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"ABSTRACT

Two Parameters of Reinforcement Delay in
Temporally Defined Schedules

by

Thomas W, Garrett

The present investigation undertook the exploration of the
behavioral effects of presénting delayed reinforcers after an
ordinally and temporally; as well as topographically defined
class of response. Topographically, responses produced state
changes in a microswitch which was positioned behind an illumi-
nated disc. Temporally, responses occurred during a fixed por-
tion, tD, of a repeating time-cycle, Te Finally, only the first
of these responses was labeled Ri (identified response), and
each Ri was followeg after a maximum delay, Dmx’ by one rein-
forcing stimulus, Sy in the same time-cycle.

Different values of the reinforcement schedule vector (T,
Dmx)’ where T = tD/T, were presented to\ four groups of pigeons.
Each group of four pligeons was exposed to a different sequence of
vector values, Some of the values were presented to more than
one group for comparison purposes. Some values were also pre-
sented to the same group more than once to obtain a measure of
the recoverability of the original behavioral effects. For all

groups of pigeons, T was 60 seconds,

Groups 1 and 2 were first exposed to the vector value (0.10T,
'O"Dmx). They were then shifted after 20 sessions to (0.10T, 6"Dmx)
for 30 sessions, and then returned to the first vector value for
another 10 sessions. The value of T for Group 1! was then changed
to 0.05 and, for 15 sessions at each value, Dmx was zero, then
1, 2, 4, 6, 12, 24, 48, and again zero seconds. For Group 2 the
value of T was maintained at 0.10 while D, ¥as changed to 1, 2,



4, 6, 12, 24, 48 and then again returned to zero seconds for 15
sessions at each values The aother eight birds (Groups 3 and 4) - -
began with the schedule (1.00T, O"Dmx) for 15 sessions and then
were shifted to (0.80T, 6"D ) for another 15 sessions. Then
Group 3 first had T held constant at 0,80 while, for 15 sessions
at each value, D increased to 12, 24, and 48 seconds, in that
order; then while D was held constant at L8 seconds, T was
changed to 0,40, O 20, 0.10, and O. 05, in that order, Finally,
this group was returned to its first vector value, (1.00T, 0"D_ ).
Group 4, after exposure to the first two vector values, first had
Dmx held constant at 6 seconds while T was changed to 0,40, 0.20,
0,10, and 0,05, in that order; then, while T was maintained con-
stant at 0,05, Dmx was increased to 12, 24, and 48 seconds, 15
sessions at each value., Finally, this group was also returned to
its first vector value, (1.00T, oD ).

In general, the results of the study were: 1) as T was re-
duced and Dmx increased, overall response rates went down and
average post-reinforcement pause time and inter-reinforcement
time went up; 2) generally, the temporal classes of response that
most closely preceded SRs were the strongest; 3) where comparative
data were available, the groups were quite similar quantitatively,
in spite of having been exposed to different sequences of vector
values; 4) when experimental conditions were repeated for a group,
the values of the dependent variables generally were similar to the
original values; 5) even a few instances of presenting SRs after
longer than the customary times since the last response was suffi-
cient to reduce the overall rates of that response per session,

e
~e
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INTRODUCTION

When reinforcing stimuli (SRs) are presented to organisms,
different response rates and patterns of response rates may
develop under different schedules of reinforcement. The term
"schedule of reinforcementﬁ as used by Ferster and Skinner (1957)
refers to the rules by which experimenters have identified
responses and timed the delivery of reinforcers."Schoenfeld
and Cole (1975) have observed that most "schedules of rein-
forcement" are really rules for identifying responses to be
reinforced. They have suggested that inclusion of response
identification rules under the heading of "schedules of rein-
forcement" is incorrect, and that the term should refer only to
response~independent restrictions on the temporél.distributions
of SRS. Definitional considefations aside, repeated presenta-
tions of SRs to organisms according to fixed rules has proved
a powerful method in the investigation of the behavior of
organismse.

The now-classical schedules of reinforcement were dicho-
tomized into two major categories: ratio schedules, involving
the ordinal enumeration of responses; and interval schedules,
involving restrictions on the times between reinforced réspon—
ges (Skinner, 1938). Typically, in both cases, whenever an s%
was presented to the organism, it was immediately preceded by

a prespeclified response identified first by its membership in



a particular topographical response class and second by its
ordinal position relative to some previous event such as the
previous SR (the ratio schedules), or by its temporal position
relative to some previous event such as the previous reinforcer
(the interval schedules)., Because of the close temporal rela-
tionship specifically arranged by the.experimenter between the

R, the SR was

Ry (the identified respbnse)'and the subsequent §
said to be "contingent" on that response, Any subsequent in-
crease in the frequency of that response and topographically
similar responses was assumed to be attributable to the con-
tingency relationship, and to induction effects from Ri'

The two maip classical procedures for scheduling contin-
gent ;einforcers in studies of operant behavior - the response-
count procedure, and the response-time procedure - were initially
assumed to produce characteristically different patterns of
responding (see Schoenfeld and Cole, 1972, p. 5). The ratio
schedules were supposed to produce a '"break-run" pattern, a
rattern consisting of an initial pause after reinforcement
followed by a rather sudden change to a constant response rafe
which was maintained until responding was interrupted by the
subsequent reinforcer. Interval schedules were supposed to
produce a "scalloped“ response pattern, consisting of an initial
pause after reinforcement followed by a gradual acceleration in
response rate until responding was interrupted by fhe subsequent
reinforcer (however, see Cumming and Schoenfeld, 1958, for fur-

ther data on this point). The production of two characteristic
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patterns of response rates by these two schedule procedures, the
one controlling the number of responses between reinforced res
sponses, the other controlling the minimum.fime between reinforced
responses, was one of the first outstanding uniformities found
in the experimental analysis of behavior. Given the séeming
irreducibility of the counting and timing operations, most
operant.conditioning inves£igators gavé tpemselves over to the
study of the effects of different combinations and permutations
of these two operations, combined with varieties of discrimina-
tive. stimulation, drugs, species, and responses. Few investiga-
tors have felt compelled to go against this trend and to query
the essentiality of both operations in the production of be-
havior patterns, |

In 1956, Schoenfeld, Cumming and Hearst proposed that the
counting of responses was unnecessary for the production of
"ratio behavior" (i.e., the behavior observed on ratio sched-
ules), and presented data showing that time-based schedules |
of reinforcement could produce thé "ratio behavior" as well
as the "interval behavior" (i.e., the behavior observed on
interval schedules). The heart of the new system of scheduling
reinforcers, the t-system, was the division of time into inde-
pendent, repeating time units called "t-cycles" during which
éingle SR could be presented to the organism. These t-cycles
were subdivided into two segments, the first called tD, the second

called £ ¢« The SR, when the system was first formulated,



appeared only during the tD=segment, and then only immediately

after the first R (the Ri) in the t-cycle. The ratio of D to

- £
A ), expressed as t‘.D/t:DM:A = T was an early

T (where T = tD+t
and important independent variable in the demonstration that a
time based system could produce "ratio behavior" (Schoenfeld,
Cumming and Hearst, 1956; Schoenfeld and Cumming, 1957). -These
keynote papers, by taking T to_low values, quickly led to the
consideration that reinforcement of a response becomes probabi-
listic when T is very short. If every response is eligible for
reinforcement, then T represents the probability of reinforce-~
ment when T 1s very short and no synchronization between response
times and t-cycles exists. The resultant "random ratio" schedule
of reinforcement (Brandauer, 1958) led to a deeper understaﬁding
of performance under classical ratio schedules, especially the
variable ratio schedules.,

The next step in the system development was the synthesis of
variable-interval schedules. With reduction in T, the distrf%u-
tion of SRs in time had become variable, but when the tD size was
around the median inter-response time, the obtained 1nter—ré§5—
forcement times or IS"Ts (Farmer and Schoenfelﬁ, 1964) were
highly dependent upon individual response rates extant at the
initiation of tDs. That is, SRs were less likely when these

3
response rates were low, This characteristic pf differential

1 -

reinforcement of high momentary response rates is ﬁoséibly res

ey

sponsible for the response rate increases produced by these
2 &
. &

%

schedules,

e
<



Millenson (1959) was the first to attempt the controlled
synthesis of variable-interval schedules through the manipula-
tion of the t-system variables, As a first.approximation to
the classical variable-interval schedules, Millenson, récog-
nizing that classical variable-interval schedules were construc-
téd through the concatenation of various fixed intervals of
differeﬁt sizesy, chose two.values of t-cycle‘length as a limit-
ing case and alternated them probabilistically. This approach
to the synthesis of variable-interval schedules was superseded
when. the system parameter p (probability) was applied to the
selection of some t-cycles (single-valued in length) for rein-
forcement and the remainder for non-reinforcement (Farmer, 1962,
1963; Millenson, 1963), The result was a special variable-
interval schedule, the random-interval schedule. The substi-
'tution of p manipulations for T manipulgtions, brought major
control of the SN distribution back into the hands of the -
experimenter. No longer were SRs more probable when  higher
response rates occurred in the vi&inity of T; one response per
t-cycle was sufficient to raise the overall SR rate to its maximum,
At the same time, certain characteristics special to T manipula-
tions, such as production of ISRTs which are élose multiples of
the t-cycle time, were preserved. The higher response rates,
ﬁbwever, were no longer produced. With tD now equal to T, response

rates in excess of one response per t-cycle no longer received
[}

more probable reinforcement and response patterns and rates
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became very similar to those produced by the classical variable-
interval schedules.

The power of the t-system for theAanalysis of the classical
schedules into component elements and for the synthesis of rela-
ted schedules using these same elements has more recently begun
to be brought to bear on two more classical topics, reinforce-
ment contiguity and reinfofcement contingency (Schoenfeld and
Farmer, 1970; Lachter, 1970; Lachter, Cole and Schoenfeld, 1971;
Schoenfeld and Cole, 1973)., When Skinner (1948) experimentally
demonstrated that éome responses would increase in frequency
with response-independent presentations of SRs, and observed
that those responses which showed the increase in frequency also
typically preceded the SRs with short delays (at least toward the
end of training), he appealed to "contingency" to elaborate upon
this admitted accidental relationship. He stated; "To say that
a reinforcement is contingent upon a response may mean nothing
more than that it follows the response." (Skinner, 1948).

Thus contiguity (temporal préximity) betweenaresponées and
subsequent SRs became a characteristic by which "contingencies”
were detectede This adulteration of the term's meaning has been
a source of much confusion among many students of operant con~
ditioning. According to Schoenfeld and Farmer (1970) contingency
means "the distribution in time of R determines the distribution
in time of reinforcement, while ... noncontipngency means that the

temporal distribution of reinforcements is not determined by the
»



temporal distribution of responses."” Note' that dilsplacement in
time (i.e., delay) of one distribution relative to the other
would not, according to Farmer and Schoenféld, disqualify the
relationship as being a contingent one, Displacement in time

of the SR

distribution, even though determined by the response
distribution should, for Skinner's use of the term "contingent"
to be cbnsistent with his i9u8 usage, disqualify'the relation-
ship as being a contingent one. However,'Skinner also uses the
term when not referring to contiguous relationships as when he
uses the phrase "contingencies of reinforcement", meaning 'sched-
ules of reinforcement." Thus, delay of reinforcement schedules
also belong under the rubric "contingencies of reinforcement."
The typical way of arranging a contingency has been to
follow a given response with a reinforcer after a very short
delay, nominally zero. Skinner early noted (1938, p. ?73) that
where the permitted delay is greater than zero, there may
intervene topographically similar responses (Rs) between the
response identified for reinforcement (the Ri) and its reinfbr-
cer. These intervening responses have produced one of two
effects on the ISRT distribution., Either each intervening R
resets the delay timer, thereby lengthening th? mean inter-
reinforcement time, or R occurreﬁces in the interim do not
reset the delay timer and do not themselves deterﬁine the rein-
forcer distribution. The interim responses in both cases are
followed by reinforcement. While the delay after the last

response before a reinforcer is variable in the second case,
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®
it does have a definite maximum, the delay time of the contin-
gently reinforced response, The first procedure has been called

R

"fixed delay" because the time between any S and the immediately

preceding R is fixed; the second procedure may be called "variabdble
delay" because the time between any SR and the immediately pre-
ceding R is variable.

