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Abstract

Probabilities of Reinforcement for R and ¥ as
Parameters of Temporally Defined Schedules of

Positive Reinforcement

by
Daniel M, Sussman

Adviser: Professor William N. Schoenfeld

Groups of subjects were exposed to various com-
binations of concurrent probabilities of reinforcement for
lever-pressing and not-lever-pressing. At some probabili-
ty values, the resultant schedules of reinforcement resem-
bled those usually associated with "positive" reinforcement;
at other values the schedules were those traditionally
called "avoldance!" schedules.

One major finding was that rates of lever-
pressing declined as a function of increased frequency of
reinforcement for not-lever-pressing, but that terminal
rates were sufficiently high to produce "avoidance'" beha-
vior with "positlive" relnforcement. Implications of these
data for current theories of aversive control are discussed.
Temporal patterning of lever-pressing within a repeating
time cycle was examined, and the conditlions necessary to

establish cyclical behavioral patterns are considered.
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INTRODUCTION

A "schedule of relnforcement" is a rule which
defines the temporal positions at which stimuli will be in-
truded into the behavior stream. Any such rule must make
reference to two probabilities: first, the probability
that an instance of the experimentally-specified response
(R} will be followed by a stimulus, that is, a "reinforcer"
presentation, notated EISRIR); and, second, the probability
that the stimulus presentation will follow a specified in-
terval in which no R occurs, notated EISR[R). These proba-
bilities may be independently varied, and the duration of
the criterion period of non-responding (K, read '"not-R")
may take on any wvalue. To date, only restricted portions
of these probablility continua have been studied.

In schedules of "positive" reinforcement, typi-
cally only EISRlR) is specified, it being understood that
E(SR'R)‘Will be zero. For example, in traditional interval
or ratio schedules, the probabllity that a given response
will be reinforced i1s either zeroc or one depending upon
whether or not the response in question is, respectively,
the first since the end-of some time period, or the nth in
a series of responses. Since EJSRIK)=0, no reinforcers are
delivered in the absence of R.

By contrast, those procedures which are tradi-

tionally identified as schedules of "aversive" stimulation
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have E(SRIR) take on some non-zero value. In most cases,
EISRIR)=1, and pﬁSR]R)=0. Thus, the "aversive" stimulus
never follows an R and always follows some pre-specified
interval in which no R occurs.

Whether with "positive" or "aversive" schedules,
however, there is no reason why intermediate values of EISR)
-may not be employed. Figure 1 presents the two probabilities
as the orthogonal abscissa and ordinate of an “experimental
space"” containimg all values of each probability, and all the
combinations of the probability values. Several points in
this space already bear customary labels and have been in-
vestigated in the laboratory. These include:

(a) The origin, at which no SRs are presented
whether or not R occurs, identifies the procedure known as
"extinction", or, before tralining, "operant level" determi-
nation.

(b) Where‘E(SRIR)=1 and BISRIR)=O, a schedule
of either "positive" reinforcement or "punishment" is indi-
cated depending upon whether the s® used is "positive” or
"negative™. Since s®s are presented only following Rs, if
every R is reinforced, the resultant schedule is that known
as "regular" or "continuous" reinforcement {(crf). If only
those Rs which occur after the passage of some interval of
time are reinforced, the traditional "fixed interval" (FI)
schedules result.

(c) where p(s®|R)=0 and p(s®|K)=1, an "avoid-

ance" gchedule is indicated if SR is "aversive". If SR is



Figure 1: Schematic representation of an
"experimental space"™ in which reinforce-
ment or stimulus schedules are specified
by R(SRlR) and E(SRIK) as the independent

variables.
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"positive", the resultant schedule has been called "differen-
tial reinforcement of other behavior" (DRO). To specify
either schedule more precisély, a temporal parameter must

be introduced, so that, for example, if SRs are presented
only following ten seconds of not-R, "FI 10-sec avoidance"

or "DRO 10-sec", results.

Figqure 2 presents the same domain as thdt depic-
ted in Figure 1 with the addition of the locus EﬂSRlR);E(SRlﬁ).
In cases where there are an equal number of opportunities for
reinforced Rs and Ks to occur, the points on this line descrilbe
schedules in which responding or not~responding have no effect
on overall SR frequency. The number of SRs presented on any
single schedule remains invariant regardless of the number
of Rs and.Rs which occur.

It may be noted that these cases are similar to
those procedures known as '"non-contingent" or "response-
independent" reinforcement schedules. The sghedules descfibed
arise from clearly defined rules of contingency, but with the
additional K contingency statement, the schedules become dif-
ficult to distinguish from the 'non-contingent" variety.

At the point where_R(SRlR)éE(SR|K)=1, s®s are
delivered at every instance of SR availability, whether for
R or B. Thus, if only the first R in every 15-sec block of
time qualifies for reinforcement, and if sRs are delivered
at the end of the 15-sec block, and if R is defined as 15-sec
of non-responding, a situation closely resembling the classic

"syperstlition” paradigm is generated.



Figure 2: The "experimental space"
depicted in Figure 1 with the addi-
tion of the line p(s®|R)=p(s®|n).
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The 1line p(sN|R)=p(s®|#) divides the experimen-
tal space into two sub;areas each of which has been labeléd
and investigated, albeit in a discontinuous manner. The tri-
angle bounded by the points (0,0), (0,1), (1,1) includes only
the points, and all points, at which p(s¥|R) < p(sR|K). These
points define schedules in which responding produces s® fre-
quencies below those which would prevail if no Rs occured
(and might, on that account, be called "avoidance" schedules).
The triangle bounded by the points (0,0), (1,0), (1,1), con-
versely, includes only and all points at which p(s¥|R) >
E(SRIK). At these points, responding results in higher sR
frequencies than those which would result from not-R alone.

The synthetic value of the experimeﬁtal space
depicted in Pigures 1 and 2 is now evident. Procedures
which are usually viewed as unrelated (e.g., "superstition®
and "avoldance") may rather be viewed as different points in
the same domain. The integrative power of these continua
becomes more complete when points between 0 and 1 on both
the ordinate and abscissa are examined. In order to make
complete specificatlion of these areas possible, the temporal
parameters mentioned earlier must be explorede.

A temporal classification of schedules of rein-
forcement has been extant for some time (Schoenfeld, Cumming,
and Hearst, 1956)}. It is within the framework of this system
that the present investigation was conceived.

The basic element for a temporal classification

of reinforcement schedules is a repeating time cycle, T, of
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pre-speclfied duration. For the purposes of the present dis-
cussion, only the first R in each cycle qualifies for rein-
forcement, which occurs immedliately following such Rs with
probability p. These two parameters, T and p, form the basis.
for the organization of reinforcement schedules to be present-
ly dliscussed. Each of these parameters must be individually
examined in order that their interactions may be appreciated.

Cycle length, T, may be varied from zero to in-
finity. When T takes on durations so brief that no more than
one R can occur per cycle, every R must, by force, be the
first in some cycle. Then, if p=1, every response is rein-
forced (i.e., crf results). As cycle length is increased so
that more than one R can occur per cycle, an intermittent
schedule is produced. So long as p=1, an FI schedule of
value T is in effect.

