforcement schedule to 12.63 responses
per minute for the septal rats, 11.77 responses per minute
for the cingulates, and 10.57 responses per minute for the
controls, The IRT distributions for the continuous reinforce-
ment period showed that the mode occurred at or around 3 sec.
for all groups. The only difference among the IRT distribu-
tions was in the slightly higher frequency of very short
IRTs emitted by the cingulate animals.

Figure 14 shows that introducing the DRL 1.2 sec. con-
tingency produced a decrease in time of occurrence of the

modal IRT, so that efficlency decreased (Figure 15) and did
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Figure 13.--Reconstruction of cingulate lesions in the DRL
0.6 sec. group.
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Figure 14.--IRT distributions for first and last sesslons
on DRL 1.2 sec. and DRL 0,6 sec., respectively, for each

operated group. Lower bound of class intervals 1s plotted
on abscissa,
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Figure 15.--Per cent efficlency, water consumed, and rates
during continuous reinforcement, DRL 1.2 sec.,, and DRL 0.5
sec, for each operated group.
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not improve throughout the twenty-two sesslons. Thls de-
crease was most pronounced for the septal operates, as was

tlhie increased response rate which occurred for all groups,

A Kruskal-wallis analysis of variance showed that the 4if-
ferences in rate among the groups were significantly differ-
ent during the first four sesslions of acquisition on DRL 1,2
sec, (H = 5.70, B¢<.05) and during the last four sessions

(H = 13.09, 24:.01). It can be seen that this difference

1s due to the high rate of the septal operates, since respond-
ing for the cingulates and controls was practically equal,

The IRT distributions in Figure 14 for DRL 1.2 sec.
show that the cingulates' highh frequency of short IRTs ob-
served during continuous reinforcement.ﬁas maintalined during
the first sessions., Otherwise, the distributions are essen-
tially the same., 3y the last two sessions of trainling on
DRL 1.2 sec., the frequency of IRTs less than 0.6 sec. had
decreased for the cingulates and their distribution is sim-
ilar to that of the controls., The septal operates' higher
rate is reflected in the relatively high frequency of IRTs
less than 1.2 sec., and in the greater frequency of responses
wlhiich fall exactly at the DRL contingency.

The second column of graphs in Figures 14 and 15 illus-
trates the changes in response patterns which occurred when
the "just-missed" IRTs were reinforced, 1.e., when the DRL
requirement was reduced to 0.6 sec, The septal operates

markedly decreased the frequency of IRIs less than 0.6 sec.,
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although the modal IRT still occurred sooner and was more
sharply peaked than for eilther of the other two groups. Rate
for these animals remained constantly higher (Figure 15) but
the number of reinforced IRTs (efficiency) for all groups was
equal, high, and constant with continued training. A Kruskal-
Wallls test showed significant differences between rates for
the three groups both during the first and last two sessions
on DRL 0.6 sec. (H = 6.97, p<.05; 4 = 6.51, p<.05, respec-
tively).

The effects of withholding reinforcement are shown in
Figure 16. All groups exhibit a sharp decrease in the number
of reinforced responses which 1s related to the probability
of nonreinforcement. BResults of a 3%X4 analysis of variance
with reveated measures showed a significant probabllity ef-
fect (F = 44,24, d,.f. = 3, 27, p<.001), but no among-groups
difference in efficliency ratios on the first nonreinforcement
days was found. A summary table of this analysls 1s presented
in Table 5 of Appendix D.

Figure 17 illustrates the changes in response rates
which occurred on nonreinforcement days. Rate remains con-
stant for all groups on regular DRL days, with septal animals
emitting approximately two responses per minute more than
elther the cingulate or control groups. Hesponse rates for
these groups were about equal, When the nonreinforcement
procedure was initially introduced, response rates did not

differ among groups. With higher probabilities of nonrein-



PER CENT EFFICIENCY

t(Rs)2.5 sec / Total Rs

P(SR)e.20 P(SR)e50 P(SR)=.80  P(5R)=1.00
'oo_rillllli IRENEREERREEREREERERARE TTiFVisNtd
.7’-_4_1.\. * g \)_‘ ——i- 1
oo} | M-
\ / \
bou \ L =
VA\ "
L) o » } -
/

" ! -
¥ (¢ ) /ﬁ\ ‘I T
60 -SEPTAL 4

o(llllllll 1118 42 1 01 112402 0 80110 lJllllll:“
1000 o, PN PR PR,
o
= O =0

o} -
L ..J
»

——— REINFORCEMENT DAYS ™. _ /'

- ————~ NONREINFORCEMENT DAYS / -
0 -
60 :_conmon. A

o‘(lllllllLllllllJl [N 0 O I I ) llllllllj
100 - R
bw_ = =N o O~o
90 -
AN R
80 » / \b"ﬂ
P A
e I ( —
/
70} -y -

- 20 .50 80 .00
60}-CINGULATE -

‘{llllllll 14 1511 13 1 110311 Il]lllllﬁ
12345678 12345678 12345678 12345678

79

Figure 16.--Per cent efficiency on reinforcement (solid line)
and alternate nonreinforcement (dashed line) days for each

operated group for each probabllity contingency.
point 1is the mean performance for Ss in each group,
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Figure 17,--Rates on reinforcement (solid line) and alternate
nonreinforcement (dashed 1line) days for each operated group
during each probabllity contingency. Each data point 1s the
mean performance for Ss in each group.
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forcement (2 = 0.5), the rate increase for septal animals
was greater than for the other two groups. Extinction oc-
curred rapidly for all groups, rate decreasing on the first
day to less than 50 per cent of what it was on the last day
of the 0.8 probability contingency. The light, which was
regularly palred with the nonreinforced correct timing re-
sponse, had no effect on rate when it was presented during
Sessions 4 and 8,

Response rate seems to be more sensitive an indicator
of change when reinforcement is withheld following a correct
response, because of the particular timing contingencliles of
thils schedule. This may be explalned by the brevity of the
IRT interval during which no responses are reinforced (0.5
sec.). Large increases in rates which may occur as a func-
tion of increasing probability of nonreinforcement may not
produce related changes in the proportion of reinforced re-
sponses. A 3X4 analysis of varlance, performed on the dif-
ferences in rates between the flrst nonreinforcement days
and the regular DRL days immediately preceding, verified this
analysis, Rates for the three groups differ significantly on
the first days of each new probability contingency (F = 4,39;
d.f., = 2, 95 p<.05). Individual comparisons netween oper-
ated groups further revealed a highly significant difference
between septal and control animals (F = 49,12; d,f. = 1, 6;
2g<.001). The presence of a significant lnteraction indi-

cated that the effects of reducing the probability of rein-
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forcement are related to the type of brain damage which the
animal sustained (F = 3.36; d.f. = 6, 27; p<.05). The sec-
ond analysis between the last reinforcement and last nonrein-
forcement days indicated that these latter effect: had dis-
sipated by the last day of each probability contingency. The
effect of changing probability of nonreinforcement was not
different among the groups but was still highly siznificant
when compared to regular DRL response rates, Summary tables
of these analyses are presented in Table 6 of Appendix D,