Ali of the response-céntingent schedules of reinforcement
permit delayed reinforcement of all Rs while at the same time
forcing different degrees of immediate reinforcement of selected
responses, For example, under the condition of contingent rein-
forcement with zero delay, the Ris are followed immediately by
an SR, but the remaining Rs are never immediately followed by
.any SR; they are followed after some délay. Noncontingent
schedules of reinforcement permit delayed reinforcgment of Rs
but place no restrictions upon the degfée of rehoteness of any
SR from any response. Under all schedules of reinforcement all
Rs may be followed by one or moré SRs, albeit with greater or
lesser delays, and in all experiménts involving schedules of
reinforcement practically all Rs are so followed, the only true
exceptions being those Rs that.follow the very last SR in the
experiment., If a period of extinction is given, then an R which
precedes that extinction perliod may be said to be followed by

R in the post-extinction period. Similarly, while

the first S
a DRO (differential reinforcement of other behavior) schedule
(Reynolds, 1961) specifies that a given period of time which

does not contain a particular response will terminate in a rein-
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forcer,'those .responses which preééded the fime period are none-
theless followed by that same reinforcer. It is possible, how-
ever that this technicality may be of no practical importance,
that no reinforcing power is exerted over the response, The
degree to which SRs may reinforpe an entire R-class through
their delayed presentations after a subset of that R-class, the
Ris, is examined in the présent study.

Every schedule of reinforcement necessarily permits delays
between some Rs and subsequent SRs. However, the usual schedule
specifications focus on either the ratio of total Rs to total SRs
or on the average (or.average minimum) inter-reinforcement time
permitteds Very often the limits of delayé that are permitted
between Rs and SRs are not explicitly specified; it is then
understood that once the specified conditions have been met the
Ri is very promptiy followed by an SR. The previéus responses
are also followéd by the reinforcer but necessarily with longer
delays. According to Dews (1970, p. 47), all the responses
previous to an SR should be considered reinforced responses since
they are followed by the reinforcer, but they should be differ-
entially strengthened because of delays of reinforcement of |
different lengthe As stated by Dews and parapﬁrased here, the
above view is possibly misleading. As Schoenfeld has pointed
out {personal communication), every response is unique in the
sense that no response can be emitted twice. Therefore, a rein-
forcer which follows a response cannot strengthen that individual

response in any sense. It seems that Dews is referring to the
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strengthening of one or more response classes, rather than to the
strengthening of individual responses. This leads to the classi-
fication of responses not only according to their topographic,
durational and force properties, but also according to their
temporal and ordinal positions relative to events such as rein-
forcers.

For a contingency rélétionship to hold when a reinforcer
may be presented without a defined response immediately preced-
ing it, we need to specify the limits of delays that are to be
permitted between specific Rs and specific SRs. If we choose
SRs as reference points, labeling some of them S? (identified
reinforcer) and their preceding Rs as R_,, R_,, R-B’ ceey R__in
the order of their precedence, delay limits might then be speci-
fied between S? and any one of the preceding Rs; If we choose
Rs as reference points, labeling some of them Ri énd their sub-
sequent SRs as 551, Sfa, SEB, ccey an in the order of their
appearance, then delay limits might be specified between these
Ris and any following SR. .

Both Rs and SRs have been used as'points of reference in
studies of the effects of delayed reinforcers, The first
orientation seems compelling at first glance. ‘If we present
Si exactly t-seconds after R_1 we should have a direct measure
of the reinforcing power of an SR at that temporal distance.
Unfortunately, as Skinner pointed out in 1938, one cannot decide

whether the effect of lowered overall response rate 1s due to the

delay per se, or is due to the lowering of the ratio of reinforcers
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to reggonses, a side gffect of the procedure. There is also the
possiiility that the lowered overall response rate is due to the
reinforcement of unspecified interim behaviors which compete
“with R. for expression. Another problem is that when a response '
is necessary between reinforcers, one cannot increase the
avergge delay of reinforcement without simultaneously lowering
the maximum possible rate ot reinforpement, an operation which
may also produce lowering of the overall égte of responding. 1In
the present study, the second orientation is chosen. The first
R in each tD is the Ri and is followed by an SR with a maximum
delay”(Dmx) specified by the schedule.

ﬁ&bn an experimenter manipulates only one stimulus (the
reinforcer, SR) and arranges relationships of that stimulus
with only one behavior (the response, Ri)’ anything he might
érrange may be expressed in'terms of inter-reinforcement times
(ISRTs) and response-reinforcement times (RSRTs). Procedures
which directly or indirectly have affected the ratio between
number of Rs and number of SRs (énd thereby the ISRT distribu-

5.
E;oniﬁ%ave come to be known as "intermittent'" reinforcement
%ﬁhedules; those which have manipulated RSRT distributions
are Known as schedulés of reinforcement delay,-and may or may
not be "intermittent" depending on the RsRT distribution limits.
If no restrictions are placed on RSRTB that are permitted to
occury, then the experimenter may specify both upper and lower

limiggzof the distribution of ISRTs in advance of an experimental



12

session. If, on the other hand, the experimenter does place

RT distribu-

restrictions upon RSRTS, then the limits of the IS
tion are affected in arnumber of ways by the distribution of Rse.
First, since an Ri must be detected before each 851 is delivered,
the PSRPS (post-reinforcement pause times) limit the lower side
of the distribution of IS*Ts. The IS'Ts may not be less than the
immediately preceding PSRPé. Second, 1f the experimenter's
definition of R1 includes some durational property this duration
sets an absolute lawer 1imit for the size of IS'Ts., Third, the
restriction of RSFTs means that the varibility in IS Ts is a
function not only of experimenter-controlled variables but also
is a function of the variability in'PSRPs, and IRTs (inter-
response times),

The present research explored the behafiorél effects of
scheduling delayed reinforcers »within the temporél system
proposed by Schoenfeld, Cumming and Hearst (1956). The two
analytic variables manipulated in the study were T and the

maximum time between'an Ri and its SR (hereafter called Dmx)'

+1
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METHOD

Subjects

The subjects were 16 White Carneaux hen pigeons. They
were about 6 years 0ld and were retired breeders from the
"Palmetto Pigeon Plant (Sumter, South Carolina). None of the
birds had been used in pre%ious research. They were housed
in individual living cages in rooms separate from that con-
taining the experimental chamber. All rooms were air-con-
ditiaﬁed and a temperature of 68 to 72 degrees Fahrenheit
(20 to 23 degrees Celsius) was maintained except for a few days
when the air-conditioning system was shut down for servicing
and the temperature rose to about 80 degrees Fahrenheit (27
degrees Celsius)., .

Immediately upon arrival the subjects were piaced on a
free-feeding and watering schedule, and weighed at the same
times daily until on five successive days the range of weights
for an individual bird was less thén 5% of the lowest weight
for that series of da&s. These welghts were then averaged and
the average taken as the ad libitum weight for that subject.

The subjects were then réduced to 80% of their‘gg 1ibitum
welghts by ‘removing all food from their food cups for two days
(grit and water continued to be provided ad libitum), then
giving them three grams of the laboratory grain mixture (pri-
marily kafir corn, vetch and hemp seed) per day until the 80%

welght was reached. The weight reduction process took betwéen :
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two and three weeks per subject. For the rest of the experi-
ment the weight for an individual subject was required to be
within 15 grams of her 80% weight, her "running weight", at
the start of an expereﬁental‘session or the subject was not
rune In cases where the weight exceeded the criterion, the
subject was run out of turn a few hours later, if the weight
was then in tolerance; othérwise, éhe was run the following
day. If the welght was below criterion, a few grams of grain
were fed to the subject and after about an hour the subject was
vreweighed. If the subject was then within tolerance, she was
run,

The above procedure was maintained throughout the entire
experiment for all but two subjects. One bird from Group 1
(BO4), because of a very erratic and low rate of responding
» ih comparison to the other subjects in her group,'was, after
Session 411 (see Table 1), further reduced to 75% of her ad
libitum weight and thereafter run at that weight. The other
animal (B225) was from Group 3. This animal began to loée
weight toward the end of the experiment (from Session 1101)
in spite of increased post-session feeding. She was neverthe-~
less continued in the experiment to the end. éhortly after the

termination of the experiment she diede.
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Apparatus

One experimental chamber was used-in this experiment. The'
chamber, a Lehigh Valley Electronics pigeon chamber, Model 1519,
had a three key intelligence panel containing a house light, a
grain feeder (Model 1347), and three pecking keys (Model -1348)
mounted symmetrically above the feeder, 2.5 inches apart at
their centers, with a stimﬁlus projection unit (Model 1348Q)
mounted behind each key. Only the center key, which required
a lateral pressure of about 20 grams to operate, was operative.

Programming and recordiﬁg equipment were located in the same
room as the experimental chambef. Programming was accomplished
with solid state logic modules (BRS Digibits). Recording was
done with electromechanical counters (Sodeco) and a cumulative
recorder (Gerbrands, Model C-S)., A Grason Stadler noise gener-
‘étor (Model 901-B) was uééd to pfévide 0.15 volts RMS (i.e., =20
db re 1.5 volts RMS) of white noise to the 4 ohm speaker mounted
on the intelligence panel. From the experimenter's subjective
standpoint, this intensity produceﬁ a noise level in the chamber

that was loud, but not so loud as to be aversive,

Preliminary training

When the subjects had reached their 80% weights, they were
ﬁiaced one at a time in the experimental chamber and subjected
to one of two shaping procedures. In both procedures the t-

system restriction of a maximum of one reinforcement per t-cycle

!
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was maintained, but the response requirements were relaxed.
Details of these procedures, which might be classified as "auto-

shaping" procedures, may be found in Appendix A,

Experimental design and procedufe

The experiment proper began after Session 020 for Groups
1 and 2, and after Session 003 for Groups 3 and 4. That is,
Groups 1 and 2 had 20 pretraining sessione and Groups 3 and 4
had 3 pretraining sessions. All groups received reinforcement
in a t-cycle only if there was an Ri in that same t-cycle.
. Both before and after the sessions, all lights were off in the
chamber. During the sessions, the houselight was on continubusly,
and the center-key light was on except during reinforcement.
Reinforcements were three secondsllong and during each reinforce-
ment the t-cycle timer was halted.

The subjects were run at approximately the same times
daily and witﬁ few exceptions were run seven days a weeke.
Each of the four groups was exposea to a different non-randoﬁ
sequence of values of the two dimensional matrix represented
in Figure 1 (see Tables 1, 2, 3, and 4 for the actual sequences
for each group of subjects). More than one greup received ex- -
posure to some of the matrix values, For example, two groups
(Groups 1 and 2) were exposed to (0.10T, O"Dmx), three groups
.(Groups 1, 2 and 4) were exposed to (0.10T, 6"D ), and three
groups (Groups 1, 3 and 4) were exposed to (0,057, 48"D ).

Exposure to some of the matrix values was also repeated for each



Figure 1, Field of investigation. Points within the bivariate
field represent the values of the variables investigated.

T was.constant at sixty seconds.
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Table 1
Schedules of reinforcement for Group 1.