Probability of reinforcement, p, may take on any
value from zero to one. When p=0, regardless of the value of
T, extinction is produced. When p=1, crf is produced when
T is very brief, and FI 1s produced when T is sufficieﬁtly
long to allow more than one R per T. Values of p between
0 and 1 produce schedules which require special attention.
When T is very brief and 0 < p < 1, responses are reinforced
with equal probability since each R is the first in some
cycle. If, for example, p=0.1, every tenth R, on the average,
will be followed by SR and the inter-reinforcement time (ISRT)
is determined by the rate of R alone. Since the number of

Rs separating any two sRs is a random function, such sched-



10

ules have been called "random ratio" (Brandauer, 1958).

As T is increased, some Rs (the first in cycles)
are reinforced with a probability of p, and all other Rs do
not qualify for reinforcement. Given a minimum of one R per
cycle, T is the modulus for the computation of 1sfr, if, for
example, p=0.1 and T=10 sec, an average of 10 cycles will
elapse between sRs. Mean 1s®T is determined by the ratio
of T to p, and the temporal distributions of s®s are random
functions. Such schedules have been labeled "random inter-
val" or RI (Farmer, 1963).

A more precise definition of the schedules which
arise from the domain outlined in Fiqures 1 and 2 is now pos-
sible. Consideration will be given first to points along the®
abscissa and ordinate, and then to the area enclosed by the
axes.

All polnts between 0 and 1 on the abscissa spe-
cify an intermittent schedule of some type. The precise
import of the contingency statement for R at any given point
depends upon how frequently Rs are eligible for sk (L.e.,
the length of T). As was mentioned earlier, very brief T
values produce random ratic schedules, while longer values
produce random interval schedules. For any given value of
T, an increase of p(5%|R) represents movement toward an FI
of value T. Thus, for T=20 sec, p=0.1 produces RI 200 sec,
but p=0.9 produces RI 22 sec; the difference between T and
the value of the FI may be made as small as desired by in-
creasing p (FI being the limiting case).
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Similarly, all points between 0 and 1 on the or-
dinate define one or another type of intermittent schedule
of reinforcement. Parameters which must be specified are p,
T, and K criterion length (i.e., how much time without R
must elapse in order that the K reinforcement contingency be
met)e If K is to be briefer than the duration of T; similar
restrictions to those placed on R will be in effect: only the
first K in a particular T will qualify for SR. When ¥ < T,
and 0 <p <:1; a random interval schedule with mean ISTT
specified by T/p is in effect. When R=T; the situation is
analagous to that obtaining when T is so brief that no more
than one R can occur during T; in the K case; no more than
one R can occur during T when E=T. Random ratio schedules
for K may be generated in this manner. The analagy between
schedules of reinforcement for R and K becomes somewhat less
strict at this point. In the random ratio case for R, 1R
is determined solely by the rate of R. There are, in effect,
no temporal restrictions placed upon ISRT with very brief
cycle lengths. In the case of random ratio schedules for X,
however, temporal restrictions upon_ISRT_arise from the fact
that ® is itself temporally defined. Thus, the “ratio" in
this instance is identical to "number of cycles”, and the
two cases converge upon "random interval. |

In order to specify precisely those schedules
defined by points at which both p(SR|R) and p(s®|#) are
greater than zero, the interactions of the above-mentioned

parameters require attention. The cases cited for'B(SRlR)=
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EXSR|K) illustrate some of these schedules, but they do not
exhaust the possibilities. The schedules resulting from
other combinations of probability values comprise a broad
set for experimental study.

As mentioned earlier; specification of p(s®|R)
and p(sR®I®) are not alone sufficient to identify the sched-
ules associated with R and H. With the additional wvariables
of T and K duration; however; these schedules may be complete-
ly specified. There is no reason to limit such schedules to
cases in which R and K become eligible for s® based upon
synchronized and equal cycle lengths. With T of any consi-
derable duration; moreover; the cases in which R and K in-
volve equal T values may be of little real interest. For
example, if T=60 sec; and both BﬁSRIR) and R(SRIR) are 1,
and K=60 sec, an FI schedule is specified for both R and K.
But the K contingency will rarely be brought to bear on the
behavior exhibited on FI 60 sec because rarely does an in-
terval of 60 sec elapse without a sing;e.occu:rence of R
on such a schedule. Manipulation of parameters is indicated
in order to insure‘that_the R_contingepcy will indeed be met.

Such an éffp;t may take several directions. If
EﬁSR|R) is to be 1, ® may be set at some value which assures
that at least some of the post-reinforcement pauses (ps®ps)
meet the K criterion. Alternatively, the distribution of
inter-response times (IRTs) may be employed to select a value

of K such that Es occur between Rs with some considerable
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frequency. Both these approaches, however, suffer from the
fact that a practical K duration would arise from dependent
variables such as PSRP and distribution of IRT. A more
stralghtforward approach results from an a priori consi-
deration of the manner in which SNs are scheduled for R

and K.

Figure 3 presents a scheme for scheduling SRs
based upon R and K which is derived from independent varia-
bles only. Two independent but synchronized time cycles
are employed: one, TR, for scheduling SRs for Rj; the second,
Tys for scheduling sRs for K. Only the first R in T, is
eligible for SR, and the K criterion is equal to TR' The
cycles begin at a common point in time, and one TR is equal
in duration to five TR cycles. The upper palr of lines in
Figure 3 depicts the two concurrent cycles. The lower pair
~of 1lines illustrates the two effects of R upon SR delivery.
Given that an R occurs at the point indicated by the arrow,
the TR cycle has been sampled and, since the indicated R is
the first in Tps this R may be followed by s®. At the same
time, the first Ty of the five indicated (this cycle is
cross~hatched in Figure 3) has been disqualified for s®.

Subsequent Rs in this T_ cannot qualify for SR; such Rs

R
can, however, disqualify other TR cycles.

It should be noted that, in the given case, the
R contingency is defined by time alone, and that the K
"clock" is not reset by R. This is different from the

usual DRO schedules. In the present case, a K can occur



Figure 3: Schematic representation
of two concurrent time cycles used

to schedule Sfs for R and H.
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only in the "time windows" indicated in Figure 3. Thus, if
another R should occur at the end of the second TR’ no R
would be recorded jin spite of the fact that the interval
between Rs was greater than TK' The rationale for this K
definition will become clear from the design of the present
experiment in Figure 4.

The ordinate and abscissa represent the two prob-
ability continua, and each of the vertical lines indicates
the series of values to which a single group of subjects was
exposed. For any group, then, EﬁSRIR) remained constant at
0.1, 0.2, or 0.4. The line EﬁSRIR)=1/5 E(SRIR) is analagous
to the line of unit slope indicated in Figure 2. Since rein-
forced s can occur five times as frequently as reinforced
Rs, the line representing equal sk frequencies has been ad-
justed in slope to one-fifth.