Figures 18 and 19 show the effects of withholding rein-
forcement on the temporal distribution of responses on the
first and last nonreinforcement days at each probability
contingency, and on the regular DRL days lmmediately preced-
ing. The major effect to be noted 1is the greater proportion
of short IRTs which occurred on nonreinforcement days. These
occurred following a 0.6 sec. or greater IR which was rein-
forced and following one which was not. Comparlison of Fig-
ures 18 and 19 shows that these effects did not vary greatly
from the first to the last nonreinforcement days at each
probability exceot for the extinction period. The IRT dis-
tributions on regular DRL days are similar among the groups
and show little variation day to day. The major difference
is the slightly earlier occurrence of the modal IRl for the
septal animals,

When the nonreinforcement procedure was introduced,

there was an immediate and large increase in the frequency
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of IRTs less than 1.2 sec. which was greatest for the septal
operates. On both the first and last days, the septal and
cingulate animals consistently demonstrated a very high fre-
quency of nonreinforced IRTs (less than 0.6 sec.). These
decreased on the last day of extinction for all groups except
the cingulates, who still produced relatively frequent short
IRTs. Differences among groups during extinction are less
marked than for any of the other probability contingencles.
I'he major effect to be noted here for all groups 1s the large
increase in the relative frequency of very long IRTs on the
last day,.

It may be concluded that when the relative number of'
reinforcements obtained is equal for all operated groups
(equal baseline efficiency ratios), the increase in rapid
response bursts following a withheld reinforcement for a cor-
rect response is greatest for the septals and least for the
controls, with the cingulates most generally demonstrating
behavior similar to that of the septal operates., The data
indicate also that the overall increase in rate following
random omission of reinforcement on DRL 0.6 sec. was due to
rapid bursting whichh followed bothh a correct response which

was reinforced and one which was not,



Discussion

Septal leslions

Results obtalned in the present experiments demon-
strated that septal animals will show an increase in the
frequency of rapid responses under either one of two condi-
tions: (1) if reinforcement for a previously rewarded re-
sponse is withheld, and (2) if they are required to suppress
responding in order to obtain a reinforcement. It 1s postu-
lated that both of the above conditions constitute aversive
events (Adelman % Maatsch, 1956; Wagner, 1963; Zimmerman %
Ferster, 1963; Azrin et al., 1966; Hearst, Koresko, % Poppen,
1964; Leitenbersg, 1966; Nigro, 1966; McMillan, 1967) and
that animals with the septal forebrain destroyed are hyper-
reactive to aversive events, It 1is thus proposed that the
septal forebrain exerts inhibitory control over behavior
which is dependent upon the reinforcing properties of stim-
uli., In the present study, the aversive properties of non-
reinforcement were presumed to increase as the probabllity
of withholding reinforcement increased, The finding that
response rates increased as a function of probabllity sup-
ports this assumption. The accelerated response rates ex-
hhiivited by control animals on nonreinforcement days in the

present studies is in agreement with previous reports show-

87
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ing that omission of reinforcement for a previously re-
warded response 1s followed in normal animals by accelera-
tion of ongoing behavior. Staddon and Innes (1966) demon-
strated that response rates of monkeys during the second
fixed-interval component of a multiple FI schedule of rein-
forcement were greatly accelerated following nonrewarded com-
pletion of the first component., Tacker and Way (1968) re-
ported an increase in the open-field activity of rats immed-
lately following a nonrewarded trial in a runway.

T'he prediction that septal animals would respond most
rapidly when reinforcement for a previously rewarded response
was withheld was supported by the results of the second ex-
periment, Septal operates demonstrated the greatest increase
in response rate as the probability of withheld reinforcement
for a correct response increased. The increase in rate on
nonreinforcement days was due to the greater frequency of
very brief interresponse times emitted by septal animals fol-
lowing an IRT greater than 0.6 sec. which was intermittently
reinforced.  Except for the relative frequency of very short
IRTs on nonreinforcement days, the IRT distributions for the
septal operates, the cingulate operates, and the control ani-
mals were very similar, Studies by Thomas et al, (1959),
Schwartzbaum et al., (1964), and Zucker (1965), have also
demonstrated that septal animals become hyperreactive in re-
sponse to a nonreinforcing event, The behavior of septal

operates in these experiments typically showed persistent
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responding to the incorrect stimulus,

The results of the nonreinforcement procedure obtained
from septal animals responding on DRL 0.6 sec, are to be con-
trasted with those obtained from septal operates responding
on the DRL 8 sec., contingency. On the latter schedule, sep-
tal operates were no different in magnitude of increased rate
than either the cingulate or control animals., The difference
in magnitude of reduced efficlency demonstrated by septal
operates working on the two different DRL schedules may be
attributed to the differential baseline reinforcement rates
under regular DRL reinforcement conditions., All responses on
the 0.6 sec., schedule were almost always reinforced, while
septal animals emitted the fewest reinforced responses on
the DRL 8 sec. contingency. The results indicate a direct
relation between efficiency of timing behavior and the mag-
nitude of change in response rate which occurs when the prob-
ability of reinforcement is reduced. Septal operates demon-
strated an increase in rate which was greater than control
levels only when baseline reinforcement rates were equal,

The inefficient timing behavior demonstrated by septal
rats in the present studies under regular DRL condltions
when they had to suppress responding for 1.2 sec. or more —
supports previous findings (Ellen et al., 1964; Burkett %
Bunnell, 1966; Carey, 1967a, 1967b). Results of these stud-
ies showed that response rates of septal animals were accel-

erated above control levels if reinforcement was contingent
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upon response suppression. These results may be explalned

on the basis of the aversive properties of response suppres-
sion. Evidence in support of this explanation 1s obtalned
from the data showing that the septal operates' operant level
of bar-pressing and thelr rate on one session of a CRF sched-
ule was similar to that of the control animals., The frequency
of short IRTs only started increasing after the introduction
of a 1.2 sec., delay between reinforcements, The frequency of
these short IRTs decreased almost immediately when the "just-
missed" IRTs were reinforced (change in second experiment from
DRL 1.2 sec. to DRL 0.5 sec.), i.e., when the aversive con-
tingency was removed.

