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ABSTRACT

The effects of independently varying the temporal
position of onset and offset of an intruded
stimulus in a fixed-interval schedule.
by

Victor Schildkraut

Adviser: Professor Thom Verhave

Three groups of pigeons were exposed to a fixed
interval schedule of reinforcement. For each group a new
exteroceptive stimulus (S1), with a duration of 10% of the
interrcinforcement interval (I,R.I.), was introduced into
cach interval. For each group the initial point of
intrusion was different., The transition points at which 31
and S2 were conterminous wvere called junctures, Each
juncture was moved indcpendently so that the duration of
the newly intruded stimulus was successively increcased
until it filled the entire interval. In Phase 1 the onset
(J1) of the intruded stimulus was moved toward prior
reinforccnent, In Phase 2 the offset (J2) of the intruded
stimulus was moved awvay from prior reinforcement., The
moving juncture was the independent varieble., The temporal
relations of this moving Jjuncture, to both the stationary

juncture and to reinforcencnt, wias systematically explored,
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unctions were prec.-ntcd showirg the effects of the
relative positions f the junctur.s at 2ll points in the
fixed interval.

A sccond proccdure placed the animals on a higher
vilue FI schedule, Half the birds received no basecline
training, while, half received 30 sessions of baseline
training. For both groups the intruded stimulus was then
simultaneocusly placed in the first and last tenth of tLhe
1.R.I. for 30 s3sessions, Fi:nctions, obtained with the
plocement of 81 in bins 1 and 10 following zero, 30, and 60
sessions of baseline training conditions, were compared,

It was found that the strength of the stimulus that
controlled responding was enheanced by virtue of its
proximity to rcinforcement, This was compatable with the
nmajority of the findings in the stimuius control
literature. Exceptions were also noted. Both the prevalent
findings and the cxceptions were shown to be limiting cases
of related cffects that occur within a single continuous
dimension. The temporal positions of the junctures, in
rel. tion to both reinfercement and to each other, were
shown to be responsible for the shape of the functions,
Finally, it was demonstrated that the underlying factor
which determines the influence of "stimulus"™ ccentrol is the

"uncued" cchedule itself,
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INTRODUCTION

The term reinforcement re¢fers to an empirical
relation in which a particular stimulus that follows the
occurrence of a particular response increases the frequency
with which similar responses will recur. Stimuli which
reliably produce such chang:s in Dbehavior are called
reinforcers (Skinner, 1938). Skinner (1948) has shown that
any behavior that occurs closely antecedent to a reinforcer
will increase the probability of the recurrence of similar
behavior. Not all stimuli function as reinforcers however,
Some stimuli can be considered to be '"neutral'. When
presented by themselves such stimuli neither increasc¢ the
probability of responding, nor do they maintain responding
when substituted for a reinforcing stimulus, However, these
neutral stimuli may come to influence behavior. 1In the
words of Schoenfeld, et al,: "A stream of behavior
controlled by a given reinforcment schedule provides a
sensitive baseline for evaluating the effects of newly
introduced stimuli that are not identical with
reinforcement, and which have no demonstrable 'reinforcing'
power when presented alone. The more precise the control,
the more exactly the experimenter can specify the response
sequences intercepted by the intruding stimuli."
(Schoenfeld, et. al., 1972, pp. 70.) One such baseline

schciule which permits excellent observation of the effects



¢!/ "stimulus" control is the F1l schedulc, It is a schedule
i which reinforcement is produced by the first response
that follows a fixed period of time., The start of the FI
may be initiated in several ways: one way is to time it
from the offset of reinforcement (Skinner, 1938); another
is by the clock (Cumming and Schoenfeld, 1958); a third way
is to signal it by means of an exteroceptive cue which
fullows reinforcement offset. The cue initiates the
interval and then extends through the entire interval
(Dews, 1970). Fmpirically, FI schedules maintain a
connistent temporal relation between the offset and the
onsct of reinforcement and therefore between an intruded
neutral stimulus and the recinforcer. Skinner (1938) has
argued that the offset of reinforcement in a fixed interval
schedule of reinforcement, functions as a "discriminative"
stimulus which signals a period of nonreinforcenent
(extinction).

It has been observed that in the case of brief FIsg
(15 seconds or less) responding occurs steadily throughout
the interreinforcement interval (I.R.I.). For FI schedules
longer than 15 secs. a post reinforcement pause (PSRP)
develops following reinforcement offset. Following this
pause, which varies in length, responding resumes sometime
prior to reinforcement availability. One important fuctor
necessary for the development of the post reinforcement
pause, then, is a minimum separaiion between the olfset of

one reinforcer and the onset of the next one, The offset



and onsct of reinforcenent each control different
behaviors. The offset produces "not responding" while the
onset produces eating behavior (Keller and Schoenfeld,
1950; Skinner, 1938). Since the offset and onset of
reinforcement affect different behaviors it seems
appropriate to give each the status of a separately
designated cue, Henceforth, the offset of reinforcement
will be called C2 and the onset of reinforcement will be
called C1. C2 begins the I.R.I, C1 ends it,. It is
important to note that when the I.R.I. is at least 15 secs.
long, reinforcement offset (C2) functionally signals the
start of a period of extinction. No exteroceptive cue,
however, signals the end of the extinction period (C1).

If the I.R.I. is to be maintained at a minimum value
the organism must begin responding somctime prior to
reinforcememnt availability. Should the organism not
respond at the time reinforcement becomes available, thc
I.R.I. will be increased, and will vary from reinforcement
to reinforcement (cf., Dews, 1970; Schneider, 1969; Shull,
1970; Staddon, 1977).