Discussion of the sequence of experimental pro-
cedures for one group of subjects will serve to clarify
procedural considerations. The line EﬂSRIR}=O.2 illustrates
the probability wvalues to which this group was exposed.
Values of R(SR|R) were employed in ascending order, so
that the point closest to the abscissa presents the first
set of parametric values used. At this point,‘g(SRIR)
would produce fewer SRs in the absence of R than would
E(SRIR) if every T, contalned at least one R. The values
of p(s®|R) and p(s®|K) at this point are 0.2 and 0.01 re-
spectively. The probability associated with K is effec-
tively 1/4 of that associated with R. The probability of



Figure 4: The combinations of probability

values used in the present study.
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19
reinforcement for K is doubled at the next point and is
thus effectively 1/2 the R probability. At the second set
of values of p it is still true that R occurrences increase
s’ frequency. Thus; the first two points describe schedules
which have traditionally been called schedules of "positive"
reinforcement when S© is "positive". In the present study,
s® consisted Bf water and the subjects were water-deprived;
so that the first two points describe random interval sched-
ules of "positive" reinforcement for R and K. For both these
points, the RI is of brlefer mean duration for R than for K.
The third point represents wvalues of‘g(SRIR) and E(SR|R)
which are effectively equal. The overall frequency of SR
is not affected by the frequencies of R and K. At this
point; the RI schedules specified for R and K are of equal
value.

The two remaining points indicate schedules in
which p(sR|®) is effectively greater than E(SRIR)g At both
these points, sk frequency is greater in the absence of R
than is the case when Rs occur; that is, the RI schedules
for ¥ are of briefer mean duration than those for R. Accor-

dingly, Rs decrease the overall frequency with which SRs

occure. Reduction of SR

frequency by R has traditionally
been labeled "avoidance" when SR is '"negative"; the case
of reduction of sk frequency when SR is "Ypositive" has
received little experimental or taxonomic attention.
That 1little interest has been shown in such

procedures seems natural when the basic principles which

developed from the earliest investigations in operant con-
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ditioning are considgred. The demonstration that the fre-
quency of some pre-specified behavior could be increased by
the judicious presentation of a stimulus was of primary im-
portance. This orientation led directly to the classifica-
tion of stimuli into at least two categories: th:se stimuli
whose presentation results in an increase in the frequency
of the behaviors which they follow; and those stimlui whose
presentation does not have this effect. The former group
included the "positive" reinforcers; the latter included the
"negative" reinforcers and "neutral" stimuli. It is vital
to note that the placement of a particular stimulus into one
or another of these categories depended upon behavioral
effects observed when the stimulus in question was intruded
into some ongoing behavior. Thus; the “positive"; "negative",

or 'meutral" value of a stimulus was determined by behavioral

evidence; a shock is not inherently "negative" nor is a food
pellet inherently "positive". The asqripﬁion_of behavioral
properties to stimulus events had practical value for the
early investigators, but this categorization.hgs led to un-
comfortable situations for subsequent experimenters.

The conclusive evidence from continuing demonstra-
tions of behavioral control obtainable with the use of the
procedures set forth in the initial investigations has led
to a shift in emphasis to schedule variables per se. Morse
and Kelleher (1970) believe that schedule variables are often
more crucial than the propertles of the stimulus employed.

This point of view is no doubt partially due to the "anomalies"
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which have_been_appearing with_increasingly disturbing_fre-
quency as a result of recent experiments. The fact that these
data have been viewed as anomalous is itself symptomatic of
the need for a critical re-examination of the traditional
systems for classifying stimuli and schedules of reinforce-
ment.

There have been data in the literature for some
time which indicate that the labels once used to ldentify
the effects of stimulus presentations cannot be consistently
applied if these labels are to remain consonant with the
behavioral evidence now available. Kelleher, Riddle, and
Cook (1963) demonstrated that behavior could be maintained
-by unavoidable shock, and that rates were highest in the
presence of a stimulus which precedes such shocks. On ear-
lier criteria for classifying stimuli; such behavior would
argue for the inclusion of unavoidable shock in the class
of stimu;i known as 'positive" reinforcers. Eirst;‘the
shocks maintain responding at levels well above operant
level, and; secondly; a stimulus associated with these
shocks acquires the types of stimulus control normally
assoclated with discriminative stimuli which precede "posi-
tive" reinforcers. Kelleher and Morse {(1968) strengthened
the argument considerably with the demonstration that res-
ponding could be maintained under conditions in which res-
ponding produces shock. This demonstration has been ampli-
fied by McKearny (1969; 1970) and Byrd (1969). These data

argue quite convincingly that, under some conditions, ani-
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mals behave precisely as though shock were a "positive" rein-
forcer. Since the decision to label shock "aversive'" was

based strictly upon behavioral data available when the clas-

sification of stimuli was originally undertaken, these later
experiments suggest that a review of stimulus categorization
is in order.

The data indicating that long-held conceptions
of the "aversiveness" of shock are in need of change have
been in the literature for several years; only very recently;
however; have there been attempts to re-examine the place of
the "positive" reinforcers. Smith and Clark (1971) replaced
shock with food in a traditional free operant (Sidman)
avoidance schedule. Although this study failed to produce
evidence of food "avoidance!", the existence of such an
experiment is instructive. It is not at all surprising
that the labels which were appended to stimuli when only
rudimentary knowledge of schedule parameters was available
must now be amended.

The emphasis in the early investigations was
upon the control of some response by stimulus presentations.
This emphasis did not; however, obscure the fact that R
accounted for a relatively small portion of the behavior
stream. It was clear that any system which purported to
produce control over behavior needed to demonstrate “that
other aspects of behavior; namély ¥, could also be brought
under control. Skinner (1938), in his outline of the types

of R—SR contingencies which might be arranged, included a
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negative correlation between R and SR. This type of contin-
gency results in the reinforcement of K, and Skinner points
out the interesting possibilities of conditioning an organism
"not-to-respond". Skinner's negative R-SR correlation was
the forerunner of the procedure known now as DRO. Although
DRO procedures are now relatively common, this procedure

has been put to limited use. Almost exclusively it has been
a means of eliminating Rs without the necessity of discon-
tinuing g® presentations. Reynolds (1961) used a DRO pro-
cedure to determine the conditions under which behavioral
contrast takes place. Since the procedure involved the
continuance of SR presentations in the ahsence of R, it
allowed the investigator to evaluate the relative importance
of responding and reinforcement frequency in the production
of behavioral contrast. Reinforcement of R had been put to
a somewhat different use by Dinsmoor (1950); who presented

sD

only after 30 sec of K in the presence of SA. Once again;
however, the primary purpose had been to reduce response
rate, There have lately appeared a number of studies which
focus upon the DRO procedures directly and; while these
studies are limited in the range of parameters investigated;
they do suggest that K is now of interest as a behavioral
measure.

Schoenfeld and Farmer (1970) originally suggested
the investigation of K for several reasons. Paramount among

these was the fact that any pre-specified R must occur in

some behavioral context and, as behavior is assumed to be
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continuous; the context in which'Rs occur must form an im-

portant facet of the behavior stream. It is, in fact, the

case that by defining K by exclusion, ¥ comprises all behavior

other than R., While this definition may seem so broad as to

be virtually useless, it emerged only after other attempts at

complete specification of the behavior stream had been found

lacking in certain crucial aspects. One such attempt focussed

upon a proliferation of responses selected for measurement.