Subjects: B62, B75, B96, BOL
D

Point Session T . h Do« [ Cycles
0 001- 006 30 0,20 * Normal 50-150
0 007- 020 30 0,20 0 Normal 50
1 101= 113 60 . 0,10 0 Gold 50
1 1M4- 120 60 0,10 0 Gold 2s
2 201- 230 60 0,10 6 Purple 25
3 301- 310 60 0,10 0 Gold - 25
A 401- 415 60 0405 0 Gold 25
5 501- 515 60  0.05 1 Blue 25
6 601- 615 60 0,05 2 Red 25
7 701- 715 60 0,05 A Aqua 25
8 801- 815 60 0,05 6 Purple 25

-9 901- 915 60  0.05 12 Olive 25

10 1001-1015 60 0,05 24 Yellow 25
11 1101-1115 60 0,05 48 White 25
12 1201-1202 60 0,10  *= Gold 25
13 1301-1315 60 0,05 0 Gold 25

the: From Session 411, BO4 was run at 75% of her ad libitum weight,

When Dmx * the first shaping procedure was used (see Appendix A).

When Dmx

e the second shaping procedure was used (see Appendix

A)e



Table 2

Schedules of Reinforcement for Group 2

Subjects: B84, B30, By49, B61

Point Session T .7 Dmx SD Cycles
0 001- 005 30  0.20 . Normal 50-150
0 006~ 020 30 0.20 (0] Normal .' 50
1 101- 113 60 0.10 o Gold 50
1 1M4- 120 60  0.10 0  Gold 25
2 201- 230 60 0,10 6 Purple 25
3 301- 310 60 0,10 0  Gold 25
A 401- 415 60 0,10 1 Blue 25
5 501- 515 60 Q.10 2 Red 25
6 - 601- 615 60 0.10 [ Aqua 25
4 701=- 715 60 0,10 6 Purple 25
8 801- 815 60 0,10 12 Grn-Gold 25
9 901- 915 60 0,10 24 Olive 25

10 1001-1015 60 0,10 48 Yellow 25

1 1100 60 0,10  *» Gold 25

12 12011215 60 0410 0 Gold 25

Note: When bmx ="* the first shaping procedure was used (see Appendix
A). When D . = ** the second shaping procedure was,used (see

Appendix A).



Table 3

Schedules of reinforcement for Grbup 3

Subjects: B342, B785, B390, B225

Point Session
o 001~ 002
o 003
1 101=- 115
2 201~ 215
3 301- 315
4 - 401- 415
5 501- 515
6 601~ 615
7 701~ 7215
8 801~ 815
9 901- 915

10 1001

11 1101-1115

T
60
60
60
60
60
60
60
60
60
60
60
60
60

T
0.10
020
1,00
0.80
0.80
0.80
0.80
0440
0.20

0.10

0.05
0.10

1.00

D
mx

% *

* %

12
24
18-

48

48
48
48

* %

SD

Gold

Gold

. Gold
‘Blue

Red
Purple
Aqua
Aqua
Aqua
Aqua
Aqua
Gold

Gold

Cycles

50
25
25
25
25
25
25
25
25
25
25 .
25
25

Note: When Dmx = ** the second shaping procedure was used (see

Appendix A).
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Table 4
Schedules of reinforcement for Group 4

Subjects: B32, B242, B264, B341
D

Point . Session T T Do« S Cycles
0 001- 002 60 0,10  +* Gold 50
0 003 60  0.20 % Gold 25
1 101- 115 60 1.00 0 Gold 25
2 201- 215 60  0.80 6  Blue 25
3 1 301- 315 60  0.40 6 Blue 25
y 401- 415 60 0,20 6 Blue 25
5 501- 515 60 0.10 6 Blue 25
6 601- 615 60  0.05 6 Blue 25
7 701- 715 60  0.05 12 Olive 25
8 801- 815 60 0,05 24 Yellow 25
9 901- 915 0 0.05 48 Aqua 25

10 1001 €0  0.10  *» Gold 25
1 1101-1115 60 1,00 0 Gold 25

Note: When.Dmx = ** the second response shaping procedure was used

(see Appendix 4).
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group. Group 1 was exposéd two times to (0.10T, oD ) and two
times to (0.05T, O"Dmx).' Group 2 was exposed three times to
(0,10T, o"D ) and twice to (0.10T, 6"D_ ). Groups 3 and 4
were each exposed twice to the matrix value (1,007, O"Dmx).

Following exﬁbsure to (0.0ST, 48"Dmx) and prior to the re-
turn to (0.05T, o"D_ ), Group 1 was given two sessions of the
second shaping procedure déscribed in Appendix A. Some of the
“"subjects had made no responses for many sessions and failure to
re-establish pecking would have resulted in an unpredictably
long transition time to recovery of the original behavior., For
- the sake of consistency, as well as to re-establish pecking in
those.subjects which had ceased responding, Grdups 3 and 4 were
also exposed to the second shaping procedure (for one session)
prior to being returned to the matrix value (1,00T, o"D ), and
Group 2 was similarly exposed for one session to fhe second
shaping procedure prior to being returned for the second time to
(0.105, O"Dmx)‘ The number of sessions of exposure of each group
to the matrix values is also given'in Tables 1, 2, 3, and 4 along
with the color (broad spectrum) of the houselight cover. As a
presumed aid to rapid transition to the behavior which would
eventually dominate after a change to a new scﬁedule value, the
color of the houselight cover (the SD) was changed each time Dmx
was changed to a new value. For a}given group, each Dmx was

paired with a unique color of houselight cover.
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Figure 2 is presented as an aid to understanding the pro-
gramming procedure, This figure is a schematic representation of
some of the possible relations when the schedule value is (60"T,
0.10T, 48"Dmx). In each t-cycle of sixty seconds, the test for
the occurrence of an Ri in that t-cycle comes 48" after the be-
ginning of that t-cycle. If the maximum delay of reinforcement
were 4 seconds, then at thé end of each 4 second period from the
beginning of the t-cycle there would be a test for Ri' Only one
SR per t-cycle is given, so tests for Ri after one SR has been
given in a t-cycle cannot produce further SRs in that cycle.

While the minimum time permitted between an SR and the immediately
preceding R (i.e., the minimum delay, or Dmn) is always zero, the

actual time the(RSRT) may vary betweeﬁ zero and Dmx' The minimum

time between an S® and the immediately preceding Ry is determined

by the time between the trailing edge of t° and the first test for
Ri in a t-cycle. If this value 1s negative or zero, then the

minimum delay of reinforcement of Ri is zero seconds. If this
value is positive then .the minimum.delay of reinforcemenf of Ri
is equal to this value. In Figure 2 the minimum delay

of reinforcement of Ry is 48" minus 6", or 42",



Figure 2. A schematic representation of possihle relations

between one schedule (T = 0.10, Dmx = 48 sec.), responses

and reinforcing stinuli.- Ri is the response identified

for reinforcement. ’Ru is the ultimate response before

a reinforcing stimulus presentation.
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RESULTS

The course of pretraining and the acquisition of key-peck
performance are described in-Appendix A, The effects of mani-
pulating T and D _ Were measured in terms of: 1) overall cor-
rected rate of responding per session — corrected rate of re-
sponding was calculated acéording to the formula R/(’I’t - T(SR))
where R is thelnumber of key-pecks recorded, Tt'is the total
eession‘time, and T(SR) is the total reinforcement access time;
2) local corrected rate of responding —— each t-cycle was divi-
ded into ten six-second subintervals and the average corrected
rate of key-pecking was separately calculated for each subin-
terval of the t-cycle; 3) overall running rate of responding —
running rate of responding was calculated according to the for-
mula R/(Tt - T(SR) - T(PSRP)) where R, T,, and T(éR) are defined
as before, and T(PSRP) is the total post-reinforcement pause
time per session; 4) mean post-reinforcement pause time per
session; 5) mean number of responséé per reinforcement; énd
6) mean number of reinforcements per t-cycle (or per minute).

Figure 3 presents the general effect upon reinforcements-
per minute of manipulations of T and Dmx’ Thé values repre-
sented are averages across all individuals and all sessiodns of
& ‘group, No simpie equation was found which would represent well
these data but as a general rule, when T decreased and Dmx in-

creased, the rate of reinforéement'decreased. With Dmx at zero



Figure 3. Reinforcement rate as a function of schedule wvalues

for each group of subjects. Note that Dmx is on a loga-~
rithmic scale., Data are the averages over all the ses-.
sions for each experimental point for each group. Data
values for vector values which were presented multiple
times are shown as short horizontal lines for all but one
of the repeated values., Shown as horizontal lines are
Point 1 and Point 13 for Group 1, Points 1, 2 and 12 for
Group 2, Point 11 for Group 3, and Point 11 for Group 4.
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qcc@nds, a decrease in T begins to showian effect when tD falls
below sii seconds. Apparently, with a Dmx of zero, such high
response rates are generated that few IRTs (inter-response
timss) exceed six seconds and PSRPs are typically terminated
during the same t-cycle in which they are initiated. A large
Dmx has a similarly small effect upon reinforcement rate when

T ig large (ee.gey 0480). ﬁven if the response rate was reduced
subgtantially by a larger Dmx’ when T is 0.80 IRTs would have

to exceed 48 seconds in order for a t-cycle of 60 seconds not

to contain a reinforcer. The response rate reductions produced
by increases in Dmx and the 1owér probability of reinforcement
of A given distribution of IRTs as T is reduced combine, however,
to produce a very low probability of reinforcement at the sched-
ule (0,05T, 48"D_ ).

The mean reinforcements per t-cycle for each consecutive
seadion and point of the entire experiment (including pretrain-
ing and reshaping sessions) are presented for each -‘group in
Figuvres 4, 5, 6, and 7., Figures é, 9, 10, and 11 present the
same data in five session means for each group and the associa-
ted individuals. The consecutive experimental conditions or
"points" are separated by vertical lines. The conditions ob-
tailning at each point for each group may be found in Tables 1
fﬁrOUgh 4, The data for all points are calculated taking into
accauht only the response-produced reinforcementse.

In Figures 4 and 8, which present data from Group 1,



Figure 4. Mean reinforcements per t-cycle for each session and

3

successive experimental condition (i.e., "point") for Group 1, °

The consecutive points are separated by vertical lines. The

conditions obtaining at each point may be found in Table 1,
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Figure 5. Mean reinforcements per t-cycle for each session and
consecutive experimental condition (i.e., "point") for Group
2. The consecutive points are separated by vertical lines,

The conditions obtaining at each point may be found in Table 2,
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Figure 6. Mean reinforcements per t-cycle for each session and
consecutive experimental condition (i.e., "point") for Group
3+ The consecutive points are separated by vertical lines.

The conditions obtaining at each point may be found in Table 3.