Skinner (1938), Ferster and Skirner (1957), and
Cumning and Schoenfeld (1958) have identi"ied four stages
in the development of the response patterning that emerges
under FI schedules: When initially transferred from
regular reinforcement ¢to FI, the organism initially
displays extinction behavior. As training continues this

pattern changes to a low and constant rate of vresponding



throughout the entire interval. Still later in trainji.ug,
"breaks" (periods of not responding) are seen in this
previously steady rate. Finally, if FI training continues
ovér an extended period, Cumming and Schoenfeld (1958) have
shown that these "breaks" become longer and finally
stabilize, commencing at reinforcement offset (C2) and
terminating at about the 80th to 90th percentile of the
I.R.I. (cf., Schneider, 1969; Shull, 1971). To sum up, it
has been shown that there are three aspects of F1 training
which effect the establishment, the 1length, and the
stability of the PSRp, one is the constancy of the FI
schedule itself, the second is the extent of the temporal
separation between C2 and C1, the third is the length of
training on a given FI value,

Skinner (1938) was the first investigator to examine
the effects of 1introducing an exteroceptive cue (in
addition to the inherent off{set of reinforcement) in an
"uncued" FI schedule. In his prototypic discrimination
procedure, a click or 1light was intruded as a neutral
stimulus (S1) into a 5 minute fixed interval schedule of
reinforcement, The click, of course w:' instantaneous, the
light remained on until reinforcement was procured. The new
stimulus was presented at the moment reinforcement became
availablc so that the first response that was made
following the onset of either the the click or the 1light
was reinforced. The FI cycle then began again, timed from

reinforcement offset (C2). This new exteroceptive cue led
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to extremely precice stimulus control of the responsc
distribution which previously had displayed a marked
"temporal" gradient. This schedule 1is conventionally
called "multiple EXT CRF" (Ferster and Skinner, 1457).
After only 8 sessions of this procedure the rate in the
I.R.I. dropped to virtual zero. 1In this case, there are
two cues which delineate precisely where extinction begins
and ends, Under these conditions the animal has no trouble
clearly discriminating the extinction period. The
"break-run" patterning of responding, which prior to the
introduction of this added cue had maintained the
regularity of the 1.R.I., now resulted in ‘'breaking" for
the entire extinction period, up wuntil reinforcement
availability was cued. The organism could now "break" for
the entire interval and yet not be penalized by disrupting
the regularity of reinforcement deliveries. Cueing the end
of extinction also signals the period of "reconditioning"
(i.e., reinforcement availability). This was evidenced,
behaviorally, by the reduction in latency of the reinforced
response following the presentation of Si1. Skinner called
the portion of the I.R,I. prior to S1, S-Delta; it
signified the discriminative stimulus which "sets the
occasion" for a period of non reinforcement. S1 was called
S-D, to signify the discriminative stimulus which "sets the
occasion" for a period of reinforced responding (Keller and
Schoenfeld, 1950; Skinner, 1938). As a matter of fact,

when extinction is so explicitly demarcated it appears nol



to matter which schedule 1is being used. For example, in
"multiple VI EXT" schedules, extinction ©behavior occurs
during the stimulus that defines extinction (sce Ferster
aﬁd Skinner, 1957).

Byrd (1971) and Dews (1962) have shown that when S1
is placed contiguous to C2, it duplicates the effect of C2
and transfers the control of the post reinforcement pause
to the offset of this additional exteroceptive stimulus.
Given these two influences on responding: 1) the cueing of
the start of the I.R.I. and 2) the signaling of its end,
i.e., reinforcement availability, it seemed logically
consistent to move an added exteroceptive cue (S1) between
C2 (reinforcement offset) and C1 (reinforcement onset) in
order to assess the behavioral effect of its proximity to
either C2 or C1.

In 1966 Farmer and Schoenfeld investigated the
effects of such a manipulation. Following 60 sessions of
baseline training, sufficient to establish the typical
effect of (C2, they introduced an exteroceptive stimulus
(S1) in the last tenth of the I.R.I.. (Hereafter, each
tenth of the I.R.I. will be called a bin.) Once S1 is
intruded into the I.R.I. it creates two stimuli: S1 and S2.
S1 is the newly intruded stimulus which now alternately
shares the key time with S2.

Following the introduction of S1 in the last bin, S1
was receded an additional bin on each subsequent eighth

session, The final placement of S1 occurred in bin 1,



immedialely folleuing reinforcement offset (C2). Farmer
and Schoenfeld found that the effects of S1 were determined
by its temporal placement within the I.R.I. Specifically,
whén S1 was placed in any of the first eight Dbins
"breaking" occurred during S1. When positioned within the
first 3 bins of the interval no responding occurreced pricr
to, or during S1; a pause following S1, similar to, but
smaller than the PSRp yas seen. Wnen S1 was placed in
bins 4-8 responding occurred in both segments of S2, i.e.,
before and after S1. No responding occurred in S1. The
positively accelerated response-rate function 1in each
segment was similar to the baseline rate. When S1 was
placed 1in bin 9, responding was quite low or virtually
absent in the first segment of S2, i.e., prior tu S1 onset.
It commenced abruptly at the onset of S1 and continucd
throughout the second segment of S2 in bin 10 until
reinforcement was delivered. When S1 was placed in bin 10
this latter effect was replicated, responding now began in
bin 10 at S1 onset.

As S1 traversed the interval, it displayed the same
kind of enhanced control over responding (and not
responding) that was exhibited following extensive training
on "uncued" FI (Cumming and Schoenfeld, 1958). But now,
within the boundaries of S1, this hightened control was
facilitated., Moreover, at particular placements, S1
appeared to make extensive training on T"uncued" FI

unnecessary. Specifically, following extensive training on



"uncued" FI, a very low probability of responding obtainc
in the 1initial 8 bins of the I.R.I. whereas rcsponse
probability is very high during the last 20%. In similar
fashion, when S1 is placed within the initial 8 bins of the
interval no responding occurs in S1; when placed in the
last two bins of the interval responding always occurs in
S1. Furthermore, when S1 is positioned in either bin 9 or
10 the c¢ntire response pattern, i.e., in both S1 and 352,
resembles the pattern obtained following extensive training
on "uncued" FI., There is virtually no responding prior to
S1, responding commences at S1 and 1is maintained until
reinforcement,

