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n
S umma ry

This research program has continued its emphasis on an analysis of
behaviors occurring unde r predomina te l y noxious environmenta l conditions.
The prima ry interes t in these studies has consisted of an anal ysis and
ultimate understanding of the following general points : i) the effects
that changes in the consequences of one behavior have on other aspects
of that ind iv idual’ s behav ior (behavioral i n te rac t ions ) ;  i i )  factors
contr ibuting to the development , ma intenance and cessat ion of behavior by
noxious consequences ; i i i)  the effects on behavior of certain st imul i
that are associated w i th  the p resentation of noxious events. Progress in
spec i f ic  experiments ove r the past year has cons is ted of further deve lop-
ing behavioral performances mainta ined by the term ination , postponement
or presentat ion of e lec t r i c  shock and s t imu l i  correlated w i t h  each of these
cond it ions. Of part icular interest to this project has been an examination
of certa in factors contr ibut ing to the eventual maintenance of behavior
so lely by shock presentation. Th us far we have concentrated pr imar i ly  on
the ro le of the organism ’s pr ior behavioral experience or past history .
Once these behaviors are deve loped and re l iabl y ma inta ined , we then focus
on the manne r in which they are subsequently modif ied by changes’ occurr ing
e lsewhere , under d i f ferent  conditions , as we ll as by more direct changes
in other aspects of the experimenta l s i tua t ion .  Extremely orderly and
reproduc ible behaviors have been success fu l l y  deve loped and maintained unde r
a ll of these conditions simply by d ifferent arrangements of a s ing le  noxious
event. Unde r some of these cond i t ions this noxious event suppresses respon-
d ing (punishment) and , under others , i t  maintains high leve ls of responding
(reinforcement). Unde r s t i l l  other condit ions , shoc k is simultaneously
presented and postponed. Know ledge of the d i f fe ren t  ways tha t an ident ical
st imu lus such as e l e c t r i c  shock a f fec ts  behavior has provided much infor-
mation on the role of factors contributing to the varied effects that
nox ious events have on behavior. As a resul t , these stud ies have contrib-
uted substantially to an unde rstandinq of behavior under noxious environ-
mental conditions.

-

~

---- -,- -—

~

.--

~

-.-

~ 

-



Foreward

In conducting the research described in this report, the
investigator adhered to the “Guide for Laboratory Animal Facil-
ities and Care,” as promulgated by the Comittee on the Guide
for Laboratory Anima l Resources , Nationa l Academy of Sciences—
National Research Council.
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I n t roduc t. ion

Behavior is affected by a wide variety of environmental events. Some
events precede certain responses and can be said to elicit those behaviors.
Such behaviors , referred to as responden t behaviors , do not typically under-
go progressive diffe rentiation . Other behaviors , however, termed operan t ,
are affected by events that follow their occurrence and usua lly, as a resul t ,
are differen tiated in form , frequency and temporal patterning of occurrence .
Consequent events that so increase the subseq uent frequency of behavior are
usually classified as reinforcers and those that decrease behavior are
referred to as punishers (see Annua l Report Number I of this contract for
an elaboration of the processes of reinforcement and punishment) .

Although i t has often been assumed that reinforcers and punishers refer
respective l y to “good” and “bad” things , ample evidence now exists to warrant
the conclus i on that the behavioral effects of conseq uent environmental events
cannot be attributed solel y to the nature of those events . Work completed
during the firs t two years of this con tract has demonstrated that an i dentica l
event, elec tric shock , can both suppress and maintain behavior at about the
same time and in the same organism (see Annua l Report Number 1). The present
report provides additional evidence bearing on the multiple behavioral effects
of noxious stimul i and further describes progress during the past year. In
all of the exper i ments outlined below , the major objective has been on a
rather exhaustive analysis of factors affecting behaviors under predom i natel y
nox ious environmental conditions . The d i f fe rent  spec i f i c  experime nts , their
procedures and results are given below .

Genera l Experimental Methods

Healthy adult squirre l monkeys (Saimiri sciurea) were used as subjects
in all of these studies . The monkeys were maintained in individua l cages
except when removed for dail y one-to—three-hour sessions. In jome cases body
weigh t was reduced to 80 percent of the unrestricted feeding levels.

Experimenta l studies were conducted in a primate—res t raint chair fur-
nished with response devices , visua l stimuli and methods of delivering food
and el ectric shock. The d i s tal end of the ta i l  was shaved and , during exper-
imental sessions , was held i mmobile by a small stock. Prior to each session
the tail  was massaged with EKG—so l e lectrode paste . Electric shock was
delivered from a 650 V a. c. so urce to two brass elec t rodes that res ted on
the shaved portion of the tail. Shock duration was 200 msec with the inten-
si ty varied , depending upon the specif ic experiment . During the session
the chair and restra i ned monkey were placed insi de sound—attenuating cubicles
that were also equi pped wi th white masking noise.

In experiments us i ng shock postponement or avoidance schedules , shocks
were usuall y scheduled to occur every 5 seconds ; a response postponed shock
for 25 seconds . Unless otherwise noted , this procedure served as the initial
phase for all experiments in wh i ch responding was maintained by shock pre-
sentation . It should be noted , however , tha t training under shock—postponement
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schedules is not necessary for the development and maint enance of responding
• by response—prod uced shock (cf., Kelleher and Morse , 1968; Morse and

Kelleher , 1977; and McKearney and Barre tt , 1978). In some experiments the
shock—pos tponement schedule was removed upon introduction of the schedule of

- - shock presen tation , whereas In other studies both schedules were In effect
si mu l taneously for a brief period (5— tO days) prior to the remova l of the
avo i dance schedule.

Changes in experimenta l conditions were made when responding was stable
over at l east a one—week period. Usuall y a cond it ion was n effec t for at
leas t 15—20 sessions before changes in the schedule were made.