Hearst et al. (1964) have also suggested that response
suppression, as is required on the DRL schedule, may contaln
aversive properties; this conclusion was based on the flat
generalization gradients that were obtained from pigeons in
a discrimination task when they were differentially rein-
forced according to a DRL schedule, These gradients were
flat relative to those obtained from pigeons reinforced on a
variable interval schedule. Hearst et al. do not attempt to
define what the properties of the DRL schedule are that may
be aversive, but they point to the similarity of the DRL
generalization gradients and those produced by the Sidman
shock-avoidance schedule which are also characteristically
flat. The contingency that requires the organism to suppress

responding for a given interval of time 1in order to obtain
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a reinforcement may be the characteristic which makes the
DRI schedule aversive. Thils contingency may be categorized
into a general class of operations which can be called '"re-
straint"; e.g., the orcganism is either ohysically prevented
from responding, or 1s regquired to suporess some behavior in
order to obtain a reinforcement, Studies demonstrating ac-
celerated behavior following confinement in a goal box are
in 1ine with this analysis (DilLollo, Davidson, Hammond, %
Donovan, 1968),

The interresvonse time distributions for septal and
control animals were similar under regular DRL reinforcement
conditions when the animals were responding on the DRL 1.2
sec., or the DRL 2 sec. contingencies, exceont for the high
frequency of very short IRls emitted by septal operates,

These results are in agreement with those obtained by Ellen

D

t al., (19564), who demonstrated that rats with septal lesions

had a very hiech response rate on a DRL 20 sec, schedule of
reinforcement, 1hese workers showed that most of the re-
sponses emitted vprior to the criterion delay occurred within
five seconds of each other. The occurrence of the short IRIs
in the present exveriments following contingent response
suppression is further indication that these conditions con-
tain aversive properties. 1he appearance of a modal IRI at
or around the DRI criterion for septal rats on the B-sec,
contingency offers further support that responding by septal

animals was not random. The inability to suppress responding
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was not due merely to a "deficit in inhibition of somato-
motor activity" (McCleary, 1961; Kaada, Rasmussen, & Kveim,
1962; Ellen et al., 1964; Carey, 1967a), and more possibly
is the result of hyperreactivity to the averslive properties
of response supporession. The present results indicated that
the frequency of short IRTs was related to the frequency of
near-criterion responses; the frequency of both of these IRT
classes was liigher for septal animals than for the control
or cingulate animals. These results may be due to a general
increase in activation level induced in septal animals be-
cause of increased aversion to response suppression, so that
the normal temporal cycle of DRL responding was foreshortened.
The extinction data obtained for the septal operates
in the present experiments is somewhat different from that
obtained in other studlies investigating extinction of a pos-
itively reinforced response., In the present experiments,
septal animals' response rates declined at least as rapidly
as the other groups', and the number of criterion IRTs in-
creased accordingly. Schwartzbaum et al. (1964) found that
septal leslons resulted in increased resistance to extinction
compared to control rats following discrimination training
on a variable interval schedule. Butters and Rosvold (1968)
similarly demonstrated increased resistance to extinction in
septal monkeys following reinforcement on a 1-min. variable
interval schedule. The present results are in agreement

with those obtained by Ferraro et al., (1965) using normal
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rats., They suggested that the rapid extinction which oc-
curred for thelr rats responding on a DRL 60 sec. schedule
was due to long exposure to the schedule (200 hours) and to
the presence of a discriminable stimulus which accompanied
criterion responses during conditioning and extinction,

Both of these variables operated in the present experiments
and may have contributed to speed extinction. This explana-
tion is not clear-cut, however, because of the complex inter-
action of variables controlling the extinction process.

Carey (1967b) has demonstrated that whether resistance to
extinction of a bar-press response for water reward on a CRF
schedule was increased or decreased in septal animals depended
upon the length of time between surgical and testing proced-
ures. Septals emitted more responses than controls in the
extinction test if they were operated on before training, but
fewer 1if surgery was performed.after training.

The prediction that septal animals would show lncreased
resistance to extinction because of hyperreactivity to with-
drawal of reinforcement was therefore not borne out by the
present results. The possible aversiveness of thls condi-
tion for all subjects, however, 1s suggested by the relatively
high frequency of short IRTs evidenced on the first day of
extinction, Further indication of the aversive properties
of extinction was obtained by Davis and Donenfeld (1967).
They showed that actual fighting occurred between pailrs of

rats working together in a two-lever apparatus when they
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were placed in extinction following reinforcement on either
a DRL or fixed ratio schedule.

Results of the DRL 8 sec. experiment further support
the proposition that septal animals are hypersensitive to
the aversive properties of nonreinforcement. These showed
that the frequency of the short IRTs did not decrease for the
septal animals from the first day of the procedure to the
last at each probability contingency. Fewer short IRTs were
evidenced by the control animals by the last nonreinforcement
day. Terrace (1966b) has demonstrated that certain phenomens
assoclated with discrimination training involving alternate
conditioning and extinction also adapt out with extended ex-
posure to the discriminative stimuli. These results supported
lhis conclusion that both of the phenomena (behavioral con-
trast and the peak shift) were generated by aversive condi-
tions associated with the occurrence of nonreinforced re-
sponses in the presence of S-.

The finding that septal animals did not manifest a
trend toward longer postreinforcement pauses on nonreinforce-
ment days until long after control and cingulate subjects did
is further indication of their increased sensitivity to non-
reinforcement. The trend toward long IRTs following a rein-
forced response on nonreinforcement days was seen only when
the criterion IRT was equal to 8 sec. In this condition,

there was a high probabllity that a reinforcement would fol-

low a long delayed response and a low probability that a
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short IRT would be reinforced, so that response suppression
was the most likely response. The result of not reinforcing
some of the criterion responses on nonreinforcement days was
to increase the likelihood of a long IRT following a rein-
forced response, therefore supposedly increasing the probab-
ility that the long IRT would eventuate in reinforcement,

In contrast to this, short latenclies were reinforced accord-
ing to the 0.6 sec. contingency, so that the probability of
a reinforcement following a short IRT was high., The effect
of omitting occasional reinforcements following a brief lat-
ency response was merely to increase the probabllity of
another short latency response, even when the first response

lhad been reinforced.

Implications for septal function

The thesis presented in this paper stated that destruc-
tion of the septal forebrain produces increased sensitivity
to aversive events., The results of the present experiments
and other results cited support this proposition. It was
further suggested that the primary function of the septal
area 1ls the regulation of inhibitory dghtrol over the neural
systems which regulate reactivity to the reinforcing proper-
ties of stimulil. According to this proposition, septal les-
ions "disinhibit" reactivity to the reinforcing properties
of stimuli. However, the specific behavior which manifests

this "release from inhibitory control" will depend on the

stimuli, and the contingencles associated with those stimuli,
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which control behavior. For instance, the lack of response
suppression in septal animals noted in studles using shock,
which are designed according to the conditioned emotional
response or passlve avoldanee response paradigms, may possi-
bly be due to the increased reinforcing value of the positive
reinforcer (Brady & Nauta, 1955; McCleary, 1961). Studles

in which the deficit is obtained and animals are not simul-
taneously responding for positive reinforcement may be due

to an enhanced unconditioned or startle response to the con-
ditioned stimulus (3rady % Nauta, 1953; Trafton, 1967).