But no matter how many responses are specified and recorded;

there always remains some residual time not included in the

execution of any of the array of responses. The concept of

K as postulated by Schoenfeld and Farmer circumvents this

shortcoming by dichotomizing the behavior stream; the cate-

gories which emerge are hoth mutually exclusive and exhaustive.
In theory; the R-K categorization eliminated

the residual time which other attempts at complete specifi-

cation left unresolved. In practice, however, this problem

reappears in a somewhat altered form. Since K must be tem-

porally defined; intervals which do not contain an instance

of R but fall short of the K criterion become analogous to

the residual time of other classification schemes. In any

system of "schedules of reinforcement™", in which responses

are viewed as binary events, the problem of partial Rs and

Es remains unsolved. When K is to be employed in the con-

struction of reinforcement contingencies, binary decisions

are called for. So long as this is the case, pauses in

responding of insufficient duration to meet the K criterion
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remaln unaccounted for by this system. The R~K conceptuali-
zation nonetheless offers a valuable technique for studying
the behavioral context in which Rs occur.

It is the case that K has been the subject of
scrutiny for some time; a distribution of IRTs is, after
all, a distribution of K. As was mentioned earlier, there
are several studies available which concentrate upon the
effects of reinforcing K. Nevin (1968) varied the frequency
with which sRs were presented during a DRO component of a
multiple schedule with a view toward determining the effects
of such manipulation upon responding in another component
in which only Rs were reinforced. Comparisons of the rate
and permanenge of the declines in responding produced by
DRO, extinction, and/or punishment have been made by several
experimenters (Uhl and Garcia, 1969; Uhl and Sherman, 1971;
Zeiler, 1970; Zeiler, 1971). The general finding is that
extinction produces more rapid declines in rate, but the DRO
procedure results in more permanent effects. It should be
noted that in all of the studies mentioned above, the proba-
bility of reinforcement for K is always zero or one, and
that R and K are never eligible for reinforcement concur-
rently. It is in these two aspects that the present study
differs in approach to the study of K.

There are a number of additional studies (some
still in progress) which employ concurrent probabilities
of reinforcement for R and K, and each begins with the

experimental space presented in Figure 1. Rosenberg began
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with this experimental space and, through appropriate choices
of parameter valueé, investigated the formation of "supersti-
tion". Studies by Kadden (1971), Kop, Blaustein, and Neffin-
ger employed electric shock as SR, and were designed to in-
vestigate the effects of various combinations of probability
values upon shock "avoidance!" behavior. These studies repre-
sent the first attempts to provide empirical investigations
of the experimental space presented in the present study as
well as by others (Catania, in press; Church, 1969; Gibbon,
1970; Seligman, Maler, and Solomon, 1971). Discussion of
this area of investigation and its relevance to the present
study will be deferred until evidence from the present experi-
ment 1s presented in detail. Suffice it to say at this point
that these studies c¢all into question many of the theoretical
notions currently held concerning "avoidance®.

In summary, the present study is an attempt to
examine the effects of various combinations of concurrent
probabilities of reinforcement for R and K. These data will
serve as the basis for a discussion of the classification of
stimuli and the types of schedules usually associated with

these stimuli.
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METHOD

Subjects

Nine male Long-Evans hooded rats, 90-120 days
old at the start of experimentation; served as subjects.
The animals were housed in individual home cages where,
for seven days following their arrival in the laboratory;
they had continuous access to Purina lab chow and tap
water. A watering rhythm was initiated on the eighth
day: each animal was given access to water for % hour
per day at the same hour on each of seven consecutive
days (with Purina lab chow still available in the home
cage). Following this acclimatization to the watering
schedule (i.e., on the fifteenth day) operant level mea-

sures were begun.

Apparatus , |

A Lehigh Valley Electronics (LVE) model 1316
rat chamber encleosed in an LVE-1316c¢ housing was used.
General illumination was provided by a #304 miniature
lamp (operated at 24VDC) mounted outside and behind the
rat chamber. The right lever (LVE-1352); mounted 5,1 cm
above the grid floor and 2.5 cm from the right side of the
work panel; was the manipulandum (the left lever was pre-
sent in the chamber, but was inoperative). The lever

measured 2.5 by 2.5 by 1 cm and required a weight of
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approximately 22_gm for switch closure. An LVE-1351 dipper
with a 0.02 cc cup was mounted in the center of the work
panel; 2.5 cm above floor level.

Experimental conditions were programmed by BRS
Electronics (Digi-Bit) logic modules, precision clocks; and
probability generators. Data were recorded on Sodeco im-
pulse counters; Sodeco printing counters, and a Gerbrands

cumulative recorder.

Procedure

Operant level of bar-pressing was recorded on
three successive days in 40-min daily sessions, following
each of which each animal had 40-minutes' access to water.

Following these three days, all rats were
trained to approach and drink from the dipper and the
bar-pressing response was "shaped" over the_course pf
three days. Training was continued until each animal had
received approximately 300 reinforcers on a continuous
reinforcement schedule (crf). During this phase, as during
the ;emainder of the experiment, the_dippgr was‘normally
out of the subjects' reach below floor level, and was
raised only during reinforcement. Reinforcement duration
was 2 sec.

When the requisite number of reinforcers had
been delivered (in three sessions; each of which was ter-
minated after approximately 100 reinforcers); the rein-

forcement schedule was changed to FI 20 sec. This was
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accomplished by setting T at 20 sec and BISR'R) at 1. This
schedule was in effect for one session; following which
R(SRIR) was systematically decreased to (0.4 over three
40-min sessions. This value pf R(SRIR) was reduced no
further for three of the animalsj; of the remaining six,
three were eventually exposed to E(SRIR)=O.2, and three
to EﬁSR|R)=O.1. In this way, three different baseline
schedules (RISO0, RIioo; RI200) were achieved. Three days
were spent on acclimatization to the RI schedules. The
following day was considered Day 1 of the first baseline
exposure.

Animals were exposed to the baseline schedules
for thirty days (sessions were conducted on successive
days throughout the course of the experiment; the two
exceptions to this rule are noted under Results). The
first value of EﬁSRIK) was introduced on pPay 31, and this
value was in effect for thirty days. A fifteen day base-
line recovery period followed exposure to the first EISRIR)
value. This pattern — thirty days per value of EISR|R)
followed by fifteen days of exposure to the baseline sched-
ule — was repeated until all five wvalues of QﬁSRlﬁ) had
been employed. Thirty days' exposure to the baseline
schedules followed the final E(SR|K) value. Table 1 pre-
sents the value of R(SR'R) for each group of animals (this
value remained unchanged throughout); the baseline sched-
ule for each group, and the five values of EISRIR) to which

each group was exposed.



Table 1

Values of R(SRIR), baseline schedule, and values of EstlR) for each group.

Group
1
2
3

E(SRIR)
0.1
0.2

‘0.4

Baseline Schedule
RI 200 sec
RI 100 sec

RI 50 sec

Values of pﬁSRIR)

0.005; 0.01; 0.02; 0.04; 0.08
0.01, 0.02; 0.04; 0.08, 0.16
0.02, 0.04, 0.08, 0.16, 0.32

0t
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Each daily session consisted of 120 Ty cycles
(and therefore 600 Ty cycles) and lasted approximately 40
minutes. All timing was disabled (but not reset) during s
presentation, so that with each dipper presentation, two
seconds were added to overall session length. Bar-pressing

R

during S was not recorded, but if any occurred 1t had no

effect upon the R and K contingencies.