Behaviora l I nteractions Under Mu l ti p le Sched u les

Many of the experimenta l studies conducted over the past yea r have
ut i l ized mu lt iple schedul es in wh i ch two d i f f erent vis ual s timu li are used
to ajrange different response consequences . Initiall y, performances and
sc hedule conditions are comparable and then changes are made in only one of
the cond itions or components. In genera l , these experiments have had as
their primary objective an analysis of those changes that occur in behavior
under the one (unchanged) condition as a result of the experimental manip-
ulation that occurred in the alte rnate component.

Previo us studies have reported substantial modifications in behavior
have occurred under one condition that resulted from a change in behavioral
consequences occurring elsewhere (e.g., Reynolds , 196la , b). Findin gs such
as these indicat e that behavior can be affected not onl y by i ts more imedi—
ate conseq uences , but also by consequences wh i ch may often be temporally
quite remote. Very little information exists , howeve r, on the nature and
extent of such interactions unde r circumstances where the control of behavior
is by noxious stimuli. Several different situations have been exami ned in
detail under this contract and the results are given be low.

Behaviora l cont rast

The ini tial phases of this experiment were described in last year’s
report. Essen t iall y,  after preli minary training under a shock—pos tponement
schedule , responding was then maintained under 3—minute variable—interva l
(vi) schedules of shock presentation , Under this schedule a response pro-
duced an 8 n~ shock on the average of once every 3 minutes . During the
beginning phases of this study two different visual stimuli (red and wh i te
l amps) a lternated eve ry 3 minutes and the 3-minute V i schedule was in effect
during each stimulus . When responding was stable and comparable in both
components , the schedule was modified so that in the presence of wh i te l amps
responding had no scheduled consequences (i.e., extinction) . It was unde r
conditions such as these , wi th food presentation as the maintaining event ,
that increases in responding have occurred under the component where the Vi
schedule rema i ned in effect (Reynol ds , l96la , b). A n elevation in response
rates under the unaltered condition (behavioral contrast) when shock pre—
sentation mainta i ns responding would extend the conditions under wh i ch food
and shock produce similar effects on behavior .
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A t the time of submission of last year ’s rcport it was not yet clear
whether contras t was occurring under the Vi shock-presentation extinction
schedul es. Tha t experiment was continued until the outcome was clear. The
results are presented in Figure 1 (page 9), whi ch also includes data from
the same monkeys collected during the previous year (MS—l2 and MS—32).
Behaviora l contras t did occur , although only with one of the th ree monkeys
(tlS—32); even with this subject, however, an e leva t ion in response ra tes in
the unchanged component did not reliabl y accompany decre ases in behavior
occurring during extinction . Typicall y, responding maintained under the V I
sched ule was unaffected (e.g., with MS -l2 at E and s), or there was a
decrease in respond~

’ ’ g unde r the VI that accompanied decreases in responding
dur ing the extinction component (induction). These latter changes occurred
both with MS—32 (phase labeled D) and MS-12 (phase B). At other time s , wi th
MS—32 only , contras t did occur (phases B and C) but when the extinction
sched u le was removed , res pondi ng dur ing the unal ter ed component remained
high and rates during the former extinction component rose to that level.
Thus , con trast occurred relative to response rates existing prior to the
introduction of extinction , but not relative to that existing after the Vi
schedule was reintroduced.

Find ings s uch as these make it di f f i c u l t to dr aw defi n i ti ve conclus ions
either about the generality of the effects or about the similarity of such
effects to those obta i ned when food is used as the maintaining event.
Recently, a number of theoretica l issues concerning behavioral contras t have
been raised and a number of variables imp l icated (Schwartz and Gamzu, 1977).
Fac tors such as the species , na tu re of the res ponse and sched u le value have
all been shown to play a role in determining contrast (e.g., Hemnies , 1973;
llcSweeney, 1978). I t is possible that any one of these factors could also
contribute to determining the outcome of the experiments sumarized above.
In vi ew of the ambiguity of the results , not onl y wi th the research using
shock , but also wi th those us ing food , further work on these experiments was
d iscontinued.

Escape responding and punished respondin g

Another study that was continued during the past year has focused on an
analysis of behavior unde r conditions where responding is maintained by the
termination of a stimulus correlated with the delive ry of electric shock
(typ ically referred to as a stimu l us—shock comp l ex termination schedule or
s ome times simp ly as escape), Under this schedule repetitive shocks are
scheduled to occur after a specified time period has elapsed and a single
response after that fixed time terminates the stimulus-shock schedule and
prevents further shocks ( f ixed—interva l  or Fl schedule ) .  Under a f ixed-rat io
(FR) schedule , a spec i f ied  number of responses mus t occur before the st imulus—
shock comp l ex is terminated . These schedules usuall y further specif y a t ime
period between the end of the Fl and the f i r s t scheduled shock (known as t)
or a period of time within wh i ch the FR can be comp leted be fore shocks occur
(usually known as a limited hold) . Thus , unde r both Fl and FR schedules ,
with appropria te t or limi ted hold va lues , it is possible to respond at a
high enough rate to prevent the occurrence of shocks . Ii is also important
to point out that schedules of stimulus-shock termination can produce patterns
and rates of responding that are strikingly comparable to those mainta i ned

8
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FIGURE 1

Changes in rate of responding under the multip le variable—interva l
schedules of response—prod uced shock and ext inct ion . Ci rc les represent
response rates during the unchanged variable—interva l condition ; squares
represent respond i ng during ext i nction. See text for complete description
of results .
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by the presentation of food (see Figure 2, page Il , and the Progress Report
from las t year).

In some of the experiments conducted during the past year we have ma in—
ta m ed responding under multip le Fl stimu l us-shock termination schedules and
have then examined the effects of i) punishing responding in one componen t
and ii) of changing the va l ue of! in each component. Broadly, these
stud i es have had as their primary objective an assessment of potential inter-
actions occurring under escape schedules where responding in one component
is punished and then the fea tures of the s chedu les cont rol l i ng behavi or are
then modified.