The present vposition is supported by several other in-
vestigators who have offered an analysis of septal function
which is similar to the one presented here (King, 1958;
Harvey et al., 1965; Zucker, 1955; Beatty % Schwartzbaum,
1957). Zucker (19565) postulated that one function of the
septal area 1s to "dampen the increment in response strength
which normally is induced by a reinforcement." This explana-
tion proposes that the septal area exerts control over some
kind of associative mechanism involved in learning. The
present position maintalns that the septal forebrain influ-
ences reactivity to the reinforcing properties of stimuli,
This position is in agreement with the explanation offered
by Beatty and Schwartzbaum (1967). They postulated that the
primary function of the septal area is the regulatlion of in-
hivbitory control over a neural incentive-reward system which

involves hypothalamic and ventral tegmental components via
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thhe medial forebrain bundle system. This concluslon was
based on the finding that adulteration of the drinking water
by the addition of quinine HC1l or Na saccharine significantly
decreased or increased, respectively, the septals' fluid
consumption relative to that of controls., However, nelther
of these concepts as put forth can account for other results
obtained showing that the response strength of septal anlimals
for positive reinforcement does not differ from that of con-
trols. Septal animals do not increase rate on a variable
interval schedule for food reinforcement (Schwartzbaum et al.,
1964; Butters & Rosvold, 1968) or in the fixed ratio compo-
nent of a multiple schedule for water reward (Ellen & Powell,
1962a). Neilther did they demonstrate increased running speed
in a straight runway for water reinforcement (Wolfe et al.,
1967).

Donovick (in press) has suggested that different neural
pathways may be involved in the various behavioral changes
which have been reported following septal lesions. This sug-
gestion was based upon results showing that septohlippocampal
connections are ilmportant in response inhibition which is re-
quired for successful completion of a task such as reversal
of a spatial discrimination, Facilitation of active avoid-
ance problems seemed to be independent c¢f hippocampal activ-
ity insofar as the hippocampal theta rhythm did not change
during learning. Carey (1967b) has shown the independence of

increased water intake and behavior change following septal
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lesions, further suggesting the involvement of different
neural pathways within the septal region in different behav-
loral phenomena,

Recent results have indicated that at least some of
the behavioral deviations of septal operates may be due to
disturbances in pitultary functioning which are mediated
through the septal region via hypothalamic connections to the
pitultary gland. This gland controls the organism's fluid
balance through secretions of antidiuretic hormone (ADH),
and the functioning of the adrenal glands through secretions
of adrenocorticotrophic hormone (ACTH). Extensive anatomical
projections from the septum to the ventral and lateral hypo-
thalamic areas directing pitultary function have been demon-
strated (Crosby et al., 1962; Grossman, 1967; Powell, 1963,
1966; Powell & Rorie, 1967), Behavioral studies have re-
ported changes in fluid consumption of septal leslioned rats
(Harvey & Hunt, 1965; Pizzi % Lorens, 1967; Carey, 19567a,
1967b; Beatty & Schwartzbaum, 1968; Donovick & Burright,
1968). Some of these results have been accompanied by indi-
cations of metabolic disturbances which are symptomatic of
malfunction of the pituitary gland (Vilar, Gentil, & Covian,
1667; Lubar, Boyce, & Schaefer, 1968). Results reported by
Endroczi and Lissak (1960) demonstrated that destruction of
the anterior region of the septum results in markedly elevated
corticosteroild levels in venous adrenal blood., This increased

activity of the adrenal cortex would result from increased
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secretion of ACTH from the anterior hypophysis. The correl-
ation between increased reactivity of septal anlmals to aver-
sive events and increased piltultary activity is further sub-
stantiated by Brady (1966). The results of an extensive ser-
ies of studlies showed increased blood steroid levels in mon-
keys following exposure to several different types of condi-
tioning techniques using shock. These increased steroid
levels were not seen following reinforcement on appetitive
schedules,

Although the preclise role of the neurologic and para-
metric variables which interact to control behavior changes
associated with septal lesions cannot be accurately defined
at the present time, two major trends are indicated: (1) re-
sults suggest that there may be several neural "circuits"
within the septal region that are critically involved in the
mediation of different behavioral phenomena; (2) increased
activity of the hypophysis is implicated in reactivity to

those stimulus events containing aversive properties.

Cingulate lesions

The prediction was made earlier that cingulate lesioned
animals would not show marked changes in response rates dur-
ing the nonreinforcement procedure, This prediction was
based on evidence that monkeys witlhh the anterior cingulate
cortex removed did not show the increase in frequency cf very
short IRTs shown by controls when the DRL schedule on which

they were working was lengthened by sixty seconds (Stamm,
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1964)., Cingulate rats were also shown to extinguish a food-
reinforced response more rapidly than controls (Schwartzbaum
et al., 1964). 3oth of these results indicated that cingul-
ate lesioned animals may be less reactive to aversive events
than are normal animals. This conclusion was also based on
results which reported reduced fear of humans and cagemates
in monkeys followling removal of the cingulate cortex (Ward,
1948; Glees, Cole, Whitty, % Cairns, 1950)., The results of
the present studies, however, do not support this conclusion,
There were no differences between cingulate and control ani-
mals in thelr responsivity to the nonreinforcing event, Both
groups demonstrated an increase in rapid responding on non-
reinforcement days which was significantly different from
their response rates when regulgr DRL reinforcement condi-
tions were in effect,

In contrast to the decreasedbemotionality posited to
explain the results described above, results of several ex-
periments testing cingulate lesioned animals in an avoldance
task have been interpreted as indicating increased reactivity
to noxlous stimulation. These sfudies demonstrated that les-
ions in the anterior cingulate cortex impair the acquisition
and/or retention of active avoidance responses in a two-way
shuttle-box task (Peretz, 1960; McCleary, 1961; Thomas &
Slotnick, 1962, 1963; Trafton, 1967; Kimble & Gostnell, 1968).
The deflcits observed in these studies were attributed to an

increase in the strength of the freezing response to noxious



102

stimulation (Thomas % Slotnick, 1963). However, this hypo-
thesis was tested by Trafton (1967), and it was found that
animals with the anterior cingulate cortex removed were sig-
nificantly slower than controls in acqulsition of the freeze
response as requlred in the conditioned emotional response
paradigm. Kimble and Gostnell (1968) have also reported in-
creased activity of cingulate lesioned rats in an open field.
It therefore seems that another factor besides emo~
tional reactivity 1s affected by cingulate lesions. Barker
and Thomas (1965) have suggested that the deficits seem to be
most apparent when performance involves the temporal integra-
tion of a sequence of responses. This conclusion was derived
from studies which revorted disturbances in the performance
of responses involved in maternal behavior, such as pup-re-
trieving and nest-building (Stamm, 1955; Slotnick, 1963) and
hoarding activity (Stamm, 1954)., The conclusion is corrob-
orated by results showing that behavior in an appetitive
learning situation is not affected by anterlor cingulate les-
ions (Peretz, 1960; Thomas & Slotnick, 1962; Ellen & Powell,
1962a). Results obtained by Barker (1967) testing this hypo-
thesis demonstrated that ablation of the anterior cingulate
region severely impaired performance for food which was con-
tingent upon the correct completion of a sequence of bar-
presses on either two or four levers, It 1s therefore pos-
sible that the deficits observed in shock avoidance behavior

may be more concerned with the learning of specific response
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sequences than with deviant emotional responsivity to aver-
sive stimulation.