REINFORCEMENTS PER T-CYCLE

POINT

9

10

sebenessos o

CONSECUTIVE SESSIONS

9¢



Figure 7. Mean reinforcements per t-cycle for each session and
successive experimental condition (i.e., "point") for Group 4.
The consecutive points are separated by vertical lines. The

conditions obtaining at each point may be found in Table 4,
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Figure 8, Reinforcements rer t-cycle. Presented are consecutive
five-session means for each individual subject of Group 1 and
the consecutive five-session means for Grouy 1 as a wﬁole.
When a point‘consisted of less than five sessions then the
mean of the actual number of sessions is presented. Condi-

tions obtaining at each point may be found in Table 1,
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Figure 9, Reinforcements per t-cycle. Presented are consecu-
tive five session means for each individual subject and
.the means of the group for Group 2. When a point consis-
ted of less than five sessions then the mean of the actual
number of sessions is presented. Conditions obtaining at

each point may be found in Table 2.
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Figure 10, Reinforcements per t~cycle. Presented are consecu-
tive five session means for each individual subject and
the means of the group for Group 3. When a point consis-
ted of less than five sessions then the mean of the actual
number of sessions is‘presented. Conditions obtaining at

each point may be found in Table 3.
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Figure 11. Reinforcements per't-cycle. Presented are consecu-
tive five session means for each individual subject and
the means of the group for Group 4. VWhen a point consis-
ted of less than five sessions fhen the mean of the actual
number of sessions is presented. Conditions obtaining at

each point may be found in Table 4.
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Points 1 and 3 are repetitions of the matrix value (0,10T,
O"Dmx)_while Points 4 and 13 are repetitions of (0.05T, O"Dm#).
It can.hardly be said that asymptotic perfofmance was obtained
at each point before éondiiions were changed. The trend is
distinctly downward for Points 8 through 11 for tﬁis group, It
is posgible thatasymptotic'pefformance for some or all of the
associafed matrix values ié zero reinforcements per t-cycle. It
may also be that the rate at which the rate of reiﬁforcement
approaches zero is greater for the larger values of Dmx’ That
the reinforcement rate reduction is due to the schedule manipu-
lations rather than to other, unknown factors is evidenced by
the reinforcement rate recovery at Point 13,

The comments concerning the figurés for Group 1 (Figures
4 and 8) apply in general to the figures for Group 2 (Figures
5 and 9). The schedule'conditions for-each session and point
are listed in Table 2. For this group the Dmx must be larger
for a.comparable reduction in reinforcement rate., It is not as
apparent thét asymptotic performaﬁces are not reached by the'
end of the fifteen sessions at each point. Points 1, 3 and 12
are consecutive repetitions of the same matrix value (0.10T,
O"Dmx), and Points 2 and 7 are consecutive reéetitions of
(0.10T, 6"D"'!x). For Group 3 (Figures 6 and 10) there was a
éharp decrease in reinforcement rate when the schedule
value changed from (0.80T, 48"D ) to (0.40T, 48"D ), indica-
ting a sudden interaction with the prevailing IRT distribution,

&
3 ¥
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Peculiar is the positive trend shown during'Point 7. As can be
seen from Figure 10, this trend cannot solely be attributed to
the peculiarities of any one animal since three of the four
subjects show this same trend. However, one subject, (B390) is
possibly responsible for the major part of this positive trend.
This same subject also showed a very large increase in overall
corrected response rate dufing this point. For this sudbject,
the third five-session mean was 3.5 times the size of the first
five-session mean cbrrected rate,

The overall co¥rected response rates (R/min) for each
group are shown in Figure 12 for each matrix value presented.
The general trend is for response rates to decrease as T de-
creases and D__ increases. Figures 13, 14, 15 and 16 present
the corrected response rates (R/sec) per consecﬁtive session and
point. Figures 17, 18, 19 and 20 present the mean corrected
response rates 'for successive five session blocks. For
Group 3 (Figures 15 and 19) there is an apparent- cycle with a
period of some 28 sessions duringithe first half of the éxperi-
ment, At least three full cycles may be discerned. Inspection.
of Figure 19, which presents individual data, suggests that this
periodicity is purely coincidental. It does not appear in any
single individual of Group 3, Nor is this periodicity shown by
éhy of the other groups or individuals. The high overall cor-
rected response rates shown by Group 3 in Points.a through 8

are almost completely attributable to the abnormally high



49

Figure 12. Corrected rate of responding (R/min) as a function
of the value of the schedule vector for each group of sub-
Jects. Data are the averages of all the sessions for each
experimental point for each group. :Data valﬁés for éched-
ules which were preseﬁted multiple times are shown as
short horizontal lines for all but one of the repeated
schedules. Shoﬁn as short horizontal lines are Points 1
and 13 for Group 1, Points 1,2 and 12 ‘for Group 2, Point
11 for Group %, and Point 11 for Groug 4, ‘Note that Dmx

is on a logarithmic scale.
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Figure 13. Overall corrected rate of responding (R/sec) per
session for Group 1. The consecutive points are separated
by vertical lines. The conditions obtaining at each point

may be found in Table 1.
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Figure 14. Overall corrected rate of responding (R/sec) per
session for Group 2. -The consecutive points are separated
by vertical lines. The conditions obtaining at each point

may be found in Table 2,
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Figure 15. Overall corrected rate of responding (R/sec) per
session for Group 3. The consecutive points are separated
by vertical lines. The conditions obtaining at each point

may be found in Table 3,
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Figure 16, Overall corrected rate of responding (R/sec) per

gsession for Group 4.

by vertical lines,

The consecutive points are separated

The conditions obtaining at each point

may be found in Table 4.
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Figure 17. Overall corrected rate of responding (R/sec) for
Group 1 and the individual subjects of Group 1. Presented
are consecutive five-session means for each individual and
the group. 7TFor points consisting of less than five ses-
sions, the means are of the sessions presented. Conditions

obtaining at each point may be found in Table 1
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Figure 18. Overall corrected rate of responding (R/sec) for
Group 2 and its individual subjects. Presented are con-
secutive five-session means for each individual and the
group., For points consisting of less than five sessions,
the means are of the sessions presented. Conditions ob-

taining at each point may be found in Table 2.
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Figure 19, Overall corrected rate of responding (R/sec) for
Group 3 and its individual subjects. Presented are con-
secutive five-session means for eaéh individual and the
group. For points consistiﬁg of less than fiVe-sessions,
the means are of the sessions presented. Conditions ob-

taining at each point may be found in Table 3,



POINT

10 N

9

s o2
e .
] i B 1 | 1 I
| o /M e
&
-~ @ o
I o XN < |
. a
Q.MOAH_
o . a4
. o] <a
° oqao
LA odn
o ) d4n0
. /A d4 0
. o <
. o
. x (4]
. o’ - 1
. (o) q o
A aa
. (o] ™~
. o 4 o
PR
<a
. o] q o
. ﬁ o dq o
) qd o] o
. 4 @
. Ow o] 4 0
. a
L) OA ju]
Ajn .
q (o N = Y .
! ] ] | 1 ! —
N o @ ® ¢ Y
&  (03s/¥)
m,..w._.<m 31034403 T1VYH3IAO
p " o
»
“
&
: Rl

CONSECUTIVE MEANS .-

64



Figure 20, Overall corrected rate of responding (R/sec) for
Group 4.and its individual subjects. Preéented are con-
secutive five-session means for each individual and the
group, For points consisting of less than fiﬁe sessions,
the means are of the sessions presented. Conditions ob-

taining at each point may be found in Table 4.
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response rates of a single individual, B342., For the other
groups, the group means are quite representative of individual
performances.,

The local corrected response rates (R/min) for each group
are presented in Table 5. Except for Point 1 for Groups 1 and
2, these data aré averages across all "the sessions of a point.
Because of the lack of PSRP data per subinterval for the first
three sessions of Point 1 for these two gfoups, averages of the
last 17 sessions are presented so that comparisons might be
made.with the running rates per subinterval, later to be pre-
senteds In general, the lowest response rates are observed in
the subinterval immediately following reinforcement and the
highest response rates in the first subinterval immediately
prior to reinforcement. Notable exceptions are Points 4, 5, and
6 for Group 3. For Points 4 and 5, the peak response rate was
in the fourth subinterval prior to reinforcement. For Point 6,
the peak occurred in the sixth subinterval prior to reinforce-
ment. In this case the shifts in locus of peak responding was
not due to abnormal responding by one or two subjects; all sub-
jects of this group demonstrated the same phenomenon.

One other point of interest concerning Table 5 is that
when a reinforcement could éccur within a subinterval, as for
Dﬁxs of 0, 1, 2, or 4 secopds, rather than at the end of a
subinterval, the response rate was generally intermediate

between the highest and the lowest response rates. When Dmx



Tahle 5
Corrected Rate (R/Hin)

T-cycle Subinterval

Point 1 2 3 4 5 6 1. 8 9 10 Group .
1 10 3 7 15 25 36 46 52 57 60 G1
2 33 - 2 4 8 12 17 21 25 28 51
3 11 5 9 16 25 37 47 53 57. 60
4 9 4 7 12 19 30 40 49 54 58
5 11 4 7 10 14 20. 29 %5 41 44
6 19 6 9 13 19 26 33 36 39 43
7 23 . 5 7 10 12 17 21 26 29 30
8 26 9 8 10 13 17 20 23 24 24
9 18 18 6 6 T 9 12 14 15 17

10 7 7 8 8 - 3 4 4 5 5 6
11 4 3 4 4 4 4 4 4. - 2 3
12 32 8 8 9 10 11, 10 10 1 10
13 12 8 12 18 26 36 45 53 58 61
1 10 4 10 21 33 44 54 - 61 66 70 G2
2 38 - 1 2 6 11 17 23 28 32 36
3 10 4 10 19 32 46 59 67 73 77
4 13 2 5 1M 20 31 41 50 56 60
5 18 1 4 10 17 26 35 40 44 47
6 31 2 2 5 11 20 30 38 42 45
7 . 36 2 2 5 9 17 24 31 36 36
8 19 18 2 3 5 8 1 14 17 18
9 22 24 27 28 5 6 9 12 16 19
10 11 12 13 15 15 16 17 18 8 g
11 40 15 .12 14 12 13 16 16 18 18
12 12 7 14 26 38 50 61 70 75 80
1 9 6 12 17 20 25 28 31 32 33 G3
2 37 3 1 13 21 26 30 32 34 36
3 35 36 5 10 14 23 29 31 33 34
4 29 27 26 25 1 5 14 21 26 29
5 14 24 31 35 35 3% 31 29 1 6
6 .. 10 14 17 19 18 18 17 16 3 5
7 12 16 18 18 17 17 17 17 5 8
8 8 8 9 9 9 8 9 8 4 5
9 5 6 5 6 6 6 6 5 - 3 4
10 49 12 12 14 14 12 14 14 12 13
11 12 11 17 25 32 38 48 51 53 56
1 11 9 15 20 25 28 31 32 33 33 G4
2 22 2 6 8 12 14 17 19 20 21
3 15 3 4 T 9 11 12 12 14 15
4 15 3 3 5 8 10 12 13 14 14
5 21 3 5 9 11 15 17 19 18 19
6 18 7 8 10 13 14 16 16 16 16
7 16 16 6 8 10 11 12 13 15 14
8 12 11 11 11 7 8 8 10 10 10
9 10 9 10 1 " 11 11 12 T .8
10 45 3 1 2 2 3 2 1 1 1
1 15 9 13 18 24 29 35 38 40 40
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was O seconds, the response rate was depressed the most; when
Dmx was L4 seconds, the response rate was the least depressed.

The running rates of responding (R/min) for each group
are éhown in Figure 21, The forms arevthé same as for the
overall corrected rates. The overall levels however average
76% higher than the corrected rates for Group 1, 70% higher
for Group 2, 50% higher for Group 3 and 41% higher for Group L.
Figﬁres 22 through 25 present the running.rates (R/sec) per
consecutive session for each of the four groups. Figures 26
thropgh 29 present consecutive five-session means for each of
the groups and the individuals of each groupe Group 1's run-
ning rates of responding go from 70% higher than the corrected
rate at Point 1 to 40% higher at Point 11 (0.05T, qs"Dmx),
peaking at 122% higher at Point 6 (0.05T, 2"p ). The running
rat.e at the last point, Point 13 (matrix value (0.05T, O"Dmx)),
was again higher than the corrected rate by 61%.

Group 2's running rates of responding go from 55% higher
than the corrected rate at Point 1 to 55% higher at Point 10
(0.,10T, 48"Dmx), peaking at 91% higher at Point 7 (matrix value
(0.,10T, 6"Dmx)). The running réte at the last point, Point 12,
was only 48% higher than the corrected rate af that point.
Except for the shaping sessions, which were not used in com-
puting the average increases, this was the lowest increase for
any point for this group.