FIg ure 3 (page 12) shows performances maintained unde r the multiple 5—
minute Fl schedule where the ! value was set at 3 seconds and where respon-
ding in i t ia l ly was not pun ished in either component. Shock intens ity was
7 mA , whether occurring under the punishment or termination schedules. This
fi gure also shows the subsequent punishing effects of scheduling shock pre-
sentation following every th i rtieth response under one component of the
mu l tiple schedule. Respond i ng declined substantiall y du ring the punishment
component and also showed a sligh t tendency to decrease during the alternate
component. Average unpunished rates for MS-25 and MS-9 were 1.671 and .44
responses per second , respect ively, W ith punishment in effect , unpun ished
rates declined to 1.393 and .35 responses per second for MS—25 and MS—9,
respectively ; punished response rates for MS — 2 5 were 0.096 responses per
second and for MS-9 were 0.23 responses per second . Thus , when responding
ma intained by the termination of a st imu lus-shock schedule was also punished
by shock presentation , there was a corresponding reduction , a lthough s l igh t ,
in unpunished response rates occurring under an al ternate st imu lus condit ion
(induction) .

In the next phases of this stud y the t va l ue in the unpunished compo-
nent was decreased from 3 to I second and then to 0.5 seconds and finally 0
seconds. With a t =  0, shock was inevi table upon the e la pse of the in terva l
and a response at that time prevented further shocks that were scheduled to
occur at 0.5 second in tervals and produced timeout. Subseq uently, the t was
returned to 3 seconds and then the FR 30 shock—presentation schedule was
removed for approxima tely 30 sessions . Rates of responding during the punish-
ment component rose rapidly to over 2,50 responses per second for MS—25, wel l
above ra tes in the al terna te condi t ion whe re respond i ng did not change
markedl y. Increases in punishe d responding of this magnitude upon removal
of the FR 30 schedule did not occur for the other monkey , MS-9, but were
noticeab l y increased .

Table 1 (page 13) provides a sununary of the effects of changes In the
value of t during the component in which responding was not punished .
Al though There were few systematic chanpe~ in unpunished responding, punished
response ra tes generall y decreased at tie lowe r values of t. With MS—9,
responding was nearly elimina ted In both components after onl y 5 sessions
exposure to t =  0. Th is abrupt decrease required the removal of the FR shock
schedule and an increase in the va l ue of t ~~ 3 seconds before responding was
reestablished .

10
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A MS-9

_  _ _ _ _ _ _ _

B MS-13
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FIGURE 2

Cumu lative response records of comparable performances malnta i ned under
multiple fixed—interval 3—minute fixed—ratio 30-response schedules of
stimulus—shock termination (JIS—9 , top) or food presentation (MS—l3, bottom).
Abscissa: time; ord i nate: cumulative responses. The event pen (lower
line in each record) was displaced durin g the fixed—ratio schedule component.
A one—minute timeout period separated each component , with the end of the
timeout indicated by a diagonal slash on the record. Shocks delivered under
the termination schedule occurred 3 seconds afte r the elapse of the 3—m i nute
inte rval (and are ind i cated by a slash of the response pen , e.g., see the
second interval for MS—9); under the fixed—ratio a shock was scheduled to
occur 30 seconds after the onset of that component. No shocks occurred
under this schedule in the records shown. Under the food schedule if a
response was not made within a one—minute period after the end of the fixed—
interval of after 30 seconds under the fixed ratio the component ended
automatically without food. Note that performances under the two schedules
differed depending on the schedule but not on the event.
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FIGURE 3

Cumulative response records of responding under multiple 5-minute
fixed—interval schedules of termi nation of a stimu l us—shock complex. Method
of record i ng as in previous figures . In the top record responding was not
punished and comparable rates of responding were ma i ntained in each component.
The l ower record shows the effects of arran ging a schedule in which every
thirtieth response during one component (event pen disp l aced) also produced
shock and suppressed responding (punishment).
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TABL E 1

Effects on rates of punished and unpunished responding (responses per
second) of variations in t during the nonpunishment component.

MS-25 MS-9

t va l ue (seconds) Unpunished Punished Unpunished Punished

0 1.866 .084 .023 .004

0.5 2.354 .146 .435 .013

1.0 1.800 .112 .458 .020

3.0 1.393 .096 .350 .231

(l.l Oo)* (.14o)* (.536) (.019)

* Redetermined after all other va l ues were examined . The sequence of
cond it ions was 3.0 , 1.0 , 0.5, 0 and 3.0 seconds. Data based on the
mean of the last th ree sessions at each condition.

In the next phase of this experiment , with responding punished during
the one component again , changes i n the va lue of t were made during the
punishment component. Those results are summarized in Table 2 (page 14)
for both monkeys. Gene rally, rates of unpunished responding inc reased with
corresponding decreases in t during the alternate punishmen t component.
These effects were a bit more consistent w i t h  MS—9 . Punished respond i ng,
however, decreased systematically with decreases in t for both monkeys.

The results of these experiments demonstrate convincingl y that when
responding is mainta i ned under stimulus—shock comp lex termi nation (escape),
sometimes sizeable interactions can occur between punished and unpunished
responding. in this experiment punish ed respond i ng decreased regardless of
whether decreases in the va l ue of t occurred in that component or in the
alternate component. Similar changes occurred in unpunished responding when
t was manipulated oni y In the alternate punishment component. Desp ite the
Tact that these interactions occurred irrespective of the component in
which changes were made , the nature of the interaction did differ. Decreases
in t in the nonpunishment component generally decreased rates in both compo-
nents (induction) ; decreases in the ! val ue during the punishment component
also decreased punished response rates but increased unpunished rates during
the alternate unchanged condition (contrast).

i3
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TABLE 2

Effects on punished and unpunished responding (responses per second)
of changes in the va l ue of t during the punishment component.