Since it was possible for two SRs to be presen-

ted without an intervening R {in the case where at least one

R

5" was presented based upon the K contingency), the specifi-

cation of the post-~reinforcement pause (PSRP) required
special consideration. It was decided that psip would be
defined as the interval beginning with the terminatlon of
SR and ending with the next R, regardless of whether or not
another S® (for ®) had intervened. If a PsRP timer was

R

running when S~ was presented, it was interrupted with the

onset of SN and started again with s® offset, thus cumula-

R

ting the PS"P. Given the following sequence of events —

R = SE - S§ - R — a certaln part of this sequence would
be counted in two tallies. The interval from Sg to the

R

subsequent R would be considered the PSP for Sg, and the

interval from S; to the same R would be counted as the
PSRP for Sg. The interval from S§ to the succeeding R
would therefore be included in both Ps®p measures. Such
replication was monitored by a coincidence detector ("AND"

gate). For the purposes of calculating response rates

(see Results), one-half of the time detected by this AND
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gate was subtracted from total PSRP time.
All calculations were based upon the last ten
days of thlirty-day exposures, and the last five days of

fifteen~-day exposures.
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RESULTS AND DISCUSSION

For clarity, the resuits of the present study
are presented separately for baseline exposures and experi-
mental points. Several points should be borne in mind.
Sessions were held on consecutive days throughout the course
of the experiment, with the exception of one day during the
fourth baseline exposure, and one day during the fifth ex~
perimental point. Neither of these one-day interruptions
seemed to have a significant effect. All calculations were
based upon the final ten sessions of each 30-day exposure
(first and final baseline exposure and all experimental
points}, and upon the final five sessions of the remaining
baseline exposures. Response rates were calculated by

R

subtracting reinforcement time and total PSP from session

length; such rates have been called "running" rates. The

RPs for R and K

methods employed in the détermination of PS
were discussed earlier (see Method). Other dependent varia-
bles will be discussed as the appropriate data are presented.
Figqures 5 through 12 depict response rate and
rsRp functions for the six baseline exposures for each of
the eight subjects. (One subject, Rat 6, was destroyed due
to illness and no data for this subject are included.) It
is clear that for the subjects in Groups 2 and 3 (RI 100 sec
and RI 50 sec, respectively) baseline response rates changed

considerably over successive exposures. Although Sidley



Figure 5: Mean response rate and PSRP
for successive baseline exposures for

Rat 1.
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Figure 6: Mean respose rate and psRp

for successive baseline exposures for

Rat 2.
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Figure 7: Mean response rate and psRp
for successive baseline exposures for

Rat 3.
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Figure 8: Mean response rate and PSRP
for successive baseline exposures for

Rat 4.
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Figure 9: Mean response rate and PSRP
for successive baseline exposures for

Rat 5.
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Figure 10: Mean response rate and ps®p
for successive baseline exposures for

Rat 7.
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Figure 11: Mean response rate and PSRP

for successive baseline exposures for

Rat 8.
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Figure 12: Mean response rate and PSRP
for successive baseline exposures for

Rat 9.
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and Schoenfeld (1964) have shown that rates continue to vary
after extended éxposure to an unchanging schedule of rein-
forcement, the changes in rate depicted here are too large
to ascribe to extended exposure alone. Some interactions
between behavior on the experimental points and on the base-
line exposures are indicated. For Group 1 (RI 200 sec),
rates are relatively stable across successive exposures to
the baseline schedule. As rates on the experimental points
for this group alsc show comparatively little variabllity,
the stability of the baseline data do not argue agalinst an
interaction effect,.

Comparisons across groups indicate that as
E(SR]R) is decreased, response rates show a concomitant
decrease. These data are in agreement with Farmer (1963),
who reported declines in rate as a function of increased

Ry over the range of 15 employed in the present studye.

The data for PSRP are also similar in form

IS

to those of Farmer (1963). As mean ISNT is increased,
PSRP increases., It is also the case for a single subject

that as rate decreases, psRp increases, and vice versa.

Data for the five experimental points are
presented in Figures 13 through 20. Response rate, PSRP

R), and the number of

for R and K, responses per s® (R/S
R cycles containing at least one R, are plotted as a func-
tion of B(SRIEQ,

The end result of an eightfold increase. in

E(SRIR) is clearly a decrease in the rate of R for subjects



Rp, rss®

Flgure 13: Mean response rate, PS
and R cycles sampled for the five experi-

mental points for Rat 1.
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Rp, r/sR

Figure 14: Mean response rate, PS
and K cycles sampled for the five experi-

mental points for Rat 2.
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Rp, r/s®

Figure 15: Mean response rate, PS
and K cycles sampled for the five experi-

mental points for Rat 3.
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Rp  rysR

Figure 16: Mean response rate, PS
and K cycles sampled for the five experi-

mental points for Rat 4.
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Figure 17: Mean response rate, psR

P, R/S™
and ¥ cycles sampled for the five experi-

mental points for Rat 5.

59



MlyS)d

Ml 8)d

RESPONSES PER SR

L 005

s 8 & 3

g_

Q-

8-

& -
NUMBER OF CYCLES N
o 8 & o
S 8 ¢

g-

O

B

g_

3_

M1y S)d

1S

RATE (R/MIN)

—_ n
o o
1 1

ol
o
)

PSRP (SEC)

" Q
1 1

[3 ]
2

-

80

ol

09



Rp RrysR

Figure 18: Mean response rate, PS
and K cycles sampled for the five experi

mental points for Rat 7.
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Figure 19: Mean response rate, PSRP, R/s®
and K cycles sampled for the five experi-

mental points for Rat 8.
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Rp, r/sk

Figure 20: Mean response rate, PS
and ¥ cycles sampled for the five experi-

mental points for Rat 9.
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in Groups 2 and 3. (Two animals in Group 1 show this response
decrement, one does not.) This decrease in R rate is probab-
ly related to the fact that as‘E(SRlﬂ) is increased, R is
reinforced with increasing frequency. Since R and K are
mutually excluslive, if R frequency increases as a result of
Increased SR frequency, R frequency must decrease. It is
well to reiterate at this point that'E(SRIR) remains con-~
stant throughout.

The response rate functions do, however, con-
‘tain one feature which requires some attention. For all
eight subjects, the decrease in response rate is not mono-
tonic. There is at least one point in these functions for
which there 1s a rise in rate over the previous value of
R(SRIK)- This transient increase in rate is reminiscent
of the temporary rise in rate observed with some non-
contingent reinforcement procedures, but this resemblance
will not bear serious analysis. The increases observed in
the present study do not necessarily occur at the initiation
of the reinforcement of K, and frequently occur after
considerable exposure to'B(SRIR) values greater than zero.
An explanation founded upon the discrimination of sRs
delivered based upon the K contingency from those delivered
for R would be unsatisfactory for the same reasons.

The functions relating mean psRp for R (£filled
circles) and K (open circles) to‘E(SRIR) are of interest
for several reasons. For some animals, these functions

covary (e.g., Rats 3, 5, 7, 8, 9) while for others the
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functions are independent. Also of interest is the fact that
in most cases, psRp for R is briefer than PSRPIfor R. That
is, subjects tend to return to the response lever more ra-
pidly following reinforcement of four seconds' non-responding
than following the immediate reinforcement of lever pressing.
Once again; these data suggest comparisons with non-contingent
reinforcement. Cole has cbserved shorter PSRPS for non-
contingent than for response-contingent SRs; but this pheno-~
menon is transient and eventually gives way to a reveral of

the relationship. The fact that the PSR

Ps for K remain
briefer for a considerable time in the present study makes
this comparison inapplicable.