Group 3's running rates went from 42% higher than the
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Figure 21. Running rates of responding (R/min) as a function of
schedule value for each group of subjects. Data are the aver-
ages of all the sessions for each experimental point for each
group. Data values for schedules which were présented multiple
times are Bhown as short horizontal lines for all but one of
the repeated schedules. Shown as short horizontal lines are
Points 1 and 13 for Group 1, Points 1, 2 and 12 for Group 2,
Point 11 for droup 3, and Point 11 for Group 4. Data values
for the remalning repeated schedules are shown connected to
the data values of the unrepeated schedules. Note that D o«

is on a logarithmic scale.
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Eiguré 22, Overall running rate of responding (R/sec) ver
session for Group.i1. . The consecutive pointé are sepa-
rated by vertical lines. The conditions obtaining at

each point may be found in Table 1.
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Figure 23. Overall running rate of responding (R/sec) per
session for Group 2. The consecutive points are sepa-
rated by vertical lines. The conditions obtaining at

each point may be found in Table 2,
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Figure 24, Overall running rate of responding (R/sec) per
gsession for Groﬁp 3. The consecutive points are sepa-
rated by vertical lines. The conditions obtaining at

each point may be found in Table 3.
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Figure 25. Overall running rate of responding (R/sec) per
session for Group 4. The consecutive points are sepa-
gated by vertical lines. The conditions obtaining at

each point may be found in Table 4,
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Figure 26, Overall running rates of responding (R/sec) for
Group 1 and its.individual subjects. Presented are
consecutive five-session means. For points consisting
of less than five sessions, the means are of the sessions

actually presented.. Conditions obtaining at each point

may be found in Table 1.
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Figuré 27. Overall running rates of responding (R/sec) for
Group 2 and its individual subjeéts. Presented are
consecutive five-session means. For points consisting
of less than five sessions, the means are of the ses-
sions actually presented. Conditions obtaining at each

point may be found in Table 2,
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Figure 28, Overall running rates of responding (R/sec) for
Group 3 and its~individua1 subjects. Presented are
congsecutive five-session means. For points consisting
of less than five sessions, the means are of the ses-
sions actually presented. Conditions obtaining at each

point may be found in Table 3,
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Figure 29, Overall running rates of responding (R/sec)'for
Group 4 and its‘individual subjects. Presented are
consecutive five-session means, For points consisting
of less than five sessions, the means a:e>of the ses~
sions actually presented. Conditions obfaining at each

point may be found in Table 4.
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corrected response rates at Point 1 (matrix value (1.00T, o"Dmx))
to 13% higher at Point 9 (0,05T, 48"D ). Group 4's running
rates went from 28% higher than the corrected rates at Point 1
to 26% higher at Point 9. Group 3 peaked at Point 6 (matrix
value (0,40T, AS"Dmx)) with a 76% rate increase, while Group 4
peaked at Point 4 (matrix value .(0.20T, 6"Dmx)) with a 72% rate
increase.

The running rates of Group 3 do not show the periodicity
apparent for the corrected rates of responding by this same
group. This indicates that the periodicity in the corrected
rates was due primarily to perlodicity in the post-reinforce-
ment pause times.

Table 6 gives the distributions of running response rates
for each point for each group as a function of t-cycle subin-
tervals As noted for Table 5, these data are avefages of all
sesslons at a point except for Groups 1 and 2 at Point 1, These
data clearly indicate that variability in the PSRPs accounts
for the major part of the positive acceleration in the aferage
response rates per subiﬁterval following reinforcement. How-
ever, some acceleration still remains, indicating that the
first IRTs after reinforcement are on the averége somewhat
longer than later IRTs,

While some resemblance exists between the segments of cumu-
lative response records following reinforcers and the patterns
of mean response rates as a function of t-cycle subinterval,
the mean response rates are not truly representative of the

cumulative responée records. As the rate of reinforcement



LTable 6
Running Rate (RMin)

T-cycle Subinterval
Point 1 2. 3. 4 5 6 1 8 9 10 Group

1 76 25 31 39 44 49 53 57 60 63 GI
2 37 .17 23 29 32 3% 34 35 36 36 .
3 77 38 40 44 47 51 56 59 61 63
4 64 33 34 39 44 49 55 60 62 64
5 44 29 38 42 44 45 48 51 54 54
6 45 32 40 43 44 45 46 45 46 48
7 35 20 23 27 27 29 31 35 36 36
8 31 - 27 25 27 29 30 30 31 30 30
9 22 22 - 14 13 15 17 19 21 20 21
10 1M1 11 12 M1 -7 8 8 9 9 10
11 5 5 5 5 5 6 6 6 - 4 4
12 80 11 10 11 12 14 12 12 13 12
13 61 30 34 38. 44 . 49 54 59 62 64
1 94 31 35 40 47 52 60 65 69 T3 G2
2 40 - 18 21 26 29 31 34 35 37 39
3 99 32 37 42 49 56 64 10 75 78
4 65 34 36 37 41 44 48 54 58 61
5 50 29 33 36 38 40 44 45 46 48
6 45 24 28 33 36 40 43 45 46 46
7 37 - 17 21 24 29 34 35 37 39 38
- 8 25 21 12 13 16 19 20 21 22 22
9 28 28 30 32 21 25 24 24 26 27
10 20 20 20 21 21 21 22 22 18 20
1M 97 21 15 17 15 16 18 19 21 21
12 % 35 40 48 52 58 .65 72 76 80
1 36 25 25 26 27 30 32 3% 34 35 G3
2 38 . 35 37 38 38 37 36 36 36 37
3 39 38 22 34 45 47 47 4% A1 39
4 35 31 29 27 19 26 35 38 41 40
5 4% - 48 48 46 42 38 35 32 A1 40
6 25 28 29 29 25 23 21 19 - 14 18
7 20 24 25 23 21 21 20 19 13 16
8 11 10 10 11 10 9 9 9 7 8
9 & 6 6 6 6 6 6 6 - 4 5
10 106 18 18 20 19 16 19 18 16 17
11 65 42 38 41 43 45 53 54 55 57
1 40 26 23 25 28 30 31 52 33 33 G4
2 ' 22 24 24 20 20 20 21 21 22 22
3 ° 16 12 20 20 19 18 16 15 16 16
4 16 - 13 19 18 18 18 18 17 16 15
5 21 18 21 24 22 21 21 21 19 19
6 18 - 15 16 . 18 20 19 19 18 17 16
7 16 16 11 13 14 15 15 15 16 15
8 13 12 11 12 - 11 12 12 12 12 12
9 15 12 13 14 12 12 12 13 11 12
10 82 3 2 2 3 3 3 1 2 1
11 51 27 26 29 32 34 38 39 40 40
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falls below 1,00 per t-cycle, the mean response rates per sub-
interval become even less like the cumulative response patterns

following reinforcement because, while the point at which a

R

reinforcer comes in a t-cycle is relatively constant, both PSP

time and run time become more evenly distributed among the dif-
ferent subintervals as a larger percentage of the t-cycles con-
tain no reinforcer.‘

| To obtain a curve representativg of the individual cumulative
response curves one might plot the cumulative responses after
reinforcements on the ordinate of a graph as a function of the
average times since the previous reinf&rcement to those ordinal
responses.

Unlike the fesponée rates per.subinterval for the corrected
response rates, the highest running response rates are often
found in the subintervals which may contain a reinforcer (i.e.,
= 0, 1, 2, or 4 seconds). This is especially true when

D
mx
O seconds,

D
mx
The overall mean post-reinforcement pauses showed :a much

greater range of values than did any other dependent variable. In
order to present these data in a compact form, the reciprocals

of the mean PS®Ps, as measured in t-cycle units (i.e., t divided

by mean PSRP), are presented in Figures 30 through 38. In addition,
presentation of the reciprocal PSRPs ﬁas the advantage of
showing a generally negative slope of values as a function of

the schedule vector, similar to those of the other dependent

variables already discussed. Figure 30 shows the T/ PSRP data



Figure 30. Reciprocals of the mean post-reinforcement pauses
as measured in t-cycle units (i.e., T/ ;gﬁ; ) as a func-
tion of the vector value for each group of subjects.

Data are the averages of all the sessions for each ex-
perimental point for each group. Data values for sched-
ules which were presented multiple times are shown as
horizental lines for‘all but one of the repéated sched-
ules. Shown as short.horizqntal lines are Points 1 and
13 for Group 1, Points 1, 2 and 12 for Group 2, Point 11
for Group 3, and Point 11 for Group 4. Note that th is

on a logarithmic scale,
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Figure 31. Reciprocals of the mean post-reinforcement pauses
as measured in t-cycle units (i.e., T/ ;gﬁ; ) per session
for Group 1. The consecutive points are separated by ver-
tical lines. The conditions obtaining at each point may

be found in Table 1.
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Figure %2. Reciprocals of the mean post-reinforcement pauses
as measured in t-cycle units (i.e., T/ ;gﬁ; ) per session
for Group 2. The consecutive points are separated by ver-—
tical lines, The conditions obtaining at each point may

be found in Table 2.
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Figure 33. Reciprocals of +the mean post-reinforcement pauses
as measured in t-cycle units (i.e., T/ pSRp ) per session
for Group 3. The consecutive points are separated by ver-

tical lines, The conditions obtaining at each'point may

be found in Table 3.
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Figure 34, Reciprocals .of the mean post-reinforcement pauses
as measured in t-cycle units (i.e., T/ pshp ) per session
for Group 4. The consecutive points are separated by ver-—

tica;,l;nes. The conditions obtaining at each point may

be found in Table 4.
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Figure 35. Reciprocals of the mean post~reinforcement pauses
as measured in t-cycle units (i.e., T/ ;gﬁ; ) for each
individual of Groﬁp 1. Presented are ¢onsecutive five-
session means, .. For points consisting of less than five
sessions, the means are of the sessions presented. Con-

ditions obtaining at each'point may be found in Table:.1,
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Figure 36. Reciprocals of the mean post-reinforcement péuses
as measured in t-cycle units (i.e., T/ ;gﬁ; ) for each
individual of Group 2. Presented are consecutive five-
session means, For points consisting of less than five
sessions, the means afe of the sessions presented. Con-

ditions obtaining at each point may be found in Table 2.
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Figure 37. Reciprocals of the mean post-reinforcement pauses
as measured in f—cycle units (i.e., T/ ;Eﬁ; ) for each
individual of Group 3. Presented are consecutive five~
session means. For points consisting of less than five
sessions, the.means are of the sessions presented. Con-

ditions obtaining at each point may be found in Table 3.
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Figure 38, Reciprocals of the mean post-reinforcement pauses
as measured in t-cycle units (i.e., T/ ;gﬁ; ) for each
individual of Group 4. Presenfed are consecutive five-
séssion means. For points consisting of less than five

| sessidns, the means aré of the sessions presented, Con-

ditions obtaining at each ﬁoint may be found in Table 4.
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for each group as a function of the matrix #alues. Of all the
groups and points, the reciprocal PSRP was highest for Group 4
at Point 1, and lowest for Group 1 at Point 11 (matrix value
(0.05T, 48"D _)). Group 4 at Point 1 had a T/ ,cRj value of
4.67 (corresponding to a mean PSRP of 0,21 t-cycles)., Group 1
ps%p

mean psPp of 2,56 t-cycles)e. The T/PSRP data per session for

at Point 11 had a T/ value of 0,39 (correspondiﬁg to a
each group and per consecutive block of five sessions for the
individuals of each group are presented in Figures 31 through
34 and Figures 35 through 38 respectively. These data displai
an even greater range of values than did the overall group
means, For this reason a logarithmic scale was used in plot- .
ting the reciprocal PSRP data for these figures. It is inter-
esting that the mean post-reinforcement pause times increased
rather than decreased as the matrix value (0.0BT,.AB"Dmx) was
approached, because the probability of reinforcement was higher
for the shorter PSRPs at this matrix value. That is, at this

Rp of between 12 and 15 seconds (1.€e, a

matrix value a PS
T/ ;gﬁ; 6f between 4 and 5) would result in an Ri in the suc-
ceeding t-cyqle. This method of differentially reinforecing
the shorter PSRPs does not, however, result iﬂ short PSRPs.
Even granting that differential reinforcement of shorter'PSRPs
may be successful, ps®p length seems to be much more strongly
influenced by other factors.