In either case, '"cued" or "uncued", these findings
are consistent with a premise that pervades the literature:
the greater the proximity to reinforcement the greater the
strength of responding (Bersh, 1951; Dews, 1970; Fantino,
1977; Gollub, 1958; Jenkins, 1950; Morse and Skinner, 1952;
Pavlov, 1928; Skinner, 1938; Skinner, 1948; etc.),. This
premise applies equally to responding under "temporal" or
exteroceptive "stimulus" control of responding. Hereafter,
this premise will be referred to as the 'potency by
proximity" principle (cf., Zeiler, 1977, pp 221). One of
the few exceptions to this rule was reported by Egger and
Miller (1963). They found that a stimulus that is closer to
reinforcement could be less potent than one that is further
from reinforcement, Their procedure was as follows: hungry

rats were presented with a stimulus (either a 1light or a



tone) which began 2 seconds pricr to food presentation.
One half second aftcr this stimulus began another stimulus
was presented., The stimulus closer to reinforcement was
called S1 and the one which preceded S1 was called S2. S1
was either a tone or a 1light for half of the animals,
depending on the nature of S2. The stimulus conditions were
reversed for the other half. Both S1 and S2 terminated with
the presentation of food. The rats were then trained to
press a bar for food reinforcement, after which followed a
10 minute period of extinction. Following this period of
partial extinction each bar press was secondarily
reinforced with a 1 second presentation of S1 for half the
znimals and a 1 second presentation of S2 for the other
half. Responding to S2 was significantly higher than
responding to S1,. Egger and Miller concluded that Sz,
because of its prior placement, had signaled the food and
rendecred S1 "redundant", even though S1 was more contiguous
to food, Other exceptions to the proximity rule arc
reported by Ferster (1953), Libby (1951), and others,
Obviously, the exceptions differ from the general findings,
but, as mentioned earlier, the general findings themselves
have been treated by individual workers as orthogonal
events, One of the primary reasons for the present design
is to ascertain whether these previous studies, which have,
by and large, been treated as orthogonal (in both procedure
and effects) and which on occasion were disparate, will
remain so; or will they be secn as limiting cases along a

continuous dimension,



In the Farmer and Schoenfeld experiment, which
intruded a single stimulus into an initially "uncued" FI,
both the onset and offset of the stimulus (hereafter called
J1 and J2, respectively) were relocated simultaneously.
Therefore, it was not possible to determine the effcct, if
any, of either juncture, independently of the other. 1In a
second experiment (Farmer and Schoenfeld, 1966, Experiment
2) the intruded stimulus was presented twice during each
fixed interval; once at varied 1locations (as was the
stimulus in their Experiment 1) and a second time when it
was kept stationary in bin 10. The moving stimulus in
Experiment 2 functioncd oppositely to the moving stimulus
in Experiment 1, In Experiment 2 responding occurred in
the moving S1, whereas, in experiment 1 "breaking" occurrcd
at corresponding locations in S1 (specifically, in bins
3-8). Since there are two intruded stimuli there are now &4
junctures in the I.R.I. These 4 junctures will be named in
order of their consccutive appearance from c2
(reinforcement offset): J1 and J2 are the junctures of thec
moving S1, and J3 and J4 are the Jjunctures of the
stationary S1. Since Ji and Je are relocated
simultancously, as they were in Experiment 1, it is aguain
not possible to determine the influencc of either juncture,
independertly of the other, Because J3 and JH are
stationary in bin 10 and are bound together in the same
dependent manner, it is also not possible to determine the

effect either of these two Jjunctures might have,
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independently of the other, It is therefore not possible
to know whether the altered effect of the moving S1 in
Experiment 2 is determined by the physical sameness of the
moving S1 to the stationary S1 or to the independent
temporal positions of two unconfounded junctures.

In order to evaluate the effects of either one of tvo
junctures (i.e., stimulus onset or offset), independently
of one another and without the confounds of additional
Junctures or simultaneous repositionings, it 1is necessary
to move a single boundary of a single stimulus, while
holding the other boundary of the stimulus constant, The
starting points of the expansion of S1 should be varied in
order to cover the threc major differential effects of 31
placement found by Farmer and Schoenfeld (1966) at the
beginning, the middlc, and the end of the interval. The
purpose of the present study, then, is to independently
move each juncture of a single intruded stimulus 1in order
to assess their separate influence on performance in
relation to reinforcement offset (C2), recinforcement onsct

(C1), as well as to each other.
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METHOD

Subjects. Mine female White Carncaux pigeons, betwecn
six and cight years old and experimentally naive, werec
maintained at approximately 80% of their free feeding body
weights, Water, and supplemental grit were available in the

home cages.

Apparatus, Only the center responsc key of a three
key Lehigh Valley Electronics operant chamber (Model
1519C) was operative during experimental sessions,
Approximately 15 grams were required to close the switch,
Reinforcement was delivered through a lighted grain hopper
located directly below the center kcy, for a period of
three scconds, All timing functions were discontinued
during reinforcement. The house light was 1it continuously
and deflected toward the ceiling of the chamber. A blowcr
provided ventilation and a masking sound. Relay logic was
used, and data were recorded on totalizing counters and a

cunulative recorder.

Procedure. The nine birds were shaped to peck the
center key of the intelligence panel, which was
transilluminated with a 1.8 1log foot lamberts white
diffused 1light, The animals then received 100 regular

reinforcements, which wecre followed by 60 sessions of



exposure to a fixed interval schedule of reinforcement
(FI1). Two different FI1 values were used: 30 and 60 sees.
(see Table 1). The intervals were timed from the end of
the preceding reinforcement and each session terminated
after 61 reinforcements. Through session 60, the kecy was
white (S2) for the entire I.R.I. The manipulation of the
independent varisble took place in two phases, During the
first phase, beginning with session 61, the bascline
condition was altered so that, the key was changed
(independently of responding) from a white lipght (S2) to =&
red 1light (S1) at .01 log foot lamberts. The red stimulus
was presented for 10% of each FI, cycle, during the other
90% the key remained white. The temporal placement of the
initial precentation of S1 varied for different animals.
(See Table 1.,) Every subsequent eighth session, the
duration of S1 was increased an additional 10% by wnoving
either one or the other transition points between S1 and
S2, until, after 10 such increments, the interval was
completely filled by S1, This was accomplished, first, by
fixing the offset of S1 and receding its onset toward prior
reinforcement. This phase will subsequently be referred to
as Phase 1 (or the backward phase). After the conpletion of
Phase 1 the 1initial placement of S1 intrusion wvas
recovered, During the second phase of the study, the onset
of S1 was fixed and its offset was extended forward by 10%
increments every eighth seunsion, This phase wil Dbe

susequently referred to as Phaue 2 (or the forward phagse),
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Once the entire cycle was again filled with S1 & second
recovery of the initial temporal placement of S1 was made.