The present experiments did not involve a complex se-
quence of discrete responses and therefore may not have pro-
vided an opportunity for the deficit to appear. The finding
that there was no difference between cingulate and control
animals in reactivity to the nonreinforcing event supports
the contention that reactivity to aversive stimulus events
1s not the primary characterlistlic affected by anterior cin-
gulate lesions. Lyon and Harrison (1959) initially made this
suggestion based on their results showing that rats with the
anterior cingulate cortex destroyed were no different than
controls in postoperative recovery time of an escape re-
sponse from a noxious stimulus (150 dB. noise). They inter-
preted thelr results as indlicating that the anterior cingulate
cortex is less involved in affective behavior than was pre-
viously thought.

Notable differences were obtalned between cingulate
and control animals in the DRL 8 sec. group on nonreinforce-
ment days in the frequency of very long IRTs whlch occurred
following a criterion IRT whiclhh was reinforced. The reason
for this increase in long IRTs i1s unclear, To the writer's
knowledge, there are no previous reports in the literature
of enhanced response suppression following a reinforced re-
sponse. Wolfe et al. (1967) did report slower running times

for cingulate animals in a straight alley for water reward.
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Again, however, interpretations of this finding were limited.

Wolfe et al. (1967) also reported no differences in ex-
tinction of the running response between cingulate and control
rats. They stated that this finding did not support the prop-
osition that cingulate lesions enhance inhibitory control as
was postulated by Kaada (1960). The present results did not
support the hypothesis formulated on the basis of Kaada's
stimulation work either. This hypothesis proposed that the
supracallosal reglon exerts a facilitating influence over
somatomotor activity. The results led to the predictlion by
McCleary (1961) that cingulate lesions should enhance inhibi-
tory control., If this were the case, then it might be ex-
pected that cingulate animals would acquire DRL timing behav-
lor sooner than controls, and tliat they would not demonstrate
increased rates following nonreinforcement. Nelther of these
predictions was supported by the present results.

It is therefore concluded that neither the emotionality
hypothesis nor the response inhibition hypothesls 1s adequate
to account for the diverse behavioral phenomena which have
been reported to be affected by anterior cingulate lesions.

A promising analysis of defliclencies following cingulate les-
lons is that which proposes that the primary disturbance 1is
in the organized performance of complex sequences of behavior,
However, a more precise analysls of the behaviors affected by
cingulate lesions and more exact anatomical localization is

needed before an accurate definition of dysfunctions result-
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ing from cingulate destruction can be achleved,



Summary and Conclusions .

Two experiments were conducted which were designed to
test the effects of lesions in the cingulate cortex or the
septal forebrain on timing behavior generated by the DRL
schedule of reinforcement and on reactivity to a nonrein-
forcing event. In the first experiment, the performance of
septal, cingulate, and control rats was stabilized on a DRL
8 sec, schedule of reinforcement, Reinforcements were then
periodically and randomly withheld on alternate days follow-
ing a correct timing response according to a specified prob-
ability. The probability of nonreinforcement was varied
systematically from 0.0 to 1.0 (extinction). Independent
interresponse time distributions were obtained following a
correct response which was reinforced and one which was not.
These were then compared to the IRT distributions obtained
on days when the regular DRL reinforcement contingency was
in effect. In the second experiment, septal, cingulate, and
control rats were first tested on a DRL 1.2 sec., schedule of
reinforcement which was then reduced to 0.6 sec. On the DRL
0.6 sec, schedule, subjects' responses were almost always
reinforced, Baseline reinforcement rates were therefore
equated for all groups,

Results obtained showed that the behavior of septal

operates was 1lnefficient and accelerated above control levels
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under either one of two conditions: (1) when they were re-
quired to suppress responding for 1.2 sec. or longer, and

(2) when reinforcement for a previously rewarded response

was withheld, The latter result was obtalned only when the
baseline reinforcement rate of septals was equal to that of
thhe controls. Under a regular DRL contingency which was

1.2 sec. or greater, the IRI distributions of septal oper-
ates demonstrated a very high frequency of raplid responses
which were found to be related to a high frequency of IRTs
which were nearly but not quite long enough to meet the DRL
criterion. Under nonreinforcement conditions, timing effi-
clency decreased for all groups as a function of the probab-
11ity of nonreinforcement. <1The reduced efficiency on nonrein-
forcement days was shown to be due to a marked increase in
the frequency of rapid responses. On the basls of evidence
obtained from other studies, contingent response suppression
and omission of reinforcement were presumed to constitute
aversive events., The results were therefore taken to support
the proposition that septal lesioned animals are hyperreac-
tive to aversive events,

Animals with the anterior cingulate cortex removed were
no different than controls under most of the experimental
conditions. ©Notable differences were obtalned in cingulate
subjects workinz on the DRL 8 sec. contingency in the fre-

quency of very long IRTs whlch occurred following a criter-
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ion IRT which was reinforced. The results were taken as
evidence against the hypothesis that cingulate lesions en-
hance inhibitory control. They were discussed in relation
to findings indicating that the primary deficit following
cingulate lesions is in the organized performance of complex

sequences of behavior,
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Appendix A
Evidence for Behavioral Assumptions