In his chapter on periodic reconditioning, the number of

responses per reinforcement (R/SR) is a measure that received
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some attention from Skinner in his 1938 discussion of the theore-
tical concept of 'reflex reserve'". According to this concept, a
reinforcer was supposed to build up the stfength of a reflex
while unreinforced responses were supposed to tear down the
strength of the same reflex. The number of responses emitted per
reinforcement under a schedule which did not differentially rein-
force high (or low) responée rates was supposed to produce a
cogstant ratio of unreinforced responses'iq reinforced responses.
That is, the number of unreinforced responses needed to tear
down a conditioned reflei was more than the number of reinforced
responses which had built up that conditioned reflex. A corollary
of this concept is that the responses per reinforcer should be
greater for the stronger reinforcer than for stimuli which are
weak reinforcers. Delayed reinforcers have been assumed to be
- weaker reinforcers because the rate of.responding has generally
decreased with increaseé in reinforcement delay. In this confexf,
it is of interest to note that in this experiment the change
in responses per reinforcement is not monotonically decreasing
as Dmx incrgases.

Figure 39 shows the.overall responses per reinforcement for
each group as'a function of schedule value. Af Point 1, Group 1
emitted a mean of 33.6 R/SR. While this mean fell to 23.5 for
Point 2, of all the experimenfal points this was the lowest
number of responses per reinforcement for this group. At Point

1, Group 2 emitted an average of 39,1 R/SR. For Group 2



1

Figure 39. Responses per reinforcement as a function of
schedule vector value for each group of subjects. Data
are the averages over all the sessions for'each point of
each group.‘Values 'which were repeated are pfesented as
short horizontal lines for all but one of the repeated
schedules., Shown as short horizontal lines are Points 1
and 1% for Group 1, Points 1, 2 'and 12 for Group 2, Point
11 for Group 3, and Point 11 for Group 4. Note that Dmx

is on a logarithmic scale.
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the. R/S" fell to 18.6 at Point 8 (0,10T, 12"D ). However,
the number of responses per reinforcement at Point 10, where
the maximum delay of reinforcement was 48 seconds, was 38.0,
only 1.1 R/SR less than that emitted at Point 1 with zero sec-
onds delay of reinforcement. The data for Groups 3 and 4 sup-
port even less the theory that delayed reinforcers have less
power to generate a large ﬁumber of responses per reinforce-
ment than do immediate reinforcers. Except for ‘the second time
the matrix value (1.005, O"Dmx) is presented to Group 3, this
matrix value produced fewer responses per reinforcement than
~did (0.05T, 48"D ).

Figures 40 through 43 show the mean number of responses per
reinforcement for each consecutive seséion for each group. In-
spection of the data from each point and group does not reveal
any notable consistency. The data from Group 1 afe essentially
flat across sessions, showing only a slight increase in varia-
bility across sessionse. Poinf 1 shows an initial increase over
Point O, but its final value is oniy slightly higher. Grbup 2,
which was exposed to identical experimental conditions until
Point 5 also showed the increase in responses per reinforcement
at the beginning of Point 1, but this rate was maintained -
throughout that point. When Groups 1 and 2 began Point 3
(0.10T, 6"Dmx) the number of responses per reinforcement for

Group 1 continued at about the same level while the number for
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Figure 40. Mean number of responses per reinforcement for
| .

each consecutive session for Group 1. The consecutive

points are separated by vertical lines. The conditions

obtaihing at each point may be found in Table 1.
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Figure 41. Mean number of responses per reinforcement for
each consecutive session for Group 2. The consecutive
points are separated by vertical lines, The conditions

obtaining at each point may be found in Table 2.
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Figure 42, Mean number of responses per reinforcement for
each consecutive session for Group 3. The consecutive
points are separated by vertical lines. The conditions

obtaining at each point may be found in Table 3..
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Figure 4%, Mean number of responses per reinforcement for
each consecutive session for Group 4. The consecutive
points are separated by vertical lines. The conditions

obtaining at each point may be found in Table 4.
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Group 2 showed a sudden drop. For these two groups, however,
the mean R/SR for Point 2 is very similar (23.5 for Group 1,
and 22.2 for Group 2)., When each group was returned to (0.10T,
O"Dmx) (Point 3) the o6riginal behavior of each group was recov-
ereds Inspection of Figures 44 and 45, which give the consecu-
tive five-session means for the individuals of each group does
not suggest that the differences can be attributed to any single
animale The cause 6f these differences among the two groups is
unknown. The remaining data for Group 2 show a slow steady de-
cline in the number of responses per reinforcement until the
beginning of Point 9 (0.10T, 24"D ) after which there is a
steady, relatively rapid rise in the number of responses per
reinforcement until the termination of the experiment,

In the number of responses per reinforcement, Group 3
again shows periodicity (see Figure 42) as a funcfion of con-
secutive sessions. The periodicity is apparently attributable
to a single subject, B342 (see Figure 46). Group 4 (see Figures
43 and 47) reaches a minimum number of responses per reinforce-
ment (10.,5) at Point 3 and thereafter the number of responses
per reinforcement steadily incregses in voth size and varié-
bility across sessions. The number of responsés per reinforce-
ment is highest (38.8 R/SR) at Point 9 (0.0ST, 48"Dmx) for this

groupe.
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Figure 44, Mean responses per reinforcement for each indivi-
dual of Group 1. Presented are consecutive five-session
means. For points consisting of less than five sessions,
the means are of the sessions presented. Conditions ob-

taining at each point may be found in Table 1.
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Figure 45, Mean responses per reinforcement for each iﬂdivi—
dual of Group 2. Presented are consecutive five-session
means, For points consisting of less than five sessions,
the means are'of the sessions presented. Conditions ob-

taining at each point may be found in Table 2.
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Figure 46, Mean responses per reinforcement for each indivi-
dual of Group 3. Presented are consecutive five-session
means, For points consisting of less than five sessions,
the means are of the sessions preseqted. Conditions ob-

taining at each point may be found in Table 3.
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Figure 47. Mean responses per reinforcement for each indivi-
dual of Group 4. Presented are consecutive fivg-session
means, For points consisting of less than five sessions,
the means are of the sessions presented. Conditions ob~

taining at each point may be found in Table 4.
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DISCUSSION

Delay studies have in the past taken a number of forms.
Renner (1964) has reviewed the delay of reinforcement studies -
conducted up to 1964. Most of these were studies of the effect
of delayed reinforcement uponflearning in descrete trial situa-
tions. Tarpy and Sawabini (1974) have reviewed the delay of
reinforcement literature from 1964 to 1973. However, they lim-
ited thelr review to discrete trial studies which emphasized
the issue of cue utilization. Reviews 6f free operant studies
of delayed reinforcement apparently do not yet exist, possibly
because of the relative dearth of such studies, A little over
a score of free operant studies appear in the literature and
only eight could be found which do not provide stimulus changes
with the onset of the delay periods (i.e., Skinner, 1938; Dews,
1960; Azzi, Fix, Keller and Rocha e Silva, 1964; Morgan, 1970;
Schoenfeld and Farmer, 1970; Schoenfeld, Cole, Lang and Mankoff,
1973; Williams, 1976; and da Silveira Dias, 1976).

In the present study, no cued delays were used because -
past free operant studies using "chain" schedules (Ferster and
Skinner, 1957) have shown that the appearance of the stimulus
associated with the second component is a secondary reinforcer
for- the behavior in the first component, That 1s, responding
in the first component is reinforced by the presentation of

stimulus conditions associated with a higher probability of
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primary reinforcement.. In a way, a chain schedule is a special
kind of "multiple" schedule (Ferster and Skinner, 1957), differing
from the usual multiple schedule only in that each component is
associated with a different class of reinforcer. Thus, as in
multiple schedules, the behavior patterns developed in the cued
components of a chain schedule independently depend on the rein-
forcement schedules in the'separate components, and in addition
depend on the class of reinforcing stimulﬁs. When a response is
followed by a primary reinforcing stimulus after a cued delay,
the schedule is, in Ferster and Skinner's terminology, a chain
- schedules When the delay time is uncued, however, the schedule
is characterized as "tandem" by Ferster and Skinner rather than
"chain", and the behavior patterns in each component are depend-
ent on their temporal relationships to the reinforcer and to
thelr inductive relationship with other behaviors which have
different temporal relafionships with reinforcing stimuli.

| The reinforcement schedule in the second component of
either chain or tandem schedules méy be a "fixed time" or "FT"
schedule (Zeiler, 1968), or a "variable time" or "VI" schedule,
as when responses during this component have no influence on S
probability, or it may be a "DRO" schedule (Re&nolds, 1961) in
which responses will temporarily reduce SR probability to zero.
Fixed delay experiments, in which the behavior 1mmediafely be-
fore a reinforcer consists of an t R followed by t-seconds of

behaviors which do not include an R may then be characterized
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as either chain or tandem FR1, DRO-t, Variable delay studies
have been of two typess First, there was the variable delay ex-
reriment in which the behavior immediately before a reinforcer
copsisted of an Ri followed by t-seconds of any behavior, not
excluding R, This schedule may be characterized as either
chain or tandem FR1, FT-t, depending on the presence or absence
of delay cueing. Second, there was the variable ﬁeiay experi-
ment in which the behavior immediately before a reinforcer conQ
sisted of t-seconds containing one or more Rs. - This schedule
may be characterized as a conjunctive schedule (ferster and
Skinner, 1957). Morgan (1970) characterized his variable delay
schedule as "conjunctive FT31", FR1 ",

Description of the experimental manipulations of the pre-
sent study within the Ferster and Skinner tradition is also
possible, but soon becomes cumbersome. When tDis equal to, or
" larger than, Dmx’ the procedure seems to belong to the second

D is

variable delay schedule type described above. When ¢t
very small, the procedure seems to ﬁelong to the first variable
delay schedule type described above, However, when'tD is
§maller than Dmx yet still of moderate size, the procedure haé
features of both the variable delay procedures éescribed above.
Manipulation of the variables T and Dmx allows a smooth traﬁsi-
tion from one delay schedule to another,

It is this ability to proceed simply and smoothly from one

nominal class of delay of reinforcement schédule to another
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that makes the present system of experimental manipulations of
special utility. It becomes obvious with manipulations of T
and Dmx that both variable delay of reinfofdement procedures
are special cases of a more general set of procedures. In the
present set of experimental manipulations, no attempt was made
to demonstrate that the fixed delay of reinforcement procedufe
is also a special case. Hdwever, the first procedure may also
be incorporated as a speéial case by theigimple expedient o}
having responses in tA‘decrease the probability of reinforcement
at the end of téﬁ Responses in tA‘might thereby counteract

any increase in probability of reinforcement produced by re-
sponses during the previous tD period. At any chosen time, a
reinforcing stimulus might be delivered or not according to the
value of a probability register. If the first response in tD
increments the probability register by .1.,00 and the first re-
sponse in tA decrements the probability register by the same
amount, then the probability of reinforcement at the time the

D contained a re-

register is sampled may be zero even though t
sponse, If in tD the probablility register is incremented inde-
pendently of responses, then it might be said that responses in
tA "avoid" the reinforcing stimulus,

In the present experiment, a contingency relationship be-
tween responses and reinforcements was always present, The re-

sults clearly demonstrate, however, that the presence of a con-

tingency relationship per se is not a sufficient condition for
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the maintenance of a given level of Ri frequency. Past delay
of reinforcement studies did not allow this fact to clearly
emerge. |

For those studies in which the overali reinforcement schedule
was characterized as CRF or continuous reinforcement (e.g.,
Skinner, 1938; Dews, 1960; Azzi et al., 1964), each increase
in the reinforcement delay ﬁime produced a necessary and con-
commitant increase in the minimum inter-reinforcement time.
Any decline in response rate could then be attributed to the
prior reduction in reinforcement frequency. In those cases
which did not use a CRF schedule,'the contingency relationship
was not clearly distinguished. Skinner (1938) also investiga-
ted the effect of fixed delays under an overall schedule of
FI 5', The delays he used wére rather short (2,‘4, 6, and 8
seconds), so the direct effect upon reinforcement frequency
would be relatively slight. |