The procedure simultaneously manipulates the duration
and the temporal position of both the onsct and offset of
both stimuli. Thut is, the recession of thc onset of S1
synchronously rvcedes the offset of S2 as a moving
juncture. The other juncture (or transiton point) remains
stationary. The two transition points will be referred to
as J1 for the first juncture during the intcrval following
reinforcement and as J2 for the second one. [Lach stimulus
in the present study will be designated by 1its temporal
location, with respcct to reirnforcement, Specifically, S1
is always the continuous stimulus between successive
reinforcers. Its complement, S2, 1is always the stimulus
that is interrupted by reinforcement. To cnable the reader
to keep track of the colors, each stimulus designation will
be given an additional subscript: r for the red and w for
the white key 1light. The complete designation is as
follows: S1r will rofer to the continuous stimulus within
the I.R.I. as a red key 1light; Siw will refer to the
continuous stimulus within the bounds of the I.R.1. as a
white key 1light; S2r will refer to the segmented stimulus
as a red key light; and S2w to the segmented stimulus as
vhite key 1light. In the graphs which follow, the upward
arrow always designates the onset of the red stimulus, and
therefore also the offset of the white stimulus. This is

the case whether the upward arrow appears first or sccond
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in the interval. The downvard arrow always deoignates the
of fset of the red stimulus, and therefore also the onset cof
the white stimulus., Vhen the first arrow in the I1.P.I1,
(31) points wupward, the stimulus between J1 and J2 is the
red key light (Str). Vhen the first arrow in the I,R.T,
(J1) points downward, thc stimulus between J1 and J2 is the
white key 1light (Siw). It is important to note thati the
stimulus between the arrows is always referred to as S1 and
that its complcment is always refcrred to as S2, whether it

is whitc or red.
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TABLE 1

Enumeration of FI. value and Phase of cach Figure

in Figures 1-12.

GROUP L1.BP.* FIGURE FI VALUE
1 BIN 1 1 30
2 60
3 30
4 60
2 BIN 7 5 30
6 60
7 30
8 60
3 BIN 10 9 30
10 60
1 30
12 60
KEY:

¥ Initial Position

¥*% PHASE 1 = WHEN J1 IS RECEDED AND J2
REMAINS STATIONARY.
PHASE 2 = WHEN J2 1S ADVANCED AND J1

REMAINS STATIONARY.

16
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RESULTS AND DISCUSSION

After the initial stimulus placement was introduced,
the 6 birds which displayed response patterns similar to
those reported in the literature were retained as subjects
for "the experiment proper", reported here. (Bruner, 1981;
Dews, 1962; Evra, 1974; Farmer and Schoenfeld, 1966;

Martin, 1971; Snapper, et al., 1975; and others.)

GENERAL FINDINGS

In panels A and K of Figures 1-12 performancc under
"uncued" FI is shown. Panel A shows baseline performance,
when the key light is always white. Panel K displays the
function when the key light is always red, following the
complete extension of the duration of the intruded
stimulus, In all of these panels the functions of Figures
1-12 resemble normal FI responding. Panel B of Phase 1
(the odd numbered figurcs) shows the initial placement of
S1. The three different initial placements in the precczsent
study duplicate the results found by Farmer and Schoen{eld
(1966) when S1 was similarly positioned within the I.R.I.,
in their study. Such data have been replicated by many
workers; with rats as well as pigeons, with mild shock s

well as with a light as the intruded stimulus. (Kadden, et.
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al., 1975; Snapper, ct. al., 1971,) Panel L, of Phasc 1 of
Figures 1-12 (the odd numbered figures), shows the data
obtained during the first rccovery of the initial placement
of 3S1. Panel B of Phase 2 also displays the first
recovery, while, panel L of this forward phase shows the

second recovery.

SPECIFIC FINDINGS

In the discussicon which follows, it is helpful to
bear in mind the dichotomy between Lhe probablity of
responding and the probability of not responding, which
obtains following 60 sessions of baseline training, It is
also important to recsall that this dichotomy is enhanced by
either extensive training or the introduction of an

additional exteroceptive cue,

RESPONDING BETWEEN THE JUNCTURES

When both junctures are positioned within the first
seven bins no responding occurs betwecen then. (See Figures
1 and 2, panels E-J; Figures 3 and 4, panels B-G; Figurcs 5
and 6, panels B-il).) The first time that responding occurs
between the juncturecs (i.e., in S1) is when J2 extends to
bin 8. This is consonant with the "potency by proximity"
principle, Responding, in this latter condition, occurs in

an accelerated fashion, which is also consistent with that

18



principle. No responding occurs when both junctures arc
located anywhere between bins 2 and 8. The only time that
responding does occur within the first eight bins is when
J1 and J2 are placed in bins 1 and 8., Within thesc
confines, the sepération between the junctures {is at a
maximum, with J1 at its grecatest distance from
reinforcement. This result is inconsistent with the
"potency by proximity" principle. When J2 is held constant
in bin 8, only the furthest placement of J1 from
reinforcement (i.e., when J1 is in bin 1) yields responding
between the junctures. This makes S1 more potent by virtue
of 1its greater distance from reinforcement. Stated in
conventional terms: When S1 is located exclusively in bin 8
(Farmer and Schoenfeld, 1966) or extends from bin 2 through
bin 8, as in the present study, no responding occurs in S1,.
When S1 extends from bin 1 through bin 8 it is further from
reinforcement than when it was positioned at any of the 2-8
values, yet, responding occurs in S1. This finding 1is
unpredictable from the proximity to reinforcement rule.