MS—25 MS—9

t va l ue (seconds) Unpunished Punished Unpunished Punished

0 1.286 .083 .778 .011

1.153 .120 .733 .031

- 
3 1.398 .142 .718 .040

10 1.1 31 .152 .644 .056

The sequence of conditions was 3.0, 10.0, 1.0, 0, 3.0 seconds . Data
represent the mean of the las t three sessions at each t va l ue.

Re inforcement and pun ishment of behavior by the same event

in this study we have been analyz ing interact ions between behaviors
that are mainta i ned and suppressed by the same e lec t r i c  shock under d i f fe r-
ent components of a multiple schedule. Initiall y two monkeys were trai ned
under a multiple schedule where, in the presence of red stimuli , an avoid-
ance or shock—postponement schedule was in effect; under diffe rent conditions ,
associated with wh i te stimuli , a 10—minute Fl food—presentation schedule was
ii-. effect. During a second phase the avoidance schedule was removed and a
10—minute Fl shock—presentation (10 mA) schedule was programmed. Thus ,
during this portion , responding was maintained under identical Fl schedules
with food as the maintaining event in one condition and shock as the main-
taining event in the other. Figure 4 (page 15) shows rates and patterns of
responding occurring under this portion of the study . This figure also
depicts the effects of adding an FR 30-response shock-presentation schedule
to the component in wh ich food was de l ive red. Food—ma intained responding
was markedly suppressed by shock during this component of the schedule , yet
it was still mainta i ned at high rates during the alte rna te stimulus . The
same electric shock exerted dua l effects on behavior , depending on how it
was scheduled.

We have examined seve ra l conditions under this schedule to assess the
extent of potential interactions between shocks that both maintain and
suppress responding , In various phases the FR 30 (punishment) shock schedule
has been removed and subsequentl y re i nstated , then the El shock was deleted.

14
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10 MINUTES

FI GURE 4

Cumulative records of responding ma int~’ined under multiple 10—minute
fixed—interval schedules of either food or shock presentation (top record).
The event pen was displaced durin g the component in wh i ch shock presenta-
tion maintained responding. The suppression and maintenance of responding
by the same electric shock is shown in the lower record. Punishment shocks,
delivered under a fixed—ratio 30—response schedule , markedly suppressed food—
maintained respond i ng ; the same elect ric shock , however , continued to ma i n—
tam high rates during the alternate component.
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Thus far the effects of these manipulations has been confined to the compo-
nent in which they occurred , showing little interaction between conditions .
This experiment Is continuing in an ef fort  to examine more closel y the
effects on shock—mainta i ned responding of subs tantial reductions in punished
behavior. The severa l facets of this stud y, the near—s i multaneous mainte-
nance and suppression of behavior by the same consequent event promise to
revea l much information about the processes of reinforcement and pun i shment
and in teractions between behaviors controlled in this manner.

Behavioral Interactions Under Concurrent Schedules

In all of the experiments described above we have focused on an ana l-
ysis of si tuations where interactions could exist between sequenti all y-
occurring behaviors . As ind ica ted above , these stud i es have provided a
means of experimentally sepa rating behaviors both in time and in terms of
controlling stimuli. Despi te this separa t ion , it is quite clear that when
the consequences of behavior in one situation are altered , subsequent
changes in behavio r are not res t ric ted on ly to that situation in which the
behavior occurred.

Our research has also examine d in de ta il ano ther schedule wh ich also
has di rect applicability to an unders tanding of behavior occurring under
noxious env i ronments. These experimen ts utilize concurrent (rather than
mul tiple) schedules as a framework within wh i ch to i nvestigate interactions
between behaviors controlled simu l taneously . Under a concurrent schedule
two or more schedules are in effect at the same time ; although they are
formally i ndependent of one another , it is often the case , as shown below ,
that conseq uences occurring under one schedule do have a substantial
effect on performance under another. In these experiments we have concen-
t ra ted on es tabl ishin g performance mai nt a in ed e ither by diffe rent events
(food versus shock) or by different arrangements of the same event (shock
postponement versus shock avoidance). The details of each of these studies
are summarized below.

Developmen t of behavior mai nta ined by shock presentatio n

Progress in this experiment has been both substantial and beneficial.
The experiment was initiated to answe r severa l questions about the main-
tenance of responding by response-prod uced shock: is me~~ ly a his tory of
shock postponement , even though with a di fferent response , sufficient for
the development and maintenance of res pondi ng by shock presentation ? Is it
possibl e to maintain simu l taneously responding that both produces and post-
pones shock? Wha t types of interacti ons can exist between such behaviors ,
given that they can be mainta i ned? Once established , does the subsequent
elimina tion of the avoidance schedule also decrease responding mainta i ned
by shock? As can be seen , these questions are fundamental to the overall
objectives of the contract objectives and the progress towards answering
them is given in the following pages .

Previous experiments in our laboratory (i~arrett and Glowa , 1977;
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Barrett and Spealma n, 1978) and elsewhere (B y i d , i969 ; McKearr .ey , 1968;
Morse and Kelieher , 1977) have shown unquestionab l y that a history of shock
postponement is a sufficient (though not necessary) condition for the
development of responding mainta i ned by shock presentation (see Progress
Report Number 1 and McKearney and Barrett , 1978, for a revi ew). In all of
these experiments , l ever pressing was in i t i a l l y established unde r the shock—
postponemen t schedule and then a conjoint schedule was arranged. Under the
conjoint procedure , the avo i dance schedule remained in effect and along with
it an Fl sched u le of shock presentation was programmed. Ultimatel y the
avoidance schedule was removed and the Fl shock-presentation schedule alone
main tained respo ndi ng, apparentl y i ndefinitel y.