The oresent analysis of behavior resulting from septal
lesions is predicated upon two major assumotions: (1) that
response acceleration is the unconditioned response to omis-
sion of ovositive reinforcement, and (2) that omission of re-
ward constitutes an aversive event, Studies attempting to
define omission of reward as aversive are usually confounded
by the presence of a contingency whereby the organism is
simultaneously performing some response to obtain positive
reinforcement. +The difficulty encountered involves the fact
that in escaping from, or preventing, the occurrence of omis-
sion of reward, the subject also maximizes his "time-in" the
positive reinforcement condition (Ferster, 1958). Therefore,
the escape or avoidance behavior shown may not be evidence
of aversion, but may '"only indicate that subjects will main-
tain behavior which leads to positive reinforcement" (Leiten-
berg, 1955)., However, HcHMillan (1957) has pointed out that
the aversive properties of nonreinforcement may be a function
of the reduction in reinforcement rate so that it may be im-
possible to test for these properties indevpendently of a re-

duction in reinforcement density,
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The importance of this statement is emphasized by re-
sults of studies showing that time-out willl only result in
behavior typical of varadigms using shock when the conse-
quence of resvonding is a decrease in reinforcement density
or complete removal of positive reinforcement, Otherwise,
the response to omlssion of reward is not as would be ex-
pected on the baslis of the criterla generally used for defin-
ing an aversive event, These criterla were formulated on
the basis of experiments which used shock as the reinforcer.
Thus, it was assumed (Keller % Sclioenfeld, 1950) that an
aversive event would suppress the behavior whichh produced it
(punishment contingency; passive avoidance--Mowrer, 1960),
or maintain behavior above operant level which terminated
(escape) or prevented (active avoldance) its occurrence,.
Studies have sliown that response suppression willl result
when the organism can successfully avold the nonreinforcing
event (Ferster, 1958; Nigro, 19664; HMcMillan, 1967). In these
studies, not responding resulted in avolding a significant
decrease in reinforcement density. Other studies have shown
that acceleration of ongoing behavior results when the organ-
ism cannot avold the time-out contingency. In the same study
in which he reported that chimps suppressed responding in the
presence of a pre-time-out stimulus when doing so avoided the
time-out, Ferster (1958) also reported an increase in rate in
the presence of a stimulus signaling unavoidable time-out.

Studies by Pliskoff (1961, 1963) have demonstrated a similar
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phenomenon; the relative reduction in reinforcement density
on a multiple schedule produced an accelerated rate of re-
sponding in the presence of a stimulus preceding a shift to
the lower reinforcement frequency component,

Whether a pre-time-out stimulus results in accelerated
or decelerated rate therefore seems to critically depend upon
the avoidability of the event, Leitenberg (1966) demon-
strated that responding in the presence of a stimulus sig-
naling unavoidable shock (conditioned emotional response para-
digm) invariably resulted in suppression of responding on a
variable interval baseline schedule for food reinforcement,
while responding in the presence of a stimulus which signaled
unavoldable time-out was consistently accelerated above base;4
line levels. 1In contrast to these results, McMillan (1967)
demonstrated that responding in the presence of a preshock
or pre-time-out stimulus was suppressed to an equal degree
when shock or time-out was made response-contingent (punish-
ment or passive avoldance contingency). The fact that sup-
pression does not necessarily result when omission of reward
is used in a typical aversive paradigm does not mean that the
event may not be aversive. Gibbon (1967) demonstrated that
rats would make a response which simultaneously resulted in
a shock and made positive reinforcement available, The no-
tion that shock was not aversive because the probabllity of

a response which it followed was increased instead of de-
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creased was never ralsed because of the known noxious prop-
erties of shock., It may thus be concluded that in the ab-
sence of any contingency for avoldance of omisslon of reward,
the unconditioned response to that event will be response
acceleration and this response will be conditioned to a cor-
related stimulus, Tiils response does not negate the aversive

properties of nonreward.



Appendix B
Schema for Behavioral Analysis of Aversive Events

In reviewing the literature attempting to describe the
behavior changes which occur following damage to the septal
forebrain or cingulate cortex, it was found convenient to
conceptualize the effects of various reinforcing events in
terms of several continua which might be used to describe
the relativity of contingent control of behavior (also Mintz,
personal communication). The proposed principle of operation
is schematized in Figure 20. Two single stimulus events,
whose reinforciﬁg properties are fairly well established,
hafe been included in the schematic for illustrative pur-
poses, but any complex stimulus-response relation may be
subject to the same analysis,

The continuum represents an increase or decrease along
some dimension of change in the response-reinforcement con-
tingency; the relation could be scaled on the basis of quan-
tifiable parameters of the reinforcer (such as magnitude and
frequency), or on the basis of quantifiable parameters of the
contingency relation between the respvonse and the reinforcer
(such as number of responses required for reinforcement,

reinforcements per unit time, etc.). The absolute positive
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or negative reinforcing properties of a single stimulus are
defined on the basis of the initial, or unconditioned, re-
sponse to presentation or withdrawal of the event, in the
absence of any contingency.

Inherent in the above rationale 1s the existence of
two classes of positive and negative events which might be
called Positive I and II and Negative I and II. <These roman
numerals designate respectively the classification of stim-
ulus events on the baslis of the initial or unconditioned re-
sponse to the event, in the absence of any contingency (I),
and on the basis of changes in behavior resulting from an
increase or decrease in the contlngency relation‘between
response and reinforcement (II). For example, whether or
not an orcganism will prevent the occurrence of a time-out
from a positive reinforcer or will impose one upon himself
will depend upon the associated response-reinforcement con-
tingencies (l'hompson, 1964; Zimmerman % Ferster, 1963). Where
both positive and negative reinforcing events are oresent
simultaneously (CER or passive avoldance paradigms), there
1s essentially some variant of a '"confllict" situatlion, and
behavior will be under the mutual control of the relative
contingencies upon which each reinforcer ils dependent and
the relative strengths of the respective reinforcing events,

The criteria for defining a Positlive or Negative I
stimulus event specify the absolute differences between rein-

forcers; these differences may be manifest in the uncondi-
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tioned response to the particular stimulus event. However,
these criteria may be shown to be botlhh inadequate and imprac-
tical when complex reinforcement-response paradligms are con-
sidered. In other words, it may not be possible to define
an event (or aggrerate of events) as positive or negative
by subjecting it to test by the simple criterlia posed above;
for examonle, those situations involving a total stimulus com-
plex whiclhh cannot be merely presented or withdrawn, such as
a particular schedule of reinforcement, It may, liowever, be
possible to extend the list of behaviors which can be used
to define an "unknown' event as poslitive or negative on the
basis of similarities of the behaviors observed in the "un-
Known" situation to those observed in one which has previously
been defined as positive or negative. These are enumerated
as auxiliary behaviors in Figure 20. McMillan (1967) has
stated, with regard to the aversive propertles of nonrein-
forcement, that "if it is assumed that shock suppresses be-
havior when applied as a punisher because 1t 1is aversive,
then the degree to which time-out mimics the effect of shock
under a variety of conditions may reflect the aversive aspects
of time-out.,"

Several types of diverse behavioral phenomena have
been described which appear to reflect prior experience with
an aversive event since these behaviors are similar in situa-
tions using either shock or nonreinforcement (or decrease in

density of reinforcement). The most compelling example is



127

probably that provided by Azrin et al. (1966), who demon-
strated that plgeons conditioned to peck a key for food on

a continuous reinforcement schedule would "viclously" attack
another bird when extinction was introduced. These workers
also demonstrated that occurrence of the conditioned key-
pecking response was not necessary for the occurrence of the
attack; interrupted free food deliveries which were presented
according to a regular schedule also produced the attack,
These results were similar to those obtained by Ulrich and
Azrin (1962), who demonstrated that shock delivered to the
feet of an animal results in severe attack, Davis and Donen-
feld (1967) have recently reported varying degrees of aggres-
sive responses appearing in pairs of rats working tosgether

in a two-lever apparatus when eilther one or both were placed
in extinction followling reinforcement on either a DRL 10 sec.
or a fixed-ratio-24 schedule of reinforcement. Actual fight-
ing occurred when bothh members of the pair were placed in
extinction,.