When J2 is  placed in bin 9, S1 displays greater
strength. Responding always occurs between the junctures,
regardless of the placement of J1 (Figures 1 and 2, panel
C; Figures 3 and 4, panel J; Figures 7 and 8, panel, D).
The greater proximity of J2 to reinforcement renders &1
potent, no matter where J1 is located. This latter result,
as well as the accelerated function seen between the
juncturcs, 1is again consistent with the "potency by
proximily principle,
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This same rule further dictates that an additional
extension of J2 torward reinforcement (into bin 10) should
also yield increased graded responding between the
juhcturcs. This follows from the fact, that when J2 is
advanced from bin 8 to bin 9 responding always results
between the junctures (i.e.,, in S1), regardless of wherc J1
is located. When J2 1s in bin 10, and the temporal
separation between J1 and J2 is "relatively short" (i.e.,
J1 occurs in bins 5-9) this 1is exactly what happens.
Responding occurs between J1 and J2, ¢generally at an
intermecdiate rate (Figures 9 and 10, panels B-F). When J2
is in bin 10, however, and the separation between the
junctures is "relativaly large" (e.g., when J1 in bin 2),
rather than produce the expected incrcease in responding,
moving J2 closer to reinforcement, produces a complete
diminution 1in responding over the entire interval. 1In
other word:, when S1 extends to bin 10 it is (at one end)
as close to reinforcement as it can be, yet responding is
nil. The argument cannot be made that it 1is the greater
distance of J1 (51 onset) from reinforcement which is the
dynamic component, since that same factor was seenh to
initiate the opposite effect when J2 was held constant in
bin 8. (See above.) As long ac neither J is at either end
of the interval, S1 displays a strength commensurate with
its distance from reinforcement., When either J 1is placed
at either extremity of the interval, howvever, the effects

may be contrary to what is predicted by the "potency by



proximity" rule., VWhether the effecls are contrary to what
is predicted, or not, depends upon the relative positions
of both junctures. These inconsistencies, seen when cach J
is at either extremity of the interval (and when the other
J is appropriately placed) suggest that previous
theoretical accounts regarding potency and proximity may
have to be revisced or amcnded to include all of the
presently obtained rcesults,

By and 1large, when responding occurs between J1 and
J2 (i.e., in S1) it occurs at a rate that is intermediate
between zecro and baseline responding. There are two
cxceptions to this: One is when J2 is in bin 10, contipuoug
to rcinforcement, and the separation between J1 and J2 is
"relatively large". At these parameter values, virtually
no responding occurs throvghout the entire interval. The
second c¢xception 1is seen, although only occasionally, in
the performance of bird #11 (see Figure 10, panels B and C;
and Figure 12, panel L), This l7tter exception appears to
be a result of the temporal control established during the
baseline training of this animal, in which the functicn
displays an exceptionally strong acceleration of the rate
in bin 10 (Figure 10, panel A).

The rationale for the occurrence of the predominantly
found intermediate rate 1is as follows: The duration
between J1 and J2 demarcates extinction; the animal never
gets reinforced between J1 and J2., When the junctures

appear at a portion of the interval where the respensc



tendency is less than maximum, "breaking" (a pericd of not
reponding) occurs within these junctures., On the other
hand, when J2 is placed at the portion of the interval at
which the organism has demonstrated marximum probability to
respond, the high probability to respond and the cue that
defines exztinction behavior compete and a conpromise rate
obtains. Vhen J2 moves through reinforcement this
intermediate effect is not seen. Under this condition, Ji
and J2 occur at the beginning of the interval and no longer
define extinction at the 1later portion of the intervel
(where response probability is at a maximun). Therelore,
there exists no competitively defined extinction
demarcations to retard the prevailing temporal control, and
the baseline rate function obtains,

At most of the parameter values of the tcmporal
placcements of the junctures, the obtained results replicate
the findings of Farmer and Schoenfeld. Both the latter and
present studies replicate the effects found when "uncued"
FI1 is employed specifically, the dichotomizing of the FI
into: 1) minimun probability of responding during the
initial 80% of the interval and 2) maximum probability of
responding in the last 20% of the interval. This dichotomy
is secen to some degree in the baseline ogive, and to &
markedly greater degree following extended training
(Cumming and Schoenfeld, 1958). In spite of the
exceptions, then, at most parameter values of the present

study, the more proximal either "time" (cf., Catania, 1970;



Pavlov, 1927, pp H1; Stubbs, 1968) or an exteroceptive
stimulus is to reinforcement, the greater the probability
of responding. This being the case, it is easy to sce why
many theorists would advance the "potency by proximity"
principle (Jenkins, H. M., 1970), or a retroactive
enhancing effect of reinforcement (Dews, 1970). In the
light of the the present data, however, it appears that

both of these formulations may be incomplete.

RESPOLDING PRIOR TO J1

When both junctures are positioned within the first
eight bins, responding prior to J1 resembles the baseline
distribution., There is virtually no responding before J1
(Figures 5 and 6, panels F-H) when J1 is placed in any of
the first 3 bins. When both junclures are positioned
between bins 4 and 8, irrespective of their temporal
separation from one another, the same scalloped response
distribution 1is obtained that appears prior to J1 during
baseline conditions: the post reinforcement pause 1is
followed by probability of responding, which gradually
increases until J1. Since no responding occurs between the
junctures, there arc now two scallops (Figures 5 and 6,
panels B-E). This effect, previously reported by Farmer
and Schoenfeld (1666) Martin (1971), and others, does not
obtain for Bird 10 (Figure 7, panels H & I). It appears

that for this animal the particular experimental history of
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segment 2 of S2 is responsible for the attenuation of &
first scallop. Specifically, for 21 sessions, prior to it:.
extension to bins 4 and 5, Segment 1 of 52 had becer - .
S-Delta. A similar diminution of the first scallop is scon
to a lesser degree for Bird 6 (Figure 8, panels H & 1),
This reduced responding in segment 1 of 52 may well be the
result of these 21 sessions. In all of the previous studies
which have replicated Farmer and Schoenfeld and in the
present one as well, when J1 and J2 have been initiully
placed in bins 4-8, and no such experimentual history has
taken place, a rate comparable to baseline has invariably
been obtained (Evra, 1974; Farmcer and Schoenfeld, 19606;
Kadden, et. al., 197%; Snapper, et. al., 1971, etc).