The variable delay studles by Morgan (1970), Schoenfeld,
Cole, Lang and Mankoff (1973), and Williams (1976) allowed
delays between the response necessary énd sufficient for rein-
forcement (the Ri) and the reinforcement, In the studies by
Morgan, and by Schoenfeld et al., the Ris could‘appear at any
time between reinforcers, Should Ris at a given temporal dis-
tance not be maintained at their initial probability of emission
by their reinforcement then the lowered probabllity of emlission

should shift Ris closer to the time of reinforcement. Since
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the Ris were the Rs which terminated the PSRPs in these studies

R

one would éxpect the average PS'P to increase. Morgan found,

Rp under his variable delay of

however, that the average PS
reinforcement schedule was not notably different from that
found under a fixed interval schedule of length equal to the.
maximum delay of reilnforcement. Schoenfeid et al, (Experi-
ment 1) found that the mean.PSRP'increased substantially. Of
the three subjects tested in Experiment 1, the schedule pro-
duced PSRPs of about 3, 5, and 12 seconds for the last five
sessions with T = 6", and 10, 22, and 18 seconds for the last
five sessions with T = 12", The study by Williams (1976) psed'
a VI 2' schedule to which a deléyed reinforcement condition of
3, 5, 8 or 15 seconds was added. The Ris therefore could not
"occur prior to satisfaction of the VT component (VT schedules
considered as identical to tandem VT, FR 1 schedules). Unfor-
- tunately, neither ISRT nor PSRP data were reported. |
In the present experiment, reinforcement frequency was
initially limited by the t-cycle to.an average of one SR per
minute so that since no reinforcement delay in ekcess of 48 sec- .
onds was scheduled, there was presumably no necgssity for rein-
forcement frgquency to decrease. If the probability of Ri re-
mained constant du;ing manipulations of Dmx then_the'probaiility
of reinforcement would also be constant. If, on the other hand,
the probability of Ri decreased, either because of an interac-

tion with an overall lowering of response frequency or because

tD sampled a smaller or different portion of the cumulative
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response curve after reinforcement, then the probability of rgin-
forcement would also decrease. If fhe overall level of rein-
forcement frequency is influential in maintaining a given over-
all level of responding one might then expect a negative growth
process to beg{n. That is, the schedule manipulation first
forces a decrease in Ri probability, the decrease in Ri proba-
bility causes a decrease 1n.reinforcement frequency, the decfease
in reinforcement frequency then causes a further decrease in
response frequency, etc. This negative growth process need

not continue indefiniteli, however, because the effect need not
be linear, A mnew point of equilibrium may be reached before

the probability of RiB falls completely to zero.

The results of the present experiment demonstrate that the .
strength of the response class upon which reinfofcement was
contingent (i.e., dependent) is apparently independent of this
contingency relationship. That is, the probability of Ris is‘
not maintained by their contingency relationship with SRs. .Far
more important appears to be the coﬁtiguity or delay relafion—
ship a response class has with reinforcement. Apbarently, con-
cingency serves only to maintain a degree of contiguity betweep
Rs and SRs. contiguity directly affecting response probabilitye.

As Tables 5 and 6 show, the corrected response rates and
ruﬁning response rates are generally highest during those sub-
inter;als most closely followed by reinforcement, The only ex~
ceptions to this general finding are produced ‘by Group 3 for
Points 4, 5, 6 and 7 (vectors (0.80T, 24"D ), (0.80T, 48"D ),
(0.40T, 48"D, ), and (0.20T, 48"D_ ), respectively). This finding



138

does not, however, support the view that contingency is of
direct importance in behavior control since the peak corrected
response rate appeared in the sixth subinterval after reinforce-
ment, independently of tD loci, and thereafter slowly fell.
It was informally observed that after reinforcement the birds
would first emit the interim behaviors as described by Staddon
and Simmelhag (1971), then'begin key-pecking. As time progressed
in the t-cycle, some of the birds would bégin to emit the stereo-
typed kind of behavior observed by Skinner in 1948. For the other
subjgcts of this same group, this kind of stereotyped terminal
behavior was not evident even though the rate of key-pecking
showed the same temporal pattern,

The function of contingency in maintaining contiguity be-
' tween responses and subsequent reinforcers is demonstrated in
Figures 48 through 51, The figures present data cdncerning
the degrees of contiguity maintained between Rus (the ultimate
response before a reinforcer) and SRs by each maximum delay
contingency. The maximum delays as specified by Dmx ensure
that all RSRTs are less than or equal to these values but the
medians and even the third quartiles are typically much less
than Dmx (see Table 7). The maximum RSRTs in the above mentioned
figures were limited by the value of Dmx so the cumulative per-
cent RSRTs always reached one hundred at or before the RSRT
value that was equal to Dmx’ Table 7 presents the first, second,
and third quartile values as a fuﬂction of each of the Dmx values

investigated. These quartiles were calculated using the average
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distributions from all points, regardless of éroup or T value,
having in common the same value of D+ These data, in conjunc-
tion with the data on response rates, indiéate that even a few
reinforcements of a key~peck followed by other behaviors during
the remaining time to reinforcement will increase the freduency

of that response patterne.



Pigure 48. Cumulative RSRTS as a function of RSRT class for

Group 1. For clarity, each curve is displaced
five units +to the left of the curve immediately to its
right., Point 2 for this group (vector (0.10T, 6"D_.))

is not displayed.
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Figure 49, Cumulative RSRTs as a function of RSRT class for

' Group 2. For elarity, each curve is displaced
five units to the left of the curve immediately to its
right, Point 2 for this group (vector (0.10T, 6"Dmx))

is not displayed.
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R R

Figure 50, Cumulative RS Ts as a function of RS'T class for
Group 3. TFor clarity, each curve is displaced
five units +to the left of the curve immediately to its

right,
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Figure 51, Cumulative RSRTs as a function of RSR

T class for
Group 4. For clarity each curve is disblaced
five units to the left to the curve immediately to its

right.
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APPENDIX A
Pretraining and Reshaping

The aim of tﬁe shaping procedures was simply to get the
subjects responding in a typical fixed interval reinforcement
pattern as quickly as possible. . Since:response patterns are
strongly affected by reinforcement patterns, the pattern of
reinforcement during initial training was made to resemble the
expected pattern that would obtain once reinforcers were 100%
response contingent. Following'exposure to reinforcement
schedule matrix values that produced in many subjects a ces-
sation in responding, and prior to exposure to the final sched-
ule value of the experiment, all subjects were exposed to the

second key-peck shaping procedure described below.

Method

The‘firstvshaping procedure ekposed eight subjects (Groups
1 and 2) to between 50 and 150 30-second t-cycles per session.
Initially the number ef t-cycles varied among subjects because
of the variabilit& in the times subjects took to first consume
grain from the grain feeéer. The white center-key light was
turned on at the start of each tD and was turned off with rein-
forcement, If a response was mede to the lighted center-key
within fhe tD period, reinforcement was delivered immediately;

if no response was made in tD, the reinforcer was delivered
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Table 7

Quartile rsPrs (in seconds) for each distribution of
RSRTS for each D

Doy Qs Q Q,
1 0.59 0.31 0.09

2 1.08 0.59 0.25

4 1.76 0.85 . 0.37

6 3.03 1.39 0.51
12 4.58 171 0459
24 . 7.09 2.55 0.86

48 13.08 3.59 1.04
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automatically at tpe end of tD. During reinforcement the re-
peating time cycle and the cumulative recorder were halted.
The houselight was turned off during reinforcement during the
first session only; thereafter it remained on continuously
during the sessions. It was observed that many of the birds
would tuck in their heads and crouch when a reinforcer was deli-
vered, instead of eating ffom the hopper, and after a few
reinforcer presentations would také up this stance'as far
as possible from the feeder. Since sudden novel changes in
stimulation may produce this response in birds, efforts were
then made to reduce such changes in stimulus intensities.
Changes in auditory stimulation were reduced by putting more
padding on the grain feeder where it struck the access hole in
the intelligence panel and the white noise was introduced into
the chamber to partially mask the feeder presentafion sound as
well as to mask extra-chamber noises,

The reiﬁforcer presentation time aepended on the feeding
behavior of the individual subjecf. Initially the feeder was
presented for as much as 18 seconds. However, the presentation
was always terminated within 3 seconds after eating began. |
Only two birds were fesponding by the end of the first session.
Beginning with the second session, those birds that were gquickly
eating from the feeder upon its presentation, but not yet peck-
~ing the center key received 3 seconds feeder presentation time

for sudcessive approximations to key-pecking du;ing tD periods,.
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During the second session, three of the eight birds made no re-
~ sponses, Sesslon four was the first session in which all birds
responded.

As the birds came to respond quickly to the lighted key,
attempts were made to fade in the condition of continuous key-
light during the t-cycle by turning on the key-light some sec-
onds before the onset of tJ. The length of t° contimued to be
6 seconds. At first many of the birds ceased responding after
only a few unreinforced pecks on the lighted center-key, even
though they responded with short latencies to key-light onset.
It seems that it was the key-liéht onset rather than the key-
light per se that had become the discriminative stimulus for
responding, Not until the sixth session (Session 006) did all
birds receive continuous key-light during the t-cycles. From
Session 007 through Session 020, the subjects from Groups 1 and
2 received 50 t-cycles per session (see Table Al).

The information provided by the results from the first
shaping procedure was used to desién the second shaping pro-
cedure. The first and second sessions were 50 t-cycles long,.
For the remainder of the experiment, the sessions were 25 t-
c&cles long. The remaining eight birds (Groups 3 and 4) were
exposed to the second shaping procedure (see Table A2), Sharp
dﬁanges in stimulus intensities were reduced as before by leav-
ing the houselight on throughout the sessions and by introduc-

tion of the white noise. The feeder also remained padded. A
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Table A1

Pretraining and Reshaping Schedules

Group 1: B62, B75, B96, BO4,

~Sessian T T Dmx )

D Cycles;

001~ 006 30.. 0,20 * Normal 50-150

007~ 020 30 0.20 0 Normal 50
1201=-1202 60 0.10 ¥* Gold 25

Group 2: B84, B30, B49, B61.

Session T T D sP Cycles

mx

001- 006 30 0,20 * Normal 50-150
007- 020 - 30 0.20 O Normal 50
1101 60 0.10 **¥ Gold 25

Note: A Dmx of #%" means that the first autoshaping procedure

was being used and the maximum time between an SR and the

previous R was unlimited although the first R in +> would
produce an immediate SR. A Dmx of "*%" means that the

second autoshaping procedure was used.
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Table A2

Pretraining and Reshaping Schedules

Group 3: B342, B375, B390, B225.
D

.Session T T Dpge S Cycles
001- 002 60 0.10 **¥ Gold 50
003 60 0,20 ** Gold 25
1001 60 0.10 ** Gold 25
Group 4: B32, B242, B264, B341.
= D
Session :E_ T pmx S Cycles
001- 002 60 0.10 ** Gold 50
003 60 0.20 *% (old 25
1001 60 0,10 ** Gold 25

Note: A Dmx of "¥¥" means that the seécond autoshaping procedure

R

was used and the maximum time between an S and the pre-

D

- vious R was unlimited although.the first R in t° would

produce an immediate SR.
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translucent gold cover was also placed over the houselight in-
stead of the - regular cover, but it is uncertain that this had
any effect, In addition to reducing sharp changes in the in-
tensity of ambient stimulation, changes were also decreased in
frequency by increasing the t-cycle length to 60 seconds on the
.assumption that the effects of sudden novel changes in stimula-
tion are non-cumulative 1fithe changes are spaced sufficiently
far apart. The center key was lighted during the 6-second tD
veriod and if no response was made in tD, reinforcement was
presented automatically at the end of tD and the key light went
off. Reinforcement ‘presentation time was constant at 3 seconds
-even 1f the birds did not eat. If a response was made during
tD,-reinforcement was delivered immediately. The key light

-went off during reinforcement as before, but caﬁe on again for
the remainder of tJ as soon as reinforcement preséntation ter-
minatede This served presumably to remove the discriminative
stimulus function of key-light onset. Exactly one SR was given
in each t-cycle. ' |

| By the end of the first 50 minute session, although no prior
adaptation to the chamber, no magazine training and no reinforce-~
ment of successive approximations to key pecking wvas given, six
of the eight birds were responding whenever the key light was on,
both before and after reinforcement. By the end of the second
50 minute session, all birds were responding. Most birds made

few or no responses while the key light was off. On the third
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day the session was shortened to 25 time cycles, and the key
light (and tD) lengthened to 12 seconds after onset of the cycle.
After the third session of ﬁretraining Groups 3 and 4, they were

shifted into the first phase of the main experiment.