Terrace (19%66a, b. 316; 1966b) has used the appearance
of aggressive responses followlng extinction to support his
contention that "behavioral contrast" and the "peak shift"
phenomena are both manifestations of emotional responses
which appear followling exposure to a stimulus which 1s cor-
related with nonreinforcement. Both of these phenomena ap-
pear in conjunction with discrimination training which in-

volves alternate conditioning (in the presence of S*) and
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extinction (in the presence of S”). These phenomena do not
occur if discrimination training is conducted wlthout errors.
That 1s, 1f resvonses are never allowed to occur to S- (by
controlling its intensity, duration, etc.) and therefore
never have to undergo suppression. Behavioral contrast was
described by Reynolds (1961) as the change in behavior which
occurs in the opresence of one stimulus as a result of the
change in schedule of reinforcement in the presence of
another stimulus. Terrace demonstrated that following con-
ditioning in the presence of S*, introduction and nonrein-
forcement of responses in the presence of S~ "induced" a rate
increase in the presence of 3t when it was re-presented. This
behavior chanze could be demonstrated even after the discrim-
ination had been formed, l.e., when little or no responding
occurred in the presence of S-. Brethower and Reynolds (19542)
have previously demonstrated that a decrease in the rate of
respondinz on a variable interval 3 min. schedule for food in
thhe presence of a green stimulus which signaled response-
contingent shock was accompanied by an increase in the rate
of responding in the succeeding VI 3 min. component of the
multiple schedule,

Nevin and Shettleworth (1666) have analyzed these ef-
fects in successive components of a multiple schedule for
positive reinforcement. They observed that responding in
one component of a multiple schedule was dependent upon the

schedule of reinforcement correlated with the immedlately



129

preceding stimulus. Posltlive contrast, an increase in rate,
was found to result from responding in a oreceding component
which was correlated with a low frequency of reinforcement,
or extinction. The opposite, or negative contrast (a de-
crease in rate), resulted when the preceding component was
correlated with more frequent reinforcement; in this case,
the response rate in the succeeding stimulus was lower than
baseline levels. The interesting finding from the present
point of view 1s the differentiation of "positive" and 'neg-
ative'" contrast. On the basls of the contlinua deflned opre-
viously, positive contrast would be predicted to result from
a shift from a stimulus event having low positive reinforc-
ing value to one possessing greater vpositive reinforcing
properties, Negatlve contrast, on the other hand, would re-
sult from the converse operations., This phenomenon may be
useful in defining stimulus events as poslitive or nezgative
when these properties are not immediately obvious, e.g,.,, in
situations where reinforcing properties cannot be defined
merely by magnitude or frequency of reinforcement. It 1is
interesting to note in this context that the decrease in rate
which resulted from complete omission of reinforcement for
the septal animals responding on the DRL 8 sec. schedule of
reinforcement was accompanied by an overall increase in rate
on the alternate days when the regular DRL conditions were
in effect (perhaps an example of positive contrast),.

That contrast is not limited to the specific response
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which’has been extinguished was demonstrated in an experi-
ment by Levine and Loesch (1967) in which they observed in-
creases in the force of bar-pressing for water reinforcement
when another, dissimilar response--chain-pulling for food
reinforcement--was extinguished, The response intensity on
the lever consistently increased when chain-pull extinction
was alternated with reinforcement for this response.

Another phenomenon consistently reported in conjunc-
tion with discrimination training which involves alternate
conditioning and extinction 1s the shift in the polnt of
response maxima away from the ST in generallization tests
conducted following the discrimination training (peak shift).
The assumption that both behavioral contrast and the peak
shift were phenomena generated by aversive conditions in the
presence of S= led Terrace (1966a) to infer that these "emo-
tional responses! would adapt out wlith extended exposure to
the discriminative stimuli. This prediction was supported
by exveriments demonstrating thie gradual disappearance of the
increased rate '"induced'" by training not to respond to S°,
and the gradual return of the response maxima to the original
St on generalization tests conducted periodically during dis-
crimination training.

Since the behaviors which have been described result
when shock is utilized as a stimulus event, it may be possi-
ble to use the appearance of these behaviors to classify

other nonshock events as aversive, Similarly, positive



131

events may be defined with respect to the appearance of
behaviors which are characteristic of a schedule of positive
reinforcement such as food or water. Referring back to Fig-
ure 20, moving in either direction along the continua will
change tiie reinforcing properties of the particular contin-
gency according to which the animal is working. The behav-
lor which results will depend upon the specific stimulus con-
ditions. If the stimulus event can be presented or with-
drawn, such as food or shock, tlhe behaviors designated as
"initial response" can be ellcited, In more complex situa-
tions, such as schedules of reinforcement, the behaviors
designated as "auxiliary behaviors" will result, depending
upon the reinforcing proverties of the stimulus condltlons,
The 1list of phenomena which can be used to classify "unknown"
events as positive or negative is therefore extended to in-
clude complex behaviors which result from complex stimulus

situations,



Appendix C
Individual Data

Figure 21 shows changes 1in efficliency for each S in
the DRI 8 sec. group which occurred over days as a function
of increasing the probability of nonreinforcement, The solid
line functions present the efficlency ratios on the days when
the recgular DRL 8 sec. contingency was in effect, i.e., when
every response equal to or greater than 8 sec, was reinforced.
The dashed 1line functions show how timing behavior changed
when every correct timing response was not reinforced accord-
ing to the indicated probability.

One of the major differences to be noted here 1is the
generally lower accuracy of timing behavior for all of the
septal animals on days when all correct timing resovonses were
reinforced., Poorest timing behavior was exhlibited by the sep-
tal rat MAC 35, who sustained most extensive damage to the
fornix complex. This is also the 3 who exhibited the minimum
decrease in efficlency of tilming behavior when the probablility
of reinforcement was reduced to less than 1.0, The other
animals increased the frequency of incorrect timing responses
wlien a reinforcement for a correct response was omitted, and

the frequency of these increased as a function of the prob-

132



Figure 21.--Efficiency ratios for individual subjects from
each operated group on DRL 8 sec. on reinforcement days
(solid lines) and nonreinforcement days (dashed lines).
Columns show the probabllity of nonreinforcement and rows
are individual subjects within each operated group.
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ablility with which the event occurred for most of the Ss.