When J2 extends to bin 9 and J1 is positioncd in bin
7, there is a large reduction in responding prior to J1
(Figures 7 and 8, panel D). This same reduction vas also
reported by Farmer and Schoenfeld (1966) when J2 was
similarly located. In the latter experiment, J1 wac also
located in bin 9, It has becn shown that the addition of
cues to a prceviously “untued" FI  schedule generally
facilitate and sharpen thc dichotomy between the high and
low probability of responding that is originally obtained
in the "uncued" condition. In both the present study and
in the Farmer and Schoenfeld experiment, when J2 is located
in bin 9 and the separation between J1 and J2 ic
"relatively short” the sharpening of the dichotonry begin:

to emerge. Responding, prior to J1, is greatly decreascd.
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When J2 is moved to bin 10 and J1 occurs centrally, in bin
7, no responding occurs prior to J1 (Figures 7 and 8, parel
E). At these 1latter paramcter values, the dichotony
between prohbability of responding and probability of not
responding 1is more precise, When both Jjunctures are
initially placed in bin 9 (Farmer and Schoenfeld) or bin 10
(Farmer and Schocnfeld and the present study), the
dichotomy is facilitated (sce Figures 9 and 10, panel PB),
but does not rcach the degrec of precision seen when J2  is
in bin 10 and J1 is more centrally placed. In either cacze,
with a cue propitiously placed in the interval, this
transition develops quickly following baseline training,
With an "uncued" FI schedule, however, this precision
occurs only cfter extensive training. When J1 and J2 arc
in bins 7 and 10, respectively, the stimulus arrangenent
may be conventionally labeled "multiple EXT FI" (Ferster
and Skinner, 1957). Technically, this is not so, becouse
J2 occurs (or S1 ends) Jjust as reinforcement Dbecomes
available., Whercas, in a truly conventional "multiple LEXT
FI", J2 (or the sccond boundary of S1) would continue until
rcinforcement 1is  procured. It shall be subsequently
demonstrated that when J1 is located past the center of the
interval (as it 1is here) extending J? (S1 offset) to bin
10, through reinforcement, or even placing it in bin 9,
does not effecct the function, (See the scction on

contiguity.)



When J2 extends to bin 10 and the J1-J2 separation is
very short (e.g., J1 occurs in bin 9 or 10), responding
prior to J1 sometimes occurs and sometimes does not. This
stimulus arrangement, too, 1is virtually a conventional
"multiple EXT FI", although the FI is relatively brief.
Why does responding somctimes occur prior to S1 when J2 is
in bin 10 and J1 occurs late in the interval? By contrast,
when J1 is more centrally located and J2 is in bin 10 no
respording occurs prior to J1. The answer appears to be
that the temporally controlled bechavior (created during
baseline) is always present and is mercly modulated by the
exteroccptive cucs. VWhen J1 occurs in bin 10 and J1 occurs
in bin 9 or 10, no exteroceptive cue occurs prior to the
point of maximum response probability, to modulate this
maximun probability. Reponding may occur prior to J1, and
often does. But, when J1 occurs, e.g., in bin 7, it
provckes the first responding in the interval, Yet, it
occurs early enough in the interval, i.e., prior to maximum
reponse probability, to contrcl not responding prior to its

occurrence.
RESPONDIKNG POSTERIOR TO J2

The response rate function which follows J2 (i.e.,
segment 2 of S2) almost always occurs at a rate
approximating baseline rate. This results irrespective of

the temporal placements of both juncturcs, When the
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transition from no responding to responding is abrupt, as
it often is at long temporal separations between J1 and J2,
the rate is usually commensurate with baseline (Fipure 1,
panel C; Figure 3, panel J; Figure 6, panel H; Figure 11,
panels C-D; Figure 12, pancls C-D). Less often, the rate
under these p rameter values excceds the baseline rate
(Figure 2, panel C; Figure 4, panel J; Figure 5, panel 4).
These effects are rot systematric within this condition,
They occur icdiosyncratisally and merely allow speculation
as to their det rminants,

The one consistent addition to the buaseline function
resulting from the intrusion of J2, respecting the response
distribution following J2, is a post J2 pause., This pause
is seen during the relocation of J2, but only within the

first five bins of the 1.R.I.

POST J2 PAUSE

In Figures 1-4 it may be seen that as J2 approaches
the mid-point of the interval, the function is uallercd from
one that yields a brief pause following J2 to one that
produces an immediate resumption of responding follouing
J2. This alteration is seen in Figure 1, panels G-l, and
in Figures 3 and 4, panels E-F. The two diffcrent eftects
may be distinguished in these panels by the fact that the
data point either rises above =zero directly at J2 (no

pause), or rises above zero at the next bin following J2



(post S1 pause). A similar cffect, i.c., going from no
pausing to pausing following a stimulus offset, is seen in
"uncued" FI when the distance between C2 and C1 is
increased froum very brief Fls to longer ones; in the Farr.r
and Schoenfeld study (1966) when the distance between J2
and C1 increases; and again in Byrd's (1971) data in which
a relatively brief blackout "stimulus” was inserted betweoen
C2 and the start of the next component of a second order FI
schedule, These data, as well as the studies previously
reviewed, indicate that any cue, be it reinforccment
cffset, '"neutral" stimulus offset, or the offset of a
blackout period, equivalently yields a similar function
when placed within the I.R.I. These effects depend upon the
proximity of the stimuli to reinforcement, not on their
physical properties (cf., Dews, 1970; Morse and Kellcher,

1970; Stubbs, 1971).

REDUNDANCY

One question suggested by the findings of the
previous studies, which have employed the intruded stimulus
paradigm, is whethcr segment 2 of S2 in bin 10 is redundant
when S1 is positioned exclusively in bin 9 (cf., Egger and
Miller, 1963). Had Farmcr and Schoenfeld extended the
offset of S1 into bin 10 instead of mnmoving the entire
stimulus (i.e., both junctures synchronously) this specific