Any comparison of these data to those ohserved
under non-contingent procedures must suffer from at least
one major point of non-congruence. In the present study,
all sRs are; in fact; contingent upon either R or K. The
apparent similarity of this arrangement to response-
independent reinforcement arises from the observation that,
in non-contingent procedures, response rate (R rate, in the
present cagg) is decreased, and that incidences of R become
more and more distant from sk presentations. This change in
the R-s® relationship is postulated to be the cause of the
downward trend of response rate in response-independent
procedures (Lachter; Cole, and Schoenfeld; 1971). This
explanation is based upon the reinforcement of K; and is
supported by the increasing R-sR intervals. But reinforce-

ment contingencies are in no way related to K, and K dura-
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tions are tabulated as dependent varliables. In the present
case, K duration 1s specified as an independent variable,
and reinforcement contingencies are directly dependent upon
R occurrences. The fact that both these procedures produce
a decrease in the rate of R is not alone sufficient to
guarantee any further similarity.

The R/SR function, generally speaking, decreases
as EﬁSRIR) increases. If rate of R remained constant with
increases in‘B(SRIK), this function would decrease due to
the increasing number of sRs delivered based upon the K
contingency. Since R rate does, in fact, decrease, the
R/SR function decreases markedly. Only very large increases
in response rate are sufficient to produce increases in the
R/S® ratio in the face of increased S\s for K. The incre-
ments in rate observed for Rats 1 and 2 are sufficient to
produce such a change, but the smaller increase for Rat 3
is not. For the other groups of subjects, only Rat 4 shows
an increase in the R/SR function. For all other animals,
the R/SR data decrease monotonically.

The fourth set of functions presented in these
figures are those relating the number of K cycles containing
at least one R to E(SRlﬂ). Although it might be expected
that these functions would vary directly with the rate of
R, this need not be the case. It 1s possible for the num-
ber of Rs to change in any direction while the number of
R cycles sampled by R changes independently. Note, for

example, the rate function for Rat 1. Although this func-
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tion rises from EISR|R)=0.02 to'B(SR|R)=0.04, the number of
K cycles sampled decreases. This 1s indicative of the fact
that the distribution of Rs with respect to the repeating

R and ¥ cycles is changing. It is also possible for res-
ponse rate to decline at the same time that the number of
cycles sampled increases. This is the case for Rat 8; a
change in pﬁSRIK)lfrom 0.005 to 0.01 brings about a decrease
in response rate and an increase in the number of K cycles
sampled by R. The number of K cycles which contain at least
one R {(and are thus disqualified for reinforcement for K)

is crucidl in the determination of the number of SRs ob-
tained, and will be discussed further when the data concer-
hing SR frequency are reported.

Representative cumulative records for each
baseline exposure and each experimental point are presented
in Figures 21 through 28. Whenever possible, these records
were drawn from the finai session of a block, and were se-
lected to closely represent the mean rates reported earlier.
The number beneath each record represents the QISRIR) value
in effect during the session from which that record was
taken; records for baseline exposures are Indicated by
zeros. Further discussion of the most salient feature of
these records, the obvious differences in the grain of
the curves from group to group, will be deferred until more
quantitative data may be brought to bear on this matter.

Inter-response time distributions were collec-~

ted for the experimental points, and these distributions
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are depicted in Figures 29 through 36. The ordinate and
abscissa are pﬁSRlK) and inter-response time, respectively,
and the relative frequency observed for a given IRT is
represented by a vertical displacement. There 1s little
evidence that the 4 sec K criterion made contact wvia the
differential reinforcement of 4 sec IRTse. There; is; |
however; substantial representation of the icreasing varia-
bility of the distribution brought about by increased
E(SR|K). For most cases; the increased range of the dis-
tribution is readily apparent. It is interesting to note
that for Groups 2 and 3 the 0-1 sec IRT category remained
modal throughout. This in spite of the fact that for
these groups; 4 sec IRTs were reinforced with relatively
high frequency. Thls observation has been made under
other circumstances in which longer IRTs are reinforced,
such as the differential reinforcement of low rates (DRL).
The IRT functions obtained in the present study indicate
that reduction in response rate was not achieved by a
shift in the modes of these distributions, but rather
through an increase in IRT variability. The distributions
for Group 1 indigate a.higher degree of overall variability,
and likewise do notsupport the hypothesis that increased
values of p(SY|H) caused a significant rise in the fre-
quency of 4 sec IRTs.

The Pst

P data reported earlier seemed to warrant
further analysis. The finding that psfps following sRs ge-

livered following K were, in general, briefer than those



Figure 21: Representative cumulative

records for Rat 1.
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Figure 22: Representative cumulative

records for Rat 2.
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Figure 23: Representative cumulative

records for Rat 3.
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Figure 24: Representative cumulative

records for Rat 4.
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Filgure 25: Representative cumulative

records for Rat 5.
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Figure 26: Representative cumulative

records for Rat 7.

82



IIIIIIIII



Figure 27: Representative cumulative

records for Rat 8.

84



IIIIIIIII




Figure 28: Representative cumulative

records for Rat 9.
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Figure 29: Distribution of IRTs as a function
of R(SRlK) for Rat 1.
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Figure 30: Distribution of IRTs as a function
of p_(SRlR) for Rat 2.
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Figure 31: Distribution of IRTs as a function
of p(sR|®) for Rat 3.
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Figure 32: Distribution of IRTs as a function
of B(SRIR) for Rat 4.
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Figure 33: Distribution of IRTs as a function
of p(s®|K) for Rat s.
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Figure 34: Distribution of IRTs as a function
of p(sR|H) for Rat 7.
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Figure 35: Distribution of IRTs as a function
of R(SRIR) for Rat 8.
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Figure 36: Distribution of IRTs as a function
of R(SR]K) for Rat 9.
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delivered following R was sufficiently unexpected to merit
closer scrutiny. Since the overall mean PSRP might pos-
sibly be non-representative of the distribution of PSRPS,

a sequential analysis of these data was undertaken. The
obtained sequential information is contained in Figures

37 through 44. Each data point represents the mean of five
PSRPs per session, with the first data point corresponding
to the mean of the first five PSRPS of each session pooled
over ten sessions; the second data point the second five,
etc. Fllled circles represent PSEPS following sRs pased
upon R, open circles those delivered following K. The
numbers within each set of axes are the value of EISRIR)

in effect for the sessions over which a particular distri-
bution was collected. The general finding was that sequen-
tial dependencies among PSRPs were not significant. In few
cases did pstp change in a progressive fashion as a function
of the ordinal position of the psRp within sessions. The
relationship between PSRPS for R and those following K
cannot be attributed to any distortion due to averaging.

It might also have been hypothesized that some within-
session ";ea:ning curve" with respect to PSRE would emerge
from a sequential analysis. No such function is evident

from these data, even when the PSR

Ps are pooled one at a
time across sessions.