The firs t phase of the stud y conducted under this contract also con-
sisted of establishing responding unde r a shock—postponement (avoidance)
schedule (Table 3, page 18, summarizes the sequence of procedural s teps
fol l owed In this study) and number of sessions at each procedure . Rather
than use the conventiona l lever , however , a ch ai n was ins tal led , s uspended
from the front top of the Plexiglas pane l wh i ch faced the monkey. In the
in itial por t ion of this s tudy a leve r was als o p resen t and , altho ugh l ever
responses were recorded , they had no scheduled conseq uence. Not unexpect-
edly, steady rates of chain pulling occurred within 2—5 sessions and very
few avoidance shocks were delivered. Few le ver res ponses occurred once
avoidance respond i ng was established. The next step in the procedure con-
sis ted of placing an Fl 3—minute shock—presentation schedule in effect for
leve r responses. Throughout this phase the avoidance schedule continued to
opera te (shock intens i ty was the same , 5 mA , for both schedules) . Onl y a
small number of responses were made on the leve r du ring the tim e both
schedules and man ipulanda were in operation . Leve r pressing did deve l op ,
however , when the chain and shock-postponement schedule were removed.

Figures 5 (page 19) and 6 (page 20) show initial perfo rmance under the
concurrent chain—pulling (avoi dance) lever—pressing (shock—presentation)
schedule and the subseq uent deve l opment of respond i ng maintained by shock
presen tation. Shown in the top pane l of these figures are the steady mod-
erate rates of responding that occurred on the chain when both the avo i dance
and shock—presentation schedule were in effect; no responding occurred on
the lever during this phase. In the seco nd pan el the chain and accompany ing
shock—postponement schedule were removed and responding then deve loped on
the lever with both monkeys. For MS-1e7 (Figure 6, page 20) responding was
slower to deve l op ; schedule and chamber modifications were made that resulted
in the occurrence of moderate and steady response rates (the chair modifica-
tion referred to in the figure consisted onl y of p lacing a wail in the chair
to reduce the amount of available space ; this enhanced the l i kelihood of a
leve r press response and contact with the response-produced shock schedule).
For both monkeys then, by the end of session 1 , s teady ra tes of respond ing
were occurring when the only conseq uence was the presentation of electric
shock. By session 6 (MS—46 , Figure 5, page 19) or session 8 (MS—47, Figure
6, page 20) hi gher response rates were well-maintained , but no patterning
was eviden t. Figure 6 also shows session 2 for MS—47; during this session
the chair was not fitted with the artificial wa ll . The lower reco rds in
each fi gure show that afte r 35 (MS—46) or 43 (MS-47) sessions , pos i t i ve ly
accelera ted patterns of responding occurred that were maintained solel y by
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TABLE 3

Sequence of conditions and number of sessions at each condition

Schedule MS .L46 MS 47

Avoidance (chain) 1-5 1-5

Conc Avo i dance Fl 3
(shock, lever) 6—12 6—12

F l 3 13-43 1 3—43

Conc Extinction (chain) Fl 3 - 44—50

~Avoidance 44-60 -

Conc Avoidance Fl 3 - 51—73

F l 3 61-75 74— 79

Conc Extinction (chain) Fl 3 76-81 -

Conc Avoidance Fl 3 82—8 5 80—1 32

Fl 3 86—105 -

Conc Avoidance El 3a 106-148 133- 1 59

Avoidance 149-151 160—168

Conc Avoidance Fl 3 152-155 169—181

Fl 3 1 56— 16 7 —

Conc Avoidance Fl 3 168-171 -

Avo idance 172-178 -

Conc Avoidance El 3b 179-222 182-226

a RS interva l , or the length of time a response postpones
shock , was increased from 25 to 45 seconds and shock inten—
sity Increased to 10 nit’. for both monkeys,

b Shock Intens i ty changes from 1-10 mA , each in effect for
about 15 sess i ons.
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FI GURE 5

Cumulative records of JIS—46 under the in i t ial  concurrent shock—
avoidance (chain pu ll response) and shock—presentation (lever press)
schedule (top panel). I mmediate ly prior to session 1 the chain and
accompany i ng avoidance schedule were removed and performance deve loped
on the lever. Subsequent records show deve l opment of characteristic
fixed—interva l performance that occurred when only the leve r was present
and responding produced shock. Recording as in previous figures . Diag-
onal marks denote shock delivery . The pens returned to baseline when
approximately 1100 responses had been made. See text for complete
description.
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FIGURE 6

Cumulative records of 145—47 under the initia l concurrent shock—
avoidance (chain pull response) and shock-presentat i on (lever press)
schedule (top panel). Immediately prior to session I the chain and
accompany i ng avoidance schedule were removed and pe i formance developed
on the lever. Subsequent records show deve l opment of characteristic
fixed—interva l performance that occurred when onl y the lever was present

• and responding produced shock. Record i ng as in previous fIgures . Diag-
onal marks denote shock delive ry. The pens returned to baseline when
approxi mately 1100 responses had been made. See text for complete
descrip tion .
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response—produced elec tric shock. These patt erns are identical to those
mainta i ned by food, stimu l us—shock termination and a w ide range of other
events (see last year ’s Progress Report).

This portio n of the study provided unequivoca l evidence that a history
of shock postponement , even though with a different response , was sufficient
to allow performance to be ma intained by the prese. tatlon of electric shock.
In the next phases of the stud y (Table 3, page i8) the effects of reintro-
ducing the shock—avoidance schedule were examined , as were changes in shock
intens i ty and interactions between the two schedules ,

Simul taneous maintenance of behavior by shock presen tation and shock
pos tponement

In Figures 7 (MS—46 , page 22) and 8 (MS—1+7 , page 23) the effects of
reintroduc i ng the chain are shown. The avo i dance schedule was not placed
in effect when the chain was firs t reintroduced. The records labeled
Conc Fl EXT show some d isrupt ive effect on leve r pressing mainta ined by
shock upon int roduc t ion of the chain , even though the avo i dance schedule
was not operative. There was a grad ua l red uc t io n of chain pu l l ing over
the course of the session and chain responses continued to occur at a low
rate in subsequent sessions (see, e.g., session 104 for MS—46). Substan-
tial disr uption of leve r pressing occurred when the avoidance schedule was
placed in effect (Conc El Avoid) and a large number of avoidance shocks
occurred. Over the nex t series of sessions , with both avoidance and shock—
presen tation schedules in effect simultaneously, ra tes increased on the
chain and performances maintained on the leve r returned to those character-
is t ic of previous performances under this schedule. The bottom records for
each monkey depic t typical  performances maintained unde r the concurrent
shock—pos tponement and shock—presentation schedules : steady rates of chain
pulling occurred that postponed most scheduled shocks whi le , si mu l taneously,
posi tively accelerated patterns of leve r pre~~ ing we re maintained that
produced shocks every 3 minutes .

When the shock intens i ty controlling these performances was manipulated
from 1—10 mA response rates on the lever change—I more than those maintained
by the chain and the avo i dance schedule (Fi gure ~~, page 24).

Figure 10 (page 25) illustrates interactions occurrir -g between the
performances control l ed by the two schedules , When an avo i dance shock
occurred , it initiated a pause in leve r pressing i f leve r p res s ing was
occurring at the time an avoi dance shock was delivered. Severa l of the
fixed—intervals have the appearance of two It scallops ,u the first of wh i ch
was created by the occurrence of an avo i dance shock. Thus , even though the
performances are distinc t in their rate and temporal patterning, shocks
delive red under the avoidance schedule clearl y have an effect on both behav-
iors , ini tiating respond i ng maintaine d by shock postponement and p roducing
a pause in responding maintained under the Fl shock—presentation schedule.

As mentioned in the introduct i on to this section , this study has
provided a weal th of Information on the deve l opment , main tenance and type
of int -~ractions under concurrent shock—presentation shock—postponement
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Fl 3rr*~ (ses9ci~ 7~

cut Fl EXT (session 7E~

cut F) EXT (ses~on 104)
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ai,c Fl AXJ)D (session 105)
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cut Ft A,OD (session 110)

cut Fl ~~)D (session fl5)

- ~~~~~~~~~~~~~~~~ J_ -,
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FIGURE 7

Cumulative records of performances under diffe rent schedules of shock
presentation and concurrent shock presentation and shock postponement
(MS—46). This figure shows the deve l opment and eventua l maintenance of
responding unde r a concurrent schedule where a cha in -pu liing response post-
poned or prevented shock wh i le , simul taneousl y, a lever—pressing response
produced the same shock. Each schedule maintained appropriate perform-
ances. Shocks are shown as diagona l slashes , The pens reset to baseline
wi th the delivery of shock under the fixed-interval 3-minute schedule.
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FiGURE 8

Cumulative records of performances under differen t schedules of shock
presentation and concurrent shock presentation and shock pos tponement
(MS—47). Shocks are shown as diagona l slashes . The pens reset to baseline
wi th the delivery of shock under the fixed—interva l 3—minute schedule.

23

- — - 5 .



v ; —
~~~~~~~~~~~~~~

--—-—
—.~--~ - 

- ---—--
~~~~~~~~~~~~~~

--.— 
- - ‘5

MS—46 MS-47

• SHOCK POSTPONEMENT (chain)
£ SHOCK FRESENTATION (~~~r)

~ .10 -

0 . , I I 1 I

0 1  5 10 0 1  5 10
SHOCK fNTENS(TY (ma)

FIGURE 9

Effects of shock intens ity changes on responding maintained under
the concurrent shock—pos tponement , s hock—presentation schedule, Vert ica l
lines show range of val ues at redetermined poi nts. Data are mean of last
3 sessions at each va l ue.
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FIGURE 10

Cum ulative response records showing interactions between performances
main ta i ned under the concurrent shock-presentation (top record in each
pa i r) shock—postponement (lower record) schedule. Recording as in previous
figures. Note the pauses in lever pressing that occurred when an avoidance
shock was delivered.
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schedules . Firs t, a history of avoidance was all that was required for the
development of a new response maintained by shock presentation . Monkeys
in this study rece i ved initial training w ith a chain response tha t postponed
shock ; al though a shock-presentation schedule was arranged for pressing the
lever , leve r pressin g did not develop until the chain and accompany i ng
avoidance schedul e we re removed , essent iali y forcing some contact with the
leve r and shock—presentation schedule. Once this occurred , however , lever
press ing deve loped rapidl y and has been maintained ever since , Significantly
lever responding, mai ntained by shoc k , continued to occur even when the
cha in—pul l ing  response was extinguished by removal of the shock—postponement
schedule.

Secondly, performances maintained simultaneously by these two schedules
were characteristic of those observed previously when studied in isolation.
When shock occ urred under the avo i dance sched u le, interactions were observed
that were also in accord with that schedule and particular response. The
two schedules appeared to have separate integrit y , but were clearly subject
to influences from one another. Further anal yses of performances maintained
under these conditions will be continued during the course of the next year
and should further revea l dynamic inte ractions between performances simu l ta-
neously maintained by shock presentation and shock postponement.

Simultaneous main tenance of behavior by food and shock presentation

I n this series of experiments we have first concentrated on the develop-
ment of performances separately ma intained either by food or shock presenta-
tion alone. A standard chair , with the potential for being equi pped wi th
-two adjacent levers is used. During initial phases only one lever is p resen t
and responses on it produce food (righ t lever) or shock (left lever). Afte r
both responses have been separately deve l oped , then the second iever along
wi th the accompany ing food or shock sched u le is p laced i n effect simu l ta-
neous ly with the extant schedule.

The bas ic objective in these studies was to firs t develop behaviors
that are occurring simultaneous ly and wh i ch are maintained by the different
events of food or shock. Once established as concurrent schedules , the
plan was to modify the consequences cont roll ing performance unde r one of
the schedules and determine the effects of this manipulation on performance
under the unchanged schedule. Despite the relevance to behavior unde r
naturally—occurring conditions , very li ttle work has been performed on
behaviors controlled under concurrent schedules where different reinforcing
events are used (e.g., Hol lard and Daviso n , 1971; Hursh , 1978; Miller ,
1976).

During the pas t year we have been successful in establishing and main-
taining lever pressing under concurrent VI schedules of food and electri c
shock presen tation. I nitiall y, i t was cons i dered i mportant to attempt to
equate response rates occurring on the separate levers. Therefore, seve ral
changes in shock intens i ty and shock frequency were made to reduce the
normally higher response rates controlled by shock. In s ome cases these
attempts were not succcssful . The interva i va i ues and shock intensities
stud ied f i rs t we re selected pr imari l y on the basis of those yielding reason-
abl y comparable rates under the two schedules .
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The procedure for each monkey was genera l ly simi lar and straigh t forward.
Once lever responding was established unde r each schedule , both schedu les
were plac ed in effect , each controlled by separate V I schedules . The tapes
controlling each VI arranged a constant-probabi lity of food or shock (Catania
and Reynolds , 1968). When the food magazi ne was operatin g (4-second cycle
of liq uid food), a shock could not be delive red.

Tab le 4 (page 28) sumarizes the sequence of condition s to wh i ch three
monkeys have been exposed thus far. For two monkeys (MS-53 and MS—60), the
parameters of the shock schedule were held constant while the food schedule
was varied from 90 seconds to 6 minutes . Wi th the third monkey (MS—58) the
V I shock schedu le was changed ove r the same range whi l e the food schedule
remai ned at VI 90 seconds.

Figure ii (page 29) shows a typica l per formance generated under the
concurren t V I schedules of food and shock delivery (MS—53). Response rates
are generally quite steady; lit tle pausing occurred and at these parameter
va l ues for this monkey [Vi 6—minute (food) VI 9—minute (shock)) response
rates were qu ite comparable. Table 4 (page 28) also provides results
obtained at each of the VI schedule values studied. Considering firs t the
two monkeys for whom the shock schedule was constant and the food va l ue
changed (MS-53 and MS-60), there was some tendency for rates of responding
maintained by food to decrease with increases in the VI from 90 seconds to
6 minutes . Rates on the shock lever changed inconsistentl y for the two
monkeys: with MS-53 responding maintained by shock declined after the first
sched ule change and then remai ned low for the succeeding th ree phases. With
MS-60, both shock— and food—maintained responding increased initially when
the food schedule was changed from VI 90-second to VI 3-minute. Subse-
quently, wi th a change from VI 3—minute to V I 6—minute food , rates declined
on both levers. A further decline in rates on the two levers occurred when
the original concurrent VI 90—second (food) V I 6—minute (shock) schedule
was again in effect for MS—60.

For MS—58, food main tained rates of responding changed little when the
V I shock schedule was modif ied. Shock—maintaine d rates were systematicall y
rela ted to the va l ue of the VI shock—presentation schedule: decreases in
the VI from 6 minutes to 90 seconds produced a near three-fold increase in
rates.

The data gathered thus far are unquestionabl y ambig uous and Inconclu-
sive. Further work is required ove r the next year to determine whether more
orderly relationships exist between behaviors controlled in this manner. It
is possible that performances maintained under these conditions are not
terribly sensitive to manipulations of this type or that such orderly rela-
tionships may be obscured by other variables , Morse and kelleher (1966 ,
1970) have suggested that performances mainta i ned under shock—presentatIon
schedules may be metastable. Such performances are characterized by two
different stable rates or patterns of responding under the same schedule
parameters before and after an intervening treatment. Insofa r as the effects
of a change in schedule conditions may depend upon the rates and patterns of
responding existing at the time the change is made , this feature could play
some role in determining the outcome. It should also be added , however, If
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TABLE 4

Sequence of conditions and mean respons.~- rates at each condition 1

SCHEDULE RESPONSE RATE (Responses per second)

Food Shock

MS—53

V I 90—sec (food) V I 9—mm (shock) 1.23 1.42

VI 3—mm (food) VI 9—mm (shock) 1.23 0.924

V I 6-mm (food) VI 9—mm (shock) 1,01 1.01

VI 90—sec (food) VI 9—mm (shock) 1,27 0.975

MS-58

VI 90—sec (food) VI 6—mm (shock) .330 .228

VI 90—sec (food) V I 90-sec (shock) .314 .749

V I 90-sec (food) V I 3—mm (shock) .319 .658

V I 90—sec (food) V I 6—mm (shock) .298 .357

MS-60

VI 90—sec (food) V I 6—mm (shock) 1,07 1.26

VI 3—mm (food) VI 6—mm (shock) 1,27 1,73

V I 6—mm (food) VI 6—mm (shock) .807 1.54

VI 90—sec (food) VI 6-mm (shock) .704 1.27

1 Figures are the mean of the last 3 sessions , Shock intens i ty was 1.5
mA for M5-53 and MS—60 and ~.as 3 mA for MS-58,
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FIGu RE 11

Cumulative response records of respond i ng maintaine d under concurrent
varlabie— interva l 9—minute shock and 6—minute food—presentation schedules .
Records of food performance are shown in the top record , those of shock in
the lower record. Diagonal marks denote food or shock presentation.
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metastability is a characterist ic of behavior under these conditions , sys-
tematic relationships between controlling variables are less easily deter-
mined .

It may also be necessary to examine other p rocedura l manipulations such
as a changeover delay (COD) that would i mpose some minimum time between the
delivery of shock or food and a response on the oppos i te leve r. This mig ht
help to minimize inte ractions between the schedules and may prevent one
response from coming under the control of the alternate maintaining event
(Sidma n, 1958). The pursuit of an answe r to these questions and an eventual
understanding of performances under these schedules comprises one of the
main objectives during the next year of this p roject.

Second—order schedules of food and shock presentation

Throughout the pas t yea r we have concent ra ted pri marily on schedule
conditions where the maintaining event , either food or shock presentation ,
or st imulus—shoc k termination , occurs fo l lowing each completion of a spec-
ified number of responses (ratio schedule) or after a period of time
(interval schedule).

There are, howeve r, dis t inc t advan tages to proced u res wh ich permi t
the deve lopment and analysis of extended sequences of behavior mainta i ned
only ultimately by the consequent event. Recen t resea rch in behavioral
pharmacology has resulted in techniques that allow responding to be main-
tained by a single end—of—the session intramuscular drug administration
(Gold be rg , 1975; Kelleh er , 1975); throughou t the session , responding pro-
duces a stimulus correlated w i th the termina l drug injection. Termed a
second—order schedule , these procedures provide a unique opportun i ty to
experime nta l l y study behaviors occurring ove r lengthy periods of time in
the absence of recurring frequent reinforcing events, Situations like
these are very d i rec t l y ana logous to those occurr ing under nonlaboratory
cond i t ions .

In one study initiated under this con t rac t we attempted to determi ne
whether comparable performances could be established under second—order
food— and shock—presentation schedules , A schedule was arranged so that
the first response after 3 minutes had elapsed produced a 2-second brie f
st imulus (a change in the chamber i l luminat ion from wh i te  to green) . This
sc hedule (termed the ~un it” schedule) is a fix ed interval. In it iall y only
two Fl’ s had to be comple ted before the stimu l us was followed by food or
shock [designated FR 2 (Fl 3:S)). Over the course of approximately two
weeks the numbe r of intervals required for food or shock was increased to
10; at leas t 30 minutes now elapsed from the ini t ia t ion of responding to
the delivery of the consequent event [FR 10 (Fl 3:S)]. Performances main-
tained under this second—order schedule are strikingly impressive and
comparable (see Figure 12 , page 31). The brie f stimu l us presentation main-
tained orderly high rates of responding throughout the session in the
absence of recurrin g presentations of either food or shock. Si tuat ions
such as these are formally similar to circumstances where behavior only
ult imately res ults i n reinforcemen t and , during the interim , is maintained
by correlated stimuli , The advantages to this project of develop ing
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FOOD

MS-tO

SHOCK

MS -29
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- 
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30 M~JUTES

FiGURE 12

Cumulative records of performances unde r second—order schedules of
food or shock presentation [FR 10 (Fl 3—min:S)]. Under this schedule the
firs t response after 3 mInutes produced a 2—second brief stimulus (denoted
by diagonal slashes on the records). Following completion of the tenth
fixed—interva l the brief stimu l us was followed by food or by shock delive ry.
Note the comparable performances maintained by these two events.
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protrac ted performances occurring ove r extensive time periods are many.
When the maintaining event occurs only once , at the end of the session ,
there is less danger of direct interactions between that event and other
variables of interest. Procedures of this kind also m inimize potential
problems of food—satiation , cumulative effects of shock , etc. Figure 13
(page 33) shows the effects on performance under a second—order shock-
presentation schedule of increasing the number of shocks from 3 to 10 when
these shocks occur only once, at the end of the session. This is only one
of the many possible manipulat i ons unde r schedules of this type.

The exploration and deve l opment of techni ques s uch as these offe r a
further beneficial means of extending an interest in behavioral inter-
actions under noxious environments to a wide range of situations . The
continuation of these experiments during the forthcoming year should pro-
vide new information and should lend fur ther gene rality to the findings
emanating from the project.

- Conclus i ons

The work conducted over the pas t year has focused on the analysis of
performances sequentiall y and simul taneously controlled primaril y by noxious
consequences. Two areas of fundamental concern have been that of i) deter-
mining the nature and extent of interactions between behaviors under these
conditions and , ii ) an unders tanding of factors responsible for the develop-
ment of performances maintained solely by the presentation of an otherwise
noxious event. On the basis of find i ngs obtained thus far severa l aspects
are apparen t. Extremely orderl y performan ces can be developed and main-
tained wi th noxious stimuli. it has so often been stated that noxious
events produce degraded performances and/or degene rative behavior that out-
comes such as those sumarized above are particularly striking. Remarkably
s table , in tegrated and orderly performances were developed and maintained
over a period of more than a year,

The same st imulus , e lec t r ic  shock , was seen to exert d ramat ica l l y
different effects on behavior depending on how it was scheduled , the
organism ’s previo us history , and on factors occurring elsewhere under dif-
ferent conditions. As described above , under some conditions the respon-
ding by subjects in this program was mainta i ned simu l taneously by the pre-
sentation of shock and by shock postponement . Under other conditions the
same shock suppressed behavior when one sti mulus was present and maintained
performances when a different stimulus was present. It is i mpossible to
argue that the behaviora l properties of environmental events are Immutable.
The unfortuna te tendency in the past has been to arbitrarily assume that
the properties of consequent events were based on their hedonic value when ,
In fact , other more manipulatable environm ental features are equally or
perhaps even more I mportant.

It is generally true that the speci fic effects that the consequences
of behavior have are determi ned by a large number of complex factors. The
results of this research should help in the development of a more appropriate
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FIGURE 13

Effect of the number of shocks delive red under a second—order sched—
ule where all shocks occur at the end of the experimenta l session. Response
rates were hIgher and patterning more appa rent when 10 rather than 3 shocks
occurred.
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perspective about the precise manner in wh i ch behavior Is controlled by
its consequences , part icularly when those consequences are noxi ous. Con-
tinued progress and experimentation along the lines specified above should
contribute substantially to our understand i ng of behavior unde r noxious
env ironments and to the multip le ways in wh i ch behavior Is affected under
such cond tions .
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