inquiry wculd have been experimentally addressed. PBut,
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their design did not include this manipulation, The
following series of operations addresses this question.
When J1 is positioned anywhere in the second half of
tﬁe interval (e.g., in bin 7) whether J2 is in bin 9, bin
10, or for that matter is extended through reinforcement,
the functions are similar (Figures 7 and 8, panels D, F,
and F, respectively). In other words, the functions remain
unchanged with or without a change of cue in bin 10. On
the other hand, when J1 is positioned early in the interval
(e.g., 1in bin 1 or 2), the rclocation of J2, to either bin
9, or bin 10, or through reinforcement, results in a
different function for each relocation. Specifically, when
J1 is in bin 2 and J2 1is in bin 9, the rate function
between the junctures is intermediate, then abruptly shifts
to a high rate at J2 (Figures 1 and 2, panel C),. However,
when J1 is in bin 2 and J2 is ir bin 10 (coincedent with
reinforcement) S1 extends throush bin 10, In this case,
the rate function between the junctures diminishes to
virtual zero. The abrupt shift in responding 1is again
evidenccd at J2. Here, the shift occurs following zcro
responding. Since, at this experimental point, the
response thal follous =zero responding is the reinforced
responsc, ro rate is forthcoming. However, .he small
response function seen in Figures 9 and 11, panel J results
from some responding that occurs during the first few
intervals of the session., In virtually every single

remaining interval, at this experimental poiut, no
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responding occurs pricr Lo J2. Lastly, when J2 jo
rclocated past bin 10, and is coextensive with
reinforcement, thecre ic no cuce clhionge in bin 10 to signal
the eond of a derorcated period of extinelion. Tn the
present proccdure, when Lhe junctures demarcale erxlincticon
and J2 is locatced ip bin 9 or 1C¢, the functicn has been
shown to yield, at becst, an intermcediote rate of
responding, followed by an abrupt tronsition. keither is in
evidence here. In the present case, the funclion
accelerates at a rate comparalle to basel ine until
reinforcement  is  gained (Figures 3 and 4, pancl B).
Whether a stimulus change thiat occurs in bin 10 is
differentially effcctive, or recdundant, then, is a function

of the temporal placement of J1 (cf., Kamin, 1965, pp 142).

CONTIGUITY

For the discussion which follows the nomenclature
thus far employed will be dispensced with. The reason for
this 1is that the contipguity of the offiet of $1 to
reinforcement is to be cowmpared to coextencion of the
of fset of 81 with reinforcement., The terminology that hus
been used before would be unnhecessarily cumbersome, Until
now the criterion for 1labeling o stimulus S2, was the
interruption of that stimulus by rcinforcement, For the

present purpose, the stimulus that is to be specified will

be designated eithcr Sr (red) or Su  (white) ond will be
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distinguished by its offset being either ccntiguous to or
coextensive with reinforcement, The irterruption by
reinforcement does not change the designation of that
stimulus,

It was shown above that whether or not J2 is
redundant when located in bin 10 depends on the temporal
Lrnsition of J1. The same is true with respect Lo the
cffects of the contigurty of S1 to reinforcement vs the
coexistence of S1 with reinforcement.. Whether or not the
effect of contiguity, or coexistence, produces cither
similar or differential results, depends on the placement
of S1 onset (J1). It was seen in Figures 7 & 8, when
cenparing panel E to panel F, that the functions are
similar whether S1 offset is contipguous to reinforcenent
(see panel E) or coextensive with reinforcemnent (sce panel
F). In both of these functions the onsct of Sr occurs in
bin 7. This is consonant with what Skinner (1938) found.
In his prototypic discrimination experiment tolh the click
(contiguous) and the light (coextensive) produced identical
functions,

PLlternatively, when the onset of Sr (or Sw, as the
case may be) 1is located in bin 2 the functicns are
dramatically disparate, depending on whether S1 offset is
contiguous to or coextensive with reinforcement. When Sr
onset is in bin 2, for example, and its offsct is
contiguous with reinforcement responding is at virtual zero

in Sr (Figures 9 & 10, panel J). However, when the onset
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of Sr is in bin 2 and the offset of Sr is coextensive with
reinforcment responding is equal to bascline rate (Figurer
1 ¢ 2, panel, B; sce also Figures 1 and 2, pancl J). The
former parameter values are remniniscent of Skinner's (1G38)
discrimination paradigm and the present results arc
consistent with those previocusly found by Skinner.
Specifically, there 1is virtually no responding 1in the
prezisely denarcated extinction period, i.e,, St. As  vus
seen in the case of redundancy, when S1 onset is positioned
late in the interval, the funclion is unaffected whether 51
offset is contiguous or coextensive with reinforcement,
Alternatively, when S1 onset is  positioned carly in  the
interval, the function is drametically different, depending
vhether Lhe of fset of S1 is either coutiguous or
coextensive with recinforcement, Although Skinner (1938)
noted that the «c¢lick (contiguous) or light (coextensive)
produced cquivalent functions, the alt-ring effect of
separating the junctures was not demonsitrated until the

present study.

THE INFLUENCE OF BASELINE FI TRAINIKG

ON AN INTRUDED STIMULUS

It appears from all of the studies so far rcevieued,

which have enployed FI schedules with an added stimulus,
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that the added stimulus accentuates the temporally
controlled behavior originally "created" by the baseline FI
schedule, Jf it 1is the case that such control of
responding, by the schedule, determines what the stimulus
does, one might expect that an organism which had not
developed typical FI Dbascline characteristics in its
behavior would not display differential behavier to S1
control when the stimulus 1is positioned at the tvwo
extremities of the interval, That is to say, Lhe amount of
baseline training received on an "uncucd" scheodule of
reinforcement should directly influence the amount of
differential vresponding to St when it is simultancously
located in bins 10 and 1. Figures 13-15 show thrce birds
(#s 1, 6, and 8) taken from the present procedure, placed
on FI 300", and given no bascline training. Following ten
sessions of c¢xposurc with S1 positioned 1in bin 10 the
animals were then exposed for 30 sessions to S1  positioned
in bins 10 and 1 (remaining on through reinforcement). The
results of this condition show that the animals display ro
differential responding between bin 10 and bin 1. Figures
16-18 shou the other three birds froa the present
experiment (birds #s 9, 10, and 11). These animals reccived
thirty sessions of baseline training, follouwed by ten
sessions of S1 placed in bin 10, which was then followed by
30 sessions in which S1 was placed in bins 1 and 10. This
latter condition results in a function which displays