FPigure 45 through 52 present data collected
during baseline exposures. These functions relate relative

frequency of R occurrences to 4 sec bleocks of time within
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Figure 37: Sequential PS®Ps for R (filled

circles) and K (open circles) for Rat 1.
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Figure 38: Sequential PSTps for R (filled

circles) and K (open circles) for Rat 2.
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Figure 39: Sequential Psips for R (filled

circles) and K (open circles) for Rat 3.
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R

Figure 40: Sequential PS Ps for R (filled

circles) and K (open circles) for Rat 4.
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R

Figure 41: Sequential PS™Ps for R (filled

circles) and K (open circles) for Rat 5.
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Figure 42: Sequential Ps®ps for R (filled

circles) and K (open circles) for Rat 7.
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Figure 43: Sequential psRps for R (filled

circles) and K (open circles) for Rat 8.
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R

Figure 44: Sequential PS"Ps for R (filled

circles) and K (open circles) for Rat 9.
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Figure 45: Relative frequency of Rs within T

for the baseline exposures for Rat 1.
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Figure 46: Relative frequency of Rs within Tp

for the baseline exposures for Rat 2.
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Figure 47: Relative frequency of Rs within Tp

for the baseline exposures for Rat 3.
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Figure 48: Relative frequency of Rs within Tq

for the baseline exposures for Rat 4.
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Figure 49: Relative frequency of Rs within TR

for the baseline exposures for Rat 5.
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Figure 50: Relative frequency of Rs within Ty

for the baseline exposures for Rat 7.
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Figure 51: Relative frequency of Rs within Ty

for the baseline exposures for Rat 8.
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Figure 52: Relative frequency of Rs within Tr

for the baseline exposures for Rat 9.
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the 20 sec T_.,. The number within each set of axes refers to

R
the ordinal position of the baseline exposure to which a

given function applies. The data indicate thetrelative
frequency of Rs in a given 4 sec block of time pooled
across cycles and across sessions. Thus; for Rat 1, the
relative frequency of Rs during the first 4 sec of Ty
(120 Tp cycles per session) over the last ten sessions of
the first baseline exposure was 0.18. A brief digression
may serve to further clarify this peoint. In the usual FI
schedule of reinforcement, orderly Eemporal patterns of
responding are observed if the interval is sub-divided

and recycled with each SR presentation. For a given in-
terval; this function has been called the "FI scallop",
and this pattern would most certainly survive cumulation
over intervals. 1In the present case, not every interwval
(TR) ends with sR presentation, and the cumulation process

is recycled with the'termination of T, rather than with

R

sR. The cycles over which such cumulation is imposed will,

for the baseline schedules, be of only two varieties: those

which contain an SR, and those which contain no SR. No

distinction is made between these two types of cycles in
the cumulation process.

As was noted earlier (see Introduction) in-
creases in EISRIR) with fixed T produce closer and closer
approximations to an FI schedule of wvalue T. It should
then be expected that as EﬁSRlR) is increased; the ob-
served behavior should resemble FI behavior more and

more closely. That this is in fact the case may be ob-
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served in Figures 45 through 52. Subjects exposed to the
highest wvalue of EﬁSR]R) (i.e.; Rats 1; 2; and 3) produced

. temporal patterning of responding within cycles which bears
resemblance to the "scallop”. Subjects exposed to the low-
est value of R(SR|R) (i.e. Rats 7, 8, and 9) show no such
patterning. For these animals, responding is evenly dis-
tributed-dutring TR. Animals exposed to an intermediate
value of the probability display behavior which lies between
these extremes.

Other investigators have demonstrated that
temporal pattern similar to those maintained by FI schedules
persist when not every interval ends with SR presentation
(Byrd and Marr, 1969; de Lorge, 1967; Kelleher, 1966;

Marr, 1969; Stubbs, 1969; Zeiler; 1972). 1In these studies,
some other event such as blackout occurred in place of some
percentage, of SRs, and, in most cases, the typical FI
pattern of responding was maintained. In the present in-
vestigation, no stimulus signalled the termination of Tp
but cyclic temporal patterning was maintalned nonetheless.

The temporal patterning observed in Rats 1, 2,
and 3 should be viewed in the context of the random interval
schedule. For these subjects; RISRIR) was 0.4; on the

average, 2.5 Tg cycles elapsed between SRs, and the distri-

bution of ISRTs follows a geometric distribution. There

is certainly no "periodicity" of ISRT in the traditional
sense of "periodic" relnforcement schedules. Yet, obser-

vation of the behavior exhibited under an "aperiodic" sched-
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ule indicates that some periodicity is present in the temporal

distribution of responses in T These temporal patterns were,

R*
moreover, the most persistent and most "recoverable" aspect
of the behavior exhibited during baseline exposures. A
possible foundation upon which the observed periodicity may
be constructed will be discussed following the presentation
of the appropriate functions for the experimental points.
Data similar to those shown above for the base-~
line exposures are depicted in Figqures 53 through 60. These
functions apply to the experimental points; and the number
contained within each set of axes refers to the value of
B(Sle) in effect for each function. These data indicate
that one effect &f increases in_BjSRIK) was the flattening
of the distribution of Rs within TRe Given this finding;
a possible explanation for the recurring patterns qbserved
for the baseline exposures at the highest EISRIR) value may
be offered. At this value of EﬂSRlR), rates were relatively
high and it was almost always the case that the first R in
Ty (thglqnly_n eligible for SRJ occurred very shortly after
Tp begah. This being the case, the preponderance of SR
deliveries occurred in the early part of TR' This regu-
larity of the position of s® within Ty may be viewed as
an alternate form of "periodicity". For lower values of
E(SRlR); such regularity was reduced by lower response
rates.

Such an analysis gains strength from the ob-

servation that increasing the frequency of SRs for K has
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Pigure 53: Relative frequency of Rs within Tp

for the experimental peints for Rat 1.
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Figure 54: Relative frequency of Rs within TR

for the experimental points for Rat 2.
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FPigure 55: Relative frequency of Rs within Tx

for the experimental points for Rat 3.
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Figure 56: Relative frequency of Rs within Tr

for the experimental points for Rat 4.
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Figure 57: Relative frequency of Rs within TR

for the experimental points for Rat 5.
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Flgure 58: Relative frequency of Rs within Tq

for the experimental points for Rat 7.
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Figure 59: Relative frequency of Rs within TR

for the experimental points for Rat 8.
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Figure 60: Relative frequency of Rs within TR

for the experimental points for Rat 9.
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the effect of elimipating the temporal gradients established
under QXSRIR) alone, As gstlﬁ) is increased, sRs occur
with Increased frequency given that a K has occurred. Since
response rates are high early in TR; Ks are unlikely to

occur early in T Initially, then, Ss for K must have

R®
occurred most often toward the middle of TRy when R rates
are comparatively low. The effect of such sRs is twofold:
their presentation alone is sufficient to disturb the
within~cyecle regulerity described earlier; and their effect
upon response rate causes further deterioration of this
regularity. Additional research upon the influences of’
the variability in the temporal position of sR in Tr is
presently being planned.