The magnitude of the differences in timing behavior of the
other septal animals on nonreinforcement days as compared

to reinforcement days is similar to that of the control ani-
mals and only differs from them with regard to absolute
value., On regular DRL days, thelr reduced efficiency was
previously shown to be due to a higher frequency of resvonses
emitted just prior to the interval required for reinforcement
and a concomitant high frequency of very short IRls; on non-
reinforcement days, the frequency of incorrect timing re-
sponses increases so that absolute efficiency 1s reduced

even below that of the controls. The difference in reduced
efficiency from baseline levels is, however, similar to that
of the controls,

It can also be seen that all but one of the control
animals (MAC 41, normal control) show the "habituation" ef-
fect noted before for the group; namely, the fact that the
decrease in accuracy of timing behavior 1s most pronounced
on the first day that a new probability contingency is in-
troduced. Efficiency improves over days so that by the last
day of each probability contingency fewer incorrect timing
responses are being emitted,

Individual IRT distributions are shown in Figure 22
for one rat from each operated group on the DRL 8 sec. con-
tingency. The distributions presented for the septal and

cingulate operates are those from animals sustaining most



Figure 22,--IRT distributions for one rat from each oper-
ated group on DRL 8 sec. Solid line functions represent

IRT distributions obtained on a day when regular DRL con-
ditions were in effect. Dashed and dotted line functions
represent respectively the IRT distributions obtained fol-
lowing a correct response which was reinforced and one which
was not reinforced on the day immediately following.
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damage to the respective target areas. The time between
successive responses for MAC 35 shows little variation re-
gardless of reinforcement condition or probabllity of rein-
forcement. What seems to be the most important factor here
is the very inefficient timing behavior under all conditions,
even when probability of reinforcement for a correct timing
response is 1.0. The high frequency of very short IRIs and
the high frequency of those emitted just prior to the rein-
forcement interval are to be noted here. The relative fre-
quency of other responses less than 7 sec., ls about the same
as the other two subjects, and therefore the poor timing be-
havior of this rat must be attributed to more frequent re-
sponding in the latter two time lntervals, The distributlons
of IRTs for the other Ss demonstrate no obvious differences
from the response patterns noted previously for thelr re-
gspective grouvs.

The rates for individual animals on the DRL 0.5 sec,
contingency are shown in Figure 23, and the IRT distribu-
tions for one S from each operated group are shown in Fig-
ure 24, The rate for !HAC 3 (septal) is Jjust slightly above
the control level on regular DRL days; the rest of the sep-
tals' and cingulates' rates are similar to the controls.

On nonreinforcement days, lhiowever, rates for all of the sep-
tal animals except MAC 4 increase to a much greater extent
than that of either the cingulates or the controls., HAC 4

was previously noted to have sustalned minimal damace to



Figure 23,--Response rates for individual subjects from each
operated group on DRL 0.6 sec. on reinforcement days (solid
lines) and nonreinforcement days (dashed lines)., Columns

show the probabllity of nonreinforcement and rows are indi-
vidual subjects within each operated group.
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Figure 24,--IRT distributions for one rat from each operated
group on DRL 0.6 sec. Solid line functions represent IRT
distributions obtained on a day when regular DRL conditions
were in effect., Dashed and dotted line functions represent
respectively the IRI distributions obtained following a cor-
rect response which was reinforced and one which was not
reinforced on the day immediately following.
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the septal area, damage here being primarily unilateral and
restricted to the cortex immedlately above the target area,

The IRT distributions shown in Figure 24 demonstrate
that the primary difference in response patterns between
animals in the different operated groups is in the frequency
of successive responses emitted within a short time perlod
following a correct timing response which was not reinforced
and one which was. These were the same differences noted
previously for the group. However, here it can be seen that
if damage is not restricted only to the cingulate cortex,
but includes varts of the surrounding cortical areas as well
(MAC 12), the distributions of responses on nonreinforcement
days are similar to those of the septal animals., The anter-
ior-posterior extent of the lesion is also a relevant factor,
It can also be seen in this figure that at no time does the
frequency of responses of the operated control (MAC 7) in
the first two class intervals reach the magnitude of the
rapid responses emitted by the septal or the cingulate

operates,



Appendix D

Summary Tables of Analyses of Varlance

Table 3

Analysis of Varlance Summary Table.
Per Cent Efficlency on First and Last Nonreln-
forcement Days and Days Immediately Pre-

ceding for Subjects on DRL 8 Sec.

Differences in

Schedule
First Days:
Sums of Mean
Source of Variation Squares d.f. Squares F
Between Sublects
Operation 1290, 44 2 645,22 1.35
Ss within groups 4L297.54 9 477.50
Within Subjects
Probability 5409.11 3 1803.04 62,87+%
Operation x prob- 649.01 é 108.1 L2 2]
ability ? 7 3.77
Probability x 8s 774,41 27 28.68
within groups
Last Days:
Sums of Mean
Source of Variation Squares d.f. Squares F
Between Subjects
Operation 2112.78 2 1056.39 3.22
Ss within groups 2950.91 9 327.88
Within Sublects
Probabllity 2546,41 3 848,80 31.28%
Operation x prob=-
abllity 281.25 6 46.88 1.73
Probabllity x Ss 232.67 27 27.14

within groups

*p< .001; *¥p<,01,
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Table 5

Analysis of Variance Summary Table.

Probabllity Contingency for Subjects on
DRL 0.6 Sec. Schedule

Per Cent Effl-
ciency on First Nonreinforcement Days at Each

Sums of Mean

Source of Variation Squares d.f. Squares F
Between Subjects

Operation 350,00 2 175.00 1.14

Ss within groups 1382.00 9 153.55
Within Subjects

Probability 5398,00 3 1799.33 44,24+

Operation x prob-

abllity 416,00 6 69.33 1.17

within groups

*p< .001
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Table 6

Analysis of Variance Summary Table,
in Rate on First and Last Nonreinforcement
Days and Days Immediately Preceding
for Subjects on DRL ,6 Sec. Schedule

First Days:

Differences

Sums of Mean
Source of Variation Squares d.f, Squares F
Between Subjects
Operation 481.43 2 240,72 b.39%
Ss within groups 493.51 9 54.83
Within Subjects
Probability 5208.58 3 1736.19 73,32%%
Operation x prob- *
abllity 477.59 6 79.60 3.36
Probabllity x Ss
within groups 639.31 27 23.68
Last Days:
Sums of Mean
Source of Variation Squares d.f. Squares F
Between Subjects
Operation 148,56 2 74.28 1.25
Ss within groups 536.74 9 59.64
Within Subjects
Probability 11,107.02 3 3702,.34 101,24%%
Operation x prob-
ability 317.34 6 52,89 1,45
Probabllity x Ss 987.31 29 36.57

within groups

*p<,05; #*¥p<,001
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