ls

differential responding between bins 1 and 10 that fal
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half way between the complete differential responding that
obtains between those bins following 60 sessions of
baseline training and the zero differential responding thot
obtains between tLthosc bins following zero sessions of
baseline training. Comnpare Figures 13-15 (zero sessions of
baseline training) and Figures 16-18 (30 scssions of
baselinc training) with Figure 19 (60 sessions of bascline
training). The amount af baseline training, which produces
the temporal’y controlled graded FI function, is thus secn
to directly influence the amount of stimulus control that
obtains at the extremities of the I,R.I. This lattcer
finding seems to substantiate the hypothesis that the

control exerted by the exterocceptive stimulus is determined

by the control exerted by the schedule,

SUMMARY AND CONCLUSIONS

The data of the present study show that the duration
of 51 or of S2, per se, 1i,e., without reference to the
terporal placemcnt of J1 and J2, has no systematic effect.
The direction in which the junctures were moved was also
seen to be inconsequential. Except for two occasions, the
influence of experimental history was conplelcly
reversible, Essentially, control of the response
distribution can be relegated to the relative tenporal
position: of the junctures of the intruded stiiulus.
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At most temporal placements the junctures obey the
potency by proximity rule. Stimulus control of respondirng
generally increascs in strength as reinforcement is neared.
Additionally, it was shown that this incrcase in the
probability of responding is a reasonable duplication of
the control exerted by the "uncued" FI schedule on the
response distribution, This fact implies that stimulus
control may wultimately be ascribed to the reinforccement
schedule, On "uncued" FI, control of the responsc
distribution cventually results in a PSRP vwhich extends
for approximately 80% of the I.R.I., while, the probability
of response commcencement occurs with greater consistericy at
about the 80th to 90%h percentile of the intervual. With
the addition of $1 to the FI schedule the sharpening of
this dichotony wes achieved with marked facility. However,
at some of the parameter vclues of the junctures the
results do not show the potency by proximity effects
commonly found 1in the stimulus control literature, Thesc
contrary effects obtain when the junctures are positiconed
at large tempo. )l separations from one another, and with
either onc or both junctures being contiguous to C2 or C1,.
When this does happen, dramatic changes in the response
distribution occur which are contrary to expected
influences of stimuli. These antipodal effects, can enmcrge
as a result of a very smz'l movement of a juncturc., These
contradictions, which are here viewed as part of a single

continuous dimension, demonstrate that concepts which are



formed from incemplete data, may be revealed by apparcntly
minor changes along a continuous independent variable,

Many of the precent results defy interpretion of the
stimuli as S-Ds or S-Deltas. Prior to the present findings
the Farmer and Schoenfeld study (1966) had already
demonstrated that the conventional way of describing a
stimulus as either an S-D or S-Delta 1is inadecquirte, In
their experiment when S1 is located in bin 9 both S1 and
segment 2 of S2 in bin 10 produce responding. Which one 1is
S-D? And where is S-Dclta? Equivualently, when S1 is in bin
2 both it and segment 1 of &2 (in bin 1) yield no
responding. Similar discrepancics are found in Lhe prencnt
study. Other hypothetical concepts (e.g., Redundancy and
Contiguity) were also shown to be equivocal; the rcecsults
obtained dcpend wupon the temporal placement of the
junctures.

To conclude: & procedurc has been implemented and
reported which located the veriety of effects to be
accounted for by the most rudimentary principles of
stimulus control on a single temporal dimension, The
spectrum of effects repcrted here is erhaustive by virtue
of the procedure which independently repositioned the two
boundaries of an intruded stimulus. In traversing the
entire dimcnsion exceptions to major interpretations of the
source of exteroceptive stimulus control were noted,
Future theoretical principles of stimulus control nust

encompass the entire range of effects revealed in  the

o
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present study. Until such time, thc temporal dimension

itself nust suffice to dircct further research.



Figures 1-4, Porformances of Birds #1 and 9. Each
panel displays the terporal position of boilh boundaries of
S1, indicoted by two arrows. The first arrow in a panel is
J1 and the second one is J2. Panel A (without arrowus)
represents baseline performance on a 30-sec and G60-scc FI
schedule for Birds 1 and Y, respectively, before thc
introduction of S1. 1In panel B the initial intrusion of Si
is shown. For these birds, the initial placement of 51 s
in bin 1., In Figures 1 and 2 the movement of J1 is toward
prior rcinforcemeat, while, J2 remains stationary. In
Figures 3 and 4% the movement of J2 is away from prior
reinforcement, while, J1 remains stationary. Panel L
(without arr-ws) represents the performance when S1 fills
the entire interval, Each datum poiut represents the
average rate for the last 5 semsions of 60 approximulely
1-hr daily sessions of bascline training. Fach point
represents a tenth of the FI, The form of the bascline
funclion is redravn as a simple line in all succecding
panels to allow ccaparisons. The data points in all of the
othcr panels are the averapges of the last two sessiono
taken as criterion performances f.om seven approximaetely
1-hr daily sessions, The numbers on the abscissac derote
each successive tenth of the interval. Redeterminations of
the individual intrusions of S1 ar: shown in panel L of all

these Figures (sec text),
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Figures 5-8. Performances of Birds #6 and +#10. The
legend for Figure 1 is applicable here. The =single
exception is the point of intrusion of S1. For these Birds

the intruded stimulus is initially placed in bin 7.
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Figurcc ¢-17. Performances of Birds #8 and #11. The
legend for Fipure 1 1s applicoble here. The cingle
exception is the point. of intrusion of S1. For these Birds

the intruded stimulus is initially placed in bin 10,
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Figures 13-1%., The function shows Birds 1, 6, and §
with no baselire training on a FI 300" schedule, The
stimulus placenent is S2r in bins 1 and 10 and Siw in  bins

2-9. (Sec text for explonation.)
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Figures 16-18. The function cthows Birds 9, 10, and 11
with thirty sessions baseline training on a F1I 300"
schedule. The stimulus placement is S2r in bins 1 and 10

and S1w in bins 2-9. (See text for cxplanation.)
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Figure 19. The functions show Birds 1, 8, 9, and 11
under conditions in whicli S1 is locaoted simultanecously in
bins 10 and 1, following 00 sessions of bascline traiuning.
The stinulus placenrnt is S2r in bins 1 and 10 and S1w in

bins 2-9. (See text for cxplanation.)
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