"Results
The effects of pretraining were measured in the following
terms: 1) overall corrected rate of responding per session —
corrected rate of responding was calculated according to the
formula R/(Tt - T(SR)) where R is the number of key-pecks re-
corded, 'r't is the total session time, and T Ry is the total
reinforcement access time; 2) local corrected rate of responding
— each t-cycle was divided into six-second subintervals and
the average corrected rate of key-pecking was separately cal-
culated for each subinterval of the t-cycle; 3) overall
running rate of responding per session — running rate of re-
sponding was calculated according to the formula R/ (Tt - T(SR)
- TPSRP))’ where R, T,, and T cR, are defined as before, and
T(PSRP) is the total post-reinforcement pause time per session;
4) mean PSRP; and 5) mean responses per contingent SR.
| Figure Al presents the overall corrected fates for the

first five sessions of Point O for the individual subjects of
Groups 1 and 2, The acquisition of key-pecking was quite ir-

regular, Four of the eight birds showed rate reversals across -
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Figure A1, Overall corrected rates of responding for the first
five sessions of Point 0, shaping pfocedure number one,

for the individuals of Groups 1 and 2,
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the five sessions. The highest response rate, 0.59 responses

per second, was given by B62 on the fifth session. The subject
B61 never gave over O.Cu responses per second per session,
O#erall corrected rates --for the last fifteen sessions of Point

O are shown in Figures A2 and A3. Three of the eight subjects
(B75, B96, and B61) made no responses during one or more of these
fifteen sessions. There wés no apparent reason for these lap-
ses in responding. By the end of the last fifteen sessions of
Point O, the subjects were responding at rates between 0.25 and
130 responses per second.

The local corrected rates of‘:esponding for the individuals
of Groups 1 and 2 are presented in Figures A4 and AS5. The re-
sponse rates (means of 1,27 and 1.30 R/sec respectively for
Groups 1 and 2, computed over the last five sessions of Point 0)
in the fifth and last subinterval of the 30-secon& t-cycle are
generally higggr than the corrected response rates computed for
the remaining subintervals. Only the fourth subinterval occa-
sianally had higher response rates. The third or middlelsub-
interval showed a response rate of about half that found in the_
fifth subintervals The second subinterval showed a response
‘rate of about a third of that found in the thifd subinterval.
The first subinterval had rates approximately equal to that of
the second subinterval, but had much less variability among
sessions than did any of the other subintervals. For three of

the eight birds (B96, B84, and B30) the terminal (fourth and
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Figure A2, Overall corrected rates of responding for the last
.fifteen sessions of Point O (vector value (30"T, 0.20T,

O"Dmx))’ for the individuals of Group 1.
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Figure A3, Overall corrected rates of responding for the last
fifteen sessions of Point O (vector value (30"T, 0,20T,

O"Dmx))’ for the individuals of Group 2.
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Figure A4, “lLocal corrected rates of responding for the indivi-
duals of Group 1 during the last fifteen sessions of Point
0 (vectop value (30"T, 0.20T, O"Dmx))’ Each line repre-
sents the mean corrected rate during one of the five six-
second subintervals of the t-cycle., See text for further

description.
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Figure A5, Local corrected rates of responding for the indivi-
duals of Group 2 during the last fifteen sessions of Point
0 (vector value (30"T, 0,20T, O"Dmx))' Each line repre-
sents the‘mean corrected rate during one of the five six-
second subinterxals of the t;cycle. See text for further

description.
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fifth‘subintervals) response rates were still increasing when
the pretraining point (Point O) was terminated. The plan of

the experiment did not however call for prolongation of Point

O. For the remainder of the subjects and subintervals, response
rates were showing no marked increases when Point O was termin-
ated and Point 1 (the first experimental point) begun. It

would seem that response rates level off hore quickly for the
first subintervals of the t-cycle. The mean corrected rates
per subinterval are summarized in Figures A6 and A7 for the last
five sessions of Point O, Tﬁe full cycle, from Subinterval 1

to Subinterval 1, is shown to emphasize the depressant effect

of reinforcement as well as to show the acceleration in corrected
rates after reinforcement,

The overall running rates of responding per session were
quite similar in form, though not in overall height, to the
overall corrected rates of responding (compare Figures A8 and
A9 with Figures A2 and A3). The overall running rates shown in
Figures A8 and A9 frequently exceeded the'corresponding éorrected
rates in the terminal subinterval of the t-cycle (see Figure A4
and A5). This is evidence that most of the "scallop" in the -
corrected rates of responding per subinterval is due to the
variability in pause size after reinforcement rather than
to' a steady decrease in IRT (inter-response time) size as time
after reinforcement increases. The cumulative records support

this judgment., .
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Figure A6, Mean corrected response rates per t-cycle subinter-
val for the last five sessions of Point O, for the indivi-

duals of Group 1.
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Figure A7. Mean corrected response rates per t-cycle subinter-
val for the last five sessions of Point 0, for the indivi-

duals of Group 2.
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Figure A8. Overall running rates of responding per session for

e e

the individuals of Group 1 during the last fifteen sessions

© ..,af Point 0.
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Figure:A9, Overall running rates of responding per session for
the individuals of Group 2 during the last fifteen sessions
" of Point O, Note the change in scale of the ordinate for

subject B84,
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The mean pause after reinforcement was quite stable for
most birds, Subject B84 had pauses averaging 1.38 t-cycles on
the third session of Figure A11 (Session 008) but by the tenth
session of this panel (Session 015) the mean PSRP ranged be-
tween 0.33 t-cycle and 0,50 t-cycle. During the last five ses-
silons no individual had a mean PSRP exceeding 0,66 t-cycle, or
less than 0.33 t-cycle. The mean PSRP for the last five ses-
sions was 0,47 and O.44 for Group 1 and Group 2 -respectively.

In Figures A10 and A1l there are gaps left in the data for B75,

B96 and B61. For the sessions assoclated with these gaps there

were no reinforcers delivered and mean PSRPs could therefore not
be computed. The gaps represent values interpolated from values
at the surrounding seséions.

Finally, Figures A12 and A13 show the mean number of respon-
ses emitted per reinforcement per sessione. Subjeét B84 emitted
the most responses per reinforcement (a mean of 34.3 for the
last five sessions of Point 0), énd B49 and B61 emitted the
fewest (13,0 and 13,4 responses pér reinforcement resﬁecfively).
The remaining birds ranged between a mean of 18.1 and 23.4 re-~
sponses per reinforcement for the last five sessions of Point 0;‘
The mean for Group 1 was 20.5; for Group 2 it ias 21.2.

Groups 3 and 4 had only three sessions of pretraining rather
than the 20 sessions which Groups 1 and 2 had. As de-
scribed in the method section above, the second shaping pro-

cedure was used to establish a substantial probability of key-
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Figure A10. Mean post-reinforcement pause time in t-cycle units
for the individﬁalé of Group 1 for the last fifteen ses-
sions of Point O, The't—cycle was 30 seconds in length,
Gaps in the data lines repfesent interpolated values of
PSRP. There were no reinforcements delivered during these

sessions,
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Figure A11. Mean post~reinforcement pause time in t-cycle units
for the individuals of Group 1 for the last fifteen ses-
sions of Point O, The t-—cycle was 30 seconds in length.
The gap in the data at the seventh session (Séssion 012)
for subject B61 representsvthe interpolated value of the
PSRP. No reinforcements were delivered to this bird for

this session.
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Figure A12., Responses per reinforcement per session during the
last fifteen seésions of Point O for the individuals of
Group 1. Gaps in the data lines of subjects B75 and B96
represent interpolated values from the surrounding ses-
sions., No reinforcers were delivered during those sessions

because of insufficient responding.
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Figure A13., Responses per reinforcement per session during the
last fifteen sessions of Point O for the individuals of
Group 2. The gap in the data line of B61 represents an
interpolated value from the surrounding sessions. No
reinforcers were deliiered during that session because of

insufficient responding.
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pecking before the first experimental point was begun. The
mean proportions of contingent reinforcers for Group 3 for the
first, second, and third sessions was 0.20, 0.79 and 0.98 re-
spectively. For Group 4 the -mean proportions~were 0.13, 0.96,
and 0,99 for the first, second, and third sessions respectively.
Similarly, median values were 0,09, 0.80, and 0.98 for Group 3,
and 0,09, 0,97, and 1.00 for Group 4,

The overall corrected rates of responding were quite low
in comparison to those typically found in asymptotic perfor-
mance under a fixed-interval one-minute schedule of contingent
reinforcement. 'The mean responses per-second were 0,01, 0,05,
and 0,07 for Group 3 and 0,01, 0,07, and 0.07 for Group 4. The
medians were 0,003, 0,048 and 0,062 for Group 3, and 0,003,
0.074, and 0,076 for Group 4. The response rates may be lower
for two reasons, One is that subjects were initiélly naive to
the experimental situation and naive subjecfs typicglly require
several sessions before their response rates reach their maxima.
The second reason is that differential response rates geherally
ensue when various stimulus states (such.as light-on, light-off)
are differentially associated with different probabilities of B
immediate reinforcement, The discrimination indices for the
mean corrected rates of the first, second and third sessions
for Groups 3 and 4 were 0.989, 0.979 and 0.995, and 0,706,
0.990 and 0,941 respectively, indicating a strong depression of

response probability during tA. The running rates were also
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lower than those usually found in asymptotic performance. Group
3 responded with mean rates of 0.11 0,08 and 0.11 responses
per second for the first, second and third pretraining sessions
respectively, Similarly, Group 4 responded with rates of 0.08,
0,09 and 0.09 respectively.

The mean pause times per reinforcement (both contingent
and noncontingent) were 0.88, 0.40 and 0.38 t-cycles for the
three pr;training-sessions for Group 3« For Group 4 they were
0.93, 0.21 and 0.22 t-cycles. The median PSRPs for Groups 3
and 4 for these sessions were respectively 0.99, 0.39 and 0.32,
and 0,86, 0.16 and 0.16 t-cycles. Interpretation of these fig-
ures must be ' undertaken with caution. First, the number of
reinforcements per session was an independent variable. The
number was 50 in Sessions 001 and 002, and 25 in Session 003,
Furthermore, the maximum pause after a given SR was 66'seéonds
because pause times were not permitted to overlap. That is,
pauses were terminated not only by the first response after an
SR but also by the next SR. The maximum mean PSRP was there-
fore 1,00 t-cycle. This consideration becomes less important
as a higher proportion of SRs are response-produced, Other
factors must then be considered, such as the high discrimination
indices reported above. It is the belief of this author that
the distribution of pause lengths was bimodal with peaks at
PsBp < tP sec, and PsRP » 60 sec. That is, after a reinforcement

the subject would often begin responding again before tD



187

(and sP) terminated, only to stop when SA Segan. This would'
produce a short PSRP of less than 6 seconds (or 12 éeconds for
Session 003). If no response was made before SD termination,
then the PSRP would generally be terminated with the next tD
onset, The mean PSRPs for the last two pretraining sessions
are then basically weighted averages of these two modal values
rather than representatiVeé of values which actually occurred
at a high frequency.

The mean numbers of responses per contingent reinforcer
were quite low — 2.88, 3.70, and 4.02 for Sessions 001, 002 and
003 respectively for Group 3 (the mean value for Session 001 is
computed using only the two subjects that obtained contingent
reinforcers). For Group 4 the values were 1.97, 4.24, and

4.24 responses per contingent SR for the first ﬁhree sessions.
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