The functions depicted in Figures 61 through
68 present the data which are most directly relevant to
a discussion of what Schoenfeld (1969) has called the
"avoidance problem'". The referent for this term is the
issue of the determination of the stimuli which are respon-
sible for the maintenance of "avoidance" behavior. Although
there is general agreement that the appeal to the non-
occurrence of environmental events was unsatisfactory,
there has been little agreement on a substitute for such
an approach. Some have argued that the reduction of the
frequency with which "noxious" stimuli occur is the rein-
forcer for "avoidance" behavior (e.g. Herrnstein and Hine-

line, 1966; Sidman, 1962). Although this approach seems

to represent some progress over formulations which attribu-~



157

Figure 61: Number of sRs available for K
(open circles) and total number obtained
for both R and K (filled circles) as a

function of B(SR|K) for Rat 1.
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Figure 62: Number of SRs available for K
(open circles) and total number cbtained
for both R and K (filled circles) as a

function of R(SRIR) for Rat 2.
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Figure 63: Number of SRs available for R
(open circles) and total number obtained
for both R and R (filled circles) as a
function of R(SRIK) for Rat 3.
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Figure 64: Number of s®s available for 24
(open circles) and total number obtained
for both R and K (filled circles) as a

function of B(SRlﬂ) for Rat 4.
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Figure 65: Number of sk available for K
(open circles) and total number obtained
for both R and K (filled circles) as a

function of E(SRIR) for Rat 5.
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FPigure 66: Number of s®s avaiiable for K
(open circles) and total number obtained
for both R and ¥ (filled circles) as a

function of BISRIR) for Rat 7.
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Figure 67: Number of sRs available for K
(open circles) and total number obtained
for both R and K (filled circles) as a

function of E(SR]I{) for Rat 8.
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Figure 68: Number of sRs available for X
(open circles) and total number obtained
for both R and K (filled circles) as a

function of R(SR|K) for Rat 9.
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ted "avoidance" behavior to presumed internal variables
(Anger, 1963; Dinsmoor, 1954; Schoenfeld; 1950); the con-
ception of reduction of stimulus frequency as a stimulus
appears strained. More recently; Schoenfeld (1969) pre-
sents the case for dismissal of "avoidance"™ as a separate
category of behavioral phenomena, and thus for the dis-
solution of the "problem". The data from the present
study confirm this position that the traditional categori-
zation of both behavioral data and stimulus events leads
to situations in which such categorization is most difficult
to maintain.

Figures 61 through 68 present functions which
relate total number of S's available based upon the K con-
tingency (open circles) and total SNs obtained for both
R and R (#illed circles) to p(s¥|K). It is immediately
apparent that for all subjects, the latter function falls
below the former for at least one value of R(SRIR). Prior
to a discussion of the implications of this finding, some
aspects of these functions require clarification. It was
noted earlier that the third value of p(SY|R) represented
the point at which number of Rs and Ks had no effect upon
SR frequency. More strictly, this statement should be
amended to read:that if all TK cycles contain at lzast
one R or no TR cycles contain an R, SR frequency remains
constant. Since, in the context of the present Study,
it was possible for a subject to sample all T, cycles

while disqualifying only one-fifth of the 'I'R cycles, it
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was possible to obtain all the S's available for R and four-
fifths of those available for K. The crucial datum in the
determination of the functions in Figures 61 through 68 was
the number of X cycles which were sampled by R. Since not
all R cycles were so sampled (see Figures 13 through 20),
total SRs obtained at the "break-even" point was greater
than the number availlable for K alone for all subjects.

The linear growth of the number of SRS available for K

is a direct result of the geometric progression of'R(SRIK)
values employed.

While there has been no consensus concerning
the stimuli which maintain "avoidance", neither has there
been any problem in determining whether or not a given set
of data represent "avoidance". The criterion employed has
been and continues to be a decrease in the frequency of
stimulus presentation when such a decrease occurs as a
result of some response-dependent contingency. Based upon
such a criterion, the behavior exhibited by the subjects in
the present experiment qualifies as "avoidance" behavior.
As the determination that a stimulus was "aversive!" was
based upon the observation that subjects would respond in
a manner which reduced the frequency of its presentation,
the argument that water represents an "aversive'" stimulus
to water-deprived rats is supported by the evidence ob-
tained in the present study. Given that both these propo-
sitions are consistent with the traditional classification

scheme, but are at least dubious in the wider context of
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behavior theory; a restructuring of the classification is
indicated. The most profitable approach to such a restruc-
turing might well take the form of the elimination of the
search for categories in favor of a search for appropriate
continua upon which to establish a broader view of these
prhenomena. The probability continua outlined in Figure 1
and implicit throughout the description of the present
experiment ' may be employed in such a fashion.

The behavior reported in Figures 61 through 68
are in support of a continuous view of schedules of rein-
forcement and support the rejection of "avoidance" as a
separate behavioral genre. The behavior depicted in these
functions is initially of the variety associated with
"positive" reinforcers; the subjects respond in a manner
which increases sV frequency. But manipulation of the
‘B(SRIH) continuum produces "avoidance™ behavior. At some
values of this parameter, subjects behave as though SR
were "positive"; whille at other values subjects behave as
though SR were '"negative”. Given that such changes are
due solely to the manipulatiion of a single stimulus para-
meter, the notion that separate categories are necessary
or desirable in the description of schedules of reinforce-
ment or stimulus events loses much of its potency.

The "avoldance problem” ceases to exist when
a continuous approach is adopted. For the data presented
above, there would be no difficulty in identifying the

stimuli which maintain the "avoidance" behavior exhibited.
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No appeal to the internal state of the organism is required;
and the argument that SR frequency reduction is regponsible
for the malintenance of behavior is singularly awkward. The
variables upon which attention must be focussed are clearly
the history of the organism and the stimuli which occur at
any given value of EISRIR). Phenomena which were previous-
ly viewed as unrelated emerge as various points along a
single continuum. That this should be the case augurs well
for a further effort in the search for the continua which
will serve to integrate ethér:phenomena in the study of

behavior.
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APPENDIX

Statistical information was computed for the data
presented in Figures 61 through 68 in order to test the hy-
pothesis that the number of SRs obtalned was not different
from the number avallable for K alone. These data are pre-
sented in Table 2. Asterisks indicate that the obtained
statistic was significant at p=0.05.

Analysis of wvariance was conducted for the data
concerning response rates observed on the experimental points.
None of the obtained F ratios was significant at p=0.05.

The reader is cautioned to draw conclusions from
these calculations with care; the assumptions necessary for
these statistical analyses must be closely examined for com-

patibility with the design of the present studye.



Dlfferences between number of SRs obtained and number avallable for K alone.

Rat
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Table 2

ps®®)
0.16
0.32
0.16
0.32
Q.16
0.32
0.08
0.16
0.08
0.16
0.08
0.08
0.08

z
~1.05
-5.24
-2,77
-6.57
-0.02
-1.47
-0.44
~2.37
-0.51
~2467
~1.57
-0.86
~0.31

NeSe

TNeSa
NeS e
NeSa

NNeSoe

NeSe
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NeSe
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Analysis

RI 100 RI 200

RT 50

Table 3
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of varlance for rate data from experimental points.

Source
treatments
residual

Source
treatments
residual

Source
treatments
residual

SS
4.55
7.68

58
223.63
123,15

SS
781.84
429.96

df

df

df

MS
1.14
0.96

55.90
30.79

195.46
53.75

1.82

3